
w 

AD  

RCS MEDDH   ■ 288 ( Rl ) 

RESEARCH IN RIOEOCICAl AND MEDICAE SCIENCES 
Including 

BIOCHEMISTRY, COMMUNICABLE DISEASE AND IMMUNOLOGY, 

INTERNAL MEDICINE, NUCLEAR MEDICINE, PHYSIOLOGY, 

^PSYCHIATRY. SURGERY, AND VETERINARY MEDICINE 

CO 
CO 
iO 
CO 
N 
Q 

ANNUAL PROGRESS REPORT 

1 July 1970-30 June 1971 

E   I 

^P~D c 
[ß)rpr!r\ nr 

\       JAV !   J 

WALTER REED ARMY INSTITUTE OF RESEARCH 

WALTER REED ARMY MEDICAL CENTER 

WASHINGTON, D.C. 20012 

Approved (of public reiuse, diitribution unlimited. 

Deitroy Ihn report when no longer needed. Do not return it to the oriqinjtor. 

The (indingt in thU repo-t are not to be construed i! an ntdciai Department o( the Army position 

unless so designated by other authorised documents. 

'-ÄÄ 
L c 



AD 

RCSMEDDH-288 (Rl) 

RESEARCH IN BIOLOGICAL AND MEDICAL SCIENCES, INCLUDING 
BIOCHEMISTRY, COMMUNICABLE DISEASES AND IMMUNOLOGY, 

INTERNAL MEDICINE   NUCLEAR MEDICINE   PHYSIOLOGY, 
PSYCHIATRY, SURGERY, AND VETERINARY MEDICINE 

(Projects, tasks, and work units 
are listed in Table of Contents) 

Annual Progress Report 
I July 1970 - 30 June 1971 

Volume I 

Walter Reed Army Institute of Research 
Walter Reed Army Medical Center 

Washington, D. C.   20012 

Approved for public release; distribution unlimited. 

Destroy this report when no longer needed.   Do not return it to the originator. 

The findings in this report are not to be construed as an official Department of 
the Army position unless sn designated by other authorized documents. 



SUMMARY 

The various subjects covered In this report are listed In the Table of Contents. 
Abstracts of the Individual investigations are Included on the DD Form 1498 
Introducing each work unit report, and names of Investigators are given at the 
beginning of each report. 



FOREWORD 

In conducting the research described in this report, the investigators ad- 
hered to the "Guide for Laboratory Animal Facilities and Care,'' as promul- 
gated by the Committee on the Guide for Laboratory Animal Facilities and 
Care of the Institute of Laboratory Animal Resources, National Academy of 
Sciences - National Research Council. 
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Project 3A061101A91C IN-HOU:;E LABORATORY INDEPKNDENT RIüTEARCH 

Task 00,   In-House Lai oratory  Independent !;•■.• ar ■:. 

Work Unit 010,  Hyperuenr.itivity in the itranuiiopathology 01' tic lr.ii.thi ■ 
infections- 

Investigators 
Principal:     E.  II.  Ct.iim,  HcL.,  Lib.  Doc 
Associate:     M.  Aikawa;  J.   harbaro;  MAJE.   J.   Colwell,  MC;   !■ .   :i.  Fife; 

MSG H.  W.   'lure;   RP5  J.  h.   0rtal(3o;  M.   J.   .'.ehe cni-• .hl.T : 
J.  C.  Williams 

1.    A radioactive; antigen mieropre.ipitin a:.:.ay  for  : ''hi.itn: o"iia::i.:. 

Many useful  tc-chnic:; are  currently available to detect and mi-ai-ur« 
antibodies developing as a re.-ult of parasitic infection:-.     In vit ro t-;:t; 
such as the preeipitin, agglutination and compleraent  fixation tortr; have 
been classified  by Minden as  secondary reaction: .    Th* : ■    terts   fr-'fjuently 
fail to detect significant amounts of antibody demonstrable  ly ;rimary 
binding tests.     The  primary antigen-antibody inteTactlon  ir;  the-   i'ir: t 
step in a  series  of biochemical and  biologic  proeesres which may er may 
not subsequently result in a  secondary manifestation.     This  interaction 
can be detected  by qualitativ procedures such as radio immunoelectro- 
phoresis and immunofluorescence or quantitative' tests such as. equilibrium 
dialysis,   fluorescenc«; quenching or antigen binding capacity of antiserum 
by the use  of radioactive  labeled  antigens. 

Procedures, measuring the primary antigen-antibody interaction were 
first used only wit)   haptens and  later with relatively pure protein an- 
tigens.     Despite  the  sensitivity and precision of quantitative  procedure's 
to detect,  the primary binding and precipitation of antigen by antibody, 
these methods have  been neglected by those  studying resistance to para- 
sitic  infection probably in part  because it  is  difficult  to iodinate 
relatively  labile  antigens  and  partly because then,  are  so many antigens 
in crude  extracts of animal parasites.    Although the  immune response  to 
schistosomes has been measured  by a variety of tests,  a test  system 
which measures a primary antigen-antibody interaction is not available. 
The present investigations were  designed to develop a radioactive antigen 
micro-preeipitin assay and  to compare the results with  those  in the  sol- 
uble antigen fluorescent antibody and passive cutaneous anaphylaxis tests. 
The results demonstrate that a  radioactive antigen micro-precipltin assay 
which measures  binding of antigen by antibody is a sensitive indicator of 
the immune response  to schistosomiasis in a number of hosts. 

I.    Antigens 

Lipids were removed from lyophylized Schistosoma mansoni cer :ariac 
and the lipid-free antigen was fractionated by gel-filtration chromato- 
graphy. Ten ml of the lipid-free preparation containing hk.k  mg of 



protein were placed on a 2.[j cm x 100 cm Sephadex ('.-200 column and elutcd 
with O.lU M phoophat« but'fored saline. 

Based un opticaJ ien^ity units, two distinct protein fractions were 
obtained, the first fraction contained 32.Ut, of the protein and fraction 
2 contained 62.o! of the protein. Each fraction was reduced to a 10 ml 
volume by passing it throufh an Amicon Cell usinr a PE 20 membrane.  The 
effluent from the con ■•'titration was then reconcentrated by positive 
pressure using cellulose acetate tubing, and the amount of protein in 
each was determined by the Lowry method. Fraction 1 contained 1.25 mg 
protein/ml, fraction 2 contained 2.^3 W-  protein/ml and a trace amount 
of protein was recovered from the effluent from the Amicon Cell. 

Lipid-fr"e antigen, fraction 1 and fraction 2 were labeled with 
radioactive iodine (■'--'I) according to the technic of McConahay and 
Dixon. The l-'-I lab •l--.i  antigens were divided into aliquots sufficient 
for each e.tperiment and stored at-7'30C iuntil used.  Titrations were done 
with each new lot of -'-'l Labeled antigen to determine the desired di- 
lution of antigen to obtain the optimal reactivity. 

II. .Vrum 

a. Human Gource 

A total of luJi scrum specimen? from individuals infected with 
schistosomiasis living in •■ndemic areas was studied. All diagnoses 
were confirmed by the fres^nce of eggs in the stools. Of these h& 
were obtained in areas of LOW endemicity (Saint Lucia, DWl) and 56 
in areas of high endemicity (Egypt, UAR).  In addition, 90 specimens 
from healthy individuals from nonenderaic areas, 85 specimens from 
persons with known r.arasitic infections other than schistosomiasis 
and ■ > specimens i'r :v:.  persons with viral, bacterial or mycotic in- 
fections were used as specificity controls. 

b. Animal Source 

Ail sera used in 'h' so experiments were obtained from young adult 
animals, habl it. wer' immunised by inoculating 10 mg of the lipid-free 
cercarial ariti.-'n a; I ml of complete Freund's adjuvant into the foot 

hallenged with 10 mg lipid-free cercarial 
intradermally 10 and 17 days later and bled at the 

pads.  The animal . W' 1 ■ 

antigen in saline intrad 
appropriate times 

■ 

Rhesus monk ■ ys w r 
vcrcariae and 11. i at we 

■xposeJ to either 100, 500, 800 or 1,000 
ly  intervals throughout the experiment. 

.'omo ciiimp'ansees were exposed once to either 500, 1,000 or 2,000 
cercariae whi.e others were exposed monthly to 250 cercariac. All 
animals wer' bled at 2 week intervals throughout the experiment. 



Mice were L'xpoc.f.j t.. '. -JO  ;.;. nian. uiii -vTr^ria--  '..-ach ana bleu at 
weekly interval;:. 

c. Fractionati en 

Pooleu human anti-^. .':.aiu oni cera wer1 ; "■•.•(.■j'.-itat' i wit!. , >''  .-itu- 
rated ammonium ^ulfat' in' liaiy.-e : a^aini:! .■cvral chan^'-j ui' '0.1  '-I 
phosphate bufrereci (; :: 'f.- )   .■aliri".  '.'olumn frri-'tionation ori .•■.A.- A-."'; 
was perforrr;'.jd ec;::ontially '■: feocribfj by I.:hizaka. O:' lt.- . :'rai.'tionr 
collected from th' DE/J. •. :.L-;n. one war: derif nate i r;.- l'ractiün 1 anJ th- 
other h  were pooled an i 'cr.j 'ntrated Ly positiv" pr'.-.^iu'', aialy^i. .  Fh" 
concentrated pool"c I'lvi-jtion war then refractionat-.-d by chromatorrai'hy 
on Sephadex G-SfX e.:.-entia;.ly -i.'  rleccribei; by üvaitUeT a;.a -.ebin/i n. 
Tlie four fraction;.: thu. o'ltaintKi were- ie.;i(<nat>-.J a.; Fraction.' II, ill, 
IV, and V. These, a. welJ a.- the'first fraction l'rorn LEAl. .■hrümaturraphy 
(Fraction l) were theu indiviuuaily ^un'/entratc i b-.-fore- testinr ;'.,:• ami- 
body activity. 

All sera J.I-J in ';:■■.■■ ■,■;■:;.' r irr,'nL/ wr' obtain»'* i frntr. Linod whi<_'t. 
was allowed to clot nt  room temperature for approximately on« hour an i 
then placed in a refrij'erator (h  C) to complete' retraction ni' th-- clot. 
The serum was ;"'v..aratej witfiin '."■■  huurs after 'ollecticn and storeu a!, 
-20oC. 

d . P.eduction ana Ai/.ylation and Heat Treatment 

Aliquote of nntis--rum (';.•, ml) were dialy:ied against 2'yü ml of 
0.1 M 2-mercaptoethancl for ■; hours at room temperature and then dialyzed 
in fjOU ml 0.02  M iodoacetamidc for Jt hours.  These sera and their control: 
were then dialy;:ed a^ai.n.t several chanpe-s of 0.1)4 M phosphate buffered 
saline pH 7»2 at i^c■■.•■.  ianipu-es o'.' antiserum wer- heated at v'.0 in a water 
bath for h  hours. Urlu-atel samples servtd as controls. 

t.'. Absorption Kxp» ■r.iment.1: 

Antisera were ab orbed with C.  mansoni antigen hy diluting the 
nonlabeled lipia-i'ree antigen 1:10 and then preparing two-fold dilutions 
in triethanolaminr buffered saline (TRii), pK T-^-- The immune and normal 
serum sample;: were absorbe ; with the antigen dilutions as follows:  yJO ul 
of immune or normal serum was placed in a 10 x 7^ mm glass test tube' and 
300 ul  of the dilution til' antigen was added, mixed we'll and incubated at 
'i0C for 1(3 hours, after whien they were centrifuged at 250 x 0 and the 
supernatant fluid was '-"moved for testing in the RAMP as ;ay. 

Immune rabbit ."rum was absorbed by adding 0.1 ml of goat anti- 
rabbit IgE serum to 1.0 ml of the immune serum and incubating the mixture 
at 370C for jo minutes. Th" samples wr-' then centrifuged at 2L'0 x G 
and the supernatant portion was transferred to a clean test tube ana 
reabsorbed two more tin., s .  The I'inal supernatant fluid was removed and 
divided into aliquots for testing. 



III.    Antibody !>t^ralnation 

a. .'L^-ILI': i^ri.; :; :'l:ior".:,->-nt Antibody 

I'h" .;AvA L-.'t: va. 'ri.'-.-d-i- ; u. do^cribod :'or nchistosomiaMlr,. 
The titi.T.- •*i"r-; x; :■••.■.;■■ i a;' tho rpciprocai of tho highest dilution 
giving a 'tc.:itiv rrann/. 

b. Fa.-.i-.--' 'ua:! ..-^ Anarhylaxic (PCA) 

tVA tfotj La rr1nn>.--y." vero :;eri'ormed ac described by Sadun, in 
rabbit;: a.' i".;ril'-i by Jlvaiflor and Becker and in mice as described 
by Mota.  In all thr—j .:; •"!•■; of animal^- PCA reactions wore induced 
7- hour.; al't'.-r . • :;. ili.'a.'-iüri, an 1 the reaotion- wert; recorded 30 minute: 
after injoi-tinj' anti.'••:..  .. :'o;:itive reaction was recorded when the 
area oi'   -uraiv 'i [/.lain;1 /a rr-.-nter than 5 rar: in diameter. 

Irrrumo il;':'u.;i. ;. 

Imjiiunc ll:':'u. 1'-n 1 !' :u'.tir-"ra a.-ain.-t the lipid-free antigen and 
both of th ■ •':•■; ■iliti.: ""'11 ■■t' 1 from 0-200 chromatography was carried 
cut. by the r.et.aod . '" >.:■•.*■ -U rr.1 ^ith minor modification;-.' Ouchterlony 
plat-.'J woe-'  ;r jur-l > ü ri: \ ■- ■^•.••c  clidec usinf ;;> mi of a I/u afar. A 
number on- .\-i-r:  '•..-{•■■v  «a. i.-; U. prepare the wells which were spaced 
on»' Jiar.et-'-r a; ar'. /...; ■/■..I:.- were refilled once, 2k  hours after the 
firm :'i...ia.'.  .'i. . : .a*-/ /■.'•■ in-ubated for 1+8 hours at room temper- 
atm''', t h< n ihnt ,-:"I:.

V
K-1 so that the precipitin bands could be compared. 

1.  ■■'.a 1'1 .1-': / ■ ^rvti^en Mi ■ro-precipitin Assay (RAMP) 

r:a. s^ri':. m 
'■•- ■•;•.. an'-i,-- n. wore liluted in a 1:100 homologous nor- 
,'. : . '<   :;.'-T:-.').  A 300 Ml aliquot of each serum dilution 

was transiVrr-'i •  a  ■- ul  ;• Lyuropylene micro-test tube. Twenty Ml of 
^"1 tajTu'-. : ant:  • (.1- Ar) li Lution were added to the serum using an 
Fpoendor:' tr.isro; i; oM ■-•.  .1. • tub"S were then capped and mixed well with 
a oeckman v.ioi>.:l   I-■■  ;',1 sro-r.ix'.T. After l8 to 2k  hours incubation at 
'ili', the car:; I';/ wr" c^ntrifurf-d in a Beckman microfuge model 152 at 
l',,000 rpn: (art ro.xir.ato.iy i.,:C0 x G's) for 5 minutes at room temperature. 
"hv supernatant :".\:ii  was sar^i'ully removed and transferred to another 
lean r.i-ro-t' .* ^It •. Tl.- amounts of I* Ag in the precipitate and in 

the supernatanl :'lui i w ■!••■ s'+ -rT.ined by means of ^^i activity in a 
saird-at.('"j ■ '■'   !■■! 'Jl.   Aell-iyp^ r'-urma  counter. Washing the precipitates 
aid not siguifl -at.- Ly r-'-iu-' ti.- radioactivity of the precipitate. 

Results V'>r- ■ xpr-^'S'-d as a percent of the total precipitable 
radioactivity obtain-i )y  aiding .100 ul  of 20,' trichloroacetic acid 
to i-J al -jf anti ■:; In - )"' ßl  of 1:10 normal serum diluted with 1:100 
:;.'-:':■.. Cixty tc .•ixty-fiv-- trr-ent of the radioactive antigen was 
: r ■ i: itat-i with ... " tri ihloroaeetic acid; a serum sample which pre- 
•l;i'a- i ..->■ :it : 't.a:: . ' • '■'  '":.' radioactive antipen was considered 

!■' a ''. I', ■ . 



In coiKiU'.-tini.'  th-'  !■•■. ■■;ii'■h   i'-:'^']!'  1   in  T,;.!/   !■■ ; . r: .   t!:-    inv.t.i- 
gatorc adher<.-d  u. tin   "(lui :•■ :'. r l.ai'.i'aii i-y Anii::u->   ;a.-i .i'i'-.-  -i:..   ';;!■• ," 
a;: promulfatod by   Dv   Ci.-j-.i ll^e  i-n .;.f\ i. L :. . '.'   ' :.■     luiai;  I'or LuLt.rat wy 
Animals Facilities  and  Jarf cl' tin: Institutt'  (-:'  l.oti.jralnr.v Anima.. 
Resource;;,  National Aca lu;:;y ; 1' .  ■i'.n ■■ .:  -  h.'itii :.a .   '..-. ■■ar  l.   'ovi,   ;. . 

Inm^inoprccipitin   tu..tc v^r    .'unJucl'  ; on   L;.'    litdj-i'i-e a;iti,.n 
and   I'ractj. -r-i.   .1   ai.'  :    uijiaint--!  ai't^r  tar.'a,      *;.;-iU;'h  n  :'• _; j.a :••>,    ■-.''"; 
column.     Three ai.'tin 't  i'.aiur   forn.r;   t-"/• ■•;.  • :.■    inumiii"  .'••rn  -tnu  tb 
lij)id-fr<-e anti;-,. n,   *!.■>•■ a.   i-nly   .   band  ^a.1  pr'j'iu ^ .1  ■','ii;.. '   ; ra ■ 
and 2 tanas acain.t   I'taa^ti^n -. 

IV.     RAI-ir Assay  in .' a.l. ^ . . r hi. ;. 

i; 

fi't'.'t  i.;' i'l!'!'  v :.'   Antiri-nic  Pr'a ai'alif. .—_—— •  *  

Preliminary  . ',a:i' .    ii.;:i;ai-i  that  11.-   I-A'-II' assay  A'it;,   :i;i:-:'s" 
extracts  of .'.  smrs o:.i       r  nriai   as  antis n   asaj i   :i :';'■ !■■ r.* ias ■  L'-tA'-ei. 
serum specirriens   i.'.tai'.  s   '.'X'ov.   i::i-i-*i.\::- ■ :  or in-;'' ■">   :  anis.a '.   a:.:   ';:■ ir 
norn.al centre^. .    A  s. «ri^s   r:' cxr.i'riments  was   set  ui   t«     ■ona ar"  M." 
r-'Iative effc^ti'■.,ti ss of several antigenic pruj arations..    i.isia-id-'e 
iy.  Tnansonl  scrsarial   "Xtra-t and the 'P  fractions  obtain«-]  aft^i'  ,a ].- 
aration in  a .'. ; dad-:■:  a-sOO   rd.unin  (Fi(T.   l)  were  iodinatrd  an.!  i^aa-'i 
against    s.^rm:.  fi*orr; li-:rr.utiir.i  i,  inf'.ctfd  aid  iininfei.d.e 1  anii:.a.:s.     71.': 
re'S.uJt^  ubtained  in  i'lv-   lilf'-ri.'nt  experiments  were  essentially  similar 
and  hav-1 Leen  siinmaris.e i  in   I'ablf 1.     Difffrentiation  b^tw-en  inf''i-t'  i 
and nunnal   stian  was  e;s'-rv"j  with  two of  th" antiia.-ns  ti-st'-:.     i-t-.^t 
results wer- i S'aiir .  wh'Ti  tne first fraction collected fron; tt." 
ferdiadex  i';-,"'o      i oar:..',   was  u. • a  as  antiren.     This  is  s'nown  by  t;."  \.i ii 
ratio of an'i. i-ii  sreei ;i Vit ■  ;  ty schistoromiasic  antlsera  a.   ■■ornjar'  i 
to  that   ai'" d: i i a i • a   ly   m r:..a,   .""ra.     A   freateT   oerC'^ntar1    of  antii'i-n 
precipitation wa.   ol; • rv>-ii  with Ids   ..erum from immunizi'a animals, 
fasi'd on  th'   re-, a.: t.,     I".ain-i  by iirmunod if fusion and  in t.rstinj 
aiffi I't'iit-   ;ir"j.ai'a!.i ■u.    is  *,:.•   :-Ay\' assay,   fraction  1  was u.a'i a.   11. 
antikes  of .and ■■    tiauUi niait  t.h-   foliowinf experiments. 

le   f-'-.Trsisi   1.'•    ■.:':''    '   i :' varieus  S'-rm. ai.d  ant.igcs  uilu'-nis 
ii.   I'l.   assay  pn. •< so-' ,     • ra."   spve'imens  from ird'ected and  normaJ 
monki-yi   wer'" iiisa-".i   I: i   ,   l:.-'0 a: i  l:Uij wit:. Tla'  alone,  THf  plus 
'■-.[)% I'Oviai   .'■•rn, a ' ■ a-da   cr   IB.'  plus  normal  monkey  senm  ia ditd'i-r'-ni. 
concentrations.     As  inuiiTit,'.e  in   Falle 2,   Les.t  rfsuits,  (ratio 'J.l)  ■/.•■■V'- 
cHitained  whin  t ti'    s.-'rom was   si.lut"i  ia T!d'  [Ins   .1:100 normal  rr.onK>-,v  si-ruit, 

(>jitimal   r"s d i s  wr-1  D'aia"! whe'n  ti'S.t   se'ra wer" initially ailat-a 
1:10 with  1:1 Jo ii..—   f.     Ivo-feld  serial   dilutiotis wer- maa-  te   i<-t( rmin»- 



Table   i   Relative efficiency of different radioactive iodinated ontigenk preparation! of S. mansoni cer- 
carial aniigen in the RAMP assay 

Scphadei C-200 fraitionaticm 

Senim imirce 

Lipid free «Incl Finl (nrtlon Sfcond traction 

% ppt         Ratio* %ppt Halio %PP« Ratio 

«3.4 S7.9 6.4 
7.5 13.4 1.1 

S.5 7.3 5.9 

34.8 03.4 ND 
4.1 12.8 ND 

8.5 7.3 ND 

40.4 72.0 8.4 
2.2 e.7 1.5 

18.5 10.7 5.7 

Rabbit Immunized 

Rabbit normal control 

Rabbit infected 

Rabbit normal control 

Monkey Infected 

Monkey normal control 

• lofecud/contnil. 
ND = Not done. 

lable   2 Effect of serum ami antinen dducut with serum dilutions in the RAMP assay. 

  Per tent anli urn precipilatrd with mnnk •y serum at (liven dilution 

110 1:20 1 :4(l 

Diliarnl Infri ted N'nrtMtl H ilio* Infected Normal Hall» Infected Norninl Kulin 

TBS + 1:100 
Normal tni>nke> lenmi 68.6 9.6 7.1 34.« 10.6 3.3 l«.l 9.3 1.7 

TBS 4 1  10 
Normal mrnkcv st-rtnu 55.2 12.5 4.4 31.2 11.0 19 «1 7.8 0.8 

TBS + 0 5-5 HSA 400 0.6 4.2 3S.I 10.0 3.2 16.7 9.4 1.8 
TBS only 357 10.0 3.6 33.3 10.3 3.2 19.0 11.1 1.7 

♦ Infected/control. 

UfSr     VOLUMf    (Ml 

IfiUre i Eluticm pattern of lipkl-free antigen 
from S. mannoni ccrcariae, using Sephadex C-200 
ciiliimn. 
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b. Effect of Specific Antibody Absorption 

To determine whether the RAMP assay is iue to a jpecii'i'- antigen- 
antibody reaction, attempts were made to remove antibody ly absorption 
with two-fold dilutions of the non-labeled antigen prior to  testing, Ali- 
quots of the same sample- of antiserum were mixed with iucreasinp amounts 
of antigen and then assayed against I* Ag for their ability to react. 
The results of testing antisera after various degrees of ^i sorption arc- 
shown in Fig. 2. The percentage of rtdioactive antigen precipitated ty 
the antiserum decreased in"direct proportion to the concentration of 
antigen used in absorbing it lief ore testing in tlv RAMP assay.  Incu- 
bation of immune serum in TBS alone failed to reduce its ability to 
precipitate radioactive antigen. 

c. Sensitivity and Spc-cificity of the RAMP Assay with the .V-ra 
from Different Species of Infected Animals. 

To st^dy the sensitivity and specificity or the RAMP assay with 
S. mansoni antigen, serum from animals of different species experimen- 
tally infected with S. mansoni and S. haematobium, sera from immunizea 
rabbits and normal serum controls were tested at a constant dilution 
of 1:10 (Table 3)• Except for mice, positive results were obtained 
in all specimens from infected or immunized animals regardless of the 
schistosome species with which they were infects. Of the 'JO  specimens 
from infected mice 17 showed borderline reactivity. None of 30 speci- 
mens from noninfected mice reacted in this assay. 

d. Sensitivity and Specificity of the RAMP Assay with Human Sera. 

Serum samples from patipnts with proven schistosomiasis, from 
patients with a variety of infections other than schistosomiasis and 
from patients with degenerative diseases were assayed for their abil- 
ity to react in the RAMF assay.  Of the 10h  schistosomiasis patients, 
^8 were from areas of low endemicity and 56 from areas of high en- 
deraicity. All samples were diluted 1:10. As shown in Table U,  pos- 
itive reactions were obtained in 8l percent of the serum samples 
from schistosomiasis patients. Conversely, no reactions were observed 
with 90 sera from healthy persons. A few positive reactions were ob- 
tained among the sera from individuals with various parasitic, bac- 
terial, mycotic or viral diseases. Of these, most occurred in persons 
with syphilis. 

e. Reproducibility 

In order to obtain some information on the reproducisility of 
results, serum pools from infected and normal rhesus monkeys and from 
immunized and normal rabbits were divided into aliquot:; and lasted at 
different times with different lots of radioactive antigen. Ar indi- 
cated in Table '>,   .he results were highly reproducible. All of the 
specimens from infected or immunized animals reacted and none of the 
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specimens from normal controis reacted.    The labeled antigen appeared 
to be stable for at least h months when frozen at -70oC. 

NORMAL 
SERUM 

IMMUNE 
SERUM 

112« —  • • 

5 132 

-  • • 

• 
z 

4 

-  ■ • 

Q 

.j i a 
J 

s 
«  1« —  ■     • 

12 —  <   • 

I.I     1 1 1     1     1 
10 20 30 «0 50 60 70 

PERCENT OF RADIOACTIVE  ANTIOEN   PRECIPITATED 

FKUIRE 2. Per cent of radioactive antigen pre- 
cipitated with nntisemm after absorption with var- 
ious nonlabeled antigen concentrations. 

Table   3       Sensitivity of RAMP assay using S. mansoni antigen in sera of immunized and experimen- 
tally infected animal». 

Senim tourc« 
Number 

fpecimeiu 
Number 
retctive 

Mein% 
■ntiieu 

PP« lUlio* 

Rahbiti immuntifd lipid-frfe antigen 

Rabbit» nonr.al conlrob 

Monkeyi infectrd with S. haemaloblum 

Monkey* nornial conlroU 

Monkeyi infected with S. mantonl 

Mimkeyi nnrmal conlroU 

Chimpanieei infected with S. hatmaloMum 

Chimpameei norni«! cnnlroli 

Chlmpamrei infected with S. mamoni 

CThimpanxeei nnmiAl contiolf 

Mice infetted with S. mamoni 

Mice normal control« 

14 14 95.6 

u 0 10.8 

71 71 08.5 

23 0 10.7 

1S8 1S8 82.» 

23 0 10.7 

53 53 38.8 

U 0 11.7 

28 28 41.8 

U 0 11.7 

00 17 11.1 

8.9 

6.5 

5.9 

3.3 

3,6 

1.7 
30 6.5 

• ."  '-»ted/contniU. 

10 



f. Effect of Hydrogen Ion Concentration 

To determine the possible effect of hyurogen ion concentration 
on the antigen-antibody reaction, experiments vare conducte-.i with sera 
in which the pH varied from 6.0 to 8.^ by adjusting it with NaOH or 
HC1. The results indicated that although the RAM? assay could b-r 
performed successfully at all the hydrogen ion concentrations tested, 
a pH of 7.0-7.2 (^avo optimal antigen-antibody interaction. 

g. Effect of Nonspecific Proteins 

The effect of nonspecific albumin and gamma globulin on the re- 
sults of the RAMP assay was studied. Varying amounts of normal rabbit 
gamma globulin or bovine serum albumin were added to a constant dilu- 
tion of sera from infected and immunized animals and their controls, 
and assayed. The presence of albumin or gamma globulin in the amount 
up to 8 mg/ml had no demonstrable effect on the reactivity of the 
various sera tested. 

Table   k     Sensitivity and siiecifirily of RAMP assay using S. mansoni antigen with humah sera. 

Number 
»mplrf 

Rmctiv« Nonreaclive 

DiaRmisis 
Number 
■•mplei 

Mean % 
ppt Ratin* 

Number 
»amplfj 

Mean% 
ppt Ratio 

Hetllhy 90 0 90 9.5 
Schistosomimis 

Low «nclrmjciry 
High cdemitily 

104 
48 
se 

84 
30 
64 

28.0 
35.3 
»9.8 

2.9 
2.7 
3.1 

20 
18 
2 

12.9 
12.8 
14.0 

1.4 
1.3 
1.5 

Other puaillic 
Infectioni 

8.1 13 17.7 1.9 72 11.4 1.2 

Nonpamllic 
Infectioai 

59 8 17.« 1.9 51 11.9 1.3 

Syphilis 14 7 17.0 1.8 7 11.2 1.2 

• Inlecled/conticils. 

Table   5     ReproducibilUy of residts with different lots of S. mansoni avtigen. 

Serum imirce 

Number 
time» 
tested Nonreactive 

Number times reactive at 1:10 dihilion: 
eipressed in per rent preiipitnled Ag 

15-34      35-54      55-74      75-94     > 95 

S. mansoni infevted monkey 14 0 

Normal monkey 14 14 

S. mansoni immunized rabbit 18 0 

Normal rabbit 18 18 

10 4 — — 
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V. Characterization of Antibodies in RAMP Assay 

A series of investigations was conducted to define some of the 
properties of the antibodies which reacted in this assay. 

a. Serum Fractionation 

Ion-exchange chromatography and molecular sieving were employed 
in an attempt to separate some of the antibodies present in sera from 
infected human patients. The pooled serum was separated into 5 frac- 
tions by DEAE chromatography. Fraction I contained most of the protein 
and was testea as such. The other k  fractions were pooled and passed 
through a G-200 Sephadex column. Four fractions were eluted and 
designated as Fractionc II III, IV and V (Fig. 3). Immunoelectro- 
phoresis showed that Fraction I contained most of the IgG and IgA 
immunoglobulins; Fractions II and III contained a trace amount of 
IgG and Fractions IV and V had no preclpitin lines against any of 
the immunoglobulin classes. All of the SAFA activity was found in 
Fraction I. PCA activity was found only in Fractions I and V with 
the strongest reactions in Fraction V. All five fractions reacted 
in the RAMP assay and Fraction V produced the strongest reactions 
(Table 6, Fig. 3). ' 

Table  6 Results of Iractiomlum of Immune S. 
mnnsoni human sera (pouU'd). 

HAMP PCA 
nclivity 

SAFA 
tiler 

hnmnne s^nini 43.7 4 f 1:128 

Immune jjlobnlin 515.0 4 + 1:128 

Fraction I 21.8 2 + 1:128 

Fraction II 22.1 — — 
Fraction III 17.2 — — 
Frntlion IV 19.8 — — 
Fraction V 37.4 4 t — _ 

II. Charoettriiotion of antiboditi in RAMP away 

A series of investigations was conducted to 
define some of the properties of the antibodies 
which reacted in this assay. 

I.  Effect of Heat, Reduction and Alkylation 

The effect of heat, reduction and alkylation was studied with 
specimens from an immunized rabbit, experimentally infected chimpan- 
zees and naturally infected human patients. The results (Table 7) 
show that heat and treatment of serum with 0.1 M 2-mercaptoethanol 
followed by alkylation with 0.02 M iodoacetamide destroyed the reaginic 



antibodies as detected by PCA and reduced the reactivity with the RAMP 
assay.    Conversely,  similar treatment failed to decrease the reactivity 
of the fluorescent antibodies in any of the  sera. 

Similar results were obtained with 20 serum camples from infected 
patients and 6 from uninfected controls tested nonheated and heated for 
k hour" at 560C.    Before heating, all of the specimens from the  infected 
patients and none from the controls reacted in this assay (28.3 and  10.0% 
precipitate, respectively).    After heating all 26 samples gave negative 
results  (13.0 and 9.0% respectively).     The addition of guinea pig serum 
as a source of complement after heating failed to restore the reactivity 
of the sera. 

c. Serum Absorption with Monospecific Antiglobulin 

Absorption of rabbit antiserum with goat anti-rabbit IgE serum 
markedly reduced the reactivity of the whole serum in the KAMP assay 
(from 82.1 to 53-2 percent) and eliminated its reactivity in the PCA 
test (from h+ to negative), but the titers in the SAFA test were not 
reduced. 

d. Correlation of Results with PCA Activity in Human Sera 

PCA activity was determined in 85 SAFA reactive human schistosomiasis 
sera using rhesus monkeys, and the results were compared with the antigen 
binding of RAMP assays.    As shown in Table 8,  k8 specimens were positive 
in both the RAMP and PCA tests.    Whereas only 3 sera in which reaginic 
antibodies had been detected failed to react in the RAMP assay,   17 which 
reacted in the RAMP assay, gave negative results in the PCA test. 

Table 7 
Uttt. 

Effect of heat, reduction, and alkylalton on immune sera in the RAMP, PCA, and SAFA 

Serum 
treatment 

I mm line rabbit Iniecled chimpinzeei 

RAMP     PCA      SAFA 

Inlectrd palienli 

RAMP PCA SAFA RAMP I'CA SAFA 

82.1 * + 1:32 47.7 4 + 1:SI2 43.7 4 + 1:128 

3S.I — 1:32 18.3 — 1:512 10.8 — 1:128 

47.8 — 1:32 38.3 — 1:512 13.7 — 1:128 

89.7 * + iat 48.8 4 + 1:512 49.4 4 + 1:128 

73.8 * + 1:32 38.0 4 + 1:512 38.8 4 + 1:128 

Untmtod 
S8C—»hr 
2 Merctploellunol + indnaceumlde     47.8 
lodoicaumlde 
PBS dltlyiU (only) 

Table  8 Correlation of results obtained with 
PCA aiul RAMP tests in sera from infected patients 
reactive in the SAFA test. 

RAMP imny rrailivily 

Pntltivf NVaative Tnlal 

Pot. 48 3 51 
PCA 
■rtivity 

Ht. 17 17 34 

Total 85 20 85 
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VI.    RAMP Assays with Sera 1'rom Experimentally Infected AnimaJ c 

To determine the time-cource development of antibodie:   det-'"t<"l  i; 
the RAMP assay,  chimpanzees,  monkeys and mice were infected  with ■. ith'r 
S. mansoni or £. haematobium.     Sera taken beforo oxporur»"'  to inl'i   tiin 
and at regular intervale afterwardr,  were tented by  the HAMP array fir.i 
the results were compared with those obtained in the   parsive   ■utaiv f u:- 
anaphylactic and fluorescent antibody tests. 

In the first experiment,  h chimpanzees were exposed  mo   t 
2,000 S.  mansoni cercariae each.     Serum specimens from j of the.'- 
gave positive PCA reactions within 3 to '   months and  remained "1 
through 18 months.    Fluorescent antibodies were observed in al] 
animals within 2 months after exposure to infection,   reached a  p 
6 to 10 months  and remained elevated throughout the  study.     Anti 
were  detected by the RAMP assay in all the animals as  early as  o 
after infection,  reached a peak after approximately one year and 
decreased as  the infection progressed.    The pattern obtained on 
infected  chimpanzee  is typical  of the group and shows  the  thr^e 
of antibody development  (Fig.   h), 

o ■;|J0 or 
e animaL 
■ vnt' d 
Of   the 
i..-aK in 
boaies 

ne month 
then 

one 
curves 

a a.. 

FIGURE 4 
a-rcariac of 

si 
in  i- 

s*r* 

8    10   12    14    16   IB  20 22   24   26   28   30   32   34 

MONTHS   FOLLOWING   EXPOSURE 

Representative time-course ilevelopnicnt of antibodies in one chimpanzee exposed to 200 
S. matuoni. 



In a subsequent experiment, k rhesus monkeys were exposed to 800 
S. mansoni cereariae and challenged with 5,000 cercariae ten months 
Tater.    The PGA antibody response following the primary exposure varied. 
PCA antibodies were  detected  in 2 of the-  h animals as early as  2 months 
after exposure.     Fluorescent antibodies were derronstrable in all of the 
infected animals  2 months after infection,   reaching a peak almost im- 
mediately and remaining elevate! throughout the  study.    Antibodies  were 
detected by the RAMP assay in all of the animals as early as one month 
after infection and reached a peak almost immediately afterwards.     As 
the infection progressed,  there was a diminution of reactivity in these 
sera and no indication of an anamnestic response in the GAFA and RAMP 
assay was detected  following reinfection.     A representative pattern of 
time-course  development of antibodies  in these animals is  shown in 
Figure  ';. 

FlCVRE 5 
S. mansoni 

5    6    7     8    9 

MONTHS   FOLLOWING 

10   II    12    13 

EXPOSURE 

18 

Reptescntalive lime-course development of antibodies in one rhesus monkey exposed to 800 
cercariae and challenged with 5,000 cercariae after 10 months. 
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These antibodies developed slower in chimpanzees than in monkeys and a 
lower percentage of precipitation wac obtained.  In all animals with 
single exposures there was a reduced reactivity ar the infection pro- 
gressed. In animals with multiple exposures antibody activity remained 
elevated throughout the experiment. 

Similar results were obtainea in 2 chimpanzees expose! once tu 
2,000 S. haematobium cercariae. The time-course development of I'luo- 
rescent, reaginic and RAMP antibodies in one of these 
shown in Figure 7« 

chimpanzees i. 

Similar experiments were -onaucted with mi-e exposed to £00 
£. mansoni cercariae each,  fhe mice were bled at weekly intervals after 
exposure to infection.  Ten individual sera of "ach weekly bleedinr wer1 

pooled and us"d in the RAMP assay as well as in tests for ''luoreccent 
antibodies and PCA reactions. Although fluorescent antibodies (Fig, ^) 
appeared relatively early during the course of the infection, no PCA 
activity nor significant RAMP reactivity could be demonstrated. 

Schistosoma mansoni antigen labeled with radioactiv iodine com- 
bines with antibody in the serum from infected patients and animals. 
The technic which is relatively rapid and highly reproducible, requires. 
very little antigen because of its extrem.- sensitivity. Our findings 
agree with observations reported by Minden et al., who compared primary 
binding tests to detect the primary binding of antisera directed against 
bovine serum albumin. 

The percentage of antigen bound by antibody was remarkably consis- 
tent for various serum dilutions at a given antigen concentration. Be- 
yond a certain dilution, however, the reactivity decreased greatly. A 
pH of 7.0-7.2 wa; found to be optimal for the RAMP assay which is in 
agreement with Gleich and Stankievic in their radio-immune precipitation. 
However, contrary to their results, heating of immune sera resulted in 
marked decrease! in binding activity. Antigen binding did not depend on 
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complement since fr^sh complement added to heated sera failed to restore 
RAMP reactivity.    K sdiction and alkylation alco lowered considerably the 
reactivity of sera in this test.     Increasing the albumin or gamnia globu- 
lin concentration neither reduced nor increased binding significantly. 
This  assay,  however,   iiffers  from other  serologicai tests  for parasitic 
infections  both because it may measure  the primary binding of antigen 
by antibody and because  the  end  points  can be determined  on the basis 
of measured radioactive antigen content rather than on subjective visual 
determinations.    Semi-quantitative tests expressed in terms of a serum 
dilution end point   ic not provide precise data concerning the quantity 
of antigen bound by antibody as  does  the test described here. 
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rhe valu-.; of this assay  lies not only in its  sensitivity and its 
usefulness  in making accurate   pian'itative determinations,  but also in 
its  capability of proviiinr a means of measuring antibodies in dif- 
ferent  immunogiobulln ciass'.-s.    Comparison of the results of the RAMP 
assay wHh  those obtaine) with  the uAFA test Indicate  that there are 
many featur •:■  distinguishing these antibodies in schistosomiasis. 
Kviicnce  that  this w. measur»^- antibodies in all  immunoglobulin 
•lasses  ani  ;arti 'uiariy in  IgE was obtained indirectly by noting 

"urvi'S  of  time-course development of antibodies 
:'soi:: thos.t   of  the' CAFA test.    Moreover,   fluorescent 
at  .tal-1-.-,  not  sensitive to 2-mercaptoethanol and 

".  fraction,   wh-reas heating,  reduction and alkylation 
i 

dift'"renees in th 
,1' the KAM? assay 
antibc li'-s vv. h 
a; t "at"" ! in the I 
•■': itr.is.nt' ■ : i r -'On 
vari' i . ■ ■:■■; In this *. 

■■:•■/•   :   wl'  .   :■  ■  l^KM' a. 

[.■rnoiy reduced the antigen binding capacities of 
• •st.    A remarkable similarity of results was ob- 

■ty an 1  the passive cutaneous anaphylactic tests 
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with sera from human  patie: t£ and experimental  animals.     However,   antigen 
binding activity in the RA}-,V' assay appeared earlier and perai ntcd  longer 
than PCA activity. 

Abosrptior' of irmune rabbit serum with anti-rabbit Igt serum com- 
pletely removed  PCA activity and reduced  the  antigen  binding activity of 
the RAMP assay,  but  failed  to decrease  the SATA titer. 

Radioimmunc   precipitin tests have been  employ-':  successfiiliy in 
patients ■. ith atopic  aiseares  ly Hansen and  Gleich and  by Newcom^ and 
Ishizaka to examine  t!;" imrrutie response  to diphtheria  tox' i'j.     The 
allergen binding activity of antibodies associated with different  1m- 
munoglobulin clashes  in serum from atopic patient;: was studli u  by 
Ishizaka et al.     They  also found that essentially all  skin sensitizing 
activity in the scrum specimens wa^ removed  by absorMng witl   antl-IgE 
sera and that their  skin  sensitizing activity  sorr'-lat-i  with  antigen 
binding values  of IgE  uut not with those of other immunoglobulins. 
Randilla and McDuffie  indicated that Igf-1 and   IgA predominate in the 
primary response while  IgG predominates  in  the  secondary response.     Our 
studies indicate  that  the RAMP assay  can  be  used  effectively to measure 
antibodies  in all  immunogicbulin  classes  and particularly in IgE,   and 
is a means of demonstrating primär:/ binding of antigen by antibody in 
schistosomiasis. 

2.     opcciri''ity  o:'  in •vitro  leukoeyte-mediated  histamine releatio with 
helminth antigens   in  rabbit trichinosis and   schistosomiasis. 

Peripheral   leukocytes obtained from rabbits infected with 
Schistosoma mai.soni  hf-ve  been shown to be actively sensitized,  as mea- 
sured  by an in vitro  antigen induced histamine  release from rabbit 
platelets.    This  interaction of leukocytes  from sensitized rabbits 
with platelets has been confirmed by Henson as  well  as Siraganiam and 
Osier using an entirely   iifferent antigen-antibody system.    Subsequent 
investigations by  ''-arbaro and :"choenbechler  on  the mechanism of this 
immune reaction Indicate  that antigen is  bound  to specific receptor 
sites on the sensitised leukocytes,  resulting in "activation" of the 
leukocytes.     The  release of histamine   from platelets results  from the 
interaction of activated leukocytes with platelets,  either directly by a 
cell to cell cent.act  or indirectly as  reported  by Henson,  through  the 
release 01  a  soluble   factor  from 'he  leukocytes. 

The purpos.'-'  , :'  t.his investigation was tn "xamine the sr."cificity 
of this in vitro   leukocyte-mediated histamine release in two rabbit 
helminth infections  and  to  compare these  results  with the  specificity 
of passive cutaneous,  anaphylaxis  (PCAj,   complement  fixation  (CF)  and 
the  soluble antl.ien   flucr'Si-ent antibody (CAFA)  reactions.. 
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Experimt'ntai iruV.-tioa:'.     Albiao rabbits  wv;re  Infected witn 
_S.  mans on i by cutaneous- expnniu'" tc 25,000 viable cercariae, or with 
Trichinella spiral! •  iy the r-ra."   adT.ini.-tration of pepsin-digest:: of 
infected rat muscle u'entairan;' 1' ,0CO larvae.     'rrirhinoJ la anci 
Schistosmna iafectf'i  rabbit:   w-'i^ te.'ti'-i j-U weeks  and I'i-l') weekc post 
infection, renpectively,   f:r in vitro nistarainc- release and PCA reactions 
The "Guide for Lai oratory Facilitley and Care"  a^ promulgated by the 
Committee of the tlationaJ  Acaieiny of Science - Nat.jona^ Rereareh Council 
were observed. 

Antlgenr .    Antiger.r;  eo^.i.tel of lipid-freo extracts of 3. meL.-oni 
(cercariae), V,,  japtnii'un;  (aluits), T.  ^pirali :   (larvae)  and i)irofilaria 
immiti"  (adults) prepared  aecordinp to Chaffee et al.    In addition,  an 
adult Melcher's extract of Paragonimus westermani ana a freese-dried 
preparation of scolice.:  of Echinoeoocus  {;ranulosus  were employed.    Each 
antipen preparation was  stan iariis*1! at 10 mg of dry '«eiglit per ml. 

PCA reactions.     Entradormal injections of J.Z mi of serially di- 
luted  sera obtained   I'I   the infeetel animals  were  adiainistered to the 
backs  of freshly shaven normal  rabbits..    After a  latent period of 72 
hours, one ml  (10 m ' protein) of antl/en mixed with 1,'i ml of a S'/J pon- 
tamine  sky blue  :ol ition was  intravenously  injected.    Thirty minutes 
later,  the reactions were observed and a positiv1 reaction was defined 
as  the hit-'hest   lilution associated with cutaneou.. bluinr of at least 
•" mm diameter. 

Complement   fixation  reaction.    These tests  were performed as 
described by Kent arid r'il'o. 

i'oluble AntiL-'''ii  F-ucrfs.vnt Antibody Reaction.     These tests were 
conducted as   lescrilod by Oadun and Gore. 

In vitro hi. t■i-.i:..'  assay.    The procedures  for this assay are simi- 
lar to those previnusiy r. pert"!, and are summarized as follows.    Peri- 
pheral blood from inf•.■ete 1 rabbits was collected into siliconized glass 
syringes containing   -•-   '■'   ■thyl"tie..iairiinetetraaeetate  (EDTA)  and centri- 
fu^ed in the   ■old at  17'.   '■•■  ■' for l:j minutes.     The  supernatant was 
discarded  and  tlv  ..r      ■!-,■   pacKed  ceils wore resuspended to the initial 

i   -ontaxning 0.00') M EDTA.     The  cell sus- 
rolumes. of a  i/o dextran  {'M 23^,000)  and 

extran-b l.ood mixture was  gently layered 
After  the agglomerated red  cells had 

tn-,  supernatant was,  aspirated and  centri- 
for 10 minutes,  each time discarding the 
with Tyr ode's-EDTA  solution.     :rhe cells 
lyrode's solution without EDTA,  counted 
artijle counter an!   standardircii at 

volume with Oyrod- '.   soluti 
pension was  th^r. ' . ;•• ;   t.c   ■• 
mixed well.     '.Vc ; srt.    cd'  t 
v,r"r on»; part <ii' .1 r i -oil 

. ettled  in lb-    Pi' .' i '.   1 ay o: 
fur- ;  thr-e ti-,- . rj t-        ' V ' 

■urernatant arid f' . usp-'nu L.'I 
* ■!■■     th-S   si   : ■ :. : ;   La   ; Lai 
»ith   th"  'ViK', ■:•  • .■   -n cni 

.   '    ,'      .            . ■   S ■ l      t . p. s  :■■: 
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For the preparation of purified [.iatt'li.-t i:ui;j)en~ion-;, t ioou frc! 
normal rabbit:', wa^ collected by intracardiac puncture- into .■ilL'i.ni;: • 
syringes containing EDTA and centrifuged at 17!; r fur lj rainut'r.;, Hn 
platelet-rich, leakocyte-poor supernatant wa.: aspirated with lia.ti'' 
pipette;;., add-d to an equal voluiie of Tyrod '.'-EDTA rolu^icn in i .■:■■■:■ 
twii1-'. Th" jilat'jl"t iJr«;j aration.' wur cu'int' ; : 7 ; iia.:-.- -.1 ^-f . ■> ;.■ ■;: 
in Tyrod.-'.: soJution to contain ri.v :■:   1 /    ; .■.'.■■I- t.   i.'.-i' :: .. 

One  haJf i.'.i   aliquote  of uoth th"   .'tan ru"'.ir.'  ;   .■.•LL    ■;;!■ .    •::! . 
Jut;'  wer"   in^'Ui-at" i   with - .     r:.j   0:' a   -:.!.,    :i.uti<,n  1 '.' ':.■   i;ii",i'i.   ;.  • 
lofous or IM ti roJu;rou.: anti."';n  ; r [laratii 11   :'. •'   ■     •:.i'.i i1'  ■   'it   ■'[ ''   ''< •■ 
hir-tainint; rfl-a.-f.    After incubation,   tij-   r'-a •!itin tul--.   .■.' r-     ■■ ;,*!•!■ 
in  th-  coll  and   tlie  histainine  content  < f  ttr    . u; • raataal   .■.';:■   a.    a;/ ■:   : 
the  fluoroydri.'  rri'.-thod  of fhor- -it aJ . .   ■■',;; Luyin,-  a   r.m,t:u hi.'^ar.Jif 
.'tandard.    lln.;  total histamine cont-nt of th- a^at' ,■■1 unx/uv  ^■•Ui-.o.■y 
preparation-  uc-'d   in  these experiment.'   vor"   ai.o   !-t ■ r;; la" ;.     Th.-   .ai. ' 
mine rcli'a;:" wa;;  expressed a:'  a  (■■■■r.,"iit.   ."'.■JnTiv    to ta-  tot.ai   : ia'.. ;• 
hi.'.tainin" contfnt.    Any relo-aso at-ove  i - »'--r ■ nL   ^a.    ■on, i a.-i-'  i  .1.;.!. 
cant. 

Control;: included leukocyte.' o. 'ain-^i froi:. normal rat-bit. prior 
infection with T. ;:pirali;'., which won incul nt'U with nciir.a] alat'-li 1. 
ana the various helminth antigens. 

Antigen Induced  liistamine Release 

The derroe of leukocyte-mediated hirtamine rclo-a;>: from non;.a. 
rabbit platelu-tr pjrior to infection war  determined with leuhocytf;-  oi- 
tained from non-infected rabbits.    The.-.-  louKocyte';; were te.'tei with 
T.  spirali;:,  J .  mansoni, L.  immiti.',  E .   rranulosus an 1 I . we.termani 
antigen;:, and only one demonstrated little,   hut sifiiificant histamin*' 
release   (i  .■.■   than  e'^ ')   with   the ^,   .-; ira I i.'.  __•   :'.aa.a nl   aa 1  P.   /■ ."    r 
anticens.    However,   it should  L1   not"d   that   the   leui'-.ocytes  from Ihi. 
rabbit al.'o r-aus'ai  an unusually hirh  sjmntanet.u::   rel-a.''   fron.  ; lat- :■ ' 
without th" addition  of antire-n. 

All   rabbit.'  infected with T.   .'pirali.'  and _.  man, cni   b-mon. '.i'ai ■ 
si^nifieont Jo-uko<'5rt,>-mediat'"'J histaminf- release when '..te: with   * •.■ 
homolorou.   anti/'en.     Fable   -  l.irt;' th'    pereeui   r".!"a.''   obtain".!   in   ':■ 
Tri^hineJla naiup  with the  tu.-molercu.'   anti     11 a.   W".l 1   a.   th"   !•• ..a.. 
obtained with  th"  heterele.-ou.-  heimifitiii ■  antii^-n.'.     '-'uv e . "'  'a 
rabbit.'   lal'""!.":   with T.   .'; Ira 1 i.   .');'■.■■■   ;     rr.v   fa''iv!'.;   .<[':. _.   _____ 
antii'e'n.'.     In  additien,   leukocyte,'   :'roi.  twi    ' '   t.i.. .•    raiilt.      r ■,       <■■ - 
acted  with either  ; .   Hnmitls  or Y.  i'raia.il rv 1, .     i.-i-i   ■:.■■■■   fia :■ 
rabbit   thai    11 1   in *     ■ro.'. -r-'ft   yLMi    '.   ".an  ■ :.i    d :     ;■       -:■■■■.   '    .-, 1 ' 
i>.  imii i.   an. 1   t p.    : ■ r^'-nt hi. tar.in-    r   ' ■ a.      *■■      ■ •■   ■:■:■■■.       ' ,    ■ : ■.' 
obtain".1  with   th"  hei:".i(... oa ■  anti   ■ 11. 



The results obtained from rabbits infected with S. mansoni are 
listed in Table 10. Similar to the Trichinella groupj'all 10 Schistosoma 
infected rabbits demonstrated significant histamine release with the hom- 
ologous antigen. The histamine release ranged from 3^ to 82"^. Eight of 
the 10 also showed cross reactions with £. japonicum antigen and the mag- 
nitude of release was similar to that obtained with the homologous antigen. 
However, in contrast to the Trichinella infected group, the Schistosoma 
infected rabbits showed no cross reactions with T. spiralis antigen. Two 
of the Schistosoma infected rabbits demonstrated cross reactivity with 
P. westermani antigen. 

■ Table 9 
In Vitm Hi-iiimim Hihstii wiih Umnnlitgou» und Ht'lffoltiilmt* AHtigins in Idtblnh Infilled 

with TrichiiK'lla spinili» 

Histamine release « ith indiraled antiRei n 
kaliliit no. T. spiriiUi ■   --.-.- /*. westermani 

A. mans i"i( .V. japonicum l>. immilis A. HWHIlillSHS 

11 7(1" (i Nl)^ ■ » 0 0 
TJ 1.5 17 N'l) (1 0 0 

TU i;;t 0 ■t lil >> :t 
T4 Ml t(i 1) 4 ■21 2 

T3 .■>") 1) NI) l(i 1 0 
IV, .')■> t; 0 0 0 1 

TT :i:i 0 0 ;t I)     ' 0 
TK :iJ 5 Ü i 0 0 
T» 1H (» 0 (i 0 0 
TU) 10 (( 0 ;i 0 0 

IVrctMilintr ni ri'lcii-if 110',' ur Kfalt-'reonsidered »ignificftiil iclciiso). 
■ Nnl iliilif. 

Table  10 
In vitrn Hisiiiniinr 1,'IIIIISI' with Homulogi'ii* and Hitcnilogoun Antigen* in Rabbits Infected 

with Schislosoma numaoni 

Kaliliit no .S'  mansani 
Histamine 

S. japonicum        T. 

release 

spiralis 

II 

with indicated antigen 
E. granuiaus 

-■cslermani 

1) 

D. immilis 

SI 0 Ü 
SJ :H VI (1 0 0 0 
sn rs t'rt .V 2h 2 ■? 

SI .VI IS II) It t'i 0 
S5 ,w Vi i II I) n 2 
Sti .w li.' 0 I) 4 2 
ST M •I'l H S II) 1 
SH .VI W 0 :i 1 0 
S'l IS (1 1 0 1) 0 
SHI 11 1 0 0 0 n 

IVrrrnlaKc i»f rrlcnsf 
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infected rabbits would be only 5$ if conipar";! a'.'-Jonline to cenus rather 
than species.  In this study, positive CF rt-a^lionr with h'-t.erologous 
antigens were observed in almost alJ the seruir. specimen:.' obtained from 
infected rabbits.  The few remaining sera were anti-complementary. 
Previous reports by Kidd and Friedewald hav-i indicated tiiat the CF test 
with rabbit sera is unreliable' because of fr-jU'-nt non-rt.ecific positive 
reactions.  In the latter studies, it was demonstrated that normal adult 
rabbit sera contained natural antibodies which could fix complement when 
mixed with saline extracts of normal homologous rabbit tissues. 

Table 13 
( , Itlfia'tll   i,l  llli   l,'i - ill.-, i.l iln Hi *lilt'i nn /,•./,■■,, /■. ■ n, i i.;iiif,,, .   .( „„,,/ ■J.i i ,     I • ." pi, w, nl l' is,II inn 

nri'l St Inhli  AnHiJt ii   /■/  ■.nil         \ II III, „,l;   I,',,,.!,,,,,- mil 1 .1       tu 

/     imh 

./. i. 

.V  IHiiHu m inln lei) infri in 

\iiliyin'- 
II k l't   \ i 1 s.\l \ II l< l'(   \ (1 SAI A 

>■ unltr^n,! III HI :. in l<l  Hi in in .( 1(1 II   IM S   s Id Id 

,s t'lfmlih '. 'H ,s  III 1 in I '.I S   III II " ii  Hi ii !) :i III 

fll 'till ^ II III n in i '1 : HI III III ."I   HI s s Ml Id 

(/' lift llll'^ n s II III n in ■1  III .i  HI 1 III II   III 1,   S (1 Hi 

It immill ■< II III II, Hi (l  !l NU _' III II   III .    N   S M) 

/• lit sti i iiintii .'■Ml ii id Nil NU 0 111 (i  HI Nil Nl) 
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The phenomenon of non-reciprocal cross-reactivity between T. spiralis 
and S. mansoni has been reported in previous serologicai studies and in 
the cross adsorption studies of Anderson et al. The lac/, of reciprocal 
cross-reactivity between these helminth antigens in the in vitro hista- 
mine assays of the present study supports and extends the earlier obser- 
vations. 

Although the specificity of the in vtiro leukocyte-mediated antigen- 
induced histamine release is not absolute, the frequency and magnitude 
of positive reaction with heterologous antigens is far Less than that 
obtained with current serologicai tests now available. This assay pro- 
cedure, in addition to increasing our understanding of the imrr.unological 
aspects of helminth infections, may be of practical interest in several 
respects. The leukocyte-mediated response requires minute quantities 
of antigen to trigger histamine release from platelets.  I'choenbechler 
and Sadun showed that antigen concentration in nanopram amounts were 
sufficient to induce significant histamine release from rabbits infected 
with S. mansoni. This extremely sensitive technique might prove useful 
in detecting small amounts of circulating antigen in helminth infections. 
Finally, this procedure might be applicable to the standardization of 
antigens prepared by different physicor.hemical methods. 
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Interaction ot' rabtit ^latel^U   ana  Ifukocytt'.   L'or release of histamine: 
L.'vtron microscopic observations 
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invojtigator:   h'ive ;;lulied the mode of allergic hictamine 
ih-   plaLult-Lj oi'  rnbbi'-t; whj ch hau  been inmuniaod against 

Lreat antigens,     rhuoi.    .tudi«.-;: on release oi' liirtaniine re- 
r,'. i r.ce ox' JorapJement.     ;'chot.-nbechler and oadun wore the 
on.;Lr;ae that antigen-induced  lii^tamine release from well- 
li-t.:  of rabbits infect' i with ^'chistosoma mansoni necessi- 
!.    inclusion of leukoey  es  from Hie infected animals, 
ilar  ; la!M'.'-t   hi;'taiaine  release from  the rabbit immunized 
■iii Lxntigens  .'uch n.: bo'.'ine serum albumin and horse spleen 
been  accompJisheiJ   by th^  addition of these sensitized  leu- 

e  L-xnel  !!,o'i   of histaniue  release from the platelets mediated 
; i\  luction  of a   .-olub.-e   factor  from  the activated  leukocyte; 
•ell   to   'i.-ll  interaction remains unsettled. 

ihic  eorjr.unie^ti^n   u .  -ril".'  ' ■; ■  interar'tion between the  platelet, 
ani  activate i   ieUKocytos  by ci' ctroa ndcroscopy in an attempt  to shed 
lieht on the me-hanism involved  in  aistamine release  i'rom the  former. 
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■ obtainej   from nrnr.al  rabbits, 

ar.d uf platelets  from rabbits were 
are briefly outlined as  follows. 

■ 'ted  rabbit? were obtained  relatively 
d-xtran agglutination.    The major 
•ukocyte preparation were removed by 

[Au'e   .ymrhecyte suspensions were' also made 
platelets used  in this experiment 
ni were essentially free of leuko- 

i .-i ; rat 
0 h; '.:   buffer 

:  throughout 
siuations  of 
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r ut. con iuc, ei with 
an.: normal  rabbit 
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to '-'n 
tlii    exaerit 
the various 

;n were made 

1'■■ukocytes   (sensitized)  from 
washed  tiiree  times  with 

of free plasma.     The buffer 
solution.     Four different 
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formal rdat-.f-t. + an:igen-activated leukocytes 
Nurmal platelets + an-igen-activated leukocytes + antigen 

i j ■u/.o .'yi'. 

an e ]ual   volume i ! 
were wach'  i   twic' 

■.v re made 1.7  incubating sensitized leukocytes 
antigen.    A; ter ini.'ubation the activated Jeuko- 
with Tyrcae's  buffer. 

Ihese  four typ' .   of cell   ..'uspei sions  were fixed in 1.25^ glutaral- 
;   ,  hi su ros- ii. ü.U:^ M phOapht-te buffer (pH T-'O-    The fixed material 
wacheJ iu     .u1   M pnosphate  buff«r  ana  were postfixeu  in  1^ OgOh«     The 
era'ion.•  w^re   ieliy irated  in the  series  of ascending ethyl alcohols and 
vi-n-' oxide  and  wre  finally eml edded  in Epon  812,    The resulting 

wer-' "'.it with a Porter-bltun M'-2 ultramicrotome and were stained 
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with ifo uranyi acetate and lead citrate, occtions frcm l1^ blocks ol' eafh 
group were examined with a Biemenü Elmichop 101 electron microscope. 

Morphology of rahbit platelet.: and Ic'ukocytc.J 

The morphology of the normal rabbit platelet;- will Le deGcribt-d 
briefly since their ultrastructural character!cticr are pertinent to 
this study. Rabbit platelet;: arc; elongated or ovoici in shape and pos- 
sess several cytoplasmic organelles (Figs. 9 and lü).  They contain 
mitochondria, large round to oval electron opaque alpha-granules, small 
"very dense" granules, vesicles, microtubules, glycogcn particles, endo- 
plasmic reticulum and ribosomes.  The alpha-granules are abundant and 
measure 200-300 m  in diameter.  Each granule is surrounded by a unit 
membrane; the matrix in general is uniformly electron opaque- and occa- 
sionally is separated from the surrounding unit membrane by a narrow 
translucent zone (Fig. 10).  The "very dense" granules are smaller than 
the alpha-granules and measure about 200 m  in diameter.  They oft<n 
appear as round vesicles in which a very dense particle- of 100 mp Is 
situated eccentrically. On rare occasion the entire matrix ix completely 
occupied with very electron dense material. 

The vesicles vary in shape and are limited by a unit membrane. Th'. 
matrix is electron transparent and does not contain any stainable sub- 
stance (Fig. 10). The microtubules are usually located near the plasma 
membrane (Fig. 10 ) and measure about 200 A in diameter. 

The leukocytes seen in these preparations are small lymphocytes, 
monocytes, neutrophils and eosinophils.  The small lymphocytes are round 
and contain a large round nucleus which occupies about b0%  of the cell 
body (Fig ll). A narrow rim of cytoplasm surrounds the nucleus and con- 
tains several mitochondria, numerous ribosomes, microtubules and infre- 
quent smooth endoplasmic reticulum. No rough endoplasmic reticulum is 
evident.  The monocytes are larger than the small lymphocytes.  The 
abundant cytoplasm nad the presence of the rough endoplasmic reticulum 
together with larger cell size helps to differentiate the monocytes from 
the small lymphocytes. The granulocytes are round with irregular micro- 
villi extending from their surface (Fig. 9). Th   anulocyte cytoplasm 
contains a large number of electron dense granul.— of various size and 
shape as well as several nuclei. 

Interaction of platelets and leukocytes 

In the suspension of platelets and sensitized leukocytes, in Tyrode'; 
solution without antigen (Group l) numerous platelets, le-ukocyter and 
erythrocytes are randomly distributed in the thin sections (Fig. i). 
There is no apparent interrelationship or close contact between the leu- 
kocytes and the platelets. No morphological changes are observed in 
these colls. 
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Fif. '•j—(Jen suspension composed of platelets, and sensitized leukocytes of rabbits with- 
out tiie presence of antipen (proup 1). Small lymphocyte (L), granulocyte (G) and erythro- 
cytes (fl) are mternnnpied with platelets (P). However, there is no physical interaction 
between these cells (x 12.000). 

Fie. ID—Higher magnification electron rricrorraph of platelet from control group. It pos- 
sesses several electron opaque .\ granules (^G), mitochondria (M), vesicles (V) and micro- 
tubules (MT'). '   -y dense granules are not observed in this platelet (X 43,000). 

'"'i '. 11—Small lymphocyte from proup 1 containing large nucleus (N) surrounded by nar- 
row rim of cytoplasm (C). Cytoplasm contains a lew mitochondria and nbosomes. Endo 
plasmic reticulum is sparse (x 15.000). 
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Combination:'  of thu  platolt;t;;  ana  .^■n.ili/,'■-!   !• uj-.ü'jyt".-:  willi  lir 
addition of anti,'r';n (Group <-')   or ar-tivatvu ,!• un,'yt-■.■  ana  ['iat'-i't.' 
without anticcn  (Group   ■'.)  or with antir'n  (Grouj^ h)   i-'-on.'trat'- !■• tuar!'.- 
ablu ehanp.cc in their ])hy:-if'ii   relation.'hi;.' a.- w<;Il a.   th'-ir morphoios^y. 
These  c;han{roc are n.crt,  pronounced  in Groui! 't   (r'ir.   JL').     Tlr !•■■ ui'i- ;:.aiiy 
ai'^recate:-  ol' platelet."   interniinpif.'d vith  l'.Ui'.oeyte.:  an i   i-ellular   !■ bri. 
(Fir.   i2).    ITie  center.'  of tlior.e af-rr-.-at. ■.■  arc  compo;'-i  01' a  !'•.■¥ .nnalJ 
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Fig. IS—Cell suspension consistinp of platelets and activated leucocytes with ridded antigen 
(group 4). Anprcfation of platelets (P) surrounds small lymphorvto (t) These platelets 
are mteimmfled with cell debris. Each platelet extends lonf pscudopods and some of them 
are in direct contact with small lymphocyte (arrow). A few ^raniilocyles (G) are seen In 
periphery of this agereßate (x 10,000). 



lymphocytes and monocytes which are surrounded by numerous platelets. 
Many of these platelets are irregular in shape and possess pseudopods 
{Fig,   Ij) extending toward the centrally located lymphocytes and mono- 
cytes. Orten these pseudopods are in close contact with these leuko- 
cytes and some protrude into the leukocyte cytoplasm at the base of the 
microvilli (Figs. 16 and 17;.  Thus, the pseudopods of the platelets and 
microvilli of the lymphocytes and monocytes are interdigitated. The tips 
of the pseudopods of the platelets are often inserted into the cytoplasm 
of these leukocytes, forming a cytoplasmic anastomosis (Fig. 18). No 
limiting membrane can be seen in those areas. These platelets demonstrate 
further morphological changes. 

The cytoplasmic matrix of a platelet located near the leukocytes 
become more electron opaque than the control group (Figs. 16-19). The 
alpha-granules are decreased in number with the appearance of increased 
numbers of vesicles. The remaining alpha-granules occasionally undergo 
changes in which their matrices become partially electron translucent 
(Fig. Ih).     It would appear as if the matrix is in the process of dis- 
charging its contents. The very dense granules are also decreased in 
number.  The cell debris intermingled with these platelets often consists 
of electron opaque granules similar to the alpha-granules and very dense 
granules (Figs. 11 and 15). These changes appear to be more prominent in 
the platelets which are in contact with the lymphocytes and monocyte; than 
those situated at the periphery of the cell aggregates. However, there 
are no lysed platelets observed in our preparations.  The lymphocytes and 
monocytes appear to maintain their morphology with the exception of an 
increased number of microvilli. Although granulocytes are always present 
in the vicinity of these aggregates, their intermingling with platelets 
is minimal. 

i 
It has been shown by several investigators that a suspension of ■ 

sensitized leukocytes and platelets of rabbits release histamine from 
the plaetlets when antigen is added to the suspension of these cells. 
Sensitized platelets of rabbits alone were unable to release histamine, 
even in the presence of antigen. On the other hand, the activated leu- 
kocytes are capable of causing histamine release from rabbit platelets 
in the presence or absence of antigen. These findings indicated that 
activated leukocytes in some way interact with the rabbit platelets 
causing the release of histamine irregardless of prior activation. The 
present study clearly demonstrated that a physical interaction occurs 
between the activated rabbit leukocytes and normal rabbit platelets. 
Of particular interest is the formation of platelet pseudopods and the 
insertion of these pseudopods into the leukocyte cytoplasm with the 
concomitant decrease in number of platelet granular inclusions. 
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Fig .13—Higher magnification photopraph of platelet (from Group 2) with an extrnded 
long pseudopod (arrow). Platelet has many vesicles and vacuolcs with two .1 [ranules (^G) 
and a very dense Eranule (DG) (X 46,COO). 

Fie,IW—Platelet with a vacuole (arrow) partially filled with electron opaiiue material, the 
density of which is similar to that of the u granule (from ^roup 3) (x 42.000), 

"lg«   -L^—Globule (arrow) similar to » granule is observed outside platelet (from group 2) 
(X 60,000), 
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Flo «i-'Another example (proup 2) of physical interaction between pseudopods of platelets 
(P) and lymphoc/tic cytoplasm (L). Tips of platelet pseudopods insert into cytoplasm of 
lymphocyte (a/row). Cytoplasm of both cell« merge, and that of platelet appears to vacuo- 
late (V) (x 55.000). 

i'ig. 1'^—Preparation consisted of platelets, activated leukocytes and antißen (group 4). 
Piateiet IP) with tv.o extended pseudopods is m direct contact (arrow) with cytoplasm of 
lymphocyte (L). Cytoplasmic organelles are absent within platelet (x 50,000). 
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S* ^ .—Higher maFnification micrograph demonstratinE physical interaction between 
platelet (P) and small lymphocyte (L) (from group 4). Pseudopod tip of platelet inserts 
into the lymphocytic cytoplasm (arrow). Plasma membrane of both cells is not apparent 
at junction (X 71,000V 

Fig.   19    .—Another example of Interaction (arrow) of platelet (P) pseudopods and lympho- 
cyte (i.) (from group 3) (x 52,000). 
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Although the fine structure of the rabbit platelets under various 
experimental conditions has been described by many workers, the formation 
of pseudopods by the platelets during antigenic reaction has not been 
reported. Pseudopod formation and its insertion into leukocytes indi- 
cates that cytotaxis of the platelets toward the activated leukocytes 
occurs in the presence of antigen. The factors controlling the cyto- 
taxis of the platelets is not obvious. 

The close physical interaction between the sensitized leukocytes 
and the platelets noted in this study is not entirely in agreement with 
the findings of Henson. He rarely observed an interplay between the 
sensitized leukocytes and the platelets, when he studied preparations 
of rabbit cells which had been sensitized to bovine serum albumin and 
horse spleen ferritin. Since he did not regularly discern the associa- 
tion of the leukocytes and the platelets, he suggested that this contact 
/las  not necessary for the release of platelet histamine. Instead, he 
obtained a soluble factor from the reaction of platelets, antigen and 
sensitized leukocytes which he found caused histamine release. Although 
Barbaro and Schoenbechler were unable to obtain evidence for the produc- 
tion of a soluble factor, they have not ruled out the possibility of it.: 
existence.  It is possible that both physical interaction of the plate- 
lets and sensitized leukocytes and a soluble factor from these leukocytes 
may be involved in the release of histamine. 

Release of the platelet constituents under various conditions has 
been described. Virus, bacteria, antigen-antibody complexes and non- 
iiological particles coated with gamma-globulin are reported to cause 
release of platelet contents. Similarly the release of cytoplasmic 
organelles of platelets after interaction with sensitized leukocyte;; 
were reported by Henson, and are likewise presently observed.  lackh." 
et al. reported that the mechanism by which platelets lose their con- 
stituents involved the formation of holes in the platelet membrr-i: ■. 
They demonstrated lysed platelets by electron microscopy. Thou.-Tn w- ill . 
not observe lysed platelets, the loss of the plasma membrane at the ti; 
of the pseudopods of the platelets after its insertion into th'1 leuko- 
cyte cytoplasm may be the site from which platelet components leak out. 

Although serotonin has been shown to be localized in the "very 
dense" granules, a specific organelle site for the storage of hista- 
mine has not conclusively been established for the rabbit platelets. 
DePrada and his co-workers fractionated rabbit platelets and separ- 
ated the organelles by differential centrifugation.  By this method 
they found high histamine activity in the layer which is predominantcly 
composed of the "very dense" pranules and vesicles.  Thus, they sug- 
gested that the histamine is present either in the very dense granules 
in association with serotonin or in the vesicles.  On the other hand 
since the morphology of the rabbit platelets, which is unique in that 
■'.hey contain large amounts of histamine, is not radically different 
from those animals which contain small amounts of histamine, it is 
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difficult   to relegati'  hLt.tamin'-   to  hny  |)ari/i" t!-ir  i f, fin'.1; J ■ .     Tho 
decreased numbpr of ^ranu'yr inci.u; icn;.  urrl  *;if  -i  [■■■i<-in-'    ni'  -.-mpty 
vesicles  r.een in this  study mav   \n''.'.r-n^'    tiial   un     •■  Mi  .■ ■■  ■ . i > rinental 
condition:,   the  [ij.atolo't n.-Lca.~. :.   oi.ticr I'DU^.I ;1 if.-n',:   : u ;!i  fj:   hydrolyti'"1 

enzypici,,   i-oaguiation  l"at:trir   ;  [LcJ.i   ;.o;i;i!)iy    -. ..      i    p .■• i ^-r.-fT-'mu !•■. ) 
and  serotunili which i..  jo.at'U iii   it"  v.T.;   .• ■ .   ■     Miau.«-'        :ili>- in- 
creast.'d number ol' er>i|-ty v<:;."iclei; ob: ej'v.-i   'i     u:   .'■iT/   ;

'!:J ■.J1
'':; thai 

some  of these may have  orifinauvl   :/c in 'i L;'i,-—, :-.!   ,■.■  :■,:'.   :try denae 
^ranuien,  the matrice;'  of v/hiui iiav  b-.ei!   :■..; ■:■]■■  ■:.     i ni      i.   sup- 
ported by the observation  that  f'r.'i   el-  ■t.r.m     ■>: .•■ :,'".-.i'.( !•      ;jralar 
to alpha-granules anci very denou ^raniUc  ■.>•       ■ r   i.vl <■• nlt'r'J^d with 
the piateiets. 

Tne  eeli types which Jiiet.'tly   inttiaci     .M   I lale!--1.:   inr hiütandne 
relea.se have  been disputed.    Heiiiu-m   üucueM.!  ;   ' l.   i   t.;,,   ;■,'■,'.   mononuclear 
cc.1.1.;,  poccibiy monocytec,  are invc; \,r>"i   "u  tu    i  ■'•••i  .       ' ;.■>. l.üiuino  from 
the  pl&telets,  wliile I'dioenb-eh; .■!■   -i. i   iai,ii'    ■':■■<       ' .TI   -mal-l 
lymphocytes a.:  ietenninc-d  ly iij'h/    ■■i,r     ■■ i ■  .:■. .'.<■,,   1 lor th-- 
relea.:e.     In  thi; jifesent iclectruii i: icro.,e, ; i     . i-...,   L;,.'t     ■?. 3] i   lyro])ho- 
cytes and moriocytet; are >.-]n:e]v  -i: :   ■■cicl'   ;  .■.■■'• :1   \     ■ 1    .    Although 
the  suspension  coutainintj  platel- I.   :nv\  ■•.   ''   .■i'      .•.'<:   . "1,4 Koc^ej  with- 
out nionocyte;;  showed   ^hv/i "aJ   int -i'i -t i' c .   ,■ ■    . ' ■ 1 ;     ci. ■•   1 .; rdnate the 
posnitiility of interaction L^'twon    i -   M e   '■ 1 ■ , ., .      : . ■■.*   ;   .leaaing 
to histamlne release. 

The  interaction between nonnHJ   ranl-i1   cCit' !< '.   an 1     ■■■ii.citized 
rabbit  loukocyter  activated  with   :,n  i'>r<.  ■■::,     . f uci    1   py    ■u;ftron micros- 
copy in an attempt to elucidate  the ;;'(!■■ • ■' : i   ♦.•i)!ji.'   r.-i-.ar«.1 from the 
idateiets. 

In the  suspension of platelets,   MJ !   sensitis«'!   1 ■■u.ko--,ytes,  not ac- 
tivated with anticen   (contro'),   Lhe ■<   wa."  ui     •:,■. ■ •■        ,'   i'a-tjon between 
them.     Combinations of ttie  pL^lelet ■  ^n 1  . ■■s   itis.«-.)     ■•i.^   './"tes  activated 
with antigen demonsbrated  remariUtln     rdicn,   ;   In  Ui^ir r-cysb-al   and   icr- 
pholocica I   relationship.    Man^ m-fv •rn) <■■   r,'.' sis'' .■•!.'   . urriiund small 
lymphocytes  and  occasionaJ  monocyte..     Mun.v  ic    Lies-  plati lets,  are 
irregulär  in s.hape with pseudoiMiUs     :-.i eii.<i;i;'  i...'warc   t.h.-   Lyrr, nocytes 
and monocytes.     Often  the  pseud;.i]>od     are   is  cio's-    cnla'i   vith these 
leuKocytef   and   their tips  are ..^'tfri   insert.-i   in::,  ^n^   '.yt. , Lsrrii of 
these  cells,   formine' ;in anastoinn:;! s,.      'Ax    s'-itt ;<■•.:   ,ie;,(;;r   '■.  bo vae- 
uolated and  lose  some of  tseir  <rvan-.lai   in-'Inr irn: . 

These  findinrs  indicati    t!:it,  t       ri.-y.i   s     ir.1     a.'f't.   i<etween the 
platelet;;  and  activated   leuku yU-s.   pan-lei:: ir P;    . c : i    . ,"^ l.oe^es   play 
■in imjvortant role  ''o'"  n.'iease of  hi   Sarviii'    fr.'     M;    rail i'   . lnte.l~-ts. 
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(U)   ImiTiunise;   (U)   Irradiate;   (U)   Parasire;   (U)   Tr/panosome 
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2;i(U) Tfi.-hniciil  objectiv:    To develop reliable seroloRic-al  tests for detsrmir.lng *he 
-ief.ree of  hoct  rerponse  to infection am;   t,o il^veiop meant:  i or inducing acquired  immunity 
to protozoan   Lnfretlons. 

2k{U) Conventioue]   and  experimental  serciogicel methO'ls will   :e used  to evaluate  host 
rtactioru;   to infection  following  treatment  with gamma  Irradiated parasiteE.     Data will 
bo ur.ed  to device  effective means of diagnosis,   treatment,  and/or iiran'unoprophylaxiü  of 
infection. 

f-S(u) 7t   11 - 71  Of. In r- experiments ca*tle were ImmuHined with eltner irradiated 
Trypenu oma rhodeKlense.   :.  brucel or T-   eon,rolen?e and then challenged with 
unlrradiat ed  parasites.    :.'r,udies ti>io»ed   that  imunity can be iriduced with  irradiated 
tryim-'orore'-".     Pei:f   results were with T.   rhcdosionst-,   but   the  level   rjf  immunlt;/ was 
lower  than   tiial   ct ; ained  jreviously in  r y.U-v.* s .     Vor technical  reports  see Walter Reed 
Army Institut"  of  Heeef.rch Annual Progre ;r, R(. port,   1  Jul 70 -   ^0 Jun 71- 
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, .Inunuiii.'./it lot    ^'.'  . a t UJA' arfrhi.'t. /U'ri.'an trypanor.omia siv u«ino 
irr 3 i.uii ,,ii  jar-j. ! t f. . 

After  ;'hovu:;- that  a  .■treu.;- imnuni''y   i .■ la-otiuceti  in rodents against 
Try; JLJH, o'::a   r :i' :■'   i   : .-■ ■   ;■;.   I'lin-'ud'/.'iiip:   th^m  with   i rradiat-ni  blood  J'urm^, 

;•■■:•■_;,■ ^      .•.■'■     !■''..::   '     .a-1 :■-■■■; i r.-•  viotli   c i,r  rnU   a  aiitiilar   t.echniq.uc 
i.-oal :  i .■ aj;i.ii-i   T.r-  i':.'.:::.'..'.i.'iiif'   'ait-O a^aiiiJt varioiu'  cpecitn;  of African 
try: anu. or ■ ■.■ . 

A   ■■ ri--.   (•,]■       • :■; ■ ri-ct.    anar-i^in,'-  a  tutaJ   oL'  0 ■'  cattle  was  con- 
m.'t'-u  ia  Ka     t.      K'.nya  aa :   iu Mary  ani,   f.Ic'A.     if.  the   f'ir^i.^ experiment, 

;' H'ar-'i'.ir:   . '    -r     .■;••,■■     ■!■;■::   •'  inoc ulation.'  H'  J. rradiat •'f T.   brucei at 
*-•',:■•■  *•-(:■   '. aa :!■.:; :.   a'..:   ti.ei,  ehal!■ ■!! VM with  luu.üOO unirradlated  try- 
'.■'dViry-ijv ■■■   a.     .■.'    '••■,  ai't- r  ''onn-n tioa  oh ttur  lir;muni?,inp  inoculation.     The 
tina"' n'air^'ia L   ■ ■ :   a1- r    :■   aan-  ln'\'Ot'(i   ■■ aaya  nfter  cho'ü enge  whereas 
th"   ia.T.'i;.!.--   .   i   ■   a;-,    i ,,  .itia.a'  vn cays   B,   'y ana   13 after challenge.     Better 
r-'.-aj.lta- were  oftainei   in a  .--coal eaporiment in  which T. rhodesiense was 
uaoi.    Of  ! i !■■ : ■  .t", i  .  iacajlated with irradiated trypanosomes,  one re- 
rnained  fr-.e  of para;.it/ / ri't'_-r '-hal-'enge and two showed a parasitemia 6 
and   i,'  day.:   aft- r    a:a.!ietifV.     A.! J   tare»'  rioiurnnuaii'.cd  controls became 
i-üiil:lvv   ■.    .avo   afl:-i'    ■hall   iigo.    r.   ouid.r   wild:  'J .   congodeiu'e   showed 
that  th'   a-,)air.r:.ap.l;'.ed   'ajntrol  anir.a . :  1-. came patent 5-6 uays   after 
jhail'. n:'"  wh-T-a.:   t;.-    inu'.ii;1 L.:-: i  aai'iaA   became  patent 7-1^ days  after 
'.hall   a;-_.     fa-.-   • .■a-u.-rl;: .'at.    with 1.   rho-u.siense  and  T.   conpol ense  were 
r-aval;';  with  ..■i::i:a:r  r'-.uit.;.       :..•  e   .a,a i   ■■.:  indicate:   that  imiriunity 
■rau  '['■ ia.'.io-, i   in    ;atl o   wiah  irt' j\a,'."i   tayt.Hni). oi'ies.     Bc^t  recults 
A-a'       L!.a :;,< ■ .1   xit:.   . .   oai ..     i■ :. ' 
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23. (U)  The technical objective of  the work unit is to define,  categorize and evaluate 
enzyme methodologies as applied to centrifugal chemistry. 

24. (U)  Utilizing a centrifugal chemistry unit, develop methodologies and apply the 
standardized methodologies to enzyme levels in physiological fluids. 

25. (U)  70 11 - 71 06    The centrifugal chemistry unit has been leased and placed in 
operation.    A number of enzymatic procedures have been applied to the system.    Notable 
among these are lactic acid dehydrogenase  (LDH),  serum glutamic  oxaloacetlc transamlnase 
(SCOT)  and glucose-6-phosphate dehydrogenase  (G-6-FD).    Results show that enzymes such 
as LDH and SCOT have a low temperature dependence.    This allows  for reliable measurement 
without controlling temperature on the rotor.    Enzymes like G-6-PD, MHb reductase, 
glutathlone reductase and pyruvic  kinase require strict temperature control.    The rotor 
on the test unit has been jacketed and controlled with a precision temperature control 
unit.    An information output unit  in terms of optical density per unit time has been 
completed.    For  technical report,  see Walter Reed Army Institute of Research Annual 
Progress Report,  1 Jul 70-30 Jun 71. 
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Project 3AÜ61I01A91C  IN-flüUSl   1ABÜRA1ÜRY   I.NIÜ l'i  .,■: Ui l Al'i II 

Task 00,  In-House Laboratory Indtipornletii \b-,e.!'   u 

Work Unit 012, Enzyme activity measurements hv    ^nt.- i »u |,i I  itiemistry 

Investigators. 
Principal:    LTC Charles K.  Angel, MSC 
Associate:    LTC Douglas J.  Beacli, MSC;  L11.   ling-Kdi  li. Ml; 

MAJ Lawrence Lumerui, MC, MA>) Jamu    H.   »'uw-ll, MC. 

DLSCRIPTION. 

The technical  objective of this work unit   is  f.») define, (dlegorize 
and evaluate enzyme methodologies as applied tu ct-ntrifugal chf.mistry. 

PROGRESS. 

The concept that centrifugal   force cdn be employed Lo mix and trans- 
fer reagents in cuvettes and to measure, simultaneously, the sequential 
reaction of multiple samples represents the first new departure in auto- 
matic chemical analysis in the past 15 years.    A proLotype instrument, 
called the GeMSAEC Fast Analyzer, was built by Or.  Norman Anderson at 
the Oak Ridge National   Laboratory in 1969, and   it was the general  im- 
pression that such an instrument can be readily developed for routine 
clinical  use.    The obvious advantages are:  1) microsamples, 2) simul- 
taneous measurement of multiple samples  fur volume work  or profiling, 
3) multiple-point rate measurements, 4) automatic blank correction, 
5) automatic operation with a minimum o1   technical   training, 6) computer 
compatibility, 7) small  size and 'nubility. 

To date, three commercial companies are Uinliimtj IK.MJAL!   instruments, 
and much progress has been made tuwaul u  if-M.iMf, d'>i:i .;!'■, and auto- 
matic system.    The Division of iiuaiieaiisti y iia,   :   iso'l i tu- such  instru- 
ment with the specific mission of  further di-ve it HIKJ  ibe   is »t.ruuientation 
and methodologies such that the centrifugal . in-n.i .try ^.ystein can be 
reliably utilized in the diverse ^nny mediiai   !di>wrrtl.or\  environments. 

The following goals have thus  far been rttt.iined;   I)   the precision of 
the instrument has been  improved to t ü.dt'i   tbs^ilMiue units by the use 
of a time averaging device,  2) proper mixiii') nf   ih^ s-jmples after trans- 
fer of reagent, and serum into the cuveMc :>   iiit-rins  ni .i variium pulse, 
3)  installation of UV optics Lo allow mea^n emems   mi' iru: near ultra- 
violet region, 4) control  of the Lanpernt'jn   c»f  the luvette.    The de- 
velopment of an automatic sampler diInter and   reigent  dispenser is in 
progress. 

Methods for the assay of glucose-^-phosptidU; dehydroqenase, methemo- 
globin reductase, and glutath'one reductase were developed.    Other enzyme 
assays found compatible with the  instrument are  u-ctic dchyuroyenase, 
glutamic-oxacetic transaminase ano glutaniH-pyr liviv   Lfdrisdcrinase. 
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SUMMARY. 

Using centrifugal chemistry techniques, assays for G6PD, MHb reduct- 
ase and glutathione reductase have been developed. The experiments are 
in progress to incorporate the assays fo'' other enzymes. 
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00, In-House Laboratory Independent Research 

Work Unit 013, Biochemical measurements in the field interfaced with 
Mini-computers 

Investigators. 
Principal:    LTC Charles R. Angel, MSC 
Associate:    LTC Douglas J. Beach, MSC; B. G. Bass, M.S. 

DESCRIPTION. 

The technical objective of this work unit is to develop interface 
methods for utilizing mini-computer's with biochemical instrumentation 
systems for application in the field and the analytical  laboratory. 
Included in this objective is the modification of excess DOD surplus 
computers for use as instrument controllers and the developmert of 
techniques such as time sharing of digital computers for use in the 
clinical laboratory. 

PROGRESS. 

A total of nine computers have been obtained from DOD surplus 
stores.   Three of these computers were obtained from the Frankford 
Arsenal when the IDEEA Project (Information Data Exchange Experimental 
Activities) was phased out.    Six of the computers are the guidance con- 
trol devices from the U.S. Air Force Minuteman ICBM that have been re- 
placed by newer models and are now available as surplus. 

The purpose of the program is twofold:  (1) develop an in-house capa- 
bility for interfacing small general purpose digital computers to medical 
research laboratory instrumentation, and (2) demonstrate applications in 
the research laboratory or clinic for very expensive computers that have 
been declared obsolete by DOD agencies. 

Efforts have been directed toward adapting the M-18 FADAC (Field 
Artillery Digital Automatic Computer) system to a gas Chromatograph 
system.   The FADAC is a better documented system than the Minuteman 
computer.   This documentation made possible a potentially greater use- 
fulness for the amount of effort that could be applied. 

During the past year, numerous subroutines have been written and 
tested on the FADAC.    These routines are listed below: 

Digital clock read and print 
Display and trace 
Resident and restore 
Relocation 
Memory dump and punch program tape 
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OCTAL to ASCII convert 
Teletype output 
Data coupler output 
ACT output 
ACT input 
OPLE generator 
Calculator program 
Read/write on bulk storage 
Bulk storage unit error interpreter 
Bulk storage read/write interpreter 
Floating point add 
Floating point subtract 
Floating point multiply 
Floating point divide 
Floating point absolute value 
Floating point normalize 
Floating point output routine 

In addition to the above subroutines, a number of other software 
developments are in progress.    An interface unit has been designed for 
coupling the gas Chromatograph to the FADAC.    Hardware fabrication and 
checkout is in progress.    Data will be transmitted via intralaboratory 
telephone links from the instruments to the FADAC.    This approach is 
believed to be a unique combination of the time-sharing and on-line 
techniques that are now being exploited successfully in commercial 
systems. 

The D-17 computer from the Minuteman I ICBM guidance system has 
been powered and an interface design has been evaluated for coupling 
the computer to a Technicon AutoAnalyzer System.   The actual hardware 
fabrication has been limited to procurement of bit parts at the present 
time.   A considerable amount of time has been spent in defining the 
system requirements fo the D-17 due to the fact that documentation for 
this unit has been limited. 

The FADAC is to be evaluated as a field tested medical laboratory 
data processor. The Minuteman computer is to be evaluated as a field 
instrument controller. 

An automated gas Chromatograph system utilizing a Hewlett-Packard 
2116 mini-computer as the instrument controller has been leased for use 
in evaluating small  laboratory computers in an analytical laboratory. 
This instrument will be utilized in support of the drug and antimalarial 
screening and research mission of the IWAIR. 

Extensive utilization has been made of various time-shared computer 
systems for the processing and analysis of WRAIR generated data.    One 
system is the GE-645 time shared computer system at Rome Air Develop- 
ment Center.    Another is the local commercial 6E system called DIALCOM. 
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A third system is the 6E BASIC I computer program teaching system where 
individuals learn computer programming by a computer assisted teaching 
routine.   This routine has been used for two WRAIR sponsored classes. 
A total of 90 physicians and laboratory officers have participated in 
the exercises.    So far the acceptance of this technique has been favor- 
able.   Future use of this technique as an educational device will be 
encouraged. 

SUMMARY. 

Extensive efforts have been made in the acquisition and utilization 
of DOD surplus computer equipment in the analytical laboratory and the 
development of methods of using on-line or time-shared computers in the 
medical laboratory.    These computer systems have been used In analysis 
of medical research data and the training of medical personnel In the 
programming of digital computers. 

Walter Reed Research Reactor Dismantling Project. 

Detailed plans and procedures have been completed for the dis- 
mantling of the Walter Reed Research Reactor.   Meetings have been held 
with U.S. Atomic Energy Commission personnel, Department of the Army 
(ARCHS) personnel and Department of Transportation personnel for the 
purposes of reviewing and modifying the plans.   Arrangements have been 
made for the return of the nuclear fuel to the U.S. Atomic Energy 
Commission for reprocessing.   The expected project completion date is 
1 October 1971. 
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Project 3A061101A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00, In-House Laboratory Independent Research 

Work Unit 015, Treatment of pain states arising from peripheral nerve 
injuries by transcutaneous stimulation techniques (TST) 

Investigators. 
Principal:    CPT J. Richard Jennings, MSC 
Associate:    Howard F.  Fields, M.D.; Norman A.  Krasnegor, Ph.D.; 

Harold F. Lawson, B.S.; CPT William C. Orr, MSC; David L. 
Winter, M.D. 

Description. 

Causalgla, a state of local hypersensitivity causing chronic pain, 
is associated frequently with peripheral  nerve injuries inflicted by 
high velocity missiles.    A number of clinical cases suggested that cau- 
salgia may be relieved by transcutaneous stimulation techniques (TST). 
The neurological, physiological and/     psychological bases for the 
analgesic effect of the low-level electrical TST remain unidentified. 
The examination of these mechanisms and the development of an optimum 
clinical treatment method are the primary goals of this project. 

Progress. 

1. Clinical testing 

A field team of neurological specialists tested the method clini- 
cally with peripheral nerve injury patients at Walter Reed General 
Hospital and at Camp Drake, Japan.    At both sites» low-level electrical 
stimulation of nerves innervating the hypersensitive area led to relief 
during and after stimulation.    Relief after stimulation varied from 
minutes to two or three hours.   Extensive clinical testing had been en- 
visaged at Camp Drake; however, a recent drop in casualty rates and 
changes in evacuation policies forced a change in this plan. 

2. Laboratory verification using normal volunteers 

Pain is not only a physiological condition but also a highly sub- 
jective psychological experience.   Many analgesic methods have been 
discarded after initial enthusiasm because their effect was found to 
be psychological rather than physiological.   Laboratory testing of the 
analgesic effect of transcutaneous stimulation has three goals:   1) 
verify that the method has a physiological as opposed to psychological 
basis; 2] develop the optimum technique for clinical use; and 3) under- 
stand the mode of action of the transcutaneous stimulation. 
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These goals are be my (..ursued .)y  fir', t  Dringiny the päin state 
under experimentdl   control   usifi.j ps^LhophyuiCiil   techmqups.    Normal 
volunteers are expostd to d thermal  pain stimulus  ((lardy, Wolff & 
Goodell,   1967)  and are t.r-iined   to a  ^urately descriln: different levels 
of pain.    (Care has  been taken  to d bieve a method which eliminates  the 
possibility of tissue damage du»   UJ  the therm.il   stimulus.)    The volun- 
teers are then stimulated usiny eij;i,er   Mic  ('.rut?  transcutaneous stimula- 
tion technique or a  placebo technique.    Pairi judejements are reassessed 
after both types of  stimulatioii.     W is  procedure allows  an objective 
assessment of any analgesic effects of i'ji. 

An initial  öLtempt  to understaid the physioloyical  effect of TST 
has been made by monitoring the yahanic skin response.    This peripher- 
al  indicant of the sympathetic  nervfus system is  implicated in clinical 
causalgia.    Causalgia patients  show <i chronic  galvanic skin response, 
or sweating,   in the affected area.    Clinical  observations suggest that 
the sweating disappears upon dppik. tion of TST. 

Results of the  first complete stud)  of  TST in normal   volunteers 
have not yet been analyzed.    Pilot work en  three volunteers  (investiga- 
tors)  indicated that normal  persons do show analgesia in response to 
TST and do show an inhibition of tin   galvanic skin  rospu ,e.    The pat- 
tern of these results and others   i,;  the  literature suojested the via- 
bility of the physiological  model  o^   pain proposed b> Mel.7ack and Wall 
(1965).    Such  findings will  provide an insight into the psychological 
and neurophysiological  mechanisms  associated with  this most, painful 
condition.    In addition, this information and these techniques may 
provide a non-surgical or non-medicina; means of handling other forms 
of intractable pain. 
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Project 3A06T101A9K,  IN-HOUSE LABORATORY  INDEPENDENT RESEARCH 

Task 00,  In-House Laboratory Independent Research 

Work Unit 015, Treatment of pain states arising from peripheral nerve 
injuries by transcutaneous stimulation techniques (IST) 

Li terature CUeri. 
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Investigators. 
Principal: C. L. Ro 11inson 
Associate: LTC L.  R . Angel 

DEbCRIPTlON. 

Project 3A061101A91C I,N-H0USi LA3CRAT0RY INDEPENDENT RESEARCH 

Task 00, In-House Laboratory Independent Research 

Work Unit 097, Transport of essential nr.tals in simulated biological 
environments 

Ph.D. (University of Maryland) 
MSC 

The purpose of this contract is to perform kinetic studies on the 
interaction of trace metals with biological materials such as amino 
acids and hormones by sequential dialysis. 

PROGRESS. 

In previous studios under thi-: contract, many biological substances 
were shown to be effective ligands for Cr (III); in the present investi- 
gation, histidine, gluconate, saccharate ..id threonine were found to 
have great coordinating tendency. The P04^" ion itself is quite effect- 
ive particularly at high PO^": u^f ratios; it is tentatively concluded 
that the products formed in PO43" buffered liqand solutions are mixed 
PO43- ligand complexes. Sequential dialysis is as applicable to Fe (III) 
as to Cr (III), and probably to othet essential metal ions; effective 
ligands for Fe (III) are ADP, pyrophosphate, triphosphate, citrate, iso- 
citrate, saccarate, mesoxalate anc oxalate. Some comparison of membranes 
was accomplished. Silver membranes are not useful because even the 
smallest pore diameter available (0.? u) is too large. Membrane filters 
are satisfactory but expensive anc it is impossible to decontaminate 
them sufficiently to permit their re-use. Regenerated cellulose is by 
far the most satisfactory membrane but some lack of uniformity was ob- 
served. 

SUMMARY. 

A number of potential   lidands have been studied for chromium (III) 
and  iron  (III).    Notably  Fe  (ill)  ligands are more rapid  in reaction 
than chromium.     Phosphate ion wher used as a buffer was foup.d to be 
reasonable ligand material  at  low concentrations. 

This contract was  terminated en 31   August  lo70. 
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23. (U) To investigate the nature and extent of hazards 10 the centrai  nervous 
system (CNS)  and its function due to microwave and radio frequeiicy emanations  from 
military devices and equipment such as radar and commurmatiüns jeär. 

24. (U) Chemical detennination of chanyes ir CNS  ir.'els aid '■I.'.^-J.-Y toie-. or 
important neurotransmitters  involved in them .regulai lor, as weh  ,is  levels uf con- 
sciousness and behavioral excitation.    Those  transi.atter;   are serotonir   (6-hydroxy- 
tryptamine) and norepinephrine. 

25. (U) 70 0'j - 71  06    Previous studie:-.  have shown that jt.cuuj.ii(i tun.over  i^ 
depressed by 'hronic microwave irradiatifin and by chronir  heat stress      Fxtension of 
these studies suguesti, that chronic irradiation with lew levels  (10 miiliwaUs per 
square centimeter) may have a significant the-mal comooiunt,  and that, drowftness ana 
related central effects  reported In iiian may i<>  related  I.-  L-frt..!^ on b-r'l  metabolism. 
For technical   report see Walter Reed Army  Institute   if Rc.arv', Annual   "r, jn-ss Report, 
1  Jul  70 -  30 Jun 71. ' 
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Project 3A061UUA91C IN-llOUS!: LABORATORY INUEPIiNUENT RESEARCH 

Task 00, IN-IIOUSF LABORATORY INÜEPENDHNT RESEARCH 

'.Vork Unit 099, Further Studios on the Hazards of 
Microwave Irradiation as Indicated by CNS Ncurotransmitters 

1nvest i gators. 
'■'riucipa!:  Solomon II. Snydcr, M.D. 
Associate:  Joseph C. Sharp, Ph.n.;MAJ J.L. Meyerhoff, MC 

The objective of this research is to investigate the nature 
and extent of hazards to the central nervous system (CNS) 
and its function due to insult by microwave and radio- 
frequency energy.  The effects will be assayed by chemical 
determinations of changes in CNS levels and turnover rates 
of important neurotransmittors involved in thermoregulation 
as well as levels of consciousness and behavioral excita- 
tion, i.e., serotonin IS-hydroxytryptcmine) and norepineph- 
erine.  Earlier studies have shown that serotonin turnover 
is depressed by chronic microwave irradiation and by chronic 
heat stress.  Extension of these studies suggests that 
chronic irradiation with low levels (10 milliwatts per 
square centimeter] may have a significant thermal component 
and that drowsiness and related central effects reported 
in man may be related to effects of 5-111' metabolism.  The 
final report on this vork will be published during the last 
half of CY 1971. 
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Foreign   Intelligence Not  Conriidered 

H jivit.u ;Am.j. mn »i* Ban; aeswas iae 
(U)  Nuclear Transplantation;   (U)  Enucleated Cjtoplasm;   (L)  Cytochalasins;   (U)Sendai Virui 

II. TlrmilCAL OAJICTIVI.*   14 A.PHOACW.    II   PftOONIH fFW"!* (««^«Ml »wa«m** Itfto-rlfM« I. A P*>t««» Mal •! «MA V«* •MVfly CiMII*««!*« C«**-} 

23. (U) To extend preliminary studies on nuclear transplantation of mammalian cells and 
to apply the technique to immunologic and othir studies. 

214. (U) Through a general methodology which li preliminary evaluations has been shown to 
be feasible; consists of separation of nucleus and cytoplaf.m by cytochalasins, 
followed by fusion of nucleus and cytoplasm.with Sendai virus. 

25. (U) TO 07 - 71 06 The feaüibiltty of the nuclear transplant technique was success- 
fully demonstrated.  In addition, the investi^itor conflrmel that the drug cytochalaaln 
B (CB) inhibits cytokinesis while allowing karyokinesis to proceed.  CB acts during 
metaphase or later and has little effect on grDwth of c«llb. These results are 
assumed to be the result of a fonctionai failhre of membrane fuslui.  CB's inhibition 
of cleavage in the Xenopus laevis egg has beoi defined temporally and histologically. 
Phagocytosis and pinocytosis were Inh'blted hj CB. For technical report see Walter 
Reed Ar • Institute of Research Annuf 1 "rogre^s Report, 1 Jul 70-30 Jun 71. 
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Project   3A061101A91C   IN-HOUSE LABORATORY  INDEPENDENT RESEARCH 

Task OH,   In-House  Laboratory  Independent Research 

Work Urit 100,  Nuclear-cytoplasm lo   transplantation 

Investigators, 
Principal;     Richard D.   Estenser.,  M.D, 
Associate:     Howard E.   Noyes,  Ph.D. 

Preliminary work at WRAIR confirmeü observations by Carter  (196T) 
that the drug cytochalatiin B  (CB)  had two dramatic  effects.     First,  at 
doses of  1  ug/ml  in cultures  of mouse  fibroblasts  (L-cells)  the drug 
stopped cytoplasmic division  (cytokinesis)  while allowing nuclear 
division  (karyokinasls)  tp proceed.     Second,  at doses of 10 ug/ml a sig- 
nificant  number  of cells were enucleated,   leaving nuclei  surrounded by 
plasma membrane and intact cytoplasm  in a culture.    The latter observa- 
tion served as a basis  for  the suggestion that nuclear transfer  or 
exchange might  be accomplished  through the use of Sendai virus  cell 
fusion  (ükada,  1962).     Investigations  since the beginning of the contract 
in August  19^9 have been directed   toward determining the  feasibility of 
this methodology.     Three areas  have been  studied.     1)  the mechanism of 
cytokinesis   through the use of  Lew doses of CB;  2) nuclear transfer 
through the use  of CB  in high dos?s; and  3)  effect of CB on human poly- 
morphonuclear  leukocyte phagocytosis. 

1, Mechanism of cytokinesis   — Two  experimental systems have been 
used to study low dose  (I ug/ml)   effects  of CB:     (l) NISI-6?   (Novikoff 
rat Hepatoma)  cells;  and  (2)  Xenopus  laevis  embryos.     Experiments  on 
NlSl-67 cells  in culture have shewn that the drug prevented cytoplasmic 
division  (cytokinesis)  while alle wing nuclear division to proceed. 
NlSl-67  cell«  exposed to 2.1 X  10"" M did not undergo cytoplasmic division, 
but cell volume and number of nuclei per cell increased at rates  compar- 
able to those of controls.     Isotope  studies  suggested that the increases 
represented true nuclear and cytoplasmic growth.    These results  suggest 
that inhibition of macrcmolecular   synthesis does not account  for the 
action of CB and that inhibition  of membrane fusion is a possible mode 
of action.     Work on Xenopus  laevi 3  showed that fertilized eggs  failed to 
complete cleavage although nuclear division and furrowing occurred 
normally.     The  effects  of varied   lose  levels and changes   in timing of 
exposure to CB  indicated that a rool of substance(s) needed for' sub- 
sequent  cleavages becomes available for CB action just before first 
cleavage. 

2. Nucleo-cytoplasmic  transfer  — The concept of fusion of cyto- 
plasm and free nuciei treated with CB needed several exploratory steps. 
First,  a plasma membrane was necessary  for  fusion to take place.    Ultra- 
structural  studies demonstrated the presence of a plasma membrane surround- 
ing the extruded nucleus.     Further,  cells  treated with CB could be fused 

5;s 



with Sendai virus.     It was possible to  enucleate- celis and  to fuse 
enucleated cytoplasm to chicken red  cells.     The resultant hybrids 
showed   incorporation of RNA precursors   indicating   that  the  cytoplasms 
were capable of supporting a transplanted nucleus.     However,  the final 
step remains  to be accomplished,   i.   e.,   the transfer  of  enucleated nuclei 
from one  cytoplasm to another.     The  technique  offers exciting possibili- 
ties of  study of nucleo-cytoplasmic  interactions as well  as  possible 
therapeutic  applications,  e.   g. ,  restoring loss  of enzyme  or  other activi- 
ty in patients by transplanting  competent nuclei   into their  own cytoplasms. 

3.     Inhibition of human polymorpnonuclear leukocyte phagocytosis 
Phagocytic mixtures  containing CB at   i concentration of  10 ug/ml showed 
little  phagocytic activity.     Subsequent experiments   indicated  that CB 
affected  leukocyte phagocytosis  by . in.iibiting bacterial  uptake.     CB had 
no effect  on opsonization of bacteria.     The effect of the drug was rapid 
and relatively complete and reversible.     Cytochalasin B could  inhibit 
phagocytosis  by one of three mechanisms:   (l)  prevent attactunent  of 
opsonif.ed bacteria to the cell  surface,   (2)  prevent movement of the cell 
around  the attached bacterium,   or   (3)  prevent  fusion of membrane surfaces 
after  the membrane has moved around tne adherent bacterium.     Direct 
microscopic  examination of phagocytizing PMN's and thin  sections  of 
similar  cells  suggested that  bacteria did attach normally to the PMN 
surfaces.     Data reported did not distinguish between the  latter two pos- 
sibilities. 
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Project   >k0bilSiA9lC   LN-HOU.IL  U^ORATORY   INDEPENDENT RESEARCH 

'['■t.'k   OI'J,   Iu-House  Laboratory   independent Research 

.v   rk ünii   iC9,   ilucivir-jyt-^-iaen. io   transplantation 

Literature  JLlvJ. 
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Foreign Intelligence Not, Considered 

(U) Respiratory Infection;  (U) Stress;  (U) Endocrine Response;  (U) Kcmunes, 
UI) Virusps; US) Socioloaw;  (U   Parfconaliu TJBBI Uli pmnaa MhMtet—       _— 
l itr«-it  i otjicT-v»^ i* •»#•»*€•».  tt*Wl#—fti I*—ii* nimm***i—pm** mmttMrn ■ »*»» ^«»i««» ••«'•»•♦•* »t» ,„«,..,, ,M..«,,..•.<•*. , 

23. (U)    Definition and evaluation of various environmental and personal  factors which 
contribute to physical  and psychological stress experienced by luilitary persunnel , dnd 
determination of how these affect the overt clinical manifestations of natural ly ac- 
quired infections.    When factors arc defined, efforts  to modify clinical manifestations 
by modification of environment or human response to it are made. 

24. (U)    tndemic overt diseases in military populations are identified and studied for 
microbial etiology and variation in clinical manifestations.    Environment in which they 
occur is defined.    These findings are correlated with immunological susceptibility, 
physiological  responses to environment and its stresses, and with personality types, 
and social backgrounds of patients.    Factors suspected of influencing disease seventy 
are evaluated in controlled experiments. 

26.     (U)    70 07 - 71  06    All  hormonal and statistical  analyses on this project are now 
complete.    Because of several striking pre-illness hormonal differences in the sick 
and control groups,  it is  felt that the findings of  this study t.ierit publication and 
preparation of the manuscript is still in proyress.     For technical report iee Walter 
Reed Army Institute of Research Annual  Progress Report,  1  Jul  70 - 30 Jun 71. 
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Project   1A061101A91C  IN-HOISE LABORATORY INDEPENDENT RESEARCH 

i'ask 01),  In-House Laboratory Independent Research 

Work  Unit  113,   hlffect of  physiological  and  psychological  stress 
upon  infection and disease 

1 nvfst igato'-.s, 
Principal:     John W.  Mason, M.D.;  COL  Edward  L,   Bueschcr, MC 

Dfscn pt inn. 

This     tudv was  designed   to  explore the  possibility  that stress- 
rt'latcd,  pre-illness   changes  in hormonal   levels may  play a 
i.intributory   role  in   the pathogenesis  of  acute  respiratory   infec- 
tions.     The feasihility  of  the study  was   suggested  by  the high 
incidence of  acute  ndenovirus   Infections   in  Army   recruits  during 
basic   training   in   the  winter months at  Ft,   Dix,  New Jersey. 
Furthermore,  the great majority of such illnesses usually are 
clustered during  the   third   ind   fourth week  of   basic   training. 
!t   was,  therefore,   possible to  study a population in which a very 
high   incidence of   respiratory   illness   could  be predicted within 
a  designated  two-week  period, 

P rogress, 

All   hormonal   and  statistical  analyses  on  this   project  are now 
complete. 

Summary   and Conclusions, 

Because of  several   striking pre-illness  hormonal  differences   in 
the sick  and control   groups,   it   is  felt   that   the  findings of  this 
study merit publication  and preparation of   the manuscript  is now 
in  progress.     It  is  planned that work  related  to  this project  in- 
volving the study of  host  resistance will  be  resumed by Dr.  Benjamin 
Natelson who  will   be  arriving  in   July   1971. 
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23.   (U) To di'velop  and  establish modern automated  methods   tor  qua 1 i t lat i v. 
tlve analysis  of   Important  organic    ind   Inorganic  material?,. 

<!«.   (U)  Automated,   analytical   instrument s,   data   reduction  equlpmnt ,   ih. trnn   spin   les 
nance systems,   and  semi-automated  manual   fchnlques will   be  utilized   ic   lUontifv   and 
quantltatc various  compounds  fir  v   th developmental   and  researt I   uses,     l-pl  isis  will 
placed on  fast  analytical   svs''- n   ident i 1 1c at ion ol   a  varietv  oi   ,   rpounds,   and  on 

aboratorv use. Kfforts will he i o:u ei.i rat d on io 
ijbolism, ori enzyme analysis, on the last li'.ent 11 ica- 
/.ition of   automated analytical  systems  tor  dita  colle 

h. 

feasibility  of   systems   lor  gei 
pounds of  interest   in  red  ce 
tlon of drugs  of  abuse,  and 
tlon. 

25.   (U)   70 07   -  71   Oh  Analytical   chemistry  methodology developtr.c 
continued  In  this WUTK 

measurement  of   Zn,   H 
to determine  ratio', 
tlon of ESR   for det. 
the  point  of   compari 

"■■''  .ii-, 1 li at ion 
unit.    Atomic absorption spec irophotome try was divoj.ji-d  U,T  ti, 

.   Cd,  ('u.  As,  Ca and Mg.      Specific   Ion  electrodes   wir.    utill? 
I ^ed calcium to  total   calcium.     Tin   develnpncnt   and  utilira- 
iiid   identification  of   drugs   of   abuse  began  and   progressed   to 

..th gas   liquid chromat ographv   'morphine).     Lie» t rophoret i< 
eparation  of   lipoproteins   and   isoenzvmes  conti-iui'd.     Automated   svHleiUs   ol   measui emenl 

af   2,i-ÜPG,   C.-ft-PD,   OH  proline  and   slallc   acid  were  assembled   and     onaritlve   studies 
completed.     There are now five cart   mounted  Ant oAnalvzer   systems.     A d.'i. ti   n  r.ethod 
for  tetrahydro  cannabinol   (THC)  was  established  on   the  gas  chromatograph-mass   spe   t- 
neter   (G1X-MS) .     Work  continued on CLC-HS  analysis  and   Ident if l< at ion el   drugs     i 
ibuse.    For   technical  report,   see Walter  Reed  Army   Institute  ol   Research  Annual   I'l igre 
Report,   1   lul   70 -   30 Jun   71. . 
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DILSCRIPTIUN. 

The purpose of this project Is to evaluate the existing techniques 
and methods for accurate, rapid and reproducible determinations of chem- 
ical compounds, enzymes and other body constituents which are of clinical 
and research significance. All available Instruments , tests and chemical 
reactions are employed. Efforts are directed toward the conversion of 
those assays to automated systems. Use of computer programming for 
rapid and efficient dissemination of data thus obtained is Included. 

PROGRESS. 

1.    Micro-Analytical Measurements of Trace Minerals using Atomic 
Absorption Techniques. 

The use of atomic absorption techniques for the trace mineral 
analyses in biological specimens is one of the integral parts of auto- 
mated instrumental  analysis of clinical chemistry.    This in turn is 
intended to support other basic and applied military medical research 
and development projects.    The following projects were carried out 
to this end. 

a. In collaboration with LTC E.  P. Quarantillo, Chief, USAMRT, 
WRAIR (Japan),  sixty sampl3S consisting of serum, red blood cells, and 
tissues were analyzed for zinc contents by atomic absorption techniques. 
The samples were prepared by two different methods of comparative pur- 
poses.    The results obtained were compatible with the expected values. 

b. The atomic absorotion technique was applied to the measure- 
ment of the mercury contents of urine samples obtained from clinics. 
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This method was found to be sensitive and accurate at the 0-iO nanogram 
level and the results were reproducible at +5' level. 

c. Two samples of lyophilized serum containincj  iron, which will 
be employed for inter-laboratory testing by the World Health Organiza- 
tion were compared with versatol A by the ctomic absorption method. 
The results were in full agreement with the expected values,  thus 
facilitating the standardization of these highly valuable samples. 

d. The application of atomic absorption techniques to the 
determination of cadmium, copper and magnesium are being investigated 
at the present time. 

e. A specially modified electrode (Orion Model 99-20 serum cal- 
cium flow through system) was designed to meet the requirements for 
accurate determination of total  and ionized serum calcium.     In order to 
apply this technique, the procedures for the preparation of samples w^re 
also modified to ascertain the highest level of accuracy,  reliability 
and reproducibility. 

2.    Consolidation of Clinical Analyses Services Rendered for In- 
House Research Investigations. 

The service support activities of clinical chemistry were con- 
solidated from their respective locations within the WRAIR and Ward 30 
into one large activity within the Division of Biochemistry.    This con- 
solidation of support and developmental activities has provided closer 
control of production, more efficient use of available instrumentation, 
and a better atmosphere for the AutoAnalyzer training program now in 
effect.    The establishment of a policy of providing instrumentation, 
training, supervision and maintenance of equipment for any autoiiwted 
analysis requested by other divisions within WRA1R has been put in 
operation and is being further expanded.    The requirement tha*. all 
military personnel newly assigned to the division undergo a period of 
training in automated analysis has generated a pool of personnel capable 
of maintaining this policy. 

Continuation of the use of modular analyzer units mounted on 
carts has permitted greater flexibility in the laboratory.    The multi- 
channel digitizer for peak height analysis continues to provide a great 
deal  of time savings.    Modified, high rise carts are in use and provide 
more efficient use of laboratory space compared to the larger horizontal 
carts. 

An inventory of Division of Biochemistry AutoAnalyzer equipment 
was completed.    Equipment requiring repair or replacement was identified 
and an equipment exchange system for supporting equipment loaned out 
(i.e., Ward 30)  is now in effect.    Close contact has been maintained 
with the WRGH Clinical Chemistry Unit.    It is anticipated that further 
close cooperation with both of these areas will result in more coopera- 
tive investigations. 
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3. Evaluation of Methods for the Determination of Glucose. 

A complete evaluation of ehe methods available for the determina- 
tion of glucose was carried out in order to incorporate them into the 
general scheme of automated instrumental analysis.    This evaluation in- 
cluded studies of interference of such compounds as uric acid, creatinine, 
lactic acid, fructose, urea, etc., in glucose determinations.    Results 
show that the ortho-toluidine and glucose oxidase methods most accurate1/ 
measure true glucose levels.    In uremics, the glucose oxidase method is 
the only valid method.    Less desirable methods are ferricyanide and oeo- 
cuproine methods. 

4. Studies on Screening Tests for Sickle Cell Hemoglobin. 

The existing test for Sickle cell hemoglobin, i.e., the "Solubil- 
ity Test" developed by Dr. H.  Itano of NIH, was modified in order to make 
it available as an inexpensive screening test.    This modified method was 
compared with Sickledex'M and electrr.phoretic analysis and found to be 
in excellent agreement.    In addition, a microtiter plate test method was 
developed and found to be highly accurate.    These methods were evaluated 
and modified in o'der to make them applicable for large numbers of tests 
ip the military Medical program.    Proper and accurate evaluation of inci- 
dences of this disease can now be performed. 

5. Evaluation of Blood 2,3-Diphosphoglyceric Acid Determination 
Methods. 

Several  available methods and the one developed in this division 
are presently under extensive evaluation for  incorporation in overall 
programs.    Preliminary results are very encouraging and it is anticipated 
that a method for the determination of this compound will be integrated 
in the very near future. 

b.    Studies on the Determination of Sialic Acid Contents of Vaccine 
Samples. 

Meninqo      cal  vaccine, developed and studied extensively by 
the Department of Bacteriology, OCD&I, WRAIR, contains sialic acid poly- 
mer as a presumed active component.    An accurate and rapid determination 
of this compound thus becomes imperative in order to follow the various 
stages of purification of this antigenic component.    Extensive evalua- 
tion of the available methods was carried out.    The selected modified 
method was further altered and is now successfully adapted for analysis 
by the AutoAnalyzer.    It is hoped that this effort will  increase the 
pace of research on meningococcal  vaccine preparation. 

7.    Studies on Genetic Diseases. 

"Maple Syrup" disease is a genetic abnormality observed in new- 
torn infants.    The genetic defect is the lack of enzyme{s) for the 
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decarboxylation of branched chain amino acids (valine,  isoleucine and 
leucine).    These amino acids are accumulated in the blond stream to a 
toxic level and eventually results in death.    Prompt dc ection dnd care- 
ful  dietary planning can prevent this complication. 

In collaboration with Dr. Giacoia, DeWitt Army Hospita., Kort 
Belvoir, a complete screening system has been set up to identify these 
amino acids.    Quantitative analyses further characterized the approach- 
ing toxic levels.    One infant under the care of Dr.  Gidcoia was a^sist-^d 
by this system.    In addition, several other Army installations have been 
using this test system on a routine basis. 

8. Multiple Use of Commercial and Non-Commercial  T4 Resin Columns. 

This project compares the practicality in cost and convenience 
of reusing different pre-packed and laboratory-packed thyroxine determi- 
nation resin coluims.    Implicit in the development is also an efficiency 
rating of the kits offered under normal use. 

Due to the undesirable serum constituents left on the column after 
elution of T4 and T3, the project utilizes an in-column regeneration and 
a stronger follow up method to enable cleansing of the anion-ex^hange 
resin. 

Completed development      will demonstrate to any thyroxine testing 
laboratory how to decrease the cost of each determination from approxi- 
mately $.91 to approximately $.08 each and will also allow the center to 
"customize" their system to avoid commercial error for a more precise 
T4 value. 

9. Modifications and Improvements in Automated Clinical Chemistry. 

Improvements and modifications have been made in inulin, para- 
amino hippuric acid, micro blood urea nitrogen and creatinine, simultan- 
eous glucose and lactic acid determinations in order to improve the 
methods and increase their efficiency. 

The following table shows an example of the workload carried 
out under this program. 

In addition, approximately 110 complete amino acid analyses 
were carried out as per equivalents for various on-going research pro- 
jects. 

It should be emphasized that these and other analyses were per- 
formed primarily for methodological  improvements, research and clinical 
studies and not for routine clinical purposes.    The improved methods are 
continually made available for routine clinical tests to various labora- 
tories and clinics in the Army Medical Department. 
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CLINICAL ANALYSIS WORKLOAD 

Test Number Performed 

Inulin 4777 
Para-amino hippuric acid (PAH) 3944 
Blood urea nitrogen (BUN) 931 
Creatinine 1076 
Hydroxyproline 5168 
Glucose 2197 
Lactic acid 2120 
Sodium (Na) 327 
Potassium (K) 32'' 
Ammonia (NH3) 667 
Triglycerides 180 
Dapsone 153 
Sialic acid 1600 
Chloride  (Cl) 217 
Methemoglobin reductase 2786 
Hydroxyproline (by amino acid analyzer) 1560 

28,030 

10.    Studies on Marihuana. 

In conjunction with behavioral studies conducted by the Division 
of Neuropsychiatry (Dr. Elsmore) on monkeys given A9 tetrahydrocannabinol 
(THC), urine collected from these animals has been analyzed for unchanged 
drug as well as the hydroxylated metabolite of THC.    Ethyl ether extracts 
of the urines have been chromatographed by thin layer, paper, and gas 
chromatography.    After numerous attempts to isolate the metabolite 
proved unsuccessful, a group of urine specimens from one of the animals 
produced consistent indications of minute amounts of unchanged tetra- 
hydrocannabinol which is presumed to be the A9 isomer.    Detection of 
the THC was accomplished by mass spectrometry In the combined gas chro- 
matograph-mass spectrometer.    Before any definite conclusions can be 
advanced, efforts are being directed toward confirmation of these find- 
ings in the urine specimens of other monkeys that received similar doses 
of the drug.    If labeled A9 tetrahydrocannabinol can be obtained, quanti- 
fication of this compound in the monkey urines will be attempted in 
order to determine if any correlation exists with the behavioral data. 

11.    Laboratory automation. 

With the acquisition of automated gas chromatography equipment, 
the development of an automated toxicology laboratory will proceed with 
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particular emphasis on rapid determination of narcotics, amphetamines, 
and barbiturates In urine specimens. 

Progress to date has been mainly in the area of sample prepara- 
tion where a reduction in the volume of solvent used for extractions has 
reduced the analysis time without decreasing the recoveries of the drugs 
or quantitative accuracy of the procedure.   The smaller   solvent volume 
Is a significant improvement for those extracts that must be concentrated 
for analysis by gas chromatography which is the nucleus of the automated 
system. 

With the reduced solvent volume principle, amphetamines can be 
re-extracted without an evaporation of the solvent, and the determina- 
tion can be completed within about .5 minutes.    If no other compounds are 
required to be analyzed, amphetamine analyses could be performed at a 
rate of 80 to 100 specimens a day.   With proper coordination of the 
system, the combined amphetamine-narcotic determination will be made at 
a rate of 40 to 50 specimens in an 8-hour day.    As a definitive analyti- 
cal scheme for reference purposes, the system ought to be able to serve 
as a back up for a screening operation capable of processing several 
hundred specimens per day. 

12. Computer Programs for Toxicologica'i Information Retrieval. 

A registry of human toxicoloty is being maintained at the WRAIR 
Computer Center (Division of Biometrics) for the purpose of providing 
Information on drug levels in various organs and body fluids of deceased 
Individuals suspected of drug overdose.   Various laboratories including 
the Army Area Medical Laboratories are contributing to this data bank, 
and the information Is available to these laboratories as well as to 
pathologists and clinicians who must evaluate cases of drug intoxication. 
This program and the existing file Is a result of efforts by this labora- 
tory to promote an Information exchange and data compilation service to 
rapidly update files by computerized systems, and to provide toxicologi- 
cal Information rapidly when requests are received.   These efforts are 
primarily directed toward new drugs or drugs and compounds for which very 
little Information now exists.   With the introduction of new drugs every 
year by the pharmaceutical industry and the use of certain non-propriet- 
ary drugs, centralized data banks are the most effective means of collect- 
ing and dispersing this vital information to those chemists and physicians 
who need it. 

13. Studies on Electrophoretic Analysis of Serum Lipoproteins. 

The electrophoretic method for the fractlonation of serum lipo- 
proteins was further developed in order to determine a larger number of 
samples for screening purposes and to provide more details of lipopro- 
teins and better clarity of patterns for practical aoplications.   With 
the present method 8 samples can be determined simultaneously; in 
addition to the beta and alpha lipoproteins, one, two and three pre-beta 
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lipoproteins can be demonstrated. In collaboration with the Cardiology 
Service, WRGH, the method has been applied in studies of correlation of 
serum lipoproteins with clinical   (cardiovascuiar) conditions. 

Lipid abnormalities have been associated with cardiovascular di- 
sease (CVD) and myocardial  infarction (MI).    Therapeutic measures using 
diets and drugs have been established by other workers and are utilized 
to treat and prevent CVD. 

Attempts have been made to identify the lipid abnormality and 
study the mechanism of the abnormal process in order to provide early 
diagnosis and proper treatment to victims of the disorder. 

Serum lipoprotein fractionation has accurately classified indi- 
viduals into specific lipoprotein types  (according to the Fredrickson's 
classification).    Some of these types are high risk candidates for MI; 
a screening program could identify them and therapeutic measures could 
be obtained. 

Some information has been obtained by studies of lipoprotein 
patterns in the serum of 50 patients with MI.    Two pre-beta.lipoproteins 
have been found in these patients.    This finding raised the question 
whether they are the result of MI or an indicative risk factor of MI. 

Pre-beta lipoproteins are formed in the liver.    The clear demon- 
stration of several pre-beta bands by this technique allowed the study 
of serum lipoprotein patterns in the serum of patients with liver disease. 
One hundred samples were analyzed and the most significant findings were 
as follows: absence of pre-beta lipoprotein in cirrhosis, disappearance 
of pre-beta lipoproteins during the acute phase of hepatitis and re- 
appearance during the recovering phase; increased amounts of the beta- 
lipoprotein in primary biliary cirrhosis.    These findings could be used 
for developing simple methods for differential diagnosis of liver disease 
and hepatitis in particular. 

14.    Assay System for Detection and Identification of Narcotic Meta- 
bolites in Biological  Fluids. '    ' 

Antibodies are made to an antigenic complex of the drug of inter- 
est.    The drug is spin-labeled with an appropriate nitroxide spin label. 
ESR observation of the spin labeled drug - antibody complex reveals 
strong immobilization of the label.    When this complex is exposed to body 
fluids containing the drug of interest, some of the labeled drug is re- 
leased from the complex.    The increase in signal observed is proportional 
to the body fluid concentration of the drug of interest. 

The Free Radical Assay Technique (FRAT) was developed by SYVA 
Corporation, Palo Alto, California.    Our evaluation is continuing and 
current studies indicate a considerable variation in the amount of spin- 
labeled morphine released from the morphine-antibody complex upon 
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exposure to normal, morphine-free urine. Other drugs such as Tigan and 
Thorazlne may Influence this background level. 

To date, only conwercial spin labeled morphine and antimorphine 
antibody have been tested. We are developing techniques for spin-label- 
ing morphine free base and in cooperation with Dr. Donald Catlin of 
the Division of Medicine, WRAIR, are preparing antimorphine antibody. 

After the technique has been developed for morphine assay, we 
will extend it to other drug classes. Evaluation of the commercially 
available system will continue. 

15. Role of Inorganic Ions in the Physiology and Biochemistry of 
Man. 

During this year, the electrochemical technique of the measure- 
ment of serum ionized calcium as reported last year was further developed 
and a reproducible method established. The means of sample collection, 
the effect of storage, electrode standardization and the influence of 
various electrode parameters were evaluated. The range of normal values 
was determined using sera from 397 healthy adult volunteers. A value of 
1.22 + 0.09 mM (mean + 2 S.D.) was obtained. The normal value for total 
calcium, as measured Fy atomic absorption spectrophotometry, was deter- 
mined concurrently as 2.29 ♦ 0.24 mM (mean + 2 S.D.). 

Using this method, studies of the variations of serum ionized 
calcium in various disease states and therapeutic situations were per- 
formed in collaboration with the Division of Medicine. It was found 
that (1) serum ionized calcium represented a more accurate means to 
diagnose primary hyperparathyroidism. In 15 patients admitted to the 
Endocrine-Metabolic Ward, WRGH, for evaluation of this disease, serum 
ionized calcium values ranged from 1.40 - 1.98 mM, well outside the 3 
S.D. of the mean value for normals. In contrast, 5 out of 15 patients 
had values well within the normal range. On operation, parathyroid 
adenomata or adenomatous hyperplasia were identified in all 15 patients. 
Thus it is apparent that the high diagnostic accuracy of the method pro- 
vides an important clinical diagnostic tool for parathyroid disorders, 
particularly In Instances of normocalcemlc hyperparathyroidism. 

(2) Immobilization of patients, e.g., in treatment of fractures, 
results In a rise of serum Ionized calcium. Ten patients have been 
studied by sequential measurements of Ionized and total serum calcium 
values. It was found that 24 of 38 measurements of ionized calcium were 
abnormally high (outside of the 2 S.D. of the normal mean) while only 3 
of 38 total calcium values were abnormal. To better define the chronol- 
ogy and physiology of the serum ionized calcium rise, 8 normal male 
volunteers have been studied in detail under controlled conditions of 
Intake and output. Immobilization produced a rise in serum calcium by 
the fourth day of bedrest. In marked contrast, total serum calcium was 
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normal although urinary calcium excretion was greatly increased. Thus 
serum ionized calcium more clearly reflects the alteraiion in calcium 
metabolism associated with imol ilization, and should be useful in 
further defining the mechanism of the calcium loss of immobilization. 
As a corollary, caution must be used when ionized calcium values are 
used diagnostically in patients at bedrest. 

(3) Transfusions can dramatically lower serum ionized calcium, 
but in spite of this, no clinical evidence of tetany occurred in infants 
undergoing exchange transfusion. The effects of using heparinized versus 
citrated (ACD) blood upon serum ionized and total calcium values were 
compared as well as the effect of administering calcium gluconate to 
counter the fall in ionized calcium. WhHe heparinized blood produced 
negligible changes, ionized calcium fell dramatically with ACD blood. 
Administration of 0.1 g calcium gluconate per 100 ml ACD blood exchanged 
was unable to maintain a normal ionized calcium concentration, but total 
calcium rose to hypercalcemic levels. Since the ionized calcium values 
did not correlate with the clinical state, the established use of cal- 
cium gluconate during exchange transfusions certainly will need re-evalu- 
ation. 

16. Evaluation of a New Fluorometric Method for Determination of 
Cortisol in Serum. 

Although fluorometric methc^ for the detetmlnation of serum 11- 
hydroxycorticosteroids have been available for many years, only those 
which involve lengthy Chromatographie separation and purification methods 
have been shown to possess specificity for cortlsol or corticosterone. 
In 1%9, Clark and Rubin (Anal. Biochem. 29: 31, 1969) described a new 
method which is simple and rapid, yet purported to retain the specificity 
and accuracy of lengthier procedures. The method utilizes the initial 
conversion of cortlsol and corticosterone to the 17-ß-carboxylic acid 
derivation with metape Modate, extraction of contaminants and fluoro- 
metric analysis. If this method can be documented to be specific, it 
would be of great practical value for serum cortlsol determinations. 
Hence an evaluation was conducted in collaboration with the Division of 
Medicine, comparing this method against others, including the Porter- 
Silber method, competitive protein binding method, and the double Iso- 
tope derivative method which chromatographically separates cortlsol from 
other derivatives. Sera from patients known to have low, normal and 
high cortisol values were employed. It was found that of all the 
methods examined, the Clark and Rubin method correlated most closely 
with true cortisc! values as measured by the double Isotope derivative 
method. Thus this fluorometric method can now be the one routinely 
used with confidence in clinical laboratories for the diagnosis of 
adrenocortical abnormalities. It is simple and rapid. Forty samples 
may be analyzed in 8 hours with minimal glassware and equipment. 
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SWfiARY. 

Analytical chemistry methodology development and application to 
clinical use and research is being pursued. Atomic absorption spectro- 
photometry was developed for the measurement of Zn, Hg, Fe, Cd, Cu, As, 
Ca and Mg. Specific ion electrodes were utilized to determine ratios 
of ionized calcium to total calcium. The development and utilization 
of ESR for detection and identification of drugs of abuse began and 
progressed to the point of comparison with gas liquid chromatography 
(morphine). Electrophoretic separation of lipoproteins and isoenzymes 
continued. Automated systems of measurement of 2,3-DP6, 6.-6-PD, OH 
proline and sialic acid were assembled and comparative studies com- 
pleted. There are now five cart mounted AutoAnalyzer systems. A de- 
tection method for tetrahydrocannabinol (THC) was established on the 
gas chromatograph-mass spectrometer (GLC-MS). Work continued on GLC- 
MS analysis and identification of drugs of abuse. 

73 



Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00. In-House Laboratory Independent Research 

Work Unit 170. Biochemical methodology and laboratory automation 

Literature Cited. 

Publications: 

1. Battistone. G. C. Levri, E. A., and Lofberg, R. T,: A simplified 
ultramicro-determination of copper in biological specimens by neutron 
activation analysis. Clin. Chim. Acta 30: 429, 1970. 

2. Lofberg. R. T.: Gas Chromatographie analysis of aminothiol radio- 
protective compounds. Anal. Letters 4: 77, 1971. 

3. Li. T.-K.. and Piechocki, J. T.: Determination of serum ionic 
calcium with the ion-selective electrode: Evaluation of methodology and 
normal values. Clin. Chem. TT/ 411. 1971. 

4. Low, J. C. Schaaf. M.. Earll. J. M.. Piechocki, J. t.. and Li. 
T.-K.: The value of serum ionized calcium in the diagnosis of primary 
hyperparathyroidism. Clin. Research 19; 375, 1971. 

5. Heath, H.. Earll. J. M.. Schaaf, M., Piechocki, J. T., Li, T.-K., 
and Baker, G. I.: Abnormal serum ionized calcium with immobilization and 
bedrest. Clin. Research Ijh 477, 1971. 

6. Maisels, M. J., Li. T.-K.. Piechocki, J. T.. and Werthman, M. W.: 
Effect of exchange transfusion on serum ionized calcium. Ped. Research. 
May 1971. 

7. Powell. J. B., and DJuh, Y.: A comparison of automated methods 
for glucose analysis In patients with uremia before and after dialysis. 
Am. J. Clin. Path. 56: 8, 1971. 

8. Kazyak, L., and Permisohn. R. C: Retention indices for compound 
identification by gas chromatography. J. Forensic Sei. 15; 3. 1970. 

9. Papadopoulos. N. M.. and Kintzios. J. A.: Human serum lipoprotein 
pattern varieties by agarose gel electrophoresis. Clin. Chem. 17; 427. 
1971. 

10. Papadopoulos. N. M.. and Charles, A.: Serum lipoprotein patterns 
in liver disease. Proc. Soc. Exp. Biol. Med. 134: 797, 1970. 

11. Papadopoulos, N. M., and Bedynek, J.: Serum lipoprotein electro- 
phoretic patterns in patients with myocardial Infarction. Lab. Med. 
2: 38. 1971. 

74 



KEiEAllCH AND TECHMOLOCT MMK UNIT SUMIAltT 

Chhru^ 

t kw»««»* ti. * «* E ' »CUST^ 

HuctiT«^^^« • t <J» .,.■»••.•   ^i*rTT^Ti^»uti»rrt 

V#a*Maa*        ka> a« 

:;/ 
r• i-1 * • ■«    I»* ■ • ■  1*11, o* • • 

ko.. •••> •._• .   . (■< 
!•- r i 

\f    Al-   * ■■ 

•   .1.1.    >■ »i « 

>    «Ml   UH'I 

I«   «O    COOti* ^MHkHAW li-fiMN PMTJIL* NW «ft«   AM|i   MUM*«M 

^ 11101A 
ft    CO«V«**uTl«S 

iMLu2LAjü ' 

c. (Omimi%u*m* 
■ ■ ■ ^ 

( "I  Migrnt  ry  Ar.inril   ! 'it* «i.      ij-/'■.■ 

it cOMt&4CT a« 
i__2^  

I»   MUMftr»  " 

■ ■»'■*'iua 

4 *«cu-- 

f. ( UM    AMT 

•«    *f»Ow»« tl III «■'■ 

• •• 

*.o«                ]                                     1 8 M*'OMii*«DoaAM<lAtia» 

.,.,, ,   i.    rr-r- r T7,. |,..,-^n ' ... 

)  »>.  MMI.>B.     <••■   ' 

WFISJ. I rit'.'.'in, 

MI   Bu»JH0h(«r,  C';!, W.   ".. 

^■l. 

Foreign   Int'11 Igtn'r- Not  Tonsliiered 

ua M nun maiBis m 
(U) Ornithology;   (U) Migrationi   (U) Vectors 

"■ '   i-,   !..   I 

pmttm *••! •* »M» •«• HIMH» r)M*>*t«i«* I«* i 

P^.   (U)  Particular  interest  la   ^.n  the rol»'  of migrating iinimals   ir.  th-   *r'ir-.;;i   r*     '" 
disease. 

2U.   {{]) MaJ^r effort will be or.  blrc bairifng and ret-overy   ir.  vari  ■)-   uri-a::     f .'KA. 
Ectoparasites will be  collect'.-d,   blood ar.d tissue» will  be "xamii.'-J.     Ar. ii     ji>-rv,: 1 
will be  fron; Bangkoi«.. 

,c).   (U)  TO  07  - 71 06    Curretit report of activities  in  not yet  aval .u*., i.-   fro» FEI' l. 

75 

m ii«wt m aaiaitta T rrtr i imi 
'•••   1AQA miv<ou* tCTiONt or  TMii rooM ••• o«*oi.trf    DO POMMI <4*»* 



RElEtRCH AND TECHMM-OC    VOAK UNIT  VLiuuRf 

TT" 
,    .... 1     I • I   .1,   ll, '   ■■■1 • ■»' "• •'• 

?U   .)'   ul 

-^■^—"       ■ ■! '     f '    • ■—-   T~     -^   — ■    —— —-w^--— 1 -  ^— 

ns...    n_    ! 3.. 4.    •"•«  UWT 

i« «to      ■ :-•* • 

.11'1A 

(I)   X ■ H , 

-4 
-♦- 

i.V)'>: in! v 

'L.>.1,     .!•■ 

11-/ !'     i 
ti*!-»«-!'   J«^. • »~B " i-*!"     y 

T*trrvn.r    -    ♦ 

'1 I 

-'■ 1 

■ I   •   ■■ •«tit 

^^^ IT 
-•-•'    in /iTsil •,   L'I   .-Ln yl m.: 

1. ,  •   I'   .1 ,    M.     .' WHU 

.! ■ v .• • .   M. 

»■    <*   \t     - i rouN * >■   *»i • 

•n^i,  i.ii: i'.. s. 
1 

(l)   (tieniitrv;   (r)   \n,i'.vti   il   'i.ou   irv;   ii.')   H loi'ii'mislry;   (U)  X-Ray;   (U)   Pharmacology 

^ .1.    H'l   'i   sfjJv  .he.ui ■  il   H'.tU' Mit-  .ine!  analogue0  of     hoiirfll   cumpounds  ;tnH   thu  products 
' 1 i i' 1 i ii i> • i M\ .■! !.■■,. ■ R p nitu1!; I n ■' l.v ht-m . .i' ' v imp .r > ,int .-. v:, t em-^, to UMTII more 
ri'.'(r.i.   ^   t.i     si'.■.it;    itv    '1   ...-mi    il   - ■. ru.''.ir--   li    li   .i;-;.ni     if   -U-ieate. 

-- •    '11   '     t ■ 1 it ■        r r    ■■ t • i   ■ .• ■    ..:. i , ,   '. .   i      ht .■,    i :,   i. nt 115 ir it. li'tis 1.1   the chemical 
niiili-. .U',  »hli-h  e,     .n  1    t:r. : <■   •    JV  id^.u-ll-.    n    Lin      liL'citril   .tin'  to eslahllsh sufficient 
rt-f i'fn. •■   l,uj  fu  evalja.i.   tt fn't.ire-act ivi tv   rr !ti t lun; lilps. 

'J. (,:') ■''■ '^ - 7I 02 I i' .-nti Kt w.is ext-'nJeJ wliliout additional ribll(4at lon "f funds 
until ! 1.1 2ti. All ti.i' -tt uturi' .It-flneJ iut in« previous reporting per iuds have been 
prcci-MseJ uvt the ti'i.llnR. !••• ^t-in,; issetrhl ed In i final report. For ttchnical report 
see  W.tlter   K» .-a  ArT.v   Instil ite    'f   Rese.iri'h  Annual   Progress  Report,   1   lul   7(!-JC Jun 71. 

7 0 
urn 
DD:°VM1498 1tl       ■     ONi■ ■  ' ... *M  *«•   ^••Ck.ff-I      cr   rn*M«   < 4***    <   NO v it 



Project 3A061101A91C  IN-HOUSE LABORATORY  INDLPENOENT RFSEARfü 

Task 00,  In-House Laboralui-y   Ind^pendert Research 

Work Unit 175, X-ra> diffraction studies of biological   Tnieres» 

Investigators. 
Principal:    J.  M.  Stewart,  Ph.D    (University of Maryland) 
Associate:    LTC C.  R.  Anqel, MSC 

DESCRIPTION. 

The single crystal  X-ray diffraction studies on the antinalariaK, 
their analogues and their products of  interaction  in biological  syster;, 
were carried out under UMS contract.    These stuaies arc  intended  to 
relate the specific configuration of these chemical  compounds  '.o  t'.":'" 
protective effects us anfma larials in bioloqical  systems. 

PROGRESS. 

The crystal structures of the antimalarials diaminodi^henylsultone-, 
chloroquine diphosphate, methylene blue, and ^(S^'-dichlorotenzylo/y)- 
2,2-dimethyl-4,6-dianiine-l ,2-dihydrotriazine hydrochloride havo beer, 
determined, providing much information about molecular geometry, hydro- 
gen bonding, and molecular packing as well as, in some cises, amon- 
cation interactions In the solid state. 

The structure of a complex formed between 8-aminoquinoline, an anti- 
malarial precursor and zinc (II) chloride has been determihed, with 
some difficulty, to provide Information about coordinati n geometry of 
the 8-amirioquinoline class of antimalarials. Also determined is the 
crystal structure of another antimalarial precursor, 2-(2,4-dimethyl- 
pnenyl)-3-methyl-6-chloro-7,8-ben2oquinoline-4-carboxylic acid. 

The structural studies efforts are summarized in the accompanying 
tables. Table I is a list of solved antimalarial structures. Table 11 
Is a list of other solved structures. Table III is a list of structures 
under Investigation. 

Table I 

SOLVED ANTIMALARIAL STRUCTURES 

1. 4,4'-sulfonyldianiline      Dickenson     Intramolecular 
H-bonding; molec- 
ular geometry 

2. Chloroquine Phosphate       H. Preston    Side chain con- 
figuration; phos- 
phate binding and 
H-bondinq network 
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3. Methylene Blue       H. Marr 
(hydrated) 

4. 2-(2,4-diamethyl      E. Boonstra 
phenyl-3-methyl-6- 
chloro-7,8 benzo- 
quinoline-4-carbox- 
cyclic acid methyl 
ester 

5. Ethyl-5-phenyl-2-     L. Plastas 
imino-4-oxo-l- 
imidazolidlne car- 
boximidate 

6. l-lS^'-dichloro-     L. Plastas 
ben2yloxy)-2,2- 
dimethyl-4,6-di- 
amino-1,2-dihydro- 
triazine hydrochloride 

7. Transaquobis (8-amino-  C. Kerr 
quinoline) Zinc (II) 
Tetrachlorozincate III 

Table II 

OTHER SOLVED STRUCTURES 

1. Picryl Chloride      J. Willis 

4. 

5. 

Sodium Chloride 

Pentacarbonytri- 
phenylphosphite- 
chromium (0) 

Pentacarbonxyltri- 
phenylphosphine- 
chromium (0) 

1,1-dimethyl-3- 
pnenjrlpyrazoli um- 
S-oxide 

E. Boonstra 

H. Plastas 

H. Plastas 

W. DeCamp 

Location of charge on 
cation; H-bonding 
interactions 

Antimalarial precursor 

Antimalarial and 
Zwitterionic effects 

Molecular geometry 

Chelation geometry of 
8-aminoquinoline 

Densely packed explo- 
sive substance 

Diffractometer align- 
ment check 

Backbonding theories 

Backbonding theories 

Antipyrine structural 
i somer 

78 



LAj-l-chloro[2.1.1] 
bicyclohexane-5-car- 
boxylic acid 

P.  Watts Parent (2.1.1) 
bicycl ic compound 

7. 5-Phenylpseudo- 
hydantoin 

L. Plastas Zwitterionk effects 

8. 2-Methyl-5-bromo-7- 
triflüoroacetyl-3- 
azo-2H-3-pyridine 

P. 
H. 

Watts 
Ammon 

Determination of 
positions of substitu 
tion 

9. Thiepin-1,1 dioxide H. 
P. 

Ammon 
Watts 

Aromatic character 
determination 

10. 3-niethyl-6-isopropyl 
b'-parabromobenzoyl 
8H-azuleno[l,8-bcJ 
thiophene 

H. 
P. 

Ammon 
Watts 

Identification of 
molecules 

11. 5-phenyl-2-imino-4- 
oxo-l-imidazolidine 

R. Chastain Blocking agent in 
protein degradation 

12. Tetracarbonylbistri- 
phenylphosphie 
chromium (0) 

H. 
H. 

Preston 
Plastas 

Coordination back- 
bonding theories 

13. 3-methyl-pyrazolin- 
S-one 

W. OeCamp Parent of many 
steroids 

14. l,3-dihydroxy-2-CH3 
2-nitropropdne 

H. Marr Geometry in di- 
alcohols 

15. bis (triphenyl- 
phnsphine) diphenvl- 
acetylene platinum (II) 

H. Plastas Coordination geometry 

Tab! e III 

STRUCTURES UNDER INVESTIGATION 

1- 
2- 

hydroxy-2-methyl- 
nitropropane 

H. Marr Geometry in mono 
alcohols 

Trans-iridium (I) 
Chlorocarbonyl 
Bis[tri(o-tolyl)] 
phosphine 

W. DeCamp 
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Diphenyl-dimethyl 
phosphine chloride 

2-methyl-4-amino 
quinoline 

Quinine Sulfate 

frimaquine Phosphate 

11 -Bromoundecanyl 
anhydride 

Ethylene didodecanoate 

4-hydroxypyrimidone 

H. Plastas       Coordination geometry 

P. Watts Accurate bond lengths 
C. Kerr to give geometry and 

bond order of the 4- 
aminoquincline system 

P. Watts Absolute configuration 
C.  Kerr and conformation;  in- 

teraction between qui- 
nine and the anion 

C. Kerr Side chain configura- 
tion; phosphate binding 
and H-bonding network 

W. Pangborn     Structures of membranes 

P. Watts 
W.  Kopecky 

Structures of membranes 

W. Kopecky       Structures of membranes 

Intensity data have been collected for quinine sulfate and 2-methyl- 
4-drTiinoquinol ine and attempts are now in progress to solve these two 
structures; both are acentric structures and are offering some resist- 
ance to solution.    Only preliminary cell data have been collected for 
primaquine diphosphate, which crystallizes in extremely thin plates un- 
suitable for an intensity study. 

Complexes of chloroquine with cobalt (II), copper (II), and zinc 
(II) salts have been prepared and preliminary conductivity and spectral 
measurements have been made.    The preparation of complexes of quinine, 
chloroquine, and primaquine with organic and organophosphoric acids is 
in progress; subsequent structure determination should yield further 
valuable information as to the binding capabilities of these drugs. 

The specific mission of solving the structures of antimalarial com- 
pounds has required a parallel effort in the field of crystallographic 
computing.    A major problem arises in the structure determination of 
optically active (therefore acentric) light atom drugs.    The method of 
solution being developed for these acentric compounds is similar to 
that presently used for compounds crystallizing in centrosymmetric 
space groups, but is more complex and has required a major computational 
effort,    A new program has been developed for acentric phase determina- 
tion and has been used recently for the solution of two previously 
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unsolved compounds. Five noncentrosymmetric light atom structures have 
now been solved. 

Review of quality of the programs in the X-ray crystallographic 
computing system continues and several new programs have been added. 
This system is distributed for use in other laboratories throughout the 
world and has, in fact, been referenced in approximately ]Q%  of the 
articles appearing in recent issues of Acta Crystallographica. 

SUMMARY. 

This contract was terminated on 71 02 28 and this report constitutes 
the final summary of the accomplishments under this project. Studies of 
correlation of structure and function of antimalarials will in the future 
yield worthwhile knowledge in understanding of their mode of action. X- 
ravdiffraction studies will be a fruitful tool for structural determina- 
tioti of antimalarials. 
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3A061101A91C IN-HOUSE LABORATORY  INDEPENDENT RESEARCH 

Task DO, In-House Laboratory Independent Research 

Work Unit 180, The imporUnce of chromium in disorders of carbohydrate 
metaboiism 

Investigators. 
Princioal:    R.  J.  Doisey, Ph.D.  (State University of New York) 
Associate:    LTC C.  R. Angel, MSC 

DESCRIPTION. 

Previous investigations under this contract suggested that chromium 
deficiency may exist in the elderly population.    Impaired glucose toler- 
ances in some elderly subjects were normal after supplementation of their 
diet with trivalent chromium.    Tests on oral  5lQr   absorption suggested 
no evidence of malabsurption of chromium in elderly subjects.    However, 
it was observed that insulin-requiring diabetics appeared to absorb 
more chromium than did maturity-onset diabetics or normal  subjects. 

PROGRESS. 

a. Clinical Studie:.. 

51 
Oral administration of a tracer dose of     CrCl3 has shown that 

insulin-requiring diabetics absorb two and one-half to seven times the 
amount of chromium than normal subjects absorb.    It is not known whether 
the increased absorption reflects possible tissue deficiency or not. 
The Increased urinary excretion observed may be due to the increased 
absorption, or due to impaired metabolism of the ingested chromium. 

51 
Intravenous administration of     Cr into normal subjects and 

juvenile diabetics demonstrated that the diabetics again lose more chro- 
mium in the urine than do normal subjects or maturity-onset diabetics. 
This finding clearly suggests that the insulin-requiring diabetic is 
unable to metabolize chromium in a normal manner.    Whether this  is a 
cause or result of the disease is not known. 

b. Animal  Studies. 

51 
The organ and intracellular distribution of     Cr in normal and 

diabetic rats were determined.    Attempts to alter the distribution of 
51Cr by dietary and normal   influences are described. 

SUMMARY. 

This contract was terminated on 31  July  1970. 
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Project   3A061101A91C     IN-HOUSE LABORATORY  INDEPENDENT REStARCH 

Task 00, In-House Laboratory Independent Research 

Work Un^t    L81 ,   Lievfllop^ent  of  a nvenlngococcal   ü"j:.ur:i ;■ m^,  agent 

InvestIgators. 
P-lnt ipai:     MaJroJm  S.   Arttusteln,   M.D. 
Aasu^latc::     Fre'lvi i-    A.   Wyle,   MAI,   !■!( ;   Brenda   L.   Brandt,   .''.S.; 

Edmuivl  C.   Trair.ont,   MA J,   MC;   Dennis   !..   Kasper,   MAJ,   MC: 
Wendel]   D    Z. 1 linger,   CPT,   MSL;   Charles Harkins; 
Richard   I..   Cohen,   CiT,   MSC:   Benjamin   K.   Hoover,   SP5; 
.l^soph R.   Plnson,    'r.,   PFC;   Eugene F.   I.imberg,   PFC; 
and  Adam  !».   '"'nizd,   SKi . 

Descriptlen. 

Menlngooocral   p tlysac ' ■,,u l^i-  vaccines havt   been developed  against 
organisms  of   serogroups   X   ind '.      ihe   group  (; vaccine lias  been proven 
to be safe and  effertlvi   In ^revnting disease and  has been used  for 
prophylaxis   this  past,  wlntei   in  i^ix  basic   training  posts.     The  group  A 
vaccine   is  safe  and   imnunogenic   hut   has  not   as  vet  been  field   tested 
for efficacy  sin/e group A disease  has  been nonexistent   in CONUS  for 
inany vears. 

Isolatl   n and  purification of   a  ^roup  b polysaccharide has been 
accomplisheu   this past   year.     The   results  of   animal   and  human 
volunteer   immunizations have been  rather disappointing,  as will   be 
shown,   and  suggest   the n^ed  for  other   approaches  to   the  problem. 

Progress. 

I.     Pui 11 ied group  B polysaccharide vaccines . 

Lot   H-;   vaccine was  tc ted  Initially   in  six  laboratory 
volunteers   (intradermally,   50 m .-.rograms) with the  following  results 
(Table 1). 

The   initial   testing with the   FAB assay   indicated  that   all   six 
volunteers  showed antibody response within  two weeks of   injection. 
One volunteer   (MP)  also  showed  HA-B rise.     The  initial  high  tlters 
of  HA antibody,  however,  make  this method  rather difficult   to 
interpret.     Sera of  three  subjects   (MS4,   BLB and Ml') were   tested  by 
FAB using  serogroup A and  C antigens with no  titer   increases 
demonstrable.     Thus  the group  B  rise was  specifii .     Testing with  the 
B-Farr  technique at   a rauch  la'er   time   showed  no antibody   increases   in 
any of   the volunteers.     This assay   is   the  mosi   sensitive   yet   devised 
to detect   antipolvsaccharide  .«ntlbody   and,   therefore,   is   prelerable 
for vaccine   studies.     However,   despite   the   rather   clear   cut   negative 
response   one   is   faced with  a ditficulty   in   interpretation  of   the  data 
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Table  1.     Antibody  response  to group  B vaccine   (Lot   B-l), 
November  1969. 

Serum date 

\ <r. r.st* (i 1  wk 2 wk i wk '. wk h   mo. 

MSA lAh-H 1:2 1:4 1: 12 
HA-B 1 :6^ l:h4 1:64 
R-Farr 4.4 1. i 5.0 ■♦. . 4 . . t.O 

11. D. FAB-B 1:4 1 :h4 1:64 1 ; it. 
H.\-B 1 : )2 1:64 1:64 
B-Farr j.r) S.'i 6.8 /. i ■).(l 

H.S. AB-B 1:2 1:4 1:32 
IIA-H 1: U !:12 I: 12 

B-Karr lic> 1:2 n.s 0.0 D.O 

lil.H FAB-K 1 :J 1:8 _ 1 :h 1 :2Sh 
HA-B 1:64 1:64 1 :b4 
B-Farr 6.4 7.6 4.4 5. ] 4.4 4 . f i 

I.Z. FAB-B 1:4 - 1: 16 1: iJ 
HA-B 1:128 - 1:128 
B-Farr 11.1 - 12.b 10.7 11,6 9.8 

M.P. FAB-B 1:2 1:8 1:32 1:16 1:8 
HA-B 1:64 1:64 1:256 
B-Farr 3.8 3.3 2.7 3.1 2.4 2.1 

*FAB-B =   tluorescent antibody,   B organism 

HA-B    =   lu'tnagKlutination,   B antigen 

R-Farr  =  radioactive gp B hlnding assay,   % binding 
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since  the  B-Farr test was performed over a year after  the  sera were 
collected and  the specimens  had Veen thawed  and refrozen many  tines. 
This  type of  treatment, however,   has not noticeably reduced antl-C 
antibody  In several  Individuals previously vaccinated with group C 
vaccine. 

Subsequently,   two laboratory volunteers  were  administered  250 
mlcrograms of  Lot  B-l  polysaccharlde  by  the   subcutaneous   route. 
Twenty-four hrs.   later erythema measuring 2  to  i.r)  cm was visible 
but   tenderness was very minimal;   the   local   reaction  disappeared with- 
in the >  20 hrs.     Antibody  response was as  follows   (Table  2). 

Table   2.     Antibody  response   to  250 meg group  B vaccine   (Lot   B-l), 
January  1970. 

Tlter at indie ;ated week 

Name 0 1 2 4      8 

MD FAB-B 64 128 128 128    128 
B-Farr 8.1 10.5 13.1 14.5   10.8 

JS FAB-B 16 16 16 64     64 
B-Farr 0.9 0.9 0.0    1.6 

13 16 

64 

32 
1.5 

JS showed a 4-fold FAB-B tlter  rise at 4 weeks; MD had no tlter 
Increase but his Initial tlter was high.    Subject MD showed a 
suggestion of increased binding of the radioactive  B antigen. 

After these preliminary studies a tltratlon of  Lot   B-l was 
approved und carried out P*

-
  Fort  Bragg,  N.  C.  beginning  25 Feb 1970. 

Two hundred  and seventy-five  recruits  in reception week underwent 
venlpuncture and nasopharyngeal  cultures.    Of  these men,   183 volunteered 
to  receive  the group  B vaccine  and were divided Into  four groups,  each 
of which received a different dose administered subcutaneously. 
Following this injection each man received  the mandatory  influenza and 
tetanus-diphtheria  inoculations.     Local  reactions  observed at  24 hrs 
were minimal   (1  to  3 cm erythema) and were correlated   (Table  3) with 
dose administered. 
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Table 3.    Local erythema following group B vaccine 
(Lot B-l) administered subcutaneously. 

Dose No. men reacting/No.  men vaccinated 

10 meg 0/48 

•n meg 3/A9 

100 lucg 8/54 

250 meg 8/32 

Carrier  cultures and blood speclens were obtained at  two week   intervals 
from the entire group. 

Meningococcal  carrier surveys showed very little group  B  trans- 
mission but  serogroups C,  Bo and nongroupable organisms were eventually 
carried by  over 60 percent of  the men. 

Hie   intibody  response  to  the vaccine was  Interpret eil  with  tin- 
knowledge   that   the FAB test  system detects antibody ciossreact Ive with 
other  serogroups.    Therefore,   the data on vaccine  response was also 
tabulated after deleting all men who were carriers of   inv menlngococc.il 
serogroup. 

The  results of FAB and Latex-B tests on  these  individuals are 
shown   i n Tab 1e 4. 

Table 4.     Antibody responses to graded doses of group B polysaccharide 
vaccine  (Lot  B-l,  Ft.   Bragg,   Feb.   1970). 

Total Non-citrriers 
Date  of  non- 

Dose No.   Pos.*/No.   Tested       No.   Pos./No,   Tested i arrler  rise 

2/8 Week A;   / 

4/9 I  at  wk 4; 
2  at  wk   7 

1/18 Week   2 

1/lh Week   2 
Lx  and   FAB pos, 

0/8 

10Y 15/34 

50> 9/24 

100Y 9/38 

250Y 8/30 

No 2/14 
vaccine 

*, 4-fold or  greater  increase  in  tlter  by FAB-B and/or  Latex-B tests, 
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Although many men showed  significant  tlter rises   In   the  FAB test 
relatively few Individuals who never acquired  a  throat  culture 
positive  for meningococcl developed ar.dbody  Increases.     Only  two 
individuals  In  this  latter  category developed  a  liter  rise within 
two weeks  and only one  of   these   two  rises was  cut 1mcd  by   latex 
test.     \   total   of   ]ft   FAB  positive   subjects  were   > hecked   by   the  l.x 
test and  only  the above -lentloned   Individual   showed   a  rise   (2  tubes). 
Even  If   all   antibody  rises   in noncarrlers are   tabulated   (8/41   ■  201) 
the  response   :     B-l vaccine must  be considered   pji r.      In  addition  the 
response  seenu .  unrelated  to   the  dose admlnlsteri-.i. 

Two more experiments were carried out In  lab  volunteers when 
preliminary results   m   the  recruit  sera suggested  a  very poor 
response.     These were  done   In order  to determine whether  the group  B 
vaccine  nad deteriorated during  storage.     In April   1970,   seven 
subjects  received a  triple  vaccine  consisting of   50 mc^ closes  of 
each polysaccliarlde,   A,   B and  C,   given by subcutaneous  route.     Results 
of  antibody  tests are  shown  in Table 5. 

Of   this group,  five  showed  antibody rise  to A  polysaccharide, 
alx  to C polysaccharldo,  but only one responded  to   the  B component 
(R.   Sco.)  by FAB.    This  same  Individual,  however,   showed no antibody 
response  In  the Latex-B and  B-Farr tests.     Subject   Mad..,  who showed 
no  response In the FAB  ^  test,   showed a  low level,   but  consistent 
tlter  Increases  In the   Lx-B and  B-Farr assays,   both within  the  first 
week following Injection. 

One more group of   lab volunteers was injected  with monovalent 
Lot  B-l vaccine,   50 meg  subcutaneously,   In May  1970.     Antibody 
responses of  these seven subjects are shown In Table 6.     None  showed 
antibody rise by  the  FAB-B  technique. 

Five  subjects  failed   to show antibody change   by   B-Farr  test; 
Br.   showed  a  falling  liter   and  one   individual,   Ry.,   showed  a  low 
level but  consistent antibody  Increase by this  technique. 

One   further group  of   laboratory personnel   were   immunized  with 
triple vaccine   (Lot  A-7,   B-l   and  C-8,   50 micrograms  of  each mixed 
together and  injected  subcutaneously)  on  10 July   1970.     Local 
reactions were negligible;   antibody responses   to A  and  C  components 
were demonstrated in each of  the six volunteers. 

Four subjects showed  no  antibody  response   in   the   h-'-'.irr   test 
over a two month period;   three of  these were also   tested by  1.X-H 
and were negative.     Two volunteers became serogroup   B carriers   four 
months  after vaccination and  their antibody  studies  are  shown  in 
Table  7.     On the same date,   two months after   immunization,   both 
subjects  showed  significant   group   B antibody   lucreases  by   the   Karr 
test,  one also showed  a  Lx-B Increase.     Both men  had negative  throat 
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Table  5.    Antibody responses  to triple vaccine. 

Week after 

FAB 

B 
Name vaccination HA-C A C B repeated Lx-B 

<> 

B-Farr % 

Adk. 0 8 4 16 16 32 8. 1 
i 128 16 128 8 - . 2 6.0 
i 25b 128 128 lb - , j 

■). / 

'. ij. . _; "i . M 

8 lb vi b, 1 

Chad. 0 ■2 16 2 32 12 8 I 2. b 
I 16 16 16 32 32 8 13.4 

2 32 32 32 8 64 8 1 1.0 
i 32 8 13.2 

3 64 8 10.8 

I). Sco. 0 <2 32 8 64 L> fa 1 . 1 
1 8 32 8 32 - 2 1 .-. 
2 16 128 8 32 - . > 2.0 
■. 12 . > 1 .S 
8 64 2 i.M 

MacL. 0 16 8 16 64 12 ■2 8. 1 

1 32 32 32 32 - 8 11.3 

2 32 32 32 32 - 8 13.0 
4 64 8 10.4 

8* 32 8 9.2 

R.Sco. 0 <2 8 2 4 4 <2 0.0 

1 32 32 32 2 - <2 0.1 

2 32 32 16 16 -- ■2 0.0 
4 16 •2 0.0 

8 8 , j 0.0 

R.Coh. 0 2 4 4 <2 4 <2 1.7 

1 64 32 32 <2 - •2 0. 1 
2 64 32 64 <2 - -2 0.4 
4 4 . ) 0.4 
8 4 2 0.0 

Roa. 0 •2 8 8 4 M . 2 1.1 

1 8 8 64 4 - -2 o.u 
2 32 8 64 2 

H 
•2 

2 
1.2 
0./ 

8 8 . 2 0.8 

*Na.supiiatyügcnl   culture  revealed  four colonies ot   group  Y menlngococcus, 
All   the other cultures were  negative. 
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Table 6.    FAB tlters following vaccination with Lot B-l 
vaccine. 

Serum 
at 

titer 
indica 

(reciprocal) 
ited  week 

Antibody 
test Volunteer 0 1 2 3 

Tr. FAB-B 16 32 16 16 

Ae. FAB-B 32 16 16 16 

Je. FAB-B 16 16 - 16 

Pa. FAB-B 32 8 8 32 

Fo. FAB-B 32 - 16 32 

Br. FAB-B 
B-Farr (%) 

16 
24.3 

32 
21.7 

16 
18.5 10.1 

Ry.* FAB-B 
B-Farr (X) 

64 
12.3 

32 
14.0 

32 
17.8 

64 
18.2 

Carrier of serogroup X. 

Table 7.    Antibody  response of  two subjects who received 
triple vaccine and subsequently became 
nasopharyngeal carriers. 

Week after Carrier 

Serum titer 

B- -Farr 
Subject vaccina tion state tesl   (%) I.x-B 

J.W. 0 _ 1.8 •1:2 
1 - 2.2 • 1:2 
2 - 2.7 ■1:2 
4 - 2.6 • 1:2 
8 - 7.7 <1:2 

16 B 6.8 <1;2 
37 B 6.6 ■1:2 

A.D. 0 _ 2.1 <■ \ 2 
1 - 6.4 2 
2 - 4.3 2 
4 - 3.9 2 
8 - 25.7 8 

16 B 6.7 2 

37 B 8.0 2 
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cultures at this time.     When next tested two and seven months later 
both were found to be group B carriers  (It should be mentioned that 
both had  laboratory exposure to group B organisms).    Antibody titers 
of A.D.   it'll markedly  to prevacclnatlon levels despite  the  fact  that 
hn  remained a car  ier.     J.S.'s antibody titers did not   iliange very 
much   '".spite pro,   aged menlngococcal group  B carriage. 

Attempts to produce  a larger molecular weight   li polysaccharide 
based upon harvesting cultures of different  ages  culminated   In  the 
preparation of  five  different group B antigens  labelled   B-J,  b lu., 
H ht.,   10 hr.,   12 hr.  and 14 hr.   (Fig.  1).     From  this figure  it  is 
apparent   that the peak of  slallc acid shifted  to  the right   (smaller 
MW)  in the polysaccharides prepared from older cultures. 

Prior  to studies  in  recruits,  six laboratory volunteers were 
Inoculated with S-3,  8 hr. vaccine by the Intrademal route.    Results 
of antibody tests are shown In Table 8. 

Although  two of   the  six volunteers   (Rom.   and  Hoov.)   showed 
suggestive  KAB-B rises within one week  following  vaccination  these 
were  not  oo.if I rraed  by  the other two assays. 

All   five  B- 1  vaccine preparations were   tested   in   Fort   Dix   recruit 
volunteers   (SO mlcrograms subculaueously) with   throat   cultures and 
serum  specimens being collected at  two week   Intervals.     No  adverse 
reactions were noted.     Antibody  studies are  summarized   in Table 9. 

Table  9.     Antibody  respor.se to group  B 
vaccines of different 
molecular  size  (Lot  B-l, 
Ft.  Dix). 

Vaocinu No. tested No. pos .   by  FAB-B 

6 hr. 17 2 

8 hr. 11 i 

10 hr. 10 0 

12 hr. 7 0 

14  hr. 5 0 

Total 50 1 
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Table 8. Antibody response to group B vaccine (Lot B-3, 
8 hr., 50 mlcrograms, Intradermal). 

Antibody titers vs. 
indicated ant l^ ;en 

Week after 
Subject vacc inatlon FAB-B Lx-B R- -Fair (%) 

O.Br. 0 8 '2 2. 1 
1 16 <2 s.u 
2 16 <2 S.5 
4 <2 3.6 

VanD. 0 32 <2 1.3 
1 32 <2 1.2 
2 32 <2 0.6 
A 32 <2 2.9 

Rom. 0 8 •2 0.8 
1 32 <2 0.9 
2 32 <2 \S 
4 <:2 0.1 

Hoov • 0 8 <-2 11.3 
1 32 <2 13. i 
2 32 <2 9.2 
4 <2 14.3 

Dal. 0 16 4 15.8 
1 16 4 16.1 
2 16 4 14.2 
4 4 12.2 

Sang. 0 16 4 13.8 
1 32 4 14.7 
2 16 4 17.1 
4 4 15.9 
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Fifty subjects whose throat cultures failed to yield raenlngococci 
at two and, In many cases, four weeks after vaccination were tested 
for antibody response. Three individuals showed a rise by FAB-B test 
and these results were reproducible. However, none of the volunteers 
were positive by l.atex-B test. Forty subjects who received the 6 hr. 
vaccine were tested by the B-HA assay, only one person showing a four 
fold Increase In tlter. This subject and eight others tailed to show 
any antibody Increase when sera were tested with the B-Karr antigen. 

The results of the above studies suggest that group B polysaccha- 
rlde vaccines can be produced with varying molecular size; but even 
those with the largest olzed molecules are extremely poor immunogens 
In man. 

Further studies were carried out with a fourth lot of group B 
vaccine made with a more highly buffered medium (B-4, 3XCA) containing 
thrt.e times the standard concentration of casamino acids.  Eight 
laboratory volunteers received 50 mlcrogram doses of vaccine (four 
Intrademially, four subcutaneously).  Sera obtained at weekly intervals 
were tested for B-Farr and Lx-B antibody; none showed significantly 
increased titers over a four week period.  Four months later three of 
these volunteers were Injected again with the same vaccine; none showed 
B-Farr antibody tlter change. 

2.  The use of adjuvants to enhance the Immunogenicity of group B 
menlngococcal polysaccharlde antigens. 

As evidence mounted that the menlngococcal group B purified 
polysaccharlde vaccines were not Immunogenlc In man a scries of experi- 
ments were carried out to test the combination of polysaccharlde with 
various adjuvants. 

a.  Studies in rabbits. 

The following adjuvants were prepared: 

Preparation 

Al CI3.6H2O 12 gms/L 
add 0.1M NaOH 1.8 vol to 
1 vol Al CI3 for pH 7 

5 ml B4 vaclne 
1 ml Al CI3 
1.8 ml NaOH 
2.2 ml H)0 

Methylated 
albumin 

Influenza 
virus 

B4 vaccine 

Methylated bovine albumin 
50 mcg/ml water 

A2/Jap/305/57 
E-1C Allantoic fluid 

U)t  U  - 3XCA 

95 

Equal  vol mixed 
with  B4 vaccine 

Mix  equal  vol 
with  B4 vaccine 

Dilute   1:2 with water 
to  equal   50v/0.4 ml 



In addition, various crude preparation« of group B polysaccharide 
were also tested (Table 10). 

Table 10. Chemical characterization of group B polysaccharides 
tested In rabbits. 

Sample % protein X nucleic acids I slallc aoid* 

B-3() crude 47.3 6.6 52 

B-36 sevag, 14.5 1.6 91.0 

B-V.) FP 0.84 1.07 94.0 

B-36 FP-1 0.57 0.72 99 

% of a standard preparation. 

Iwo kilogram male rabbits were injected into the rear tooLpads at 
weekly intervals for three weeks, rested two weeks, injected again, 
rested two weeks and injected a final time. Vaccines were refrigerated 
the first week and subsequently frozen between injection dates. 

Results shown in Table 11 indicate that the three adjuvants were 
approximately equal in their effects, namely very low anti-H antlbudies 
were induced at four weeks which, in the few animals tested, could nut 
be boosted by a sixth injection. Purified polysaccharide alone, B-4 
ur B-36, were essentially noninmunogenic but cruder antigens induced 
very low levels of HA-B antibodies. One injection of live group B 
organisms intravenously gave serun titers of 1:8 after one week. 
Subsequently, injection of viable organisms, three times in a week, 
produced HA titers from 1:64 to 1:1024 In all rabbits regardless of 
previous group B antigen injections. After a one month rest period, 
these titers declined significantly but were rapidly boosted by 2   I.V. 
Injections of live organisms. The low levels of antibody in rabbits 
who had not received live organisms fell even lower or became neglig 
negligible during the one month rest period and were returned to the 
1:5 level by two injections of sensitized latex particleu. 

In a subsequent experiment, B polysaccharide vaccines were 
prepared with an improved alum (Merck formula), latex or mixed with 
typhoid vaccine and injected into rabbits three times at weekly 
intervals. Only the rabbit given latex-B developed a trace (1:4) 
of anti-B antibody. 

Thus, extracted and purified (crude or with adjuvants) group B 
polysaccharides were poorly iromunogenic in rabbits. Titers could 
not  be boosted with purified polysaccharides even when attached to 
latex particles.  However, live group B organisms injected 

96 



V 

e 

0 

c 

3 
■n 

(U 

•r. 

2 
o 
'J 

0 
a 

m 

U3 

I 
PQ 

4) 

> 

u 
I« 
Ü 

T3 
c 

I 
oa 

> 
o 

a 

£ 

00 

i    n 
in 
V 

in in 
v 

o o o m O o o c 

« 
« 

« « 
« « t « 

* 
« « 
* « 

« 
* 

V 
o o 
00 vD 

in 
V 

O o c 
<N fN 

C 
rj 

ao 00 00 >» tN <N 00 vC vO <T <T 
vO IH l-H m \r,  tM rj 

m in (N <N O c 

->• m 

v 
« 
c 
0 a 
« 
u e >-. « 

■H   C 

£ 

d 

•* O 

|5 

■o a* 
C tfl 
« o 
0) 
c >. 

1-1 1-1 

u 0) « « 
> 3 

00 00 

öD oo 

o o 

o o 

(M 00 
p-l PI 
o o 

eo <r      oo 

oo sr      oo 

* 

^ «» 

s 
I >- 
< o 
V) o 
PQ ~H 
I 

o o 

o o 

o o 

3^ 
I o 
B O 

(N 
O 

n o 
i o 
3   r* 

o o 

O  O 

m «N 

o o 

c o 
m o o 
I 

03 

« « « « «   « 

«» oo 

oo oo 

o o 

o o 

o o 

"0 
3 
u 
u >- 

o 
vO o 
ft .» 

I 
CQ 

>» 00 
V 

«» 00 
V 

o o 

«* o 

w <N 
o o 

I 
00 

* * * 

o c 

o c 

c c 

c c 

—t oo 

o o 

u. >- 
o 

vO o 
m <» 

oo 

* « 
* * 

x oo 

* * 

V     V 

<J »» 

CC 

c c 
o o 

I 

u. ^ 
I  c 

vD  C 
r~- -a 

CO 

(M 
c 

c 
u 
4-1 

C 
c 

E 

O 

in 
E     • 
tfl    0/ 

C  -W 
IQ   1- 
QC ffi 
u j: 
O   O 

u 
oa  m 

(A 
CL    >. 
S   r-t 
C   0 
u a 
bC 

at CQ 
i-H 

m  a* 
>   <*- 

•H 
U-     U 
O   3 

a 
c 
o *♦- 

•H     0 
1-1 
u    • 
<u > 

C >-<   u 

u 
0) 

o 
3 

o 
N 

r. 
c 
V, 

<s 
I 

□Q 

<u o 
c o 
O    'H 

07 



intravenously produced proiwpi , lilnU liters of group B antibody. These 
data suggest thai Uio kU^uj' I* polysaccharide in its native state is 
significantly different from the purified products tested. 

An .»: • ni.it tve üxplanation of the results, however, would be that 
iTuiijr, J, , , i il r ,1«. rai.. f , or paralysis, to the polvsacoharides has been 
induced m-l that thi ; -an be broken by the antigen when presented as a 
largi ;-art{. !e (whfle organism). 

h,     ;i_tjiJli»^, _!:. hmnan volunteers. 

based upon the rabbit data which showed a slight response 
t i ijroup 3 polysaccharide mixed with influenza virus, four laboratory 
voluuceers were Inciv-ulated with a mixture of influenza vaccine and 
^roup W  meningococcal vaccine to determine antibody responses. 

Influenza vaccine was Lederle Bivalent containing A2 and B 
anligen.-i.  Lot B4-3XCA neningoc. .a' aroup B vaccine (0.2 ml 
containing 50 micrograns) was mixed with 0.5 ml flu vaccine and 
Injected together by the subcutaneous route.  Throat cultures and 
scrum specimens were collected prior to vaccination and at weekly 
I atervals. 

I'hii'c , liii.tdTs, K.I)., K.W. and J.P., developed lucal ervlhema 
which ueasuml from 1 cm. to 6,5 cm. In diameter after l'»   Urs.     K.W. 
alsi complained of dizziness and feeling weak shortlv after Injection 
but this was transient.  Three of the volunteers received booster 
injections ot freshly mixed vaccine three weeks later. 

Antibody studies are shown in Table 12.  Only one subject, K.W., 
showed an antlhodv response to the group B polvsaccharlde.  Booster 
Inject Ions had no effect in elevating antibody liters. 

Onnc 1 us IUIVM : 

Studies of grcup B polysaccharide vaccines in human volunteers 
have been disappointing in that antibody rises were Infrequent 
(Table 11).  Initially It was believed that the vaccine could be 
improved in terms of molecular size and concentration of antIgenlcally 
active material.  Tins was achieved by changes In culture conditions, 
but even the best preparations were not satisfactory immunogens. When 
Improved serologlcal assays were developed these results were 
confirmed and antibody responses were even more uncommon. 

Attempts to improve the immunogenicity of the purified poly- 
saccharides by use of adjuvants In rabbits yielded very low grade, 
although definitely positive responses. The final study presented; 
i.', influenza and meningococcal vaccines combined, provided only one 
detinlte antibody response in a total of four subjects, an 
;:: ■ ,:\ ',11 . i v. n'sul f . 

OS 



Table 12. Group B menlngococcal antibody response to 
Influenza-group B polysaccharlde vaccine 
combination. 

Am ihnc V     tlSt 

Serum date Throat h -Kit i 

Volunteer (week) culture Latex-B %  Mndinn 

1.     G.L. 0 C 1 '.2 'i . ') 

1 c: 1 -.2 ■t . M 

2 - •1:2 ■i    < 

3* + '..'J 
6 + 4.6 

2.     E.D. 0 - •1:2 o.s 
1 - • 1:2 2.1) 
2 _ It. 7 
3* - i) .ii 

A - i»., 

6 ii.ii 

3.     R.W. 0 - .i.i k'.h 
1 - ■ 1 * * 13.M 
2 - 1:2 )0.7 
3 - 1:4 24.4 
4 - 1:4 ih.H 
5 - 1 :4 t/.1) 

A.     J.P. 0 B 1:8 11 .9 
1 B 1:8 13.4 
2 Ro 1:8 12.9 
3* I1).8 
4 NT lf).l 
5 + 14. 5 

*Boo8ter Injection 

•J'J 
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There Is some evidence tna' the Immune response In man to group 
B Infection Is different from tiuit with group C organisms, at least 
In terms of antlpolysaccharide antibody.  Only about 10 percent of 
group B carriers develop antlpolysaccharide antibodies. Blood 
stream Inoculation, however. Is an effective stimulus both In man 
(cases) and rabbits. 

These data suggest either a different host Immune mechanism for the 
group B organism or perhaps an important alteration In the poly- 
saccharlde molecule when extracted from the Intact organism. 
Ongoing and planned studies will consider these problems. 
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froject 3A061101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

lask 00, ln-House Laboratory Independent Research 

Work Unit 182, Correlation of performance aggression, stress, combat 
and group position with testicular and adrenal secretion 

Investigators. 
Principal:  Irwin S. Bernstein, Ph.D. 
Associate:  Robert M. Rose, M.D. 

DESCRIPTION 

Dr. Rose, Dr. Bernstein, and Mr. Gordon at Yerkes Regional Primate 
Center continued a systematic evaluation of the relationship between 
plasma testosterone levels and dominance rank and aggressive behavior. 
They demonstrated that exposure of adult male rhesus monkeys to recep- 
tive females resulted in a two to three-fold increase in endogenous 
testosterone secretion.  This is the first documentation of stimuli 
resulting in Increased testosterone secretion In primates.  Preliminarv 
evidence also was obtained, suggesting that exposure of an adult male 
to a strange group of other males resulted in dramatic suppression of 
testosterone which lasted for many weeks. This suppression was asso- 
ciated by withdrawal and a decrease in motor activity in the male who 
is o stranger to the group.  Further studies were done on. endocrine 
responses of animals subsequent to exposure and confrontation by two 
intact but separate groups of rhesus monkeys; this data awaits analysis. 

In collaboration with CPT Frank Sodetz, Department of Experimental 
Psychology, animals of both high and low dominance rank were studied 
during Sidman shock avoidance. This will provide information on the 
relationship between aggressive behavior, dominance rank, Performance, 
and endocrine response under stress. 
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Project   3A061101A91C     1N-H0USE LABORATORY  INDEPENDENT RESEARCH 

Task 00,  ln-House Laboratory Independent Research 

Work Unit 182,  Correlation of performance  aggression,  stress,  combat 
and group position with testlcular adrenal secretion 

Literature Cited. 
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1.     Rose, R.M., Holaday, J.W.,  and Bernstein,   I.S.:    Plasma testos- 
terone,  dominance rank and aggressive behavior in male  rhesus monkeys. 
Nature.     231:   366,  1971 

104 



RESEARCH kMi TECHHOLOOr *0«K UNIT ID  »«*.■ 

t   OAT|  ^RflV  1  'WO*  [I    PlMO Of  tüMM*«* t»   luHMAN"   »C I **     • 

;o 07 oi     i r. c.-.n^t   J ■_ 

J, ,_.L , 

mMP «r ocMrnnM. «niaoi 

| k C»» (•*' TO»  «CCIII 
l LIVIL or %um 

0   HO     > ODC -J 

b! fÖlA JA'Jhll.'PATf 

»OWM   UNIT   huMBCft 

"im  

co*><«iai'>ta . 

(I!)   riiwt-asfs   i.l   MilUaiv  Animals   hi 
i   ICttMMtlC   »■   J   '■    HMCi t-IK At    AMI««' 

OlOlftO M1iiobi»1ogy    00^900 Invjron 

68 i)/ ; C:r M 

r 

imtal    1, 
1   t   PIDVOMMAMCI IIITHOO                                   1 

i   '■   ll: Mouse                    1 
• VCI »i    ||«M   >« 

fi 120 

,, 120              | 

" r.. : 1 
WdlrLi    KI-'LII   Aimv   lilStUuli    ■  f   '■ 

.«••tu.-      Waoli iilj'.lon,   ü.   I..      .'D.li, 

...t. lJut;..-her,   (.01,   ¥.   !.. 

PoreiRii   Intel 1 iyc'in:e  ncit   ^onü iiit i i.l. 
H mma /A~..J. «^a -i» I-^II> fi..,iir..,— .-.J., njy^ '"iVri'v 
Tropical  (.antne  1'ancytopt nin;   yl )  El i ijch' 

II    TICMMKAL   0»»<f TIVl  *   I*   *»l»HO*CtT.    j»    '-HOOHI U        L n > •'    Pn-K      '^' >".«'-«■ 

23. (U) In define, K'iidy, dlaguCae ul toil 
of mllttarv »'OKS In Southeast Asia a' I othe 
Hal mllitnrv slgnlllcance. Tho m,ij i iff' 
treatment an.l contfül nl tropical iai hit- pj 
tlonal  efficacy of military   'i^no   iu        Asia 
pldt'ir.lcl igy,   I to.i.! n.eiii   ..-.I  r.iui.'   1   > .'   .:<ij i_ 

nicdlcal   Probleme   li. mtlltary   don-.. 

24. (U)  Conventional m«tho«ii- are en., 1 
microbiological  oxamlnaLions,  and  nt 

25. (II)   70 07 ■•  71 06    Ir-jftcal   r.an  n 
disease  tnuaed  ly Flir! tuh la canj s ,  h. H 

tary dogs  in  Southeast Asia      SrmHe 
continued   In both  intact  awd  splenecloi 
effective   in  I he   ttealment   and  prevti t 
tissue   revealed  elemenlarj   bodies ul'ii 
large  pariicles of  th« chlamydlä urci p 
developed  typical moruUt  of Ehrlich a 
in experimental dogs and   Infect loi\ w.is 
to concentrate and purit>   this ag«'rit   . 
studiua  Neorickettsia  lielralnthoeca  h..« 
pathogentBts of Babeefä'gitsoi'H ha    i 
In progresii  ro determine   the  eifl^ak; 
lionR.     Vor technical  ripurt,  tee Wä 
Ruport,   1   Jnl   lu-id Jui.   71. 

ii~- aietasiMatti — .. 

I.,     l.lKl. 

liu 
Hin i. 

■.u.i it ute  of  Research 
11 -u v   Medicine 

. .      2(1012 

l      I.. 

K. 
DA 

(!') r^p'.csl 
i   kche-i 

i .mine Diseases;   (tl) 
^ilnonl  

ir.l   M.OW   .iii'   poteutial   infectious diseases 
r   tropiial   and   semi-t rojjlcrtl  areas of poten- 
i"   i      Mre.-ti'd  rou.ird  the  cause,   pathogenesls 
:i,   n,    .;_i.   uhlrh  li,,.,   )oopardized the opera- 

'[.i.u.t  ,.'i.-  Alhn (t-tug  i omlucted  on the 
,■ A i.i '    iii   ! ai H.si' ; ;   intentions which are 

wed   tor Qpidcuiloiogical,  putliologlcal and 
iiueedures   arc  developed  ah  needed. 

•  pancytopeniu   (TCP"),  a highly   fatal hemoj rhaglc 
bten   [-«»p.TiSiblf    tor  tin-  death  of many  US mill» 

vr   the  pafhngei.tcity of rhrllehla canis are being 
izt'i doij';.     Tetracycllne was  shown to be highly 

ion of T T      llltiastructure examination of  lung 
the   (■.,.!.>  ,;ucral   iiati.reti  oi  tickettslae and 

Blood iwonocytc  tultaies ut TCP  infected dogs 
canic      M.'terlal   iron, auch cultures produced TCP 
transfeiivd  to normal  mouocyte cultures.     Studies 
c   He  ..ntlgen ait   in  pi^Ktess.     In comparative 
btätti t>iop6Sht6.l by  tb£ ..aiiii, procedure.    The 

.'.   deti-iei   in laiuratory  Beagles and  studies «re 
i   JLICI-I.     diun    Ui i.t^uug fc.  gibsoni Infec- 
; tfi-s  '■'"i',   !.■!!■; i  ,,ie oi  Research Annual Progress 

DDHJ498 



Project 3A061101A91C  IN-HOUSE LABORATORY  INDEPENDENT RESEARCH 

Task 00,  In-House Laboratory Independent  Research 

Work Unit  183,  Diseases of military animals  in Southeast Asia 

Investigators: 
Principal:    MAJ D.   L.   Huxsoll,  VC 
Associate:     LTC P.   K.   Hildebrandt,  V n;  L.  N.  Binn,  Ph.D.; 

MAJ M.   G.   Groves,  VC; MAJ J.   L.   Brown,  VC; 
MAJ D.   C.   Zeller,  VC;  CPT H.   L.  Amyx,  VC; 
CPT G.   L.  Dennis,  VC;  CPT R.   L.   Becker,  VC; 
CPT  S.   A.   Ruark,  VC;  CPT A.   J.   Johnson,  VC; 
CPT  J.  E.   Hooks,  VC;  CPT R.   C.   Giles,  VC; 
E,   S.  Windham, MS; MAJ D,   S.  O'Leary, MC; 
LTC D.   B.  Tuthill, MC;   I.  E.   Hemelt, AB; 
A.   R.  Warner,   Jr.; E.   C.  Lazar,  BA; 
COL E.  W.   Grogan,  VC 

Description. 

To define, study,  diagnose and control known and potential infectious 
diseases of military dogs  in Southeast Asia and other tropical and 
semi-tropical areas of potential military significance.    The major 
effort  is directed toward the cause,  pathogenesis,  treatment and 
control of tropical cani.ie  pancytopenia, which has jeopardized the 
operational efficacy of military dogs  in Southeast Asia.    Studies 
are also being conducted on the epidemiology,  treatment and control 
of Babesia and other parasitic infections which are medical problems 
in military dogs. 

Progress. 

I.     Tropical Canine Pancytopenia  (TCP) 

The history of tropical canine pancytopenia,  the clinical and patho- 
logical descriptions of the natural disease,  transmission studies and 
etiology have been described  in detail  in previous Annual Reports.   * 
During the past year the  investigation of TCP has  included studies on 
the ultrastructure of the causative agent,  pathogenesis of the disease 
in both intact and  splenectomized dogs,  chemotherapy and chemo- 
prophylaxis,  tick transmission, and in vitro cultivation of the 
causative agent,  Ehrlichia canis. 

lOG 



1.     Pathogenicity  of  Ehrlichia canit;,   the  Causative Agent of 
Tropical  Canine  Pancytopenia,   ii   German  Shepherd  Dogs. 

A. Introduction 

Tropical canine pancytopenia   (TCP) v.as   observed  as  early as   1963   in 
Southeast Asia   in British military iiogs   in  Singapore.       Between     1963 
and   1968  this disease was  responsible   for   the death of  numerous  mili- 
tary and privately-owned dogs   in Singapore  and  Malaysia.-)'H'->     In   the 
Republic of Vietnam TCP was   first  recognized   in  1967  in  several 
Labrador Retrievers which had previruslv  been  trained  as  tracker  dogs 
in Malaysia.       During tiie   following year an  epizootic  of the disease 
occurred  in Vietnam among German Shepherd dogs which had originated  in 
the United States.    To date over 20i. C.S.  military dogs have died of 
the disease  in Southeast Asia.     TCP has also been  reported  in military 
and privateiy-owned dogs  in  the Car.bheai.''fc 

Specimens from affected dogs  from gi ographically  isolated areas  in 
Southeast Asia as well as Puerto Rico,   the  Virgin  Islands,  Florida, 
and Panama were used  to transmit  th«.  disease  to  laboratory dogs. 
Ehrlichia canis,  a member of the  farily  Rickettsiaceae,  has'been identi- 
fied as the etiologic agent  of TCP.'     Transmission studies provided 
preliminary evidence  that German Shepherd dogs  experimentally  infected 
with  the agent  developed signs of d: sease  identical  to those of  the 
natural disease; whereas  the diseasi   in  the  experimentally infected 
Beagle was milder and clinical signs;  of hemorrhage were not observed. 

The  current study was  initiated to cetermine  the pathogenicity  of 
Ehrlichia canis  in mature and young German Shepherd dogs. 

B. Materials and Methods 

Two groups ot  German Shepherd dogs v.ere  used   in  the  study.    The   first 
group consisted of   11 mature dogs 2-3  years  of age,  and the second 
group was made up of  6  immature dog;-   12-14 weeks  of age.    The  dogs 
were  inoculated  intravenously with      ml  of whole blood  collected  in 
sterile sodium citrate  from a  commoi   donor  dog infected with Ehrlichia 
canis.    In  the  first  group 8 dogs wi re  infected and 3 were retained 
as  uninfected  controls.     In  the seci rid   group 4 were  infected and  2 
were used as  controls. 

Two weeks of  baseline data were collected  on each dog prior to  inocula- 
tion.    Each dog was  examined and  it:    temperature recorded daily.     Blood 
was  collected   twice  weekly   for WBC,   RBC,   PCV,   hemoglobin,  erythrocyte 
sedimentation  rate,   differential,  SdPT,   BUN,   thrombocyte,  bilirubin 
and rtticulocyte determinations.    Ii   addition,  blood was  taken weekly 

10? 



for coagulation  studies.    Serum was  collected once a week for serum 
protein stadits  nnd  Serologie  cxamitiat ions.     Each dog was weighed 
twice weekly.     Bone marrow speciment) were  taken periodically.    When 
possible urine  was  collected  for routine  urinalysis and uroblllnogen 
studies.    Standard  procedures were used   in  all  tests.    A complete 
necropsy was  performed  un all dogs  that  died and dogs  that were des- 
troyed  at   the   te rrvinat. ion  of   the  study. 

C. Results 

Analysia of   results lias  not  been  completed.    All   infected dogs 
developed a  conjunctivitis accompanied by an ocular and nasal discharge. 
Other consistent   clinical si^ns were  pyrexia,  anorexia and weight   loss 
'Table  1).     Anemia,   leukopenia and   fhrombocytopenia characterized   the 
infected 'logs   (FiR.   1-5).    A high  erythrocyte  sedimentation rate was 
also characteristic  of   the disease.    Most  dogs showed an elevation 
of  SGPT during  the  course  of  the disease;   however,  no alteration was 
noted  in  HUN.     During  the  course ot   the disease an increase  In retlculo- 
cytes was  noted   in all  dogs. 

The  variation  in  response of innivicual dogs  is  evident  In the  extent 
of  fluctuation  in  red, white and thrombocyte count,  relapses and 
length of  time between  inoculation and death.     Some dogs showed no 
evidence of  recovery  from the  Initial phase of  the disease and died 
as  early as  6U days post   Inoculation   (Fig.   1).     Other dogs,  as" Illus- 
trated in Fig.   2,  showed an early drop  in  red, white and thrombocyte 
counts,  followed  by a  return  to neat   normal  values and  then relapsed 
with a severe  recurrence of earlier  signs.    A  few dogs as illustrated 
in  Fig.  4 showed  early  signs but   tended   to  recover,  and when  the  study 
was   terminated   147 days post  inoculation,  blood values v/ere near normal. 

D. Discussion 

The  thrombocyte  count appeared  to bf   a  sensitive  indicator of  the 
status or prognosis of  the disease.     In all  instances there appeared 
to be a sharp drop  in  thrombocyte count  early  in the disease.  The 
slope of  the  curve  suggests a complete cessation in production    or 
release of  thrombocytes  in the bone  narrow,     ilowever,   the fact  that all 
dogs  showed  an   increase   in   the reticulocytcs  provides  evidence  that  the 
erythtuid  elements  of   tno bone marrow are   functional.     In addition, 
Lncreaäes   iti  white  cell   counts  observed  in many of  the dogs  suggest 
the myeloid  element"  art also  functional. 

The  irieij't'.ni. sm    wmts'l'y  ihc hfrfcpcift If   system  is altered by  the 
-..nf ecu .;>*   i;".   st s I:   undi ■   st '>d\ . 
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Table 1.  Sunnary of Clinical Signs in German Shepherd Dogs 
Experimentally Infected with Ehrlichia canis 

Signs 

Mature Young 
German German 

Shepherd Shepherd 

8/8 4/4 

8/8 4/4 

5/8 4/4 

5/8 1/4 

7/8 0/4 

2/8 1/4 

1/8 1/4 

2/8 0/4 

1/8 0/4 

1/8 0/4 

1/8 0/4 

1/8 0/4 

Ocular & Nasal 
Discharge 

Weight Loss 

Death 

Epistaxis 

Helena 

Septicemia 

Vomiting & 
Diarrhea 

Skin Lesions 

Hematuria 

Hyphema 

Cornea 1 Opacity 

Edema 

Hind limb & scrotum 
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2.  Pathogenicity of Ehrllchla :anis in Newborn Beagle Pups 

A. Introduction 

9 
In endemic  areas TCP  is most  often   observed   in aged,   purebred  dogs. 
Information  is   lacking on  the disease   in  the  very young puppy.     It 
has been speculated  that the disease  in  the young puppy may be  less 
severe and  often not  recognized.     Such   findings would have   epidemio- 
logic significance.     The study ^as   initiated  to determine  the patho- 
genicity  of  E.   canis   infection  in  young,   nursing puppies. 

B. Materials  and Methods 

A  litter of  5 Beagle puppies,   /  days  of age,   was   used  in   the  study. 
Three puppies were  inoculated intravenously with blood collected  in 
EDTA from an acutely affected Jog.     The  remaining puppies were 
retained  as  controls.    Baseline data were collected prior   to  inocula- 
tion.    Each ctg was  examined,  weighed,   and  rectal  temperature  recorded 
daily.     Blood was collected  twice weekly  for WBC,   RBC,  PCV,   hemoglobin, 
and erythrocyte sedlmentatim rate.     Peripheral blood smears were 
prepared   twice weekly. 

C. Results 

All inoculated pups had a severe nasal and ocular discharge  11  days 
post inoculation.    Clinical signs  of anemia were evident at   14 days. 
This correlates with  the low packed  cell volumes of  the  infected dogs 
14-21 dogs  post  inoculation  (Fig.   6).     The  infected dogs also  showed 
a  severe  leukopenia.    During tie course of disease  the Infected 
puppies  gained  little as  compared with   the uninfected controls which 
showed a  normal weight  gain  (Fig.   7).     During  the acute phase  of  the 
disease morulae of E.  canis could  readily be demonstrated  in peripheral 
blood smears. 

D. Discussion 

The pattern of disease  in the rewborn Beagle puppy  is similar   to that 
observed  in experimentally  infected mature Beagle dogs.    The  signs 
of anemia  and  the nasal and octlar  discharges  could easily go  unrecog- 
nized in natural  infection.    He difference  in weight  Rain   is more 
evident.     Many  natural   infectiens   of  E.   canis   in adult  Beagle  dogs are 
not   recognized.    Although   the ciscase   <     more severe  in  the  young 
Beagle puppy,   it mimics  other  ruppy  diseases and a  specific  diagnosis 
of ji.  canis  may  not   be made. 
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3.    Pathogenicity of  El.rlicltia  caria   in Splenectomized Dogs. 

A .      1 at toduclion 

'Ihr hi'inoi 11 av, i L   signs  oi   TCP are a isociau-.d with  severe   ihrombocytopenia, 
In  dogs  with   epistaxis   the  platelet  counts  are  often  iclow  5000/cu mm 
ei!   blood  and   in many   instances  no  platelets  are  observed.     In dogs with 
thrombocytnpenia  purpura   removal   of   the spleen will  cause   the platelet 
c'ii.iis   to  return  to   (ornvil.     Splenectomy  has  been  used  in   treating 
hrmorriiagc   in  dogs  with  TCP. However control l(.»d  studies   in splenec- 
tomi^ed  dugs   have   not  been done. 

A  study was   initiated   to determine  not only   tie pathogenicity of 
L.   ca n i s   iulection   in  dogs,   but  alio   the  etiect     of splenectomy on 
the  severe  heniatologtcal   changes  wiith  occur   in the   course   of   this 
d iseaso. 

B .     MateriaLs   and   Methods 

Four  Trerman Shepherds  and   four  Beatles were  used.     Two of   the German 
Shepherds  and   two of   tile   Beagles w.-'ie splenectomized while   the other 
two  in  each   group were   left   intact.    The   baseline  data were collected 
for 39  days  at  which   tine  the  norrr.il   WBC,   RBC,   PCV,   ESR,   thrombocyte 
count,   hemoglobin,   SGPI   levels,   BIM   levels,   and   temperatures were 
determined   for  each   dog   (Table   J). 

All eight  dogs wcra   inoculate''  with  5 cc   of  whole  blood   from a Beagle 
which was   in  the acute  phase  of TC Temperatures were  taken daily 
for  the   first   ^ days,   twice daily   for the  next   10 days,  and daily 
thereafter.     The  clogs  were   bled   three times  weekly  and   the   following 
were determined:     WPJC ,   RRC,   PCV,   K.iR, thrombocyte  count,   hemoglobin, 
SCPT and  BUN   Uvels, 

Six days  after splenee tcntty,   the  th'ombocyte  counts   increased nearly 
j-4   fold  in   the  Beagles  and  2   told   in  the German  Shepherds. 

C,     Results 

F'VIlowing inoculation   the  two   intact  German Shepherds and one of  the 
splenectomized Beagles  showed  secondary  infections.    One  Intact 
Shepherd   (/•i2vi   14  days  pest   inocul ition developed an anal  gland abscess 
that  healed   completely   by  the   'i/'h  day with   no  treatment.     The other 
intact   Shepherd   '■!';4;<)   developed  a   severe  case  of  spirochetal  trench 
mouth   l.'3 days   pvsf    i'"■ 'caiation and was  treated with  furacin and 2% 
i'ldine   solutions.     The   mouth   still  slowed   some mild   inflammation  115 
day.?  post  inoculation.    All   dogs u.iveloped  nasal and ocular discharge 
it   1/   lays  which   vlcar.'d  up   in all   except   Beagle  270,  by  30 days post 
i • . , i' a t i ;'n .     Sp leuoc t aniiztd  Beagle  270  showed  signs  of an upper 
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respiratory infection at 15 days which subsided without treatment by 
59 days post inoculation. 

On the 11th day, all clogs were considered Infected when the morula 
stage of Ehrlichla canis was found in monocytes from a capillary 
smear.  The morulae were observed in monocytes up to 66 days post 
inoculation, but were not seen in capillary smears after day 66. 

Two to 4 days post inoculation there was a sharp decrease in the 
platelet counts of the intact doga, whereas the splenectomlzed dogs 
showed no decrease until the seventh day (Fig. 8-11). The low point 
in the splenectomlzed dogs during the acute phase occurred at the 11th 
day post inoc ilation with a sharp rise on 14-18 days. The Intact 
group reached a low point on the 1.4-18th days post inoculation but 
have not demonstrated a sharp rist: except for German Shepherd #43. 
German Shepherd 43 demonstrated a sharp rise at the 56th day and has 
maintained counts within the nomv.l range. 

All dogs showed a decrease in the WBC, RBC, and PCV but the degree of 
decrease was less in the splenectomlzed dogs. All showed nearly the 
same amount of increase in ESR although the rise was delayed In the 
splenectomlzed dogs by 12-14 days. 

BUN levels remained normal in all dogs, whereas the SOFT levels showed 
slight elevations in all dojjs beginning approximately at 11 days. 

Two of the German Shepherds died. One was splenectomlzed and one was 
Intact. Th , intact dog died 72 d<;.ys post inoculation with eplstaxls. 
Internal hemorrhages were marked in the Intestine, mesenteric lymph 
nodes, kidney, spleen, liver, and lungs.  The splenectomlzed German 
Shepherd died 102 days post inoculation showing eplstaxls and Internal 
hemorrhages.  The intact dog lived 12 days with a platelet count of 
zero, the WBt dropped :o 410 cells, and the PCV was 9%. The splenec- 
tomlzed dog had a platelet count of 5000 which had been under 10,000 
for 14 days, the WBC was 3400 and the PCV was 307o. No deaths have 
occurred in the Beagles. 

Further studies are in progress. 

D.  Discussion 

At onset of infection,the splenectomlzed dogs all had higher platelet 
counts than the Intact dogs. However, all dogs showed a sharp decrease 
in platelets.  This decrease may be due entirely to an alteration In 
the production or release of platelets. 

Soon after the initial, sharp decline, the splenectomlzed dogs all 
demonstrated a sharp rise. The intact dogs remained low with one 
exception. In this case, the intact dog demonstrated a sharp rise on 
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clay   56 ^s  ctwparcd   tc:  day   W.   fui   the: splitu'."?-ciinzed  iloi>s, 

Out' to the 1>)W w'BC, ant;ni;a ami ,io;n>c-i> r.i,r; pnionuai-, infections are 
characteristic In 'i'CP. TIK greaily .'icv.if J U'T' . '-.iiov^'-i.at.i r.!iat 
tl;c dogs   still   have   ti'L: abiiily   lc   n wpOiid   t..    'ji:-:   iid^ii)   iii%'a;i(is. 

■•■, 't.     Electroii  Microscopic   ExamlnaLion oi   I.hi- li '^h Ja   caaic ,   the 

Causative A gent  ot I££ 

.A .     Introduction 

Ehrlichia  canis,   tlie  causative  i"-{ijnif;m (1i   TCP,   is   characteri?.ef'  by 
the   intracytoplasniic   inrlusions whic.ti   it   prtxiuc^f;   In  circuJatin^ mono- 
cyteSj   lymphocytes tHnd  rafflv  nfm"-f,ph,i j R ,     Blood   l i Im!,  prepared   irom 
acutely   ill  dogs  and   stained  wit!)  any  oi   flu    femanowsky   stains  usually 
contain  monanuclear   cells vii\,  tingle >'r i; ■'i.! i p'r raorula-likc-  (.('Ionics 
which apparently  ccubisi   of  aggregates  "!   s-vi'lei   dt nentary  bodies. 
Although   these wnrulae  can  be  demons tratet, ir.. re   leadily   in   impression 
smears  prepared   from   lung   tissue,   the   true  origin  of   thede   infected 
mononuclear cells and   the  site  i f multiplicacion bavi  nut  been well 
es tab11shed. 

Ehrlichia   canis  has  been   included   in  the   laraily  RIckcttsiaceae  on the 
basis  of   its morphologic   characteristics  ana  arthropod   transmission. 
The organism has  not   been adequately  compared   to other microorganisms 
within  the grrup.     All   observations   have   been   madt   by  means   of   light 
microscopy which  dor;   not   suffice   in  disclosing  the   true  structure  of 
the agent.     Electn-n microscopy  has   bec.i  bamperc:!  by   tha   tact  that 
the  organism has  not   been  grown  in  any  hoM   T/rteir,     other   than  the 
dog and attempts  to  concentrate   the  organiij.   )">■ ;.TI dop  t.iüKut;s  have 
been unsuccessful.     Early   in  the   course,  of   the  disease;  snail  blood 
vessels   in  the  lungs  often contained  nurneiMuy   infected mononuclear 
cells.     In  the   Jumina   of   these  sime   vessels  organisms we.e   found 
frequently   in what appeared  to te  sloughing   ^'.idochf;'.! i a 1   cells.     It 
became apparent   that   the  n<imbe.t   of   ir'.tect 'a  cells   in   tt.   ^e areas 
might  permit  electron imcroru opi ■;   st.udi..;. 

B.     Materials and  Methods 

A young adult  Beagle dog was  inoculated with   10 ml   ot  whole blood 
collected   in  EDTA   fror,   an a,  :te) v   i 1.'   :.o<.     Al    Jö   iavo  po.«t   inoculati 
when  early   signs  ol   infection w» re  evident   inc dug was   •il'.ea.      flie 
lungs were removed and perfused   vif>  glut^raldehydr.     Multiple  sections 
of   the  lungs were made  and   staiiv^t   witn   ^^matoxy 1 :n  and  eoain   to  deter- 
mine areas  of   hij',h   concentration  oi   tri;. .i   (. nn non iciear   cells. 
Opposing  surfaces of   fixed   lung   :ontaininf  nunic-r.■"■is   laic  ted  cells were 
selected   for electron mtcrosropi- examination.     Tbe   tissue wa ;  processed 
by   standard methods  and  after   stlinin;; wit1.   -':    N. in   u   täte was   examined 
In a Siemens  KLmiskok-lA  electrm microacc!,   nt  'io  t.v. 
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C. Reaults 

Elementary budges of Ehrlichia canl:) were detected in endotlielial 
cells,  Tho round to ovoid partlclen ranged in size from 0.5 u to 
l.y u and were enclosed In a membrane-lined vacuole adjacent to the 
nucleus of the dost cell.  In some Lnstances tli2 vacuole membrane was 
not discernible. The number of particles In each vacuole ranged from 
2 to 40; however, this ia  dependent on the manner In which the vacuole 
is sectioned.  Each particle or elenentary body was bound by two 
distinct membranes, each of which w is tri-layered.  The outer membrane, 
the cell wall, tended to be rir.jled while the underlying plasma membrane 
appeared to be fused to the uu'ierlying constituents of the particle. 
The inner structure of each particle consisted of dense and pale areas 
intermingled with each other. The nore dense areas contained ribosone- 
1 ike granules. 

D. Discussion 

This is the first reported electron microscopic observation of E^. canis. 
The ultrastructure of the organism Ls similar to that which has been 
described for the rickettsiae and Large particles of the Chlamydia 
group.1-0 

It is apparent that the inclusions or tnorulae observed by light micro- 
scopy consist of a group of individual elementary bodies within a 
cytoplasmic vacuole. A cycle of development similar to that which has 
been described for the Chlamydia wa'i not evident in this study; however, 
only a limited number of observations were made and all specimens were 
taken trom a single dog, 10 üays poit inoculation.  Determining the 
t rvie cycle of developmcnt may await electron microscopic studies of 
intected cells grown in cell culture systems. 

5.  Prophylactic and Therapeutic Va ues of letracycline on TCP. 

A .  1ntroduction 

Ehi1ichia canis . the causative agen of TCP, has been identified in 
dogs in diverse geographical areas.  In Southeast Asia as well as in 
other areas of potential military s gnificancc the utilization of 
military dogs is dependent on establishing means of testing and con- 
trolling this disease. 

Antibiotics as well as sulfonamides have been used in attempts to 
treac Ehr 1 ich 1 a canij. Infection.  Cirmichael and Fiennes'-^ reported 
that s'.lfapyridine was effective in treatment of the disease. Malherbe 
found penicillin to be ineffective although hie reported good results 
with sulfamethazine. Later Bool and Sutmoller^-' reported sulfapyridine 
and sulfaraethazint to be effective luring the early -tages of the 
ilsea-ie.  Buckner and Ewing1'' tour-d chlcramphenicol and oxytetracycline 
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1 
to be lifficacious   in  treating   the lii-.a.i ,    ■i.d  i-.'rrfll.   J has  suggested 
[ha l  drugs  effective   in  treaLiug   !.'■'     ,.J.-i i   :■..   ■■ i r, iru'   complex are 
etfective  in  treatment  of  caniiu;  cAul   ri i .:-,■; '■v.'-.r   i r.ve.-jri gators, 
however,  agree  Lint  relapses  occur   ■'! I   ';\,'■■. ■ (.is   pnsist   following 
L reatrii-nt . 

Tetracycliue was   reported   to he   eife     i   •    lu   irea/.ing  early  stages 
of TCP   in military dogs   in   Southeast   AKJ i.   '■     In addition,   preliminary 
laboratory studies  showed   that   tetracyl iiu',   ijtian administered  prophyl- 
actically,  will  prevent  infection wjl'i   Hhrll c!in"a  can Is.     Based on  these 
observations  the  efficacy  of  tet: rieve I nif  as;   a   chemotherapeutic and 
chemoprophylactic drug was  examined   ii  cuU •oiled   laboratory  studies. 

B.     Materials and  Methods 

The  isolate of  Khriicliia  c.ini3   used   i ;   Lhi;;   st^dy was   recovered   :rom 
a  German  Shepherd  Jog with   typical  ;,]   us   of    '.'(',]'   i ti Southeast Asia. 
The organism has  been maintained  by hLuod   passage  in   laboratory Beagles. 
The  inoculum  for  each  dog  consisted  i f   i ml.   ol   wWole  blood  collected 
in EDTA   from a  laboratory Beagle ac-it^y   ill   vith   the disease.    The 
inoculum was  determined  to be   Etxu  . f   iia!).-j i.i    ir.d  llciiiohartonella  by 
passage   in splenectomized  dogs. 

Purebred  Beagle and  Gorman Shepherd  toj'.s  of  hotli   sexes were  used. 
Each dog  received distemper,  hepatitis.   leptospirosis and  rabies 
vaccinations according  to   the  standard  recommendations. 

All  experimental  dogs were  examined  r-nd  r.'ttal   temperatures  recorded 
daily.     Three  times  per week  10 ml.   of   blood  were  collected   in sealed 
vacuum   tubes   containing  ethyl.eno    M-iü i v;'  :ti  ■-i.'.'ic  acid   (KDTA)   for 
clinical   laboratory  examination.     .'.   i    Laboratory   tests were  conducted 
within   1 hours after  specimens were  ( ol! i?cled,     Wliite and  red blood 
cell  counts were  determined  with  ai.  . !tc! -uu;.;   cell   counter.     Thrombo- 
cyte  co\ints were made wit!i  a  phase   -tnlrast   J .i c ruscope.    A  standard 
micro-hematocrit   centrifuge was   used   for a.'1   PCV determinations. 
Hemoglobin determinations werr   T.ade ly   th'.   r ""r ict hemoglobin method. 
The Wintrobe  tube was  used   for doteir i nat ion   .f  cryttuoevte  sedimentation 
rates.     Urograph was  employed   for  dii> nrd.iat ion  of   BUN,  and  SOFT deter- 
minations were made by  the modified  ! ( i f an-Vnrkol method.     Capillary 
blood  smears were  stained  using  Giern: a  and   Mav-Grunwald Giemsa methods. 

Tetracyrline HC1   in  tablet   form was  •■ c** 0   i-   -d I   studies. 

Experimental Design  of  ThcrapcMt;.   ■ ' •■^j 

Thirteen adult  lalioratory  Beagles  am    ''  si- •■'•'.Mi   idd  German  Shepherds 
were divided  into  2  groups;     a   treat    '   v     .•    ■ ^n.-? is ting  of   10 Beagle 
and   3 Genman Shepherd  do<v.:,;   Tid  an  u :• r, wd   r,->i;j   .'   }  Heagle and  3 
German  Shepherd  degs.     AiJ   d ■ ;.-;   .J, •.,  ■ M   .'    i   i ■•; n\.:.'nnusl y with   5 ml. 
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of whole blood collected in EDTA  from an acutely ill dog.     Treatment 
was  initiated after all dogs had a  rtctal temperature of 104oF or 
greater,  and were showing altered hemograms.    This was  14 days post 
üiüculation  in  the Beagles and   1.3  da>s  post  inoculation  in  the German 
Shepherd.     Each  treated dog  received  30 mg.  per pound of body weight 
of   tetracycline HCl daily  for  14 dayi. .    The  tetracycline was adminis- 
tered  orally  in a divided dose,  half  in the morning and half in the 
evening.     Thirty days after  the  last day of treatment,  20 ml.  of blood 
wa.'   collected  in EDTA from eacK  dog with  the exception of  5 treated 
and 2  untreated Beagles.    The blood was  inoculated  intravenously into 
susceptible  laboratory Beagles  to determine the  infective t-.y of each 
dog.     Ninety days after the  last  day of treatment blood wat  collecteH 
from  the  remaining dogs and subinoculated as above.     All  treated dogs 
cleared  of  the  infection were reinoculated with the homologous strain 
of  Ehrlichia  canis  to determine susceptibility to reinfection. 

Experimental  Design of Prophylactic. Study 

Ten young adult Beagle dogs were  used  in the study.     Eight were admin- 
istered tetracycline prophylactically and 2 dogs were held as untreated 
controls.    The tetracycline was administered daily in a single oral 
dose at  the  rate of 3 mg.  per pound of body weight.     Treatment was 
initiated  1 week prior  to challenge and was continued  1 month after 
challenge.    All dogs were  inoculated with  5 ml.  of whole blood collected 
in EDTA  from an acutely ill dog.    Each dog was monitored carefully for 
30 days after tetr-icycline was discontinued.    Five ml.  of blood were 
then collected in EDTA from each dog and were  inoculated  intravenously 
into susceptible laboratory Beagles.    All protected dogs were reinocu- 
lated with  the homologous strain of Ehrlichia canis. 

C.     Results 

Therapeutic Study 

All dogs developed signs of disease mithin 2 weeks  following inoculation. 
The signs   included pyrexia,  anorexia,  conjunctivitis,   elevation of the 
erythrocyte  sedimentation rate and a  lowering of the  red  cell, white 
cell and  thrombocyte counts   (Fig.   12-15).    Morulae of Ehrlichia  cania 
were demonstrated  in monocytes  in capillary blood smears.     Twenty-four 
hours after initiation of tetracycline therapy the rectal temperature 
of  the  treated dogs had returned  to normal   (Fig.  14 & 15).    During 
the following two weeks the hemogramä of the treated dogs  returned to 
normal  while  the untreated dogs  continued to show severe hematologlcal 
signs   (Fig.   12-15). 

Following the acute stage of  the disaaee the  red cell and white cell 
counts of one untreated German Shepherd  (Fig.  12) returned to normal. 
Approximately  75 Jays post  inoculation a relapse, characterized by a 
reappearance  of earlier signs, was noted  in this dog.    The dog died 

128 



M 
M^ 

f.   Ai i i-^vv^ 

...if 

/N     .A...... 

Fig. 12    Rect&l tenptrftture,  th. omboc/tf.  count,   leukocyte count, 

hematoorit, and erTthrocyte bedjjnentation rate of an untreated 

6-month old Gernan Shepherd dog following inoculation with 

Ehrllchla canis.    Dog died with epletaxia 88 daye post inoculation, 
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Fig. 13    R«ctaJ  temperature, thnmbccyte count,  leukocyte count, 

heautocrlt, and e^throryt.e sedii&entatlon rate of an untreated 

t>-Bonth eld Gernan Shupherd dog fciloving intravenous Inoculation 

with jftrlich).a glflta. 
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Fig.  1^     hectHl  T.en^ersture,   thrmabocyte  rount,   Ir.ukocytr  count, 

bematccrit,   »n(   > rythi r cytt . ediBf.ntation nitt of t  treated 6-aonth 

old German ShephörO dot-»  1-iJ'wln^ intrHvcn. u.i  inoculitlon with 

lihrlicfajla canii.      Ai^nlstriUon if  tetrfaryciltie wuo InitlHlftd 

13 riayt, yifut  lü.  t   •  l^u und (v-ntlnued fn-  L, .j'.ys.    Ur-g wat 

relnorualt.Mi w'if, E£irid£ilis .'iyL4£ '•n day 8(-. 
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Klg.  15    i.pccr.l   teraperntuTF,  lr i i.l ■ cytr count,  leukocyt«! count, 

htin.H t. crlt, hnd r-iyt t ro./t,   tediflfnt'j tlcn  rate of a trwttd 6-Bontb 

i id G^m^a  ^fcoplierd not'  fcllrvlif   ir»rnvt r.cup  inoc^ulr.tlon with 

£h;^icM". canl r •     ^.alf.irt r'\t jpi   :f tetiaeyclin« wns initiated 

13 ZH'ji  f.c,£t   l.to-ui. 'ion 'ind  ccrtir.ui'd  for 1.. dtys.    Do^: wte 

rt lr-.H:ul .t»v   wit,L  ghrl^cf-j-a ^fenie  «u  'Jay  8o, 
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with   signs   of  hiiinnrr'iap.i  W
H J.IVS   post,   iiincnla i i^- .     1''. riir>»*i(>ut   the 

infect, ion   the  thromnocyti' count   remaiiutl  cxcren»;ly   low and   at   thu 
timt'   o!   death   thrombocyti'S  conic   not   be  (letocted   in   the   blood.     The 
red     ..-ll   .ind  white  rell   ..—'nt-.   of   .1   second   tinticattd   (>( nnan   Shepherd 
(Tii',.    IM   craclialj',   rot ertv.i   ri    neir   [-.oi-ma!   eivei   .1   'i'1   iia ,    period; 
howevi"-,   Jurin^   this   ', ini    !. 1 if!'1   opisodos  v-'^v   . ''•':ro';   .1    1   the   throrabo- 
cyte   counts   rc-maiiu'd  depiisscd. 

With   ' 'i    exception  of   .;   lu.v,', 1 os,   i.\i<'  trcatet!  n<'.us  sirwi..:   no  evidence 
of  -i   t»3iapse   followiny   treatment   (Fij;.   14  c.   15).     .he   2   ioi,.!is   relapsed 
ipproximately  one nio:it!i  afio;   treatment,   aa-'i   th'   r   l.ii  '>.&     AH   in   the 
.aso   of   tin   untreaTi   i   r,: rT'.an   ^'h, piiord,   W( r.   i.ha;acli-: izea   I      a   reappear- 
ance   o;   oi'rlicr   sj;'Tis.     '^i r 1 i   h i i   i ani s   /as   ri-coviii-d   ; ■ . ■■    ''M   blood  ol 
t'lest.   2   Beatles   ly   i :ir"'ala t i on  el   susceptihli    J 'is.     'I'u   ors'.anism was 
n-"»!    rr»<üVi red   fron   ! no   l)lr)d   of   the   13   treat* il   dtn-'.-i  wliji1!!   snowed   no 
evidence  of  relappi'       No      fif-r< icf.s ucre  noted   hftwto n   ti,.    i.'.ronp  of 
Beatles   subino.'.il.uc".   at    ji)   days   and   the   uroup   ';   'ino. ulatid  at    n) (.lays. 
Each   efHip   contdinod   J   do^ i^hion   rcraained   iTitecttd. 

Al!   dogt   clcaree"   01   ill.-   01 t^tj-   1   :espundi      io   rt inocu i.at. i on with   the 
hotnolosous  strain of  Eh : 1 icli ia   ^ 1 ni s   (F;        1'•   *.  1J).     The   second 
infection   was  «.'qiiall     .is  si vere   is   'he      is! ,    ind   int racy t oplasmic 
inclusions   of   Lhrl ich 1 a   c ai. i s   were   eahil;,   demonstrated   in   :apillary 
bloi'd   siVn.ar'i  -if  all   rcitifec ted  d i^s. 

I'l ophy lac t ic   Study 

Tctracycline  administ'ii a  dai 1 >    »t    the   rate   nt    ) mg.   pel    pound  of   body 
weiglit   protected  all    io, :,   1 i ifcction with   l.'hrl ich ia  canj s,  wlu reas 
untr'-atid  dogs  devi-1   nuu   •[»n.al   si^ns  of   ttie   disease.      Ihr  urpanisni 
could   nut   he   r.!co> r: oin   the   ilond  of   treated  doRS   iO d ivs after 
t!ie   tit r acycl iie. 1.1. mit i uuc J,   and   the dogs   remained   lolly   sus- 
ceptible   to   iiuh ^it.N   tin    h itiio logons   si tain  cd'   Kh r i i ch ia   can is . 

1),     1) i acuss ion 

The   resul '.hose  siuuies   indicate  that   tetracycline  dCI    ib an 
effective .'li,    ap.t ni   tor   -anine ehrlichiosis and   th.41   most   of 
the   treat .   vi ■ ■    '-l •.•f cd   nf   the   infection.     TIM    US^    < f   tetracycline 
HC1   in  tro.i; m^ Ehrl icti ia can is,  which   is   classified   1,    the ordi r 
Ri ckel ts ia le s ,   had   let   beer   repo-fod  until   recontlv wlu 11  V.'.I1K(';   and 
co-worK' is '  found   tot'a   vciun    t )  he  ef f i'ct ive   in   treating  early   stage?) 
of  'IC!'.      I'owever,   theSt/   in\e31 nators  made   their   obsorvatwns  on   1 ield 
cases,   and   followup   stalies   rfere   not  done   tr'  determine   it    the  dogs  had 
been  cleared of   tne   infection. 

lie   tetracycline   an'i'MUics    iJV'-   hi-en v/.diiv    isid   in   ti'iatinr   licket- 
tsioses  01   nvin ati>J have been   1 ecnrnnendeu   for  canino   1 ickct tsios is.     ' ^ 
Buckner  and  Hwinv;Lt'>1'   re.ported   :hat dogs   infected with   Eh rl ich ia  canis 
improve  clinically wtien   treated  with  chloramphenitol   and  oxyiet racycline 
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hut  a c   nm   vTlLarcd  ot   the   infection.     In  the. current stL'dles   13 cf 
li  dcs^  were   cleart-d  ot   ifu   intoct  on  v,iien   treated with  tetracycline 
1!(,1   Im    IA  days.     Ihe   tctracvclim   antibiotirs arc  rickettiostatic 
.u-..i  -   ■    ■ ' . I-,'L-1 ; ;i . ;d.i i f"     ll'i'n-t i'-c ,   tiu-   lenRth  ot   tn-atment   may be 

.   irnc 11 tan   . 

\ . 11: i, 11 t" 'li'.-.ls     ^   t.i.'; :VIII,IV     ,Tnp 1 ioitcd by  concurrent   infections 
vip.  bjb'.-sia,   I'.enolMi ton;. I !a  or  Ho^aC^zo on.    'flic effect  of   these  con- 
K'f   c:d    uii .[pus   ■■.   ::;(■   viiicKy   oi    various antibiotics   in   treatment 

■":   ! i. ri . ch i.i   cajij^   is  :.ot   known       iinly  uncomplicated  infections were 
i <>!ni i t'od   i,i   i .' i .   s ; udv . 

'*   livt-ls  o!    • rt ru-. r 1 i PI'  HCl  can  be   used  tliertively as  a  prophylactic 
: .M   ,,r,'i,ie   ^hrl irh ii'j is .     Wlicn   idr. ,n i s t orcd   daily  at   the   rate   of   3 mg. 
;.' :   |    :'!;!   .>i   ':■ -A\   wu'i^ht,   tetracyr   i'iL-   ri;nd>;red  all  do^s   refractory   to 
i ; i   t'tion.     I'.im-i'   vac.-pu-s   foi   .h;    iitiiosis  art-   not   available,   the 
i'i . |i;i.'.i, ' ! •     i .c  .'■   ,i,    im iltintii     u'iv   represent   the  only  practical 
.■•■I'    ur   >■.';'       ...*      ' ' .IMS      . i   i-ndcmir  area.-i.     This   may  have 
ipiiluation   in   'Li   cuiuroi   at   Hi-     lisease   in  ir.ili'.ary working  dogs 
■.'tu:'   i  Mi.'.hlv   susvi-pt • h 1 e doi«  popilation may be deployed   in  Ehrlich la 
i-ndi-rii    iT<.:ar;.      ['his  : 'y  also he  a  means  ot   controlling  the disease  in 
pi t .   i :■.  nii'.hly   'Mid'Tii.   areas.     :h i   7.   and Thomas''    havt   reported   that   in 
areas  when    ■■h r! 1 ch iu-i ii   is   ondi-ini •   it    is  practically   impossible   to 
maiiiiaii   aor-   'or . ::■■   !i'iii;th  "f   tin'.     Ylu'  continued  ch'ily administration 
i-i   1.1t ii* 1'"»t u:-   '.;;  1:0;   1 i1;,: 11. i.d.':i' 1  1.     Ch lort etracyc I Inc has  hefen given 

MI ■ 1 ;mii ..s 1 v dini.sti«   ! iiTit   imiTials and human beings   for   long 
(j.-ri of   tin'i'  wth   no deKitfriou'i   .'.ivie effects  noted. 2ir 

lea rod   ot    ;!il.,n>n with  i.'iir   ich_ia  can i s are   fully  susceptible 
-t    :tion   with   thi   hnirn lo<ois   strain.     This   is   ia contrast   to  the 

uhi-i   will   kn  wn  rn.ki'ftsial   distase   of  do^s,   salmon poisoning,   in 
tt.jatf.d   fid  ri-covi;ri:d CIOKS   1 c  resistant   to  reinfection.       Since -I      !   . 

inli    ',■'■,    wit:, 
KM ri     ipj i-a 1 ..    • 
' 1  t 1  ; 1   .a 1  1 an s    icapoiib 1 h i 
' 'i r I , .:  ia    (.'Lid.   ". i ,     1 n a-. 

i'.    bi     d 'i 

iistase   of  do^s,   salmon poisoning,   in 
H'.s  a   e   resistant   to  reinfection.       Sir 

ten i»i  i..:i'. iii  coners   no  inrounity  to reinfection, 
li'tli    hop«    tc     .Ifvelopment   of  a  killed   vaccine. 

lor  ilie   ran   .iiid   treatment   of dogs   in 
hould  he     war.'   that   apparent   rt lapses   in 

•»es . do»''i    :-u 

I'.I L1 

,)u! ii!.'.   chf   last    t 'w   v-'ti".s,   t'lf w: 
1.111 u •'   in foe L UH'.J    ■ i:.   ^oio-'!.    i'vide 
..''('! ich ia   1 1 > T'I     I.    1 r.i 1   fis-s  MI    r  P   in   Klorid-a  and Texas,   Veterinär- 

1 1 n.i   1:1'   '■ -X : " ■      ' r ■.•;■ 1 ■.' 
1    1 ' !■;   ;';■' ■   .     .■.   •  .     I':,;-!  ;.; .;   .-. ,    . s   rfe 1 1   as   other  countries. 

•spread  distribution at   tihrlicbia 
Dm'   to  recent   isolations   of 

in   Klorid-a  and Texas,   veterii 
L'.'' 1 1 1 ■. h ia   infections   can  be a 

Mil 1 

'    l' '• 

I      Mil.-   pa»'lo^eu ic i ty  and  nl,fin'therapy  studies  have  been done,   the 
ni'.Ui'-W   ^1   .: i.i   liseam   remai   a   for   the  most  part  speculative. 

t   rai.tvi      •!    in-: 1!   cvclen  ot      ranumiss ion have  not  been   established. 
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Neltz and Thomas h.iv. 
as a reservoir Cor Ki 
and have reported tl; . 
of reservoir hosts i' 
co-workers  when   M'i v 

;r./-•••sled   thot   wild dot^j   (L^'caon   plctus)   served 
il'.lLi?..   ''W  ''"-'  Kruger  National  Park   in Africa, 
the   jarkiil   can be   infected.     The only evidence 
i.c I'nitei   States was  supplied   by  Kwing and 

•P'T i-Tvn; a 1 Iv   infeci-ed a   cu/ote,   uanis   latrans. 

the   gray   fox,  11 rue yon  c iaereoar^enteus 
are  excclient  candidates   is  pot'nrial   rtsprvnirs  of  Ehrlichia.    Their 
range   is   spread   thrnxhont   the  fnlti'd  States,  and   pt-pulation densities 
are  hiirh   in areas wl (?ri    T1, r Li eh: a  iiavt-  been   identified.     In addition, 
they  are  t-ontncnly parasitized  1 ^   Rh i pice,)ha las  .sang" incus ,  a  tick which 
has   recently been  shown   if  traui.ra:!   Ehrlichia  c a n i s.     Studies  have  been 
initiated   to determine   the   susceptibility  of   these   two   species   to 
experimental   Infection with   CIIT 1 ichia  eanis. 

In  or'"   laboratory,   tliref'   red   fo'-s  ami  on«-  gray   1 ox  have  bfjen  experi- 
mental iy   inoculated  w:il,   an   i'-'c.'ite   < i   Ehr] ich ia   can i s.     Two   foxes 
(one   oi   each   specie;,")   are   bei used   'is  unmfected   controls.     Results 
of   this  .study  are  not   yet   availaole 

7.     Tick Transmission  ol   Elirlichia  cams 

A. IntroJuction 

Uonatiun vind  Lesto^uard   in   I'M'   i ncr iiT'inatcd   fh<-  common do^   tick, 
Rb ipicerha lus  sanguineus,   as   thi   vector of  E.  cams,   ^   however,  others 
have   not  been able  to substantiart   this. l>ot!i   tick   transmission 
studies were done  in enzootic  ar as  of  E.   cants.   and   prior   infection 
with   or   immunity   t> K.   eani s   in    he  experimental   dogs   could  not  be 
ex dud eil. 

In   this   laboratory o\ei    130   labo-atory  Beagles have  been   infected with 
E.   canis.  and all  hav*   men   susi 'ptible.     Furthermore   none  of  the 
Beagles  used as  controls   in Ehr 1 .ciiia  studies have  become   infected. 
Usinp  the   laboratory'b  supply  of  susceptible,  uninfected  Beagles, 
studies   to define  the   role  of  R.   sanguineus  as a   vector  of E.   canis 
are  being done. 

We have  previousJv  reported   the   iranstadial   transmission of  E.   canis 
by  R.   sannuineusv    One.   strain  of   ticks,  VN  6,  was   fed   on an   infected 
dog as  nymphs and  subsequently   t  ansmitted  E.   can 1s as  adults.    Another 
strain,   VN'  48,   transmitted   E,   caj!i_i£ as  nymphs and adults  after  feeding 
on an   infected do^ ns   larvae. 

B. Materials and Methojs 

The  establishment   of c   R,   sanguü cus  colony,   colonv  husoandry,  and 
feeding methods were detailed   in   the previous  annual   report. 
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Iwo  strains  of   K.   a.ingulneus,   VN   6 and  W 48,  were nalntamed during 
the   v«ii. ,   and  oiu;  strain,   VN  52,   was  eliminatod  from  the  colony.    A 
fourfi  .strain,   SM 1,  wa«? addod   to   the   colony.     Tliis  strain was  obtained 
: r otn  th'.1   Pocky  Mountain  [,aboratory,  Haroilton,  Montana,   courtesy of 

■ i.   W.   Üurgd irt« r.     The  fOi 1   strait   was   i.d  only  on  rabbits   tor  several 
^en,-: at ions  pri'ii   to acquisition  by   this   laboratory. 

Additional   transtad'al  tranamlssion  Studien witti  strains  VN  6,  VN 48, 
\:\ '   '<'\   L  were done  uRim; metliods  outl'ned  in  last  year's  report. 

Korn- ittcmpt-j fo provf iranscvarial transmission were done. Fiom each 
■>: • di it.■icnt k;i MTS ot adult tic^j which hau transmitted E. canis to 
i ■ iTui i   i! ',■■.,    'i eu'.ct^ed   femalos   each wert1  selected and allowed   to 
iv;posit,     fjrval   of! spv ing   11 om   t!i ■?   four  ova  pools were   then  led 
separ at •■ J v  on "  niin-al  dogs  to determine  it   Cransovarlal   transmission 
•eC'ii i • ! . 

i ;..••..■   ;r«    'tods   -v p : r    '   '•■,■   fv.iry.a   rft  ■""     hemolvinph  smears  were made  from 
.u*.' 1;   VN   (    iti-.i  i:M  I   i ICKS   ; ed  en   inrertcd and unlnfccted dogs as  larvae 
and   "vmphs.     Sii' ir.  v. r.   stnined  wi   h diemsa and examined   for £.   cantg 
i I .',in I t>ir,s . 

C . MfOii t .. 

1 ict<   strains . ^.  h and  VN 4y hdvi   :ie.>n maintained  in  the  laboratory 
t1 i   i .•';   t^ur .-■.Mnplete   lite  cycles   ( arva-nymph-adult-ova)   and are 
Lirrently   in trie   fittli   >viu ration.     The KM  1   strain has   completed  one 

!• i '.•;• .i.'i a '   '    i-i ,' i-i, ■ ■.,;  ,,j   K.   can i     occurrr-.d   in 4  groups   of   ticks. 
i.'m    ,.,.    if vN   o ticks   ted as   larv.e  on an   infected dog  transmitted 
- •   ^ J|;' '<    '     nymphs and  adults,   nnd .    second  group of VN  6  ticks  fed as 
larva.   anJ   nympis  on   infected dogs   'ransmitted E.   can la  as  adults. 
dm.   ^'tvH.p  ■ i  VN   to ai:l:,.  tra.ismitt'd  K.   canis after  feeding on an 
infected  dog as   nynphp.    Adults   of     he  RM 1   strain  transmitted  K.   canla 
.i'trr   ehe   I irval   and   ^.yrnili 11   SL^^CS   hid   ' oJ  on   infected  dogs. 

It ma' ^.'ta'   r.ianhmif;Tten  of   E,   canis  did  not   occur wich  aay  of  the 4 
la. ea!   pools. 

ompat at i vu  examination  oi   a   1 ir-   tec   nimhi .   of  hemolyroph   smears   taken 
r.-n   ■.   I.:   ^i i   '.'.id   .   JTI   i-ftctfj   a, d   a.lint-vied   lick  pools  did  not 

.   •. a '    .ov   itll    I;K i .,•; i.ri'.     i   difie-enccfl   tiint would  indicate  E.   canis 
'   ! '       Ml     i 1'    III      .'•.'•. 

f 11at   _S .   s• n^m neu'■.   i' 
H.a I.   u r. as    ) I 

apahlc   of   lianKt.adial 
■cqaiicul   frotr dogs   In 

ur, 



Vietnam,   VN  6 and  VN  4H,   '-„i ^  t-a^S'Ri t ted   tin.  disoasi;   from «tape-to- 
stagf after   feeding  on   int't-ctud   logs a^  bot'i   larvae  en   nymphs.    More 
significantly    rHf  RM   1   strairi va.s also  capable   of  trjnstadial  trans- 
misPi.in e^'en  thouRh   tii^s»1  fi.vs  li:i'i  been maintaino'J  si'   rabbits   for 
sevt-ra 1   ^er.frm i ons . 

The  ease with   vb i cii   Lraastadial   transmission   occurs   leads   one  to 
wonder what   ot!i< r  species  "l   •i.-k';   car.   t-ansnnt   E.   ein' ü .     During  the 
next   year   transmissi^;.   eypc.-rirr'its   'islng  the   Brown Hog lick,   jJennacentor 
varlabjlls   ire planned. 

The   inability to nchie"e   f ranso'Mr ial   tra- snission ( I   E.   cariis with 
the   larvai    ^fsprfng   fron U   gnnp^  of   30 engorged   female   ticks does 
not   eliminate  the   poscibilitv.     Tiu1   10  female   tictü  selected   represented 
onlv a  small   fraction   '-t   fie   toi il   population    >f  adult   licks   inin which 
they  Wt't;:  derived.      K   '-.'.nsi    1 be   percentage   of   infected   ticKs   is  unknown, 
only  a  small  numbe:   of   the  manv  b.undrcds   of   licks   placed   or   a   doi; may 
transmit   the disease.      In   this   -as«-   it would,   therefore,   be  easy   to 
select   'Uilv   "clean''   females   for  stud" and   cull   the  small   number  ot 
infe-led   tomales   1 rrrr   the  colon   . 

During  the  next   yea;   w.    plan   to feed   .'.mall   rmmbers   of  adult   females 
(whose   preadull   stages   have   fed ir,   inffcet'd   dogs')   on   normal   dogs. 
If   f ran smiiJS i fin  occius,   then al     len.ale   licks  will   bt   savod and   their 
ollspring  led on  r.onnal   do,>;s. 

8.     In Vitro Studv  of   hhrlicbia  canis 

A .     Propa^at -' on oi   Itifected  Mom cytes 

(1)     Procedure 

Propagation oi TCI' agoot in vi tt 
monocyle culture technique first 
acutely affected dv>fc witl' a l.'gl 
bled using steril* hepannized : 
filled syiinges were positioned 
30 to ^'j minutes to pennir sod in 
lying supornatanr c'rristi;-,p nf 
transferred to culture flasks ar 
the supernatant was I'scarded ar 
with Hanks balanced salt seluti1* 
witti Eagle's mirinum essential n 
Solution containing   t0°/   canine  s 

o  nas been  achieved  using  the   following 
described  by  Nyindo e^ a^,^^    An 
ervthrccyte   scdimentation   rate   was 

ynnges   for  collection.     The  blood- 
vertically   in an  incubator at   37 C   for 
entation  of  eryihrocytes.     The over- 
plartna,   leukocytes,  and  platelets was 
d   incubated  at   37  C.     In 4   to 6 hours 
.'   thr  developing inonolayer was  rinsed 
n.     The cell   culture was maintained 
»diunwith   Farle's  balanced  sail 
eran plus   L-glutamine. 

Microscopic  eKaninatlnn   of cover-slip cultures   stained  by   tht   May- 
Grunwald Gieinaa method  nas In MI    sed  for visualization of   t/:e agent   in 
cell  culture.     Elementary bodies  and merulae   characteristic  of E.   canis 
may be   identified   in an  ofiasifnil   cell  by  2^»   to 48 bours.     The   percent 
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"1   iiitfcrf.l  cell   ^'.K'u.illy   increases and by 8  to   12  daya   E.   canlB 
m<ay  '.)e   lound   in  vani.s  developtnental   stages  in  cells  throughout  the 
mi )nolayer . 

|2)     ■,;n',T( i: io        '■    ;..•' OL tfd  Med la   for  Growth  of   E.   canis 

of li'cLt-H'  media  *HTC   Listed   for alility  to support   growth  of monocytes 
»nd developmfit   r\   K_.   cauls.    Ttu   reference medium was Eagle's Minimum 
tssfntial  Miiium   i FJ1KM)   with.  Karle's  Balanced  Salt  Solution supplemented 
wit i  -(V   ,-inir,'   smirri and   1'., L-glutamine.    The media  tested and  the 
ttisults   in    fjummaiii'fd   in   Table   1.    None of  the   test  media was  superior 
t      thf   rot'erence medium   for maintaining monocyte   cultures  or develop- 
r-.' <\l  iif   V.   canis. 

i i i F.ftecf   <>1   Selected  Antibiotics  on Development  of E.   canis 

St'idies  oi   the  ^rowtli   ol   K.   .anis   in monocyte  cultures were  often 
c ••■i it vn«, i!    iv  !iaiti-.ri il   «T'ntaminition.     Ti> overcome  this  difficulty 
st UM teil  ant ihiutic;,   ei'Jier aloni or  in  combination,  were  incorporated 
m   the media  and   their   ettect  on   r.he development   of   E.   canis determined 
ilahle   4). 

At   the   conccncr.it ion of antibioti:  tested,  only aureomycin completely 
suppressed   tlu   development   of E,     an is   in monocyte  cultures.    Although 
morulae  "f  F.  canis were  evident   in  cultures containing  the other 
antibiotic!-"   there was   some   reduction  in percentage  of  infected cells. 
Furthei   experimepts are   in  progress  to quantitate   the  effect of anti- 
Uiotics  on  'his organism.     The US'? of monocyte  culture appears   to be a 
practical,   inexpensive  means of  screening potential  anti-ehrliohia 
agents.     If   should  he   noI«jd   that,   lureomycir.,  an  agent  highly  effective 
against   t Ickcttsia-psi rtacosis <>r;;anisms was also effective  in this 
sy.tem.     Furthermore,   studies of anti-ehrllchia agents may provide 
clues  on   the   taxonrnrlc   status of    lie  organism. 

[\ .     Fropagat j on  of Niifmal  Monocyt -s 

Monocyte  cult wies were   prepared   from  normal  dogs   by   two modifications 
(if   the  previously described   techn.que.    First,   twe  hours prior  to 
coll'.ction of blood  th^   level  oi     irculating monocytes was  Increased 
hy   rtu   oral   administration  of diethylcarbamazine   (Carlcide") at  the 
rat*'  ot   '\Q nt; per pound.     Setor.d,   to produce  rapid   sedimentation of 
erythrocytes   the  blood  was   mixed with  a  solution  of  3% dextran  in 
j.Sr''   sodmrr   chl )r:de   in a   ratio  >>{  2:1,   respectively.     The  technique 
is  completed  i> i  previously descriied and a confluent monolayer of 
:p.'n'•! vr c :   a-c   forrcd   in   5   to  7 da; s. 
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Table 3.  Comparison of Selected Media for Growth of E. canis 

Med la Morulae of E. canis 

Eagles MEM 

Eagles  MEM + Clacose 

McCoy's   5A 

RPMT   (1640) 

Medium  199 

All media  supplemented with  207, canine,  serum and  1% 
glutamine as   required. 
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Table  A.     The  Lt't'ocl   oi  Selected Antibiotics  on  the Development of E.   canis 

Antibiotic (dose )_ 

Aureorr.ycin   (12.5  up/ml) 

Streptomycin   (-.'■) ug/ml) 

Vancomycln   (30 ug/ml) 

Fungi^.one   (0.5  ug/ml) 

Penicillin   (25 ug/ml),   Streptomycin   (25 ug/ml) 
FungiJ-one   (0.6 ug/ml) 

Vancomycln   (30  ug/ml),   Fungizone   (0.5  ug/ml) 
Streptomycin   (25  ug/ml) 

Morulae of E.  canis 

0 

+ 

+ 
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C. Infectivity of E. canls Propagated In Monocytc Cultures 

Non-Infected monocyte cultures were Infected by an inoculum of Infected 
cell culture suspension containing a high concentration of infectious 
agent.  Elementary bodies and mcrulae could be demonstrated in these 
cultures in 10 to 12 days. The percentage of cells infected is varia- 
ble as evidenced by cytopathlc effect (CPE) and formation of morulae 
witliin tlic cytoplasm. A satisfactory method of titrating E. canis has 
not been developed, but apparently CPE is not directly related to 
E. canis concentration in the inoculum. After 3 passages in monocyte 
cultures over a 3-month period the agent produced typical signs when 
inoculated intravenously into dogs.  Reisolation of monocyte culture 
was successful. 

D. Discussion 

Cultivation of E. canis in an in vitro system has provided the means 
whereby its basic properties can be investigated.  Perhaps of more 
practical importance this system may provide a concentrated artipen for 
subsequent development of a diagnostic serological test. Taxonomic 
classification of TCP has previously been based upon iimited factual 
information, A more detailed study of its physical and biochemical 
characteristics will provide the basis for a more precise classification. 

9. Comparative Study of Ehrlichia canis and Neorickettsia helminthoeca 

A. Introduction 

Presently most texts list Ehrlichia canls in the Order Rickcttsiales. 
Family Rickettsiaceae. The only othac rlckettsiae commonly recognized 
as a pathogen for the dog are the agents classified under the heading 
salmon (poisoning) disease complex. The Infectious agent usually 
incriminated as the cause of salmon disease has been given the generic 
name Neorickettsia helminthoeca. Because of its apparent similarities 
to TCP the salmon poisoning agent (SPA) was acquired for comparative 
purposes. 

B. Agent and Disease 

Six small trout were obtained from the Washington State Fish and 
Wildlife Hatchery.   Cathlamet, Washington,     These  trout were triturated 
and fed  in equal amounts   to each of two Beagles.    A  fever developed   in 
both  dogs  in  5 days and was  followed by  typical  signs described  for 
salmon disease.     Both dogs died   13 days  following  infection.    Prior   to 
death blood was  collected  from these 2 dogs and   inoculated    intravenously 
into laboratory Beagles.    When these dogs became acutely  ill,  they were 
killed and  the spleen and mesenteric   lymph  nodes  removed.     Twenty 
percent  tissue suspensions of spleen and  lymph  nodes were made  in Snyder's 
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solution.     The   suspt-nsUIUM  uvrv   rapidly   iro'^L-r   in  a Jiy   ice-alcohol 
bath and   ston ü  at   -9(>L;.     ihe   inttci   vitv  oi.   this   suspension has 
been  rftalned  as  conlimrd  by   its abllitv   to  produce  tvplral disease 
when   inoculated   into   laboratorv  H«ar!es. 

lT..pa^ai ion  ol   ^Lufickettsia he in Monocvte Cultures 

Knim an    autely   ill   diy, an   inli'Ctious  agent   with morpnolonical 
ihavacierist u s  ol   a   rlckettsia  was   isolated  usin^'  the  same  technique 
described  above   lui   K.   canis.     In  some tells   the  organism appeared  to 
be  Loni.iud  to  vacuui..:,  wuliin  thi   cytoplasm,  whereas  In  other cells 
the organism was disj.(rseci   througl'out   the  cytoplasm.     In contrast  to 
monocyti    inilures  i :   1'.   L .uu.    in  which   little   (.Pt   cm  he   noted,   the 
SPA  produci-'i  charjctiri   ti»   cilhilnr  changes   which  cm he   readily 
ob.'.ei vi'd  wi't'   iinh.i   i'iv :.>■■.'. op   .      Infedpd   '"e 11   .suspensions when 
incLulafed   ml ravenously   ü.to   labcratory dogs  produced  typical   signs 
i>;   sa 1 nsin  d i se.isi'. 

iss ion 

This   study  has  demon   trated  the  m  iiocytc   culture   technique can be 
used   for   tin    Ijolat lor  and   propagation  v1!   2  canine   rickettslal  agents, 
It   is   possible   that   other   rlclu-rtsial   agents  can  be  cultured   In a 
similar   in  v11 ro  system. 

11,     Habet» los i s 

!.     I'xporimental   Habesia  gibsoni   lifectlons   in   Laboratory Beagles 

A.      Introduction 

Babesi a  gibsoni   is  a   small   babesla capable  ot   Infecting a number of 
species   in  the   tamll/ (Janldae.     Naiurallv occurring  Infections  in the 
domestic  dog have been reported   trim  India,  Ceylon,  Malaysia,  and 
Korea. 

Studios   to deMnc  B.   gibsoni   intec   ion   in dogs  have,  with  one excep- 
tion,   bern  doiu    ir.   enzootic  areas   >1   the  parasite  either   In clinical 
situations  or  with   locally   procured  experimental  dogs.     Concurrent 
dis.a.s.'   processes  and   prior exposure  to babesia  parasites  could  not 
be   ,'iU'd   our.     Also detailed  blood  and   urine   studies were not done. 

Ihe   .Mncse  of   the   following  repor    is  to define  the  signs,  clinical 
patiiology,  and  patboiogv  of experiiental   li.   gibsoni   Infections  in 
laboratory  Beag'. JS . 
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B.     MaU-r i.\' t.  and   Mrtli ..!;, 

TIIP  sirain  ■■!    ,.   .■i'-'   M,   ,isi J   11'   L!.i   study  i;a.s   !»•'-n maintained   in 
laboratory   lu:.^'.i..   i!    du   Waltu   R-tu  •,i."r\    Inptituti   ei   tU-stui rt li   since 
Auru-;!    I '*',    .       j:        ,: : ,i : i,   w i , i,. i'   i J 1 y   '.l-1 'i iiu a   ! i u;'.  ,1   l-m i I      ■. : i i i r 
tli.it   i    M . ..    i .   j   ; ,   l      s ; ; t     i:    .'■'.i ;>!••-, i.i . 

Tin rd ITI ,   .m •-....! -..i i. 
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1 ri m   i n   i n.. pjij i .    i      .: ■ i ■ 
rei.i.i : i; i    .'    .    .■      :    ■ , i        i 

'.( .'.', 1.   .   vi i       ■;   i ■.    i..   : ' i ■   ^ I iiii\ . 
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In     i , t u       .ill      i lit ICt I'll    wi tli    I' l0'>d 

i :  i S i ' '     ■.(■;■.■•!    i'.    t ',.     ion»  i .      1 iii' 

1      i    :,i 1 Vi    i    ..:•    . ur i ■ i   i :■ . 

ill''  d..r,:>   wi r.j   cX.irr.iin   I    r.ii   li.;i.p   .  >t   ir< s   riondrd   i'. i i i . .      I.'til    iir.l 
di 11 iTt.-nt i.. i    ■: ■ ■ • t    ■ I • •. ■ i       ! I    ■ '; ' M; •.,   '^i'    .■■ M.H!    ,   . . i > i- .'. , v t .• 
LMV.IPI S ,      U-M.I [.HI,:     1.- '       . :■        i 1.   ; .   :-■ I   •    ■   I ■    v, ,     i     1    p i!   ,.-. i ! i-S    1   ■Hi) 

ivlii    ■■   v/' ; ■.■   .:,.i .ii-   t .v'.. i     /i ci. I      >.<■);     ;■ i i ,1,    IM .i,.    ; ti: ■i t 11 Mi  W'iiü   t i-cy 

Wl't l-   anil.'   d i i 1 •, .        >,  . Mi"   ,' I "I .'   . /       ]' , I n v I <     ! ■ .■ !'.,,r:i   i   i -f    ' Si'i''!   » ,    I' ! ond 

M ■ iM   ;•■ : ; i .■, , ;,    i ,!;, i      ,, i '..'.■. .    i    i .: I    |.c"   I    i .i ,   ...id    .:.:•,. I ys'-s   i.r i c r- 

m i na t j unb  wi i c  IM.UU    t.v,jci   .v  <. r t   ,     •,)   m;   ..ijni's  and  si mm  tiuirist rij'S 

WOIL
1
   di ■!>(.•    ' w ' i • •   ,1    ,.'■ i  '     : i-      .'    ..'..;.    .  ;  . .1     ! .      11" 1 > i ! 11'..',    ! ''i'   d. ■. ;, . 

i Wi     1 i! 1 I.L t . ..   a   ■i',;.   ,.v'..1 i ■     .■■   I : u  ' 
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7  div.s   '.•■ i i     i;l   •*".!   ■ .■   • . i 
t uth.l.l i z. i      HKI   >•.•: . ., i -K ,i    i ■ i    ; 

i t, 

i in    (Mil    ,.;   d i ■>(. ,isi ,   . d   (\.i\ s   pus t 

1 o/i i 11   Kis j ons .      i 'K    r'ina i t^ i n^ 

:    ;   ljllll.ail\     I,.'Mill      .tilr    iifliTC    biMnw; 

i   ii   .i 1   1 c s i eh .   .i.  das   'u'   I' i . 
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C.     Hct>iil t s 
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..•ell...       '.-so   ii    is  '*•■       • i irii.i ;■' i ■,   , ■ ■ •■ t' o 1 i(> 11 ar .    An  occasional   focal 
•1 l S.TV i:, i l   ■.   .   • . ,i >   ■     :, .   .    ,■   ■.     l\;i..-    J    t"    r    fiep-l t OCV t CS    W1S      .»Isi 
Set f..      r   ,: : •       .     I      j. :       it;    n   u 11    se.;h    in   I'u-SP   a reas.      ilepa Lie 
cliaiiiAes  were  rMnr.ial    i ■.   :ho   ctivr   lo/s.     An   occ.isioral   cluster  of   RE 

;   .:   sn.i i 1   n   i ri't i ,■   1 oeus . 

Tiie   .ippearanee   o;   pirasitus   in   Lin"   blood  within   5  days   PI   was   not 
mu.xpLCt'J.        u   liieul'a; ii'U   u   pre patent  periods   for experimental 
ll-   /.i I >• '''   .r.ieet i   :■..; i-^-e vai id  g-oatly depending on  th     route of 
in.'cula ' 11 a .iP'l   :; .:-i:ie:      f  paras»i' ci.    '     [ncubatioii   tiim      ...ve   ranged 
fron  J   t.    -v   'l.i-s.      :i rs:,-; ss i 'o   s   lu'its   enploying  the main   vector   of 
_.   ^i ';■:-. .   t   ■    t. i ■.     :.ii -b.nl.^-. i i i.;  hi dpinosa ,  have  rt'bulted   in prepatent 
periods    '■    :.'   t      '..    iivs.     TIKüL   t   mes   prohaliiy  more  closely approximate 
naturi 1    ' i .-;.•.■ .-.• 

Anemia   vu   Pu   -SS
-
    -I'li-inv;  c!in» i'   »i^ns   of   ir.fcctlon.     Its  onset, 

howivi-; ,   .!•'.•■ '   -^  l     ■•-.     ■ •■:','r.      .<      i   thiee-Wi'ek  period,     iw  the time 
over:   .;::■••.is    v.,-i     v    ••  t   r    I'.     i focted   iui;ä  peal<   parasitemias had 
ill.-ad,   h.   ■■■   ;  ■ K   • ■;   IM     •;.■   t. .  ■■ rv  ptnse  hegan witnin   7-10 days.     In 
;-.at   .-.; I    : ":   c t i ■   ■■;  ' .   .'it,so       »• ere   pari«iiLe   counts were  presented 
s ,:■ , ! ir-   t . ■       :,.,-.     .*.-■•     ■ ■■ '   : ■■•, orte , -' .*-0 

1 ;r, 



The  recoviTV   11 .'in  ii'   cMiL-niid  wa.i   slow.     Aif.oii«li   1 do   i'^s  appeared 
clinically   normal   WI-.I n   t' i   ^IIK!.'  «.Ma   t ttrni natfil   tt   Jay   90  PI,   tlu: 
mean  PCV wa-;.   11,   bulow   tu     prei »!'.>.Liui!   lovul.     Octasionally  parasitic ex- 
at« rluit; .>i,   . ;^ur't''.   .n   . iid. > .. :.i.i 1   du^H    hi: ii\£   ;<■,.•'. ci'.   wiiii   a   ccncnmi- 
tant   ilf. .;v .mi: 

A   vary  act.V'    l.t.-rntiMi'.i i-( : ■:   ret. »DIISU   ''.ari.i.;   the    icutc   and   rccDvcry 
phases   ■ t   tin.'   i • •. i • ! i  i  ••;■>,  i"    :• ;i;    t r.'r   'Jin  hi« via   : i Irv-,  and  h isco« 
pa ttm 1 cu,. .-.M      •-.a;-'  I..I : I M.-I.     M n  i'il   t-,i;a'i'-   tin    ani'iia  wan  a mairocyl ic, 
liyj)^(.tu">;ni n     ira1   :vp,c.ii     u   nen.n   .; .■    uisua.st .     ki I iciil lU'Vtc.s   Iicj'.an   Lo 
appear   i.    !'■•.■   p«. . i i   HT...

1
   ' j   «id     I    Ltu'   mircii'd   dovs   mi  i.av   '.l-lh   I'l 

and  pc i ü ist i M   "i.    i.i    ■ i ;• a   :MI   .   i-;   ' 'u'   cxp' ■, IHM ;-. I .      It    .   days   1 rum 
the   tina-  o|   HL aim i 11 r an   ic   i :u     ij'pi-a; ar.^i    oi   rctitu] uvi'-.   i :i   t'ne   circu- 
laLiuii   iri   aliowcl,    , i ;:i.i 11 . ,M i ;   t   ;■■ i inia I a t inn  occurred   iii   individual 
df'TS     WtllMI     I 

ur  a   VCi  m    i 
i. MM <'>: it-M '(■!". '.   r.i 1 I i i-i.e.   s   per   cnm. 

A   p< i',; IM . ;,v i 

pa ri si; i n i i    i ,   ; 
s i ow   r.'i. nvi'i i '-.J , 

r-iM.i    ■. 

'iir-ni 

.    ....... i. ■    p .      .. .   i ..    I .ii    . < . i    i"'   tla v:.    : i ■ i 1 cwi iu,   ai'u te 
■ a.    i,   .   . ,■■   ,   ;i....'i!',   i i. :; juvi;: i ii i ,.   im    ',,;    am rue   dogs 

I .i.ir.iii i f ,■     p   [:     ;• ihscni.   int<cl ion   results   1 riiii  tlu- 
r   ■.<!    i Vet     )H ; i   IH i t emi .i ,   and   pi is i s I 

- ■. i . i   r t; i.' i i 

No ■ i c pa t i c  ii   L i "s .'.  ■ :     i ual    ,ii 'aiinieiit   wi ie  cviilenced   by   the  StlPT, 
h i 1. i i;iu n ,    ...    'i'.'.   iiü'.'j.      i ii     vi \    .;i>,lit    i,..is   ii   si'imi.  bilirubins 
in   fi  do>;s   '.'>.,;: !•. d   uii, i'i.,  aiaie  u.ueahe  and   can   lie  attributed   t .>  the 
liemiilys IK   n'    kuC'b.      ],,   an  exteistve   study   by  utiu'rs* J   til   the   inlluence 
ot   |).   Lii na.'ii i   on   the serani en/.yiie.s   of  dok',,s,  a   t. lal   exper iraental 
inleci. loii  ueiiifiis 11 a t i.d   1 ; v. i    i n . oi venent   as  uieasuii'd   iv   tlu   SHPT , 
serai   ^lut^nvite  oxa 1 .it i't a r e   i ra: sami nase ,   and   s   ibii.'i   dehydri'gi nase 
test.     How.'Vi • ,   ir   (i,.    s.uiii   stut.y  anotber   latally   iulected  do^ and   two 
doj's wlio  i et oM-ti'd  „pout aio oub 1.    from  initction  had  no  evidente  of 
livei    impa i ri: • ut .     Also   in   tht   same   (»tudy,   dumav.e   to   the   spleens  of 
intetted  do^-s   was     e\ nieiiceil    iv  ,i  marked   increase   in   la« täte  dehytlro- 
>;ena.si . 

Tlie  daikly   IOIO'üü   .jrir.e   seen   n    the   infected  do^s   lias   been   reported 
by  others." ^       ilimii    torreiat ioti   I etwcei   severity   of   anemia   and   the 
tei.Jcr.cv   t -r   tin   urTiu   to  he  duk  was   observed.     No  Lorielation  between 
the  pn tier.ee  ol   m olu 1 iiioncn  am    color was   noted,   however.     In marked 
contrast   to  sever;   RabeSla   •.lua.    infections,  hemnglobinuria  v)as  not 
detected.     Wt   a-.iribule   the  da 11-    .uim   ctli-r   to   bile-   pi'.ments  which 
cuuld   not   be   detec.tid  wil'i      in    I i. s t   system. 

Sp ' eraum-.tc! ly   i;.   i i.i .•■. t ed   do»;;   w.s   i   cnsisient   fintiin»;   i :i  out   study, 
linlai fteniuut   ol   Liu   r.pi'-iu   m  lieti.upi oto/uon  diseases   is  a   noimal   pbysio- 
lonieai  rcspor.se due to   ; m. r f.isi J entlvity   in  temoving |iarasites   i rom 
RBC's.     iiepa Iomega 1 y  '.a'-   iieen   reported  dt,   being   present   in   lü)a nf   B. 
y.i bsofu   infect ions;       however,   we  -»ere   unable   to  detect   enlarged   livers 
in any  rr  out    inft. tiu  do^g, 
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Cii-.i'.:l   si;,,;;,   ut'-.-i   tKi;1  .uenia,   spi-cMiotregaly,   and dark  colored 
.iri:i'j  wi ■      va;;iii-'.     A;   ••.■\:a,   ! i; • 1 • ssnt-ss ,   fatigue  and   blanching of 
tnuconfl monbranus  can ,1! '   vr  artriln.ted  to anemia.    Although  low-grade 
.(.■.■ '■   .ip  :-.:• Di   F Wfro    i^stTVfd  durlnR acute   infection, 
.■    r i 1       :-,      i .  ■.     ■    .;   . ■ i-   . t. , iMi- and were   frequently within  the 
.. :-...i '    •'i .. ■ .     Ai     .a. ■ :•,;<;:   HIM    [O  corrt'lati   chant'u   in   body 

• irp' ;.i' ::•<   w   -v   .■'■.;•;,,,      ::■   parasi!-'   mimhers   (Fij?.   17).     Icterus was 
M'.    i   scr v.' i   : ■   '■■ : ■  ■      i i^-j . 

I i.    ;>.■'    .;'MT. is   •:   I:M: ,■   'alu-sin   i r: • ^ ■ t i ;MT-,  of  -iniinals   is attributed 
:'.        '   ••,•.•.;'..•,     f   .-.!,.'.' :'-ics ri;a;is w'tli   parasitized  cells,   cell 

i<;.'-is.   an.l   '      ■    p.i-i>;;' T1,     cloi;^ir'.K   causes   anoxia,   the   accumulation 
.''.   t i \ ..   •.  <i   ..: • .    i -^    ; • ■ .■,• : •. i : a ■, i. i     ^ f c a p i 11 a r l es a nd   tissue.     Th i s 
:,... ,i;-, .:■.-  'ui ,   ' .■   :,   M,'"; ••,!   :■..■  H.   ca- is   i n fee 11 on». 

' ■<    ;  ■ •'    .     :•  •   , ' .   ;- ■._• -. -.i i    ,     ■ . ■      - s   i'lt-s   iv<'.   appear   to   involve 
i,    ' , i,      . 1 ■!,■,_. ,   "   s'.'-iu:  "■•• . i"! ;nii a 1   d Iseaso  and   pathology   in 

j;_ -v     ■ ■     ■•   ; .,    (   .,   ■ s.    iriati i   strictly   to a   progressive 
i it ■■ i a   ; .   , .     i ii.:   :   - i    • • •     ;.• -, • ^ ■ . ■ -.-i  . :   pa ras i t izeci   Rt^C ' s   in   the 

■t , .■|;. st i, 

!■>■'■'a   .' i hson i   Infections   in 

La in t i •    i 

. IIC 

A   study   to  .'•■i.ii'   !',    : i .;:is,   ciinual   patholii^y,  atid   pathology of 
''..   .■ ihson i    . ntiv t i'Uib   i"   lahoraterv   Beagles   lias   been   reported   (see 
earMMit   <\'i    ill   irp'Mi i.      In   tiiis   s'udy   lo.;s  wen    inoculated  with 
iniect. ■.    ,-,lnv.  ar. i  ail.iwiv!   t  '  pi.vrss  througl.   the acute disease and 
then   recover.    At   "fir  peak  of   infection,  all dogs were  severely depressed 
aid   ni'T'i.'.     Ai: ■ 'M'.h   ...    deaths   acurred,   dogs  with  untreated   infections 
took   si veral  months   to   recover. 

I'ra'li r i o-ia 1 1 v ,   tho  t •-.%!: - •■:    ■!'  H.   ^ibsonl  has  h"en witli  the  organic Arseni- 
ca 1   cor.:poiaJs.      L: ■• i tr.f. nl   studies   «mploying   these  drugs were   usually 
unde.r taken   la     tinl -a 1   lituations    n  enzoot ic areas and detailed blood 
studies  Wore   not   present' i.     Provei'   parasitic   cures were  never achieved. 
Ke. out ly  two   .'uriot' • ' ap  ■ t ;..   aj'.cnfs,  .iimluazene aceturate and phenamidinc 
i rothionate,   have   ^ oon   r.'poitod   to be  effective   in  reducing  B-.   gibsoni 
patas . : i-;;'l is   ir   . rt roM-.'1   lahoiatiry studies.     '        Neither drug was 
i-apahl"  of   :)-  il'i. iny  sfenle  paras   tic   cures,  however,     In  recent years 
si v   ra 1   new  ^*'..'n;ot;'i. r ao-'nr it-  apent'    have  beer  made available   for the 
iio.itr.!   ,r   .-i   'Kihis*   s;'..   In-;   have  .is   ot  vet   been untried   in  canine 

B.     Matcria 1;:  and  M' ra.xls 

;.. irv  -atM       HIMV'.'CH   V'-.     isecl.     "he  dogs were divided   Into   5 groups 
o:    .   in i's.     • i    :rs  "'   ■.  ■!• v M   .ar1, v.» r«'  'ised   f o  tf st   t he 4 drugs  H sted 

1 ri^ 
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Pay-s   Post   Inoculation 

Fig. 17    V.npaHpon of dally  flut tuations In body temperature and 
pHr!ifiitprvi0O(j fdd blocd eel]? of one laboratory Beagle Infected 
with Ba^aia gibcoiu. 
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below and one group of -, dogs served .'13  controls. 

Baseline Jnta were ,-..)l lee i.ed on all do^s for 2 weeks prior to infection. 

Each, dog was examined an  rectal temperature recorded daily.  Blood 

and urine analysis was made according to the following schedule: 

a. Da i ly 

(1 )  Memat i'cr i 1 

(J)     Reticulocyte  count 
' 0     Parasites  per   1000  RRC's 

b. Three   t Ines  a   Week 

(1) Su?T 
{1) HUN 
CO R i 1 i riiv' 111 
(-» 1 Tot a !   rl]W.   count 
*r)) !'eta 1   KjiC  count 
(h) Hemoglobin 

c. Ünce weekly 

(I) Urine   pll 
(1) Ürob i11nogen 
(J) Urine protein 
(■'♦ ) Ur 1 ne   01 cul t    h lood 
(rT) Dil lerent ial   WBC count 

One  splenect.omi^ed  Beadle was Lnoculaied   intravenously with  5 ml.  of 
infected   blood   tram   i  carrier dog.     A ;ter a  parasitemia  of   181  para- 
sites/1000 RBC's  vas  reached, blood was drawn from the splenectomized 
dog and   rj ml.   of   the   infected blood   inoculated   into  each  of  the experi- 
mental   Jogs. 

The   following dru^s and  dosages were   1ested   for  their  effectiveness   in 
treating   Rabes ia  £_i_bsonJ   infections: 

a. iJerenil   fPiminazene  aceturate)  Farbwerke Hoechst Ag.:     3 mg./lb. 
body weigbt    ' Iministcred   twice,  48  hours  apart. 

b. Diapron   (Ami'arbalide)   May  and Baker Ltd.:     3 mg./lb.   body weight 
administerer'.   •■wice,   26   hours  apart. 

c. u.maseg   (Diaceturatc 4.4'-Diazoaminodibenzamidine)  E.  R.  Squibb 
•,. Sons:     4.5 mg./lb.   body weigbt  twice,  24 hours apart. 

u.     I"enamidint;   I:jct'i i onate,   May  & Baker,   Ltd.:     7.5 mg./lb.   body 
weight   twice,   24   hours  apart. 
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Dru^s  were  administered during  acute  disease when   the  parasitcjinlan 
were  75 parasites or rnore/1000 RBC. 

C.     Results 

Final analysis 01 the data has noc been completed. However, 
resulta indicate the four drugs tested are effective in redu 
B. glbsom parasitemias. Diminazene aceturate and ptienamidi 
uare produced the most dramatic reductions in parasitemiis. 
of parasite numbers with concomitant reductions in pad eJ c, 
and red blood cell counts occurred 7 to 14 days following i.:- 
"1 parasitemia due to treatment. However, peak parrs i tc.r.ias 
during the exacerbations were of a much smaller mag/ntude ih 
parasitemias of the acute, pretreattrent stages. Ganascg w.is 
the dosage used in the study, and one dog died as a n.'ii't. 
with   it. 
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immiizenr  aceturate  and  phenamidine   isethionate  were   t:- 
icniotlievapeutic agents   tested.     Both  drugs   should  he   use 

porasitemias  of acute  disease   until 11 n mgn   porasitemias  ot  acuce  aisease   uncu   premumty 
iished.     Neither drug,   however,   was  capable  of  preduciny 
parasitic   cures. 

lect }  .'t 
ontrol- 
Lab- 

; L t." 1 

The exacerbations of parasitemias following treatment inditali' 
treated B. gibsoni infections should be followed with periodic 
eitarnlnations  to  ensure   that  severe  relapses  do not   occur. 

II [.     .Summary and  Conclusions 

"; .     i'athopenirity  study  on  Ehrlichia   canis,   the  causative   -agent   of 
T'".!', conducted   in  intact  and  splenectomized  German  Shephord  d'.igr.. 
.-. LLiaiii.'h   tin   response  of   individual dogs   to   infection with   L.   canvs 
varied,   ail  dogs  exhibited   fever,   thrombocyt ope uia ,   anemia,   U'.■■..>pen;a , 
and   :levated  erythrocyte  sedimentation  rates.     Clinical   siy.ib   cmsisted 
c   runjunctivltis,  ocular and  nasal discharge,  anorexia,  weignt   hss, 
and hemorrhage.     Mortal icy was   63  percent   in   the mature  German  Shepiierds 
and  100  per  cent   in   tha   immature  German  Shepherds.     Spien<'c f omized  dogs 
slaved   the   same   clinical and  hematological   changes as   intact   controls; 
tuwevcr,   the  thrombocytopenia  was   less  severe   in   the   cai l\   sfagvs. 

2,     Experimental  E.   canis   infections   in  newborn  Bc-üglc pop., 
..;.a: ai L'M - zed  by  naaal and  ocular  discharges,   clinira!   sign; 
and  poor  weight   gain.     All   infected pups   survived   the  disea- 

anemia, 

mi i 

•.ltd.on r.icroscopic  studies  were made   on  l',;:u;  tissue  or'  dogs 
to iv aifecti-'d with  TCP.     These  studies   revealed   ;!i.   presence   of 
"ia.    of   E,   cams   in endothelial  cells.     rlu   nn-rulac  cur 

i ', t O'jp.- roand  and  oval  elementary bodies,   0.5   -   1,5 ; i   i 

51 eci   'i t 

iatneter, 

151 



™-    II II II III HU I     I II    I 

within a  cytoplasmic  vacuole.     The  elementary bodies  had  the same 
general  features  of  rickettsiae and  large  particles  of   the Clilamydia 
group.    A  trilaminar  cell  wall and a  plasma membrane  were evident   in 
all  elementary  bodies. 

4. Tetracycline IIC1  v/as   evaluated as a   therapeutic  and  prophylactic 
agent   for  Ehrlich la  canis   infections   in  Beagle and  (Jerman  Shepherd 
dogs.     Oral administration  of   tetracycline at   the   rate  of   JO mg.   pw 
pound   of   body weight   for   14   days   resulted   in   remission   of  c 1 in i c.) 1 
signs;   however,   2   of   fifteen  dogs   remained   carriers.     ALI   -io.;-,   cKviivU 
of   the   infection were  reinoculated with  the homologous  strain of 
Ehrlichia  canis and   infections were  reestablished,   thui;  demonst ratiiu'. 
the   lack  of   resistance   to   reinfection.     Tetracycline  waj  > Isr   sln'Wii 
Lo  he  an effective  prophylactic  agent when admini'Lered  dally  at   the 
rate  of  3 mg.   per  pound  of  body weight. 

5. Preadult  Rhipicephalus   sanguineus  ticks   fed  on  Uo ti    icute 
E.   canis   infections are  subsequently  capable of  tra. ..>.> i      ,;•.'  the 
disease   transtad ial ly .     Sufficient  evidence  to pro "•  "i   ■! i s"-ove 
transovarial   transmission   of E.   canis by R.   sanguii.^ i. .   IK. hv   i 
gat.icred. 

6. Primary  canine monocyte   cultures were  used   for   in vitro J-I-J;-!,;at ,< . 
of   two   rickettsial agents   infectious for  the dog,   IS.   canis and 
N.   helminthoeca.     The  study   suggests   that   it would  be  possible- to 
propagate  other members  of   the Order Rickettsiales   in a   similar manner. 
From a   practical   standpoint   tlic monocyte culture   technique offers a 
potential  source  of concentrated antigen which   is   required  to develop 
a  diagnostic  test   for TCP.     The   technique also offers  a means whereby 
tii'j  basic  physical and  biochemical  properties of  E.   canis  can be  studied 
Such   studies would provide   the  basis   for a more  precise   taxonomic   classi- 
fication of ji.   canis. 

7. Clinical  disease and  pathology of B.   gibsoni   infected dogs are  the 
result  of a  slow progressive  anemia  caused by  the  destruction of para- 
sitized  RBC's   in   the   n-tirulo-endothelial   system.     The  disease   is 
clinically  characterized   by a  macrocytic,  hypochromic  anemia;   spleno- 
megaly;  darkly  colored  urine;   and  a   variable   low-grade   fever.     The  only 
outstanding  histopathnlogica 1   feature  of   the  disease   is   the  oxtra- 
medullnry hematopoiesls   found   in   tire  spleen.    The  drugs  diminazene 
aceturate and  phenamidine   Isethlonate appear  to be   the  drugs  of  choice 
for   treating  clinical   B.   gibsoni   infection;   however,   neither  drug   it; 
capable  of  producing  radical,   parasitic  cures. 
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00,  In-House Laboratory  Independent Research 

Work Unit  184, Diseases of recruit military animals 

Investigators. 
Principal:     Leonard N.  Blan,  Ph.D. 
Associate:    MAJ David L.   Huxsoll, VC; MAJ Michael G.  Groves, VC; 

CPT Stephen A.   Ruark, VC; Estelle C.   Lazar, B.A.; 
SSG John B.  Mitchell;  SP5 James K. Au;  SP5 Robert 
E.  Sims; Aaron D. Alexander,  Ph.D. 

Description. 

Objectives are  first  to determine the etiology and  epidemiology 
of respiratory disease  in military dogs and  to develop methods of 
control and prevention, and secondly to identify and characterize 
viruses of military dogs and   laboratory animals which may be 
potential zoonotlc agents or Interfere with the utilization of 
the animals  in the research programs or diagnostic  services at 
WRAIR.     Specific studies were done on parainfluenza  infections, 
etiology of a gastrointestinal disease outbreak in military dogs 
and on characteristics of rhino-like viruses and corona viruses 
isolated  from dogs. 

Progress. 

1.    Respiratory Disease in Military Dogs. 

From 1966 to 1968, epizootics of respiratory disease occurred  in 
military dogs at the Induction and training centers.    The disease 
episodes disrupted the deployment and training of the dogs. 
Parainfluenza SV-5 virus was recovered from the affected dogs and 
the virus was found to be high'y communicable  .    In subsequent 
years SV-5 infections have occurred  in more than 757. of  the dogs 
at  the   induction and training centers  .    This report  summarizes 
continued observations on the occurrence of SV-5 infections  in 
military dogs. 

Previous observations  Indicated  that  90% (618 of 683 of newly 
procured dogs were serotest  susceptible to SV-5 Infection 
(Annual  Report  1969-1970).     During the past year,  similar ob- 
servations were made.    Eight-seven percent, or 249 of 285 dogs 
received at  the Lackland Air Force Base  (LAFB)  induction center 
were  susceptible to SV-5.     Dogs  from California again had the 
highest   rate of positive reactors.     In the past year,  33% or  15 
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2.     Virus Studies of a Gastrointestinal Dlge«ge Outbreak In Mtllfry 
Dogs  In Germany. 

During February and March  1970 an epizootic of dlarrheal disease 
occurred  In 60 of 63 dogs at  the  USAFE Patrol Dog Training School  In 
Wiesbaden, Germany.    An  Investigation  Into the epidemiology and eti- 
ology of  the epizootic was  conducted by CPT A.   Hall,  USAF and T/SGT 
J.E.   Klelty (Report #70-3,  Dept of the Air Force,  4th Epidemiologie 
Flight   (USAFE), APO New York 09332,  30 June  70).    Mlcroblologlc and 
toxlcologlcal  Investigations  failed to  Incriminate  the etlologlc 
agent.    Although viruses were not  recovered  In monkey, baby hamster 
kidney and several human cell cultures,  the authors made a presumptive 
diagnosis of viral gastroenteritis.    In January  1971, a second out- 
break of dlarrheal disease  occurred  In these dogs and fecal and serum 
specimens were collected and  shipped to WRAIR for virus studies. 

Fecal specimens  from J affected dogs were treated with antibiotics, 
centrlfuged and  inoculated   Into primary dog kidney   (PDK),  continuous 
canine thymus  (CCT) and  the  Walter Reed canine   (WRC)  cell cultures. 
In addition an untreated mixture of the  3 stool  suspensions was fed 
to a 4-month Beagle dog.    The dog did not develop any signs of disease. 

A transmissible agent was  recovered  from 1  fecal specimen  In PDK and 
CCT cell cultures.    The agent,   1-71, was  first detected  In PDK cells 
on  the sixth day of cultivation.     On passage  In PDK cells,  giant cells 
were evident and hematoxylln and eosln stained  Infected cultures con- 
tained multlnucleated  giant  cells with some cells having what appeared 
to be destroyed nuclear  fragments.    The  Infected cultures did not 
hemadsorb guinea pig red blood cells.    These characteristics were 
similar to those of the canine corona-1 Ike virus L-198R Isolate de- 
scribed  In the previous annual report  (1969-70).    The  1-71 agent was 
not  neutralized by canine distemper and SV-5 antlserum or by serum 
obtained  23 days after  feeding the original fecal suspension to the 
puppy.    The agent was relsolated  In PDK cell cultures and a 1:4 
neutralisation tlter was  found In  the 30-day convalescent serum of 
the dog providing the  Isolate.    In sedition,  3 of 4 other convales- 
cent dogs had  1:4 -  1:16 neutralization tlters  to the  Isolate.    The 
1-71   Isolate has been purified by three terminal dilutions and seed 
virus pools have been prepared.    Detailed characterization and 
serologlcal studies are   in progress to compare  the   Isolate with 
other known canine viruses.     At present,  the relationship of the 
Isolate to the dlarrheal  disease  Is unknown.    Pathogeniclty tests 
In dogs  for this  purpose are  planned. 
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The effect of pH 3.0,  4.0 and 5.0 on the stability of the CRV was 
determined  (Table  1).    A known acid resistant  virus  (polio type I) 
and acid labile virus  (Echo 28) was included  for control purposes. 
After incubation for one hour at  37C at pH 3.0 all CRV isolates and 
Echo virus 28 were completely inactivated.    At  pH 5.0 only 1 test 
virus  (A128Thr) and Echo virus 28 were  inactivated.    At pH 4.0,  2 
CRV were stable and  3 were  labile.    Polio virus was stable at each 
pH tested.    With one exception  (A128Thr)  the CRV viruses differ from 
the human rhinoviruses   in acid  lability and  resemble the vesicular 
exanthema virus of swine  (VEVS) and feline picomaviruses  (FP)". 
The exceptional  Isolate   (A128Thr) also differs  from the other CRV in 
its ability to multiply  In tissue cultures  from a variety of species 
other than from dogs. 

Picomaviruses differ  in their ability to resist  heat  inactivation 
at 50C in presence  of molar magnesium chloride  (MgC^) •    Under these 
conditions most human and some swine picomaviruses are stable 
(e.g.,  polio virus,  echo viruses), whereas many picomaviruses of 
lower animals are  inactivated  (e.g.,  foot-and-mouth disease virus, 
vesicular exanthema virus of swine, and feline  picomaviruses). 
For comparative purposes,  the effect of mohir MgCl2 on the' stability 
of the  5 CRV Isolates was examined  (Table  2).     Poliovlrus type I was 
employed  in the testa as a reference virus.     C.ily 1 test virus, 
Al28Thr was stabilized by MgC^.    The remaining 4 CRV resembled VEVS 
and FP in not being stabilized by MgC^. 

The  results of cross CRV neutralization tests with immune  rabbit and 
guinea pig serums are summarized  in Table 3.     Minor heterologous 
reactions of 1:16 to  1:64 of the homologous  titers occurred between 
A128T and L198T antiserums and the respective antigens.    The remain- 
ing rabbit antiserums did not cross react.    The guinea pig antiserum 
were more specific;   cross reactions were not  observed between A128T 
and L198T.    A very minor neutralization of L198T virus at  1:4 was 
produced by 3-68 serum.     The  findings indicate  that 4 CRV isolates 
are antigenically distinct and suggest that  the dog is  infected with 
multiple  serotypes,  as   in the case of human and  other animal infec- 
tions with this group of viruses.     Further studies on the structure, 
buoyant density and other characteristics of these viruses are in 
progress. 

5.    Further Studies  of a Canine "Corona-like" Virus L198R. 

The previous annual  report summarized the  findings on the recovery of 
an agent with characteristics  of a coronavirus.     The virus was  inti- 
genlcally distinct  from the coronavlruses of chickens  (infectious 
bronchitis) mice  (mouse  hepatitis)  and rats   (rat  coronavirus).    The 
canine  Isolate also differed   from other coronavlruses  in producing 
cytopathlc effects   in only certain canine cell  cultures and a lack 
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Table  1.     The Effect of Selected  Acid  pH's on the Stability 
of  Canine  Rhino-like Virus   Isolates 

Virus Control Reduction in Virus Tiler After  1 Hour 
Virus Tlte- 
Phosphate 

at  370C  in Buffer 
Phosphate Citrate Citrate Citrate 

Buffer  pH 7.0 pH 5.0 pH 5.0 pH 4,0 pH 3.0 

L198T 6.9 
* 

+C.1 +0.4 3,9 ?4.9 

A128T 6.5 0.5 0,2 4.0 ?4.5 

3-68 6.0 +0.5 +0.5 0.5 ^4.0 

A358 5.5 0.7 0.2 1.0 >3.5 

A128Thr 6.8 3.5 ?4.8 ^4,8 ^4.8 

Reference  Viruses 

Polio I 6.3 0.0 +0.2 0,3 +0. > 

Echo 28 3,9 >2.4 >2.4 >2,4   ' >2.4 

Control  virus  titer minus test  virus  titer, 

Table  2.     The Effect of Molar Magnesium Chloride on  the  Stability 
of  Canine Rhinovirus  Isolates at  50oC 

1 M Virus  Titer After 1  Hour at 
VlruS "feCl2 5^0 50oC 

L198T 0 8.0 3.7 (4.3)* 
t 7.7 4.3 (3.4) 

7.3 4.8 (2.5) 
7.3 2.3 (5.0) 

6,8 3.3 (3.5) 
6.8 2.8 (4.0) 

5.8 2.5 (2.3) 
5.8 <2.0 (^3.8) 

7.1 <1.5 C?5.6) 
6.5 6.5 (0.0) 

6.3                      ^1.5 (?4.8) 
 bA 6.5 (+0.4) 

A118T 0 
+ 

3-68 1) 

+ 

A ■•■58 0 
+ 

A 128Thr {) 

t 

rclio  I c 
—._(-  4- 

Change   in virus  riter at   50oC. 
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Table .3.    Cross Neutralization Antibody Tests of 
Canine Rhinovirus Isolates 

Antiserum /Antibody Titer with Virus 

Strain 3-68 L1-98T A128T A128Thr 

Rabbit Serums 

3-68 ?1024 <4 ^ Not Terted 

L198T ^ 256 4 Not Tested 

A128T <^ 16 256 Not Tested 

A128Thr <^ <^ <^ 1024 

Guinea Pifi Antiserums 

3-68 516.000 4 <^ O 
L198T <^ 4096 <<* 

A128T <16 <16 1024 <'4 

A128Thr <16 <16 C 256 

Pre-immunization serums did not neutralize the homologous 
virus at a  1:4 dilution. 
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of pathogenicity  In laboratory  rodents.     The  report  extends  these 
findings with  further observations on the   structure  of  the virus,  and 
additional  serological  fatuülcs with a  porcine coronavirus. 

For examination of vlra'   structure a   5Ü0 mi  p-ol   .ii   /irus was  pre- 
pared   In a continuous canine  thymus  cell   I-fne.     The   ,'irus was  con- 
centrated by  ultrafiltraticn  (Amnicon)  with .1 XM   100A membrane  and 
centrlfugtd at 41,000 G.     The concentration  procedure  increased  the 
titer   from  7,0  log10 TCID^o/ml   to  9.0   loctt/ TCIIV 0'ml .     The  concen- 
trated  viral   suspension was placed on  grids  stained  with  2,"  phospho- 
tungstic acid  and  examined   in a  Siemens  electron microscope.     Electron 
microscopy was done by W.   Engler at   the Armed   Forces   Institute of 
Pathology.    The negatively stained  virus parrichs appeared  to be 
typical coronavirus particles.     The  virlon.   were  pleomorphlc  sur- 
rounded with   radiating spikes which had   ternnnal   knobs.     The  overall 
lengths of  the  virions varied  trom  110-/1,0 nm with  au nverape  of  150 
nm.     The  spikes were approxlmatelv   2.2 nm   'innh and   the   terminal   knobs 
approximately   1.2 nm in diameter.     These   fi tdine,s  provide   further 
evidence  for  placing the L198R isolate   in  th«.  cnronuvlri..s  group. 

During  the  past  >ear transmissible  gastrotntcrltis   (TGE1   virus  of 
pigs has been  proposed as a member of  the  cor'ir.avinis group   .     Anti- 
serum to TGE  virus  in canine serum?  has been teportcd by  Norman and 
co-workers11.     Therefore an attempt  was madt-  to compare  the canine 
isolate with TGE virus of  swine.    Anti-TGE  swine   serum was obtained 
from Dr.   Ristic of the University of   Illinois and  Dr.  Norman at   the 
National Animal Disease  Laboratory,  Amos.   Iowa,     Each antiserum 
neutralized  the homologous TGF  virus at   a  tiler oi  1:1024 and  neu- 
tralized  the  canine L198R Isolate at   1:16.     Attempts  to produce  high 
titcred 1,198R serum in rabb>its anc.  guinea  pir,s  to date have not  been 
successful.     However,  anti-I.198K rabbit   serum neu: ra llzed  L198R and 
TGE viruses  at   a   1:4 dilution.     The   pre-inmunizatIon  serum did  not 
have any activity. 

In an attempt   to determine  the   intectivity of L198R  for swine  and  to 
produce a potent  antiserum,  serotest  negative  swine  to L198R and TGE 
were   fed  onf-  million TCID^Qof L198R virus.     The  virus was not   re- 
covered   from rectal   swab  specimens of  the   infected  piy;s  and  the  pigs 
did not develop s Ignt- of disease.     Neutral izin^, antibody did not 
develop to either  L198R or TGE viruses  28 days after  feeding.     In 
addition e^ich  pi« uas given   5  intramuscular booster   inoculations  of 
j.O ml   each  a'-   7  day   intervalF.     Twenty-one  day1   afttr  the   last 
booster dose   the  pigs  still d iri  not  develop LI9L>R antibody.     The 
serological  studios  indicate  that I198R and TGK  viruses are  related. 
However,   the determination of  the precise  relationship will  require 
potent   antiserum  to both viruses,     L.198R virus  -iifi'rs   from TGE   In 
cell   culture  host   range as L198R virus did  not  rauitlply  in swine kld- 
nc v cells and  L190R did not  multiply   in  susceptible  swine.    An attempt 
to produce  potent  I.198R serum  in serotost  nrgative  puppies  is   In prog- 
ri-i-.s.     lurther comparittivo  studies  of   LJ^^R,  TGK  are   in progress, 
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Suarnry >nd Conclusions. 

1. Respiratory Disease  In Military Dogs. 

Respiratory SV-5  Infections continue to occur In military dogs at  the 
Lackland Air Force Base  induction center and at the Ft. Bennlng scout 
dog training center.    Eighty-seven percent of newly procured dogs at 
the Lackland  Induction center are serotest  susceptible to SV-5 Infec- 
tion.    More than 90% of these dogs completing training at Ft.  Bennlng 
have serologlcal evidence of SV-5 Infections.    The dogs provided by 
the Biosensor Research Team at Edgewood Arsenal, Maryland are serotest 
susceptible to SV-5.    Consideration should be given to vaccinating 
these dogs against  SV-5  infections. 

2. Virus Studies of a Gastrointestinal Disease Outbreak in Military 
Dogs   in Germany. 

In  1970 and  1971 episodes of diarrheal disease have occurred  in 
military dogs  in Germany.     From the  fecal  specimen of  1 dog a trans- 
missible agent  has been recovered.    The agent appears to be similar 
to the canine corona-like virus  recovered  last year.    Further studies 
of this agent arc required  to determine  its pathogenlclty for dogs. 

3. Recovery of a New Canine Rhino-like Virus from a Laboratory Dog. 

An apparently new rhino-like virus was recovered from a semen specimen 
of a  laboratory dog.    The agent produced cytopathlc effects  in the 
Walter Reed canine  line.    The agent was antigenlcally distinct  from 
previously described canine viruses.     Further characterization studies 
of this agent are  in progress. 

4. Further Studies on the Properties of Canine Rhlno-llke Virus   (CRV) 
Isolates. 

Further studies were carried out on the properties of 5 CRV Isolates. 
The CRV were all acid  labile at pH3.0 and with  1 exception  (A128Thr) 
were acid  stable at  pH5.0.    With the exception of the same Isolate 
(A128Thr) all  the  isolates were not heat  stabilized by molar magnesium 
chloride.    Four of the 5 CRV isolates resemble the vesicular exanthema 
virus of swine and  feline picomaviruses  In  these properties.     Further 
studies on the morphology,  buoyant density,  and other properties of 
the CRV Isolates are  in progress. 

5. Further Studies of a Canine "Corona-like" Virus L198R. 

The canine corona-like, L198R virus was examined in the electron 
microscope.    Following negative staining typical coronavirus parti- 
cles were evident.    The virions were approximately 110-200 nm In 
length surrounded by  spikes with terminal knobs.    Anti-transmissible 
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gastroenteritis (TGE) swine scrum neutralized L198R virus at l/64th 
of the homologous titer. The canine virus was not infectious for 
serotest negative pigs to TGE and L198R. 

The findings support the classification of L198R virus in the corona- 
virus group. 

The L198R virus is antigenlcally related to TGE virus.  However, 
further experiments are required to define the extent of this 
relationship.  Studies on the pathogenesis of L198R in dogs are in 
progress. 
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Project 3A061101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00,  In-House Laboratory Independent Research 

Work Unit  184,  Diseases of recruit military animals 
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Project  )A06lL0Limc,  IN-HOUSE IABORAT0RY INDEPENDENT RESEARCH 

Task 00,  In-House Laboratory Independent Research 

Work Unit   189,  Preparation of tubercular antigens 

Investigators. 
Principal:    Lewis F. Affronti,  Ph.D. 
Associate:     Earl H.  Fife, Jr., M.S. 

Description. 

This work unit   consists of a contract  to prepare  specific  tubercu- 
lin antigen  fractions  an.i  to supply the Department   of Serology, WRAIR, 
with specified amounts  of each  antigen.     Fracti^nation procedures 
developed  by  the principal  investigator are used  to isolate A-protein 
antigen from filtrates of M.  tuberculoais cultures, C-protein antigen 
from tho  bacterial  cells,  and po lysaccharide antigen  from the cell walls 
of the   tubercle  bacilli.     These  antigens  are used by  investigators   in 
the Department  of Serology  in studies on the serodiagnosis of simian 
and human  tuberculosis,   and  for screening for tuberculosis  i,n the animals 
of the  nonhuman primat« 

Progress. 

lony, WRAIR 

In accordance with  the terms  of  the  contract,  regular deliveries 
of the A-protein, C-protein and polysaccharide antigen  fractions have 
been made  to the Department  of Serology, WRAIR      During the present 
reporting period,   the quality of the C-protein antigen was significantly 
improved by preparing the  fraction from the tubercle bacillus rather 
than the culture filtrate.    The present antigen is considerabl,' more 
stable,  more sensitive,  and gives much  less nonspecific  fluorescence  in 
tests with sera from nontuberculous donors.     In recent  comprehensive 
studies  on simian tuberculosis,   the new C-protein was superior to the 
A-protein and polysaccharide antigens  for early detection of active 
disease.     The  three antigens now are  being evaluated  for  their efficacy 
in detecting human  tuberculosis  and  for appraising therapeutic  response. 
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00. In-House Laboratory Independent Research 

Work Unit 190» Tropical Disease Bulletin Information Retrieval System 

Investigators 
Principal:   Harry W. Voccola 
Associate: June A. Schäfer 

Description 

The purpose of this effort Is two-fold.   The first objective is to develop the 
software capable of handling the Input created by the encoding of the Tropical 
Disease Bulletin and to manipulate it so as to correct errors, build the file, 
reformat index tapes suitable for handling by the regular Biological Abstracts 
system.   The second objective is to develop a search technique capable of 
handling foil text, fractions of words within text, and ultimately, manipula- 
tion procedures involving the discovery of synonyms without the use of a 
thesaurus. 

During the past year the TEMAC and MAP programs used to build and correct 
the files needed by this project have been converted to FORTRAN for use on 
the CAC 3300.   In addition FORTRAN programs for use on the 3300 have been 
written to search the files and format search output   This conversion will 
enable us to carry out the second objective of this project at the WRAIR com- 
puter installation.   In addition, the use of a higher level language will facili- 
tate any additional programs conversion that might be necessitated by equip- 
ment configuration changes at WRAIR.   The entire system is correctly being 
documented. 

Summary and Conclusions 

With the accomplishments of the conversion good progress has been made to- 
ward the goal of bringing this project in-house.   Preliminary experiments in- 
dicate that the bit screen approach to Full -text searching should be productive. 
If further experimentation confirms this conclusion the capability for handling 
textual data should find broad applicability within the Army Medical Service. 
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S. haematobium (Iranian strain) cercariae were obtained from 31 
Bullnus sericinus. All animals, except the owl monkeys, were exposed 
to the same cercarial suspension by placing cercariae into hand-held 
glass rings placed for 30 minutes on a clipped and rinsed area of abdom- 
inal skin. Six owl monkeys were exposed on another day and owl monkey 
No. 2 was exposed separately. As shown in Table 2, doses varied from 
100 to 1,000 cercariae per animal given in a single exposure. Hamsters 
were exposed to 200 cercariae from the same cercarial pool as infectivity 
controls. 

Fecal examination before exposure revealed no schistosome eggs. 
Weekly examinations of feces and of centrifuged urine specimens were 
begun 5 weeks after exposure. The fecal samples were examined by the 
AMS III technique. The viability of eggs was determined by the miraci- 
dial hatching technique. Hematocrit determinations, white blood cell 
counts, and differential counts were conducted. Serum electrophoresi.-, 
total protein, glutamic-oxaloacetic transaminase and glutamic-pyruvic 
tran.roninase determinations were made. The presence of antibodies was 
detected by the fluorescent antibody technique. Necropsy was performed 
25 or 27 weeks after exposure except with owl monkey No. 2 which was 
killed after 16 weeks. After injection of heparin, each animal was bled, 
and the pelvic, mesenteric and hepatic vessels were perfused separately, 
as described by Sadun et al. Worms were measured unfixed. 

All major organs were dissected free after perfusion and examined 
for gross pathologic changes. Samples were collected for histopatho- 
logic studies and for tissue egg counts. Tissues for histopathologic 
examinations were fixed in buffered lO/o formalin and were subsequently 
stained with Delafield's hematoxylin and eosin. Egg assays were per- 
formed by potassium hydroxide digestion. 

In conducting the research described in this report, the investi- 
gators adhered to the "Guide for Laboratory Animal Facilities and Care," 
as promulgated by the Committee on Revision of the Guide for Laboratory 
Animal Facilities and Care of the Institute of Laboratory Animal Resources, 
National Academy of Sciences - National Research Council. 

Serologie, hematologic and biochemical studios 

Monthly fluorescent antibody (FA) tests were performed from the 
time of exposure until the end of the experiment for ail animals except 
the tree shrews and the-owl monkeys. The course of antibody protection 
was quite similar for all animals (Table l). No antibodies were de- 
tected prior to and one month after exposure to infection. Two months 
following exposure antibodies wore present in all animals except one 
rhesus and two pigtail monkey.:. Three months after infection all but 
one (No. 66k)  of the animal.; tested had developed fluorescent antibody 
titers ranging from 1:16 to 1:256. By the cad of the experiment all 
but one monkey (No. 66k)  wer<.- ;;ti]i positive with titers ranging from 
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i:l6 to 1:2^).     This monkey had the greatest woi'i;; uia-cen at necropsy, 
but demonstrated  a  pcvitiv FA te;;t   (]:l6)   or. ly   iirinr the  fourth month. 
Mo consistent and significant abnornaJil i*-    v r- . i^-rv.'.] in the hema- 
toiogic and biochemical observation;;. 

Parasitolo^ic anü P&tholo£ic oVj^rvations 

ITie remits are summariztd in Table:, .■, '■>. ■•. and ,. Mean worm 
rncoyt.'ry in the hamster;; wa.: 2M [jereent. (k m6le;-:'j !''-jm;ii^), Egp£ in 
I'ecyc and/or urine uf all  infected animal:;  Kat^»-,...;  nrrmaily. 

Klr.'^u:' monkey 

Ail animal.; of this eroujj b'.icarrit- inf'  't-'d,  &u i  t;i>- {.? r^ent of 
recovery of adul tn varied  from 0 to '>';.    Mort para.oiu..- wr-- rf covered 
1'rom the liver and the branchoa of th" mer.enteri ■ V'-nou;   ry-tem.    A 
disproportionate munber of male to female wonsir wn    ol:;.*'.-rved   (approxi- 
mately 10 to i),  but most i'emale,; were pair'/d y'ih males  in  the mesen- 
v.'ric veins.     In all but two aninalr,  oppr w.-n   :'.";:,e in tnt   f-^ces  13 
to  l'i   weeks  after exposure,   but they were  pr-^se'nt   it.iy i'or a  few week.:, 
Ki-f .   were  detected  in  the  urine uf two animals en one of>f.'asion after 

. •', or 2k weeks of infection,   but epfs were never seen in the  feces on 
onr: of these  (Wo.  70'0 •    Organ egg assays  revealed egps primarily in 
i.he  large intestine and  the liver,   out a  few eggs were  found  in the 
^mui.l   intestine,   lungs and bladder.     None  of the monkeys of this  spe- 
e;ies had marked gross abnormalities.     Two of the animal-  had no gross 
lesion...    In  the  others,  erythematous  spot,   wer''-1  seen  in the  colon 
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occasionally,  and a few white areas were seen in the liver.    Discoloration 
of the bladder mucosa war observed in two animals, but histologic ex- 
amination did not reveal bilharzial lesions.    Microscopic examination 
revealed moderate numbers cf eggs and granulomas in the liver and colon 
(Fig.  l) and,  rarely,  in the lung.    Granulomas were usually composite. 
In addition, portal  field;; were diffusely infiltrated with inflammatory 
cells, predominantly lymphocytes and eosinophils.    Some of the portal 
veins showed endophlebitis.    One animal also had endophlebitis of a 
pancreatic vein. 

Pigtail monkey 

Both of the animals exposed to cercariae became infected.    Nearly 
all adult worms recovered at necropsy were recovered from the inferior 
vena cava.    As  in the rhesus,  a disproportion of male to female worms 
was observet  (2r.: l).     Et'ps were detected in the stools of the animals 
14 weeks after  exposure,  but were never found in the urine.    Organ assays 
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revealed that most of the eggs were in the large intestine and liver 
with some also in the limps, small intestine and bladder. The adult 
wormü recovered were weiJ  developed,  mature and of normal  length. 

Although both monkeyj showed erythema of trie bladder mucosa at 
necropsy,  no  le..'.Lon;;  were seen by microsropic examination.     The re- 
rnainiug crgans 'were normal when examined grocsly,  except for esopha- 
gostome let-ions of the colon and a larval cestode in the mesentery. 

The bilharaial   lesions seen by microscopy were similar to those 
;T t;j!.'  rhc.iu..;  ti ^iii; lomar were  seen in the lower  colon   (irig.   2)  and 
liver,   and  portal   "luo; hjebitis wa,; marked in one of the   animals   (Fig.   3) 

Grefiii morke?1 

Both animals of thi« species became infected.    The percent recovery 
of worms was  19 and 2^.    The worms were mature, well developed and longer 
thun those  recovered  from the other  species.    Although most, worms were 
i-ecov-red   ('rom the meaenteric veins,  a considerable number were also 
r .-; .  .f,.!  from the  inferior vena cava in one animal.    Eggs were found 
in tii-.:  fe-.';;-'  of one :. f the two animals  12 weeks after  exposure  and in 
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the urine of both animals 2k weeks after exposure.    While most of the 
tissue eggs were found in the large intestine, many eggs were also 
present in the bladder of one animal. 

No significant gross lesions were seen in either monkey, except 
for a foreign body in the bladder of one animal which was accompanied 
by histologic evidence of non-specific inflammation. 

Microscopic examination demonstrated scattered eggs and granulomas 
in the bowel,  liver and lung, but not in the bladder.    Pseudotubercles 
were relatively scant and tended to contain only a single egg.    Mild, 
focal endophlebitis was seen in the portal veins. 

Tree shrew 

Only one animal of this species was infected. The percent recovery 
of worms was low {h%), and the worms were found exclusively in the mes- 
enteric veins.  As in the other species, the numuer of male worms re- 
covered greatly exceeded the number of females. No data are available 
on the egg recoveries from these animals. 

No significant gross lesions were observed. A few eggs and granu- 
lomai: were .seen in the colon and liver of the infected animal, 
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Owl monkeys 

Ac  evidenced by eggs recovered from the feces,  all seven animals 
became infected.    However, only three of the seven had worms at necropsy. 
The percent recovery of adult worms varied from 8 to U9.     The worms ap- 
peared normal in size in one animal (No. 29) but were stunted in another 
(No.   30)   in which the females had no eggs in utero.    Most worms were re- 
covered from the mesenteric and intrahepatic veins.    However,  in one monkey 
of thin  Geriet, nine worms were also recovered from the inferior vena cava. 
Early in the infection (6-7 weeks)  eggs were found in the feccs of all 
animal:;   jtudied, but no eggs were found in the urine.     The highest con- 
cr.ntration of eggs in the tissues was in the liver and large intestine. 

No gross  lesions were observed in 5 of the 7 animals.    One monkey 
hau j r.eudotubercles visible on the liver surface, and 1 - 2.5 mm 
.-.lirhtly elevated reddish patches in the bladder, rectum and cecum. 
Mi.To.-"oriic examination of this animal demonstrated mostly composite 
•ranuiorr.a ■  in the liver  (Fig.  h),   lung  (Fig.   5)  and bladdei   (Fig.  6). 
'..i'.'-v invoiV'-mont was relatively intense, vvi-th diffuse portal inflamma- 
l.'ry inl'ii iration,  and prominence of reticuloendothelial cells, but 



without portal endophlebitis. Numorouc eo-inophilü werf seen in tn-- 
I'ranulomas and portal spaces (Fig. U). The lunr rranulomar were lary ■ . 
poorly delimited and moGtiy composite (Fir- 5).  The lesions of the 
bladder submucosa were similar; the ■ubepithe-lial layer adjacent to 
yranulomatous lesions was also mildly and diffusely inflamed (Fir. '')• 

Although all of the five primate- species studied became experimen- 
tally infected with G. haematobium, their susceptibility and the coursi- 
of infection varied considerably. In general, the pigtail, the rr'-en 
and rhesus monkeys were more susceptible in that worms persisted until 
necropsy and viable eggs were passed. Most of the worms were found in 
the portal circulation, and most of the eggs and granulomas were observed 
in the intestine and liver. However, even in those animals, eggs were 
found in the urine only occasionally, and they appeared late in the 
course of the infection and persisted for only a few weeks. The tree 
shrew demonstrated the most evident natural resistance to this parasite-. 
No eggs were found at any time in the feces or urine of these animals. 

It is of interest to note that the green monkeys were not signifi- 
cantly more susceptible to infection than were the rhesus monkeys, though 
they are more susceptible to S. mansoni than are the rhesus. 

Our observation may be influenced by the relatively small number of 
female worms present, since light infections with C, mansoni do not show 
us marked a tendency toward self-cure as do heavier infections. However, 
the observation that a greater percentage of Lhe worms in the preen mon- 
keys were found in the mesenteric veins rather than in the liver, as was, 
the case in the rhesus, and that an over-all greater percentage of female; 
worms persisted in the green monkeys, may indicate a more suitable host- 
parasite relationship with them. 

An important indication of natural resistance might be an altered 
ratio of male to female worms, since the latter may be more vulnerable 
to the host response.  It is noteworthy that, whereas the overall male 
to female ratio in the pigtail was about 2k:l,  and in the rhesus, about 
10:1, in the green monkey it was about 6:1. This ratio in the owl mon- 
keys was about 2:1, but they were not exposed to the same cercarial 
pool as were the other species. However, the predominance of male 
worms in S. haematobium infections in experimental animals is common, 
and the sex ratio may even vary depending on the time of exposure to 
the same batch of cercariae; thus our results may be merely a reflection 
of this phenomenon. 

Spontaneous regression of lesions, elimination of eggs in tissues 
and a tendency toward self cure occurred in the owl monkeys. Although 
all the Aotus monkeys had eggs in their feces during the period oi' 
study only 2 of the 6 exposed to the same cercarial pool had worm, 
present at necropsy, and the worms in one of these were stunted anc the 
females had no eggs in utero.  The infection in these animals was charac- 
terized by composite' granulomas with occasional endophlebitis of the por- 
tal veins. In those owl monkeys in which infection persist' i, .liver 
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involvement was relatively intense with diffuse portal inflammatory 
infiltration and prominence of reticuloendothelial cells, but without 
portal endophlebitis.    A more detailed analysis of the pathology in 
thi.3 species is being reported separately as a part of a comparative 
.•tudy of three  species of human schistosomes in the owl monkeys. 

The number of eggs in tissues per female worm for all species 
(Table h) was much lower than that in chimpanzees.    This may represent 
differences in the rate of egg production or egg destruction, or both. 
Cereopithccus  and rhesus monkeys apparently destroy eggs deposited  in 
tissues much more rapidly than do chimpanzees. 

The present observations suggest that the percent recovery of 
worms within a few months after exposure to primary infection is not 
completely reliable as a measure of host susceptibility,  since those 
factors favoring successful migration and maturation of schistosomes 
are not necessarily the same as those favoring longevity of the parasite 
and sustained patency of infection.    In this respect these observations 
are essentially similar to those obtained in comparing the susceptibility 
of 10 species  of primates to infection with S. mansoni. 

No direct correlation could be observed between susceptibility and 
the natural habitat of the primates studied.    The histologic character- 
istics of the  «'ranulomas were variable as  to stage,  size and number of 
eggs per granuloma within the same species and none of them showed le- 
sions distinctive from any other.    Variations seemed to bo mainly a 
function of time and intensity of oviposition. 

2.    Comparison of Schistosoma haematobium,  S. mansoni and S.  japoni- ur 
infections in the owl monkey, Aotus trivirgatus. | 

Recent observations in the chimpanzee have demonstrated significant 
differences in the topography,  type and severity of lesions resultitig 
from experimental infections with the 3 human schistosome species.    Mo.;-t 
comparative studies  in the past were conducted in small laboratory ani- 
mal.:  such as mice and hamsters, or in less  susceptible hosts where path- 
ologic patterns are different from those observed in man.    When primates 
wore  studied,   comparisons were limited  to only 2 parasite species.     A 
comparison of the granulomas around the eggs of the 3 species of human 
schistosomes was conducted by Warren and Domingo by injecting eggs into 
the tail vein  of mice.     They observed that  the granuloma foriMtions 
around S. mansoni and S,  haematobium eggs were similar, wher'.. >   those 
around S.  japonicum eggs were different and resembled a "foreign body 
response."    Thus,  observations by various workers suggest t\at varying 
rranulomatous  reactions to various schistosomes may be a function of 
the host species  as  well as of the parasite  species. 

A search  for host:: which might serve as models for human schisto- 
. ;j"da.':ir: has been  conducted in our laboratories  for more than decade. 
In  *.:: • course  of these studies we observed  that the owl,  or night monkey 
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(Aotus  trivirgatus) wa;. susceptible  to infection witn all   3 human 
schistosomes.    This report ^ummarize.'i observations on  the  relative 
susceptibility,  course of infection and tost response of the owl 
monkey to the i species of human schistosoires. 

The Aotus trivir^atuc monkeyr  used were cbtiiinea   from Colornhia 
through primate dealers and were healthy,  active adolescents weighing 
approximate.Jy -X)0 gm at the time of expo.'.ure.    Fecal exaii.lnation prior 
to ■,xpot-ure  revealed no schistosome  etfg.1:.    Neeropsie;'   of a  large number 
of animals of this species use i in our malario research have never 
yielded evidence of naturaJ   schistosome infections. 

C'-.Tcariae for exposures were- cbtainel  f'rnm F-'ilinu::  sericinus, 
■iomphtilaria glabrata,  and Oncomelania |2£sophP£a  maiir, infected with 

3.  haematobium (Iranian strain),  o..  mansoni   (Puerto Rican strain)  or 
f.  japonicum (Japanese strain),  respectively.    Animals were exposed 
while aneüth^tized with phencyclidine after the right  lateral abdominal 
i'in had been shave': and washed  with deohlr.rinnted water.     Exposures to 
i-  EESii2SJ: ana o.  ua'TiatubiaT. ;:ercariae vert- accompli."hed by pipetting 
the desired  volume of c-rcarial   .''..■■p-r.rio;;  intr  '■:..[■  x  1.^  cr. glass rings 
nand-hel'.i  en the skin  for 30 minutes.    Monk'-y;   were exposed to 
'_■   j.^i-'O^i'-^-'1"' ^y placing counted  cereariao cr\ the skin with a loop of 
monofilament nylon.    Seven animals were exposed to ^0-575 S.  haematobium 
cercariac  (Table 6), 6 to 100-1,000 S. manconi e^rcariae  (Table 7) and 
v  to VO-'^Oo o.  Japonicum cercariae   (TabJe 8).    Albino mice  or hamsters 
w.-re ex])c;;ed to the same cercarial  suspensions a^ ini'ectivity .controls. 
Ail animals expostd to a given  schistosome species were exposed to the 
..aim   cercarial  suspension except   '"or ■'.   haematoüium animal No.  2 and 
.". manconi animals No.  uV^ and bbn whien wen   exposed on different days. 
T.' /.aminütiun::  fcr all animals  and uria'- txaminations  for animals 
ex,        i  to J.  liaematobiumi were  b^igun five weer.s after  exposure and con- 
t.,        i  we-eKly until necropsy.     Fecal sLecirr.en:   wore concentrated by the 
AI-..    .11  techulqui   or :.:K:  furtau_in-'ther-buf.'ered-Hicclicl technique, 
lirint   s^i.cirn-ns wer*    •entri.rugr d before exa.üna. Lor. for S.   haematobiim 
■r,e ■•     -'ht:  7iaL.iil;4  of eges was  uotc-rmlned b.y ir.ii'ü.'iaial hatching. 

rro)'sy  th"  schi^'iosomes wer«   ccile^tvi  by  nerfusion.     Ihe 
■t.   i     i ' i'i'u  t."i   ; VL •: v-'t.-ly  in ani.Ti..   infected  with 

Worm uumüerb,   distribution and  length were deteir.ined. 
measure.', un' ixed . 

A1J   :n;<,'i r ci'tuu;'  W-J'" dissected  .'re-7'  after  per^'usion,   gross  path- 
..i.;-   .i.C'.gcs  w.-T'"' noted and  L;--ci:,.'.-ns wer',   edit 'ted  for  tissüe-egg 

!■•-.;;■./::  sn.'   : L - hx^.'cjutti.clogy.     11   su-s  fur histrriath^lcpy wert   fixed 
it. .v utra-   ■;;■.;•■ >■•;(; T.'T  fonr.alln oni stainea with Delafield's hematoxy- 
. in ■■no  LUSUI.    r;'j:ect>.d  sfecimens  vere aaso stained with Massons's 
trirhr.,ne.     ii..;: ue-tgg assays were r.&zv.  after digestion by U'l.: potassium 
i.yarcxT'l: .    Mean granuioma sire  in   the liv<-r war measured by t.tchnique0 

'''.■! IIJC ..  Vj   jor> Lichtenbcrc. 
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Parasltologic observations 

Schistosoma haemutobium; Worms were found in 3 of the 7 monkeys 
exposed to this parasite when perfused it or 28 weeks after exposure 
(Table 6). Worms were recovered from the pelvic area in only one ani- 
mal.  The worms in animal No. 30 were only about one-half the length of 
those in No. 2\)  (males, f,.j  nun; females, f.[)  mm, vs. 11.3 and 15.8 ram, 
respectively) and the iVmales had no eggs in utero, in contrast to those 
in No. 29 which had numerous well-formed eggs in utero. S. haematobium 
eggs were recovered from the I'eces of all 7 animals by the seventh week 
of infection, but eggs were never recovered from the urine. Eggs from 
the feces hatched normally in dechlorinatod water.  Fecal egg recovery 
was sporadic in all animals, except No. 21-), and eggs were no longer de- 
tectable in 5 of the monkeys lb weeks after exposure. No eggs were 
recovered from the tissues of the h  animals which had no worms remaining 
at necropsy. A few eggs, were found in the tissues of monkey No. 30, 
thus attesting both to the former maturity of the infection and to the 
host's ability to eliminate both adults and eggs. Tissues from monkey 
No. 2 were not digested, but many eggs were seen in press preparations 
of colon and bladder,  in monkey No, 29, which continued to have eggs 
in the feces until the time of necropsy, the cecum and colon had the 
greatest number uf eggs per Kram of tissue (Table 9)- The liver and 
large intestine had approximately equal numbers of eggs. Eggs were 
present both in pr-1; s »reparations of bladder mucosa and in KOH digests 
of the bladder, altnough eggs had never been detected in the urine. No 
diarrhea or other evidence of disease was seen in the monkeys during the 
course of this infection.  Worm recovery in hamsters used as infectivity 
controls was approximately 7 percent 18 weeks after exposure, and one- 
third of the worms, recovered were females. 

Schistosoma mansoi All six monkeys exposed became infected and 
had eggs in the feces 7 weeks after exposure. The mean number of eggs 
per gram of feces reached a peak between 13 and 22 weeks and tended to 
level off thereafter.  The eggs hatched normally in dechlorinatod water. 
Even at the peak of fgg output (270 
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67 percent in acute infections. Few eggs were t'ouna in the lungs, and 
those seen were only in older infections. The average number of eggs 
per female worm per week was '49 in acute infections and 9^ in chronic 
infections. 

Schistosoma japonicum:  This parasite produced severe disease and 
ultimately caused the death of all 5 animals exposed. Eggs were found 
in the feces of all animals 7 weeks after exposure and hatches normally 
in dechlorinated water. Bloody-mucoid, diarrheic stools were common 
during the entire infection in those monkeys which survived only 10 
weeks, and, even in animal No. 1 (Table H) which had only a few schisto- 
somes, patches of blood and mucus were usually present in the feces 
throughout the course of infection.  Except for monkeys No. 1 and No. r) 
which were perfused more than 2U  hours after death, worm recoveries were 
relatively uniform. The worms were usually found paired in the mesen- 
teric veins. Worm recovery in mice used as infectivity controls was 60 
percent. Worms in the monkeys perfused 7 weeks after exposure had an 
average length of 10.1 mm for male;; and J2.7 rnm for females.  Tissue egg 
assays revealed that most of the eggs were located in the colon (Table ll). 
The liver also had a hirh concentration of eggs.  In monkey No. 3, 3^ of 
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all ti:'.'ui: ';;'.■ cou.nti.'ü wi.'i'i l'rcmi i ii' .■mal! Liit.i-.'i.lii'', .■ii;il, a: A';I. t IM 
in all 1'. japoniciM ini'''i't( i nionki'y.':. tiio.'L ui' t.h' '■(';'■:: I'miri'l In !!.• ■I:,,,

I 

intestirii; occurr'.'d in thi; [jroximal orn.'-third. On a   pr-ofHjriionat >• ha. i.-, 
more cft'i:  w«re i'ound In tlu- livr in tht; anirnaJ (;io. l) which .iirviv'i 
■',■',  weeks than in the oth'-'Ti:, 

'I'ho averaf*' numbur of ti;'t;uf '.■/'('.■ |R:r f'umalo worm [■■■r  wi'i.4'. ir ; r'ul-- 
ably lii/'ticr than the true valtu; bi.-caunc ol' tlu liif'J'ii.'UIty in r"('(.vriM;' 
ail ol' the worin:' from the two animal." perl'u^ed 2't htmr;: aftiT di-alh a:'1' i 
'jonrdderablt' autoly;;!;" had onijurr<'d. V/hc-n the nimiber of ■■(•;'.: fic,,7. ]■..., 
by tissue direction was compared with the numbt.r f)t' n-raali- wormr, the 
value:; of 'Ü.  mansoni ehronie infection;; averacied 'jU  while Uiat for 
3. haernatobiurn and H. japonicuj» were r(l',>  and .\,i,^>jrf,   re;;pectlvi ly.  '''or 
acute infections the S. inanr.oni averarcd 'if) whi.U .".. JajjOtiieum av« rand 
l.,173. 

Pathologic observations:  In {^e-n^ral, psthoJorie lesions n:  not-- 
were confined to the liver and {ru.t,   with lesser lesions beinr found in 
the lung. 

Gross pathologic findings:  Gross lesions wer- I'ound at necropsy 
in only one- animal (No. 2'j)   exposed to H. hacmatobiup;.  Wliil/ish pscudo 
tubercles were visible on the liver surl'ace, and slightly elevat"d 
hemorrhagic polypoid-type patches 1-72.'j  mm in diameter were present La 
the bladder, cecum and retosigmoid colon. 

All animals infected with S. mansoni had numerous nodular whitish 
tTanulomas 0.5-1-5 mm in diameter over most of the surface of the livr 
and throughout the parenchyma.  Animals examined more than ') weeks aflf-r 
exposure had scattered nodular pseudotubercles (0.5-j mm in diameter) 
throughout the gut.  These were most common in tue cecum and proximal 
third ol the colon.  Monkeys examined ')  weeks after exposure had sma ; I 
granulomas on the liver surface, but no other significant gross lesion;:. 
In schistosumiasis japonica there were numerous ]-'3 mm whitish granuloma; 
on the liver surface and throughout the parenchyma.  The distal third of 
the colon was severely altered, and the wall was thickened to ■, mm and 
hard.  In some animals the proximal third of the small intestine also 
showed granulomatous nodules.  In one animal there was mesenteric Lymph 
node enlargement, and in another, a one cm inflammatory nodule in th 
omentum. 

Microscopic pathologic findings:  The histopathologic examination 
revealed that the distribution of eggs was similar to that letermiii'•: :;/ 
tissue egg assays.  In gem ral . the mosl severe nsios.s /;ere i-r,.. ■ tv   ■   lo. 
monkeys infected with £. jaj-t nicu'i. and the fast seven iv   '.-i ■• >;it: 
L>, haematobium (fable 12).  The Tattern of ■■!:<■  deM../;' i <n  :; ':■  -at ui' 
monkeys infected with u. Japonicum and d. aa_--.-.e , ; ; ,■ -. •,:,., »,, ;  ' ■! '■• , 
with large number;; of eggs occurrinr in .('.■■ ; ;'    •. :  ■ w . r M ■.■■ le 
others (fig. 7)-  In G, mans.oni in :'• -if e;.;    ;■. ,,■;  a ■■,..■■.  ■; g. ;T 
pattern of lesions in the gut.  .'vfi : ■ .afi T.M; ■; ./a . !: ■ ; /■ ■■ ■ ■ ' : '' ah'  'ut 
was a prominent feature with C. Japonic^: an; ;'.  ■ ■ ■.' . '__. L; .•.,.' s 
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le;.;s riiarkcJ with IJ,  manuoni int'oetiünjj, thou^li i..-fr('i'< wi.-rf IVRUHI in tli' 
Jainina f)roprla and in the  suumucoiia with all ■; .-.jjc-fi' ;;. 

Liver invMivement wa:: rvlativ^jy i'Xt'.m.viv" witli al..l ■; parai'l'.' 
species.  In the monKcy:; infoetud wiLij ^_,   .iayonicuin and £. ruanroni, 
brown pif^iRTit wac f'bü<*rv'.'d in tlii' Kupl'l'^r >■•'.•]!:.: and in t!i" rjdeni'.- 
'Tiacrophanüs. Moßt of th»j liver '/.<:Qn  in the animal;: in!'.■■■(,■-i with 
ü.  mansoni {Fin.  ^) contained unly one' ••rr [H.a' legion. Abriut. '.(J e-r- 
cent of _D. ,1ai)üni(!uin ,"-ranulor;ia;; containtjd a uinfl" '-n'.   -A   p'-r'vnt ha i 
two eggs and 19 percont had j or more '-('f"- ("'i;'. '0.  Thir c-liaract.'-r- 
istic was al^o evident in the rut uubmunoua and, e-etoidr'aJly, in an 
ornental nodule. LunfT granuiomac in thi:; ini'c-etion r'-ne^rally eontairu-d 
a single egg. _J. haematobimn infecteri monkeyr charafterii;tif'ally hau 
composite granuloraas containin{r ui to 20 ogfs i-ach in si] th- or.an:- 
studied (Fig. 10), including the lungs, while sinrJ" 'cr rranulomas 
were relatively scarce.  The mean diaraetfr oJ' liver rranulomas (Table .1 ■) 
containing a single egg was greatest in C. mansoni inJ'ections, Loth in 
the acute and in the chronic stage (Fif.s, 11, 12, 1-;). However, the 
mean diameter of rranulomas containinc more than one err in -. .iai'oniciqji. 
and S.  haematobium chronic infections was equal to or rreater than 
single egg granulomas o£ Ü.  mansoni chronic infection:;. A l'ew eornposit" 
granulomas in G. .japonicum chronic infections attained 1,020 mierons in 
diameter, and many measured kOO-'jOO  microns.  The largest rranuloma mi-a- 
sured in chronic S. mansoni infections was k60  microns. Thus., consid- 
ering all the granulomas in chronic infections, the mean diameter war 
greater for S. .japonicum than for £. mansoni or £. haematobium. 
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Although the cellular composition in the liver granulomas varied 
in individual lesions, large numbers of eosinophils were more fre- 
quently seen in the granulomas formed around S. haematobium eggs 
(Fig. 13) than in those around the eggs of the other 2 species.  In 
animals infected for 33 or 35 weeks with S. mansoni, a parti jularly 
well defined and delineated type of granuloma, often with central 
epithelioid cells, a few concentric fibroblasts and a peripheral round 
cell halo was observed (Fig. 12). A distinctive "edematous" type of 
granuloma was seen in h  monkeys which died between 7 and 10 weeks after 
exposure to S. .japonicum and in 2 monkeys killed 9 weeks after exposure 
to o. mansoni.  The cells of the peripheral portion, mostly young fibro- 
blasts mixed with a few polymorphonuclear and mononuclear cells, were 
widely separated by ground substance, giving the appearance of a loose, 
relatively acellular lesion (Fig. 11, Ik).     The peripheral encroachment 
of these granulomas upon adjacent structures such as bile capillaries 
and liver end plates was most striking in the largest, composite granu- 
lomas (Fig. Ik).     This "edematous" pattern could be observed occasion- 
ally even in lesions in the lung with S. .japonicum (Fig. 15). Central 
necrosis and neutrophil aggregates were generally more pronounced and 
frequent in infections with S. japonicum than with the other 2 species 
(Fig. 11, ll+). The Hoeppli phenomenon was seen only once in an intes- 
tinal lesion of a monkey infected with S, mansoni. 

Eggs were found inside portal radicles much more frequently in 
S. japonicum infections than in infections with the other 2 species, 
and in several animals, infection with S. japonicum was accompanied 
by portal thrombophlebitis (Fig. l6). Fibrin clots, inflammatory cell 
aggregates and granulomas were commonly seen inside of the portal veins, 
and in one animal a definite adventitial inflammation of the central 
veins was also visible. Diffuse inflammatory infiltration of the por- 
tal connective tissue with predominantly lymphoid cells and eosinophils 
was seen in all 3 species. Mild focal fibrosis of portal fields was 
seen around involuting and healed granulomas and was most prominent in 
chronic infections with S. japonicum (Fig. 9)« However, fibrous en- 
largement of portal fields as in pipe-stem fibrosis was not observed 
in any of these monkeys infected with one of the three schistosome 
species. 
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In ad'lition to t.ht; above des^ril.^d  bi"!cn;ali  if-r.  *hlvh  art-   iir."!; 
ü; tributable ti Pchistosoirilasi-?,   f-thci"   '".'i   .i;;  ^••■'   ri'y.rv-"i.      Vie !j.! i- 
ma.!  infeott-d with S. nannonl ha;.i  an uid'entir'l^u .■.   linlr^ü   in   ir."   \\mi , 
apparently In a  thickened alver.iuj vlth r:-.   ■t'';-i   'i.- M   i---;-, ;•,: r..     IMi- 
".unary ederv:   «ind  forii/' ::tio;i  ^f.-1 • ■•'.••■ ;   ;':    ■• ■      ■'  • •      :,.  :.■.-•,,      ..■; :   ! 
.n ■■iimbt-'i   to o.   Jajionii'um infection       P,,'" ! in-; r.L ; • i     /r..      t-  . ent   ir;    • 
■.it  nV .If) Aotu.'  examined,  ana iti:  ae^rret-  an ]   ryi •    -'ai-i'  •   iii-iep^nde-ntly 
nt' th'   sev'-rity of biiharziai  infection;   t.hi."  .'•■:: ■;, war  ;■'..■•"' found in 
seme ox' tho animal:; which had no worm'   r^mai.ninr '-'1   n1 ■•••:■■'-.:,.■■;/  ^rt'^r >■:•:- 
posiuv  to S,  haematobium.    Th'- py-JorK-iihriM.   ^a.'   raid,   fo'-oi.   &nd 
i'hroni»':  In 7 animals;   sfvere.  ''hrini".   artive   i;. am'-'ther: an ;  ;  -v-.-r"  a:.: 
acute in  another one. 

The owl inonKey wa.: üuseeptibie L.O in.'■■'■tl.x-i ly ir.«1 ■. .:.''L'-.. (.•;' 
.;..;hi,';t,(j:;ome,-. pathogenic in man, bur th" -O'live of inf'-.tinn for •A:'- 
r'orent ;:peci(.'j varied considerahly. Infectfir, uy ;'. i.aeinatobiu::. war 
.-■nr.i Severe. All mcrikeyc expore 1 tr,. ,'. Laema^i i-i^i::. . •;•!■.. infe-.'ti d 
ail i^'K^'e i efj-: in hh'-ir rtco:.., .11 .' 'h: .■ M .;..■::■■ .: .VM" it. . 
auiniaio  at   Uie  tiirn;  of nccrcj.'sy,   a'.:   tb-re war  :; .,.•:•?•?.■■ i   ;•■ ■Mi ;.   i: 
ri/e and   L'ertilitj   of the w()r::..:  it.  on'    r,..i.r--,, .     ..o.ae re'  the   : -.ii".1 ,v .  lu- 
.'■•et.eij with u.   haematobium exhlbiieti any outward tignn of   u.:■:?>; ■■.     rha. . 
' ni,-; dor.t  reer.ied  to adapt read; 17   to  tnir  in'' ;M.ri and  r- a^ti.-]  ••■■/ :.*.- 
.•;.!iy tc- oliminatc- it.    With 5;.  :-:a!,.';r:.i  iufe ■♦.]  nr,  r. ..täte   o:" equiiibriu 

.-.v einen  to be maintain-d derfit.' h'-avy wer:   tiu'dtn."..     Kv-.-n  in   '.?.'-:>• r.n-nA'y. 
in /id di  riu.-ivrour ef.f :: wer- bein,   rhci   Into  ''.     ''■•■•   ,  thfT'   wn.   ar   diar- 
i'!-u  or t'r( .:!.   hlem  nr   ;ent. In 1.Ji-    .■;,.•....■ .     !n   'on'.ra: t,   i !oi/dy.   iraeoiu 
rti.'f-lr and  diarrhea wero   -01™!.or. sunotif tl;> .'.■•' •■■. m''.'y.  infe-.-ted  with 
f    j^pen:. cum,   ana  th'    injection  wa^  uniformly   int.a!   t'.r th<e"..     Tirae 
■ ii  eitr  revealed r.arri'.i   o.   Japnni 'iam ■■p/' eoi.^ .ntrati enr  ::.  tiie   iar^'e 
int'Stine  ..-onsi..! •■nt with the revori,   tnt-.'itina'   iirea^-- .-••ei..     '■. Mi in 
u'li.e ^..rjij  oia'onle '_,  ran^on''.   inf^otioriP meat o" id ■   err.,   wr     I'oiind  in 

lathe;'   than in  I'w   jiit' rt i.ni   ar  c .: u nia<'Ui:: ■..■rv  :   rfith .'. 
''■■}    ■',•..•.   wh«-;;   fd ■.■   M r.ru--e{V  ;r rm- i1 i or.  [att'Vi     v   re   -on.j nr.-a  or.  tir 
.■ ■ ir i.r tve.!i,-:n1   ■ t   e(n-r  re-wverfc.,   H   war  i'o'jni   ..tat th-  : ropcrtlon 
'-■'   t.'i-    rr-.;   in   i e.    j.i-\e-r wfir   Tepter  in  av'Ut-   ((i wr-ckr) £.   ::,anrt.ni   In- 
''•  ■lion.:'   t.hüa war   .'OUT.I  .in   'arnriie  in £'"•■;(•• tzonr   (•.'■  ■ T   -,'   v el..:).     With 

' •   u'.llÜiL^£;~  irj! eeti» nr.   •,•■.1'   trend   '.►■t^ner   in  u-  n veiv-;.     Altimurh 
t v. ;■    w^'xt-  11 r   .. w  'init.alr  cr. *)::   h to baia   valid   "■orr\! j. ior;. .   thic 
r.: I !. rr.:.i' ■    :i:av  lav-  la-.-n  .irni I'loant   in  prod 1 la,   the ■■ontra^tir.'   mani- 

1 ■•:■.::.    ,     ;,;,■    ii..  ;.'■ .    A   ;are'-r  proportion of ;',  rianr. .Hi   ■■,•,•;■  w-r- 
'■   if 1  iu   li.'    .   .-i,'   in'.e   tii:-   I haa     r..    Mr •-    /j tt;  the  rhic: an'j.ei , 

.eor. ;,rnr.«;/  atid   ; I;  . u.   i.-r.Key.     i't «   .■   >•,   ' t:M  i'i.y  ..'■  the   r   'i.t   cd'  a 
ji";;ft.   In   ftormn   t;    iri.-   . itc   in  0.1 ar  in'"-- • ;.-1 ■  er   :••■  iir "   ir.   r*.-ru: 

.   ■.. ii,v'j>.     i.n f.  ..lanroni  und .'.   j'-^ nJ(e.in   i-  '■"i.n. .   .t-rn !   er.r  t.j. 'ae 
eKj;' roan:,..   i'ni:.j.-.   '.(.  providi   -viiortre  thai   t..'r    intr   nf o.'ijci'iin .!■.■- 

■rr,'e>o)  wiiii   iirn    ."i-  that worn,:,  ,■ re  1   ■ir^      ..iri-ar-i  ar  o • 'urr   *;ith 
•■re r.io  i:rf.k.yr..     'Ao-"t   e'^nriv-   .-•■.:-■    ty.   ':.<■  rMr   ■■'.' d   . ■ •■u. : ion of 

J;.    Mr:.i arJ    rhftflf' :    ill    ivi,.n   I'i'L   '■ i. * •     •;:..,     "i.-i-ar   X.C    thor- 
...' o'h ■v-r    in i   '■•.'Vi.-r    «   .M \-.   u*'  eore..-'-■;■-;, 1     jn'-ret   ir    'rir   ho.-t. 



The considerably greater rate of oviposition occurring in S. 
japonicum infections mirht alone account for its greater virulence 
in Aotu3 monkeys,  but the pattern of oviposition and the host granu- 
lomatous reaction  to  the eggs of the  different  species may also be 
significant.     Certainly,   it' numbers  of eggs deposited were alone the 
predominant factor  In the severity of disease,  then the Aotus with 
£.  haematobiuni  should  aav exhibited  greater effects  than see.i here. 
Although the number of animal.- was  small and the duration of infsction 
varied, our objervatiun-;  suggest that the amount of tissue damage pro- 
duced by each _^.   Japunicimi •■i'g was  actually greater than that  by each 
S.  mansuni  egg,   and that  it was  least  with o.  hacmatobium eggs.     This 
characteri-tic was r-eort   i by M^-Kney et ai.   tor a variety   af nonpri- 
mate experimental  li.'.'l..,   uut was not   observ-vi  in  the eg'g injection ex- 
periments in mice  r-s^rt >; by .«'arr n on 1  Domingo.    However,  it is known 
that granulomas  inlu ■■ i by  inj' ■Lion of eggs do not attain the size nor 
severity of those   :'ou:i,i  ii: 'istuai  infections.     In experiments in which 
attempts to  transf-r .••nsitivity to  schistosome eggs, were made,   success 
was achieved with   '"11s   fron, 11 •■.•s.a.!   infections, but not with cells 
from unisexual   infv .■t.i.,,n • cr animals   in,i"cted with eggs and inhibition 
of the delayed  hyp-rs-nsi' ivi'y  •■  . ; ■ n.     wiii.-h produces granulomas  can 
be accomplished  by  immLUu   -r. ;;i- . . ; .•■    ,lrugs,   thymectomy and antilympho- 
cyte serum in animal.   in,:'"'t'>i virh  .. .'hist.os.omo eggs,  but this  is not 
successful   In  iul'-M-:   ii.!." ;i:, .     .:.;..■,   .on- possibly important dif- 
ferences  •xist   1:;   •.!:•    M    '   !••■.; ..ns     in si •    .  ..;/   injecteu  eggs  and   that 
in luce i by a aua !   ii. '   ■' i> n   . 

The mod" of oviposition iy t.h"   iil'ferent s.ehistüsomes which favors 
the  formation of   •w.-.v. it.   »■ranu.ioiv.as  in animals  inft.cted with L'. 
haematobimn an 1 J,   ja: umjjti r:.ay  also  be  significant in determining 
virulence.     J_.  mans on 1   female,    .ay  eggs  singly while C.  haematobium and 
o.   Japonicum  females   -ontain many eg»'S and deposit them in clusters, 
similarly,  differens-s  in adult migrating habits nay affect the pro- 
duction of lesions.    We  found a relatively uniform distribution of 
lesions along the gut with •_■ mans on i,  but a patchy distribution was 
evident in ^.   haematüblum anu C.  Japonicum infections.    Domingo and 
Warren reported a  nlatiV' ly uniform distribution of    ggs throuphout 
the small   intestines of -i ■■   *ith .'.  mansoni infections.    A patchy 
distribution  of rut  rm.:  :.ai;r    •■.Jions  similar  to that  seen with  the 
Aotus in this   stuly vi.    .. ; rominent   featur" of J.  haematobiuni infections 
in  the  .■him; an..'-    aji i  - .   Japunismr'.  inl'"stions   in mice. 

fince  the Aotu.    .!■.'■ r wa.   heavily involved  in infections  with  all 
i species of  schistusüm--,  a   l^tailed hi. topathologic comparison of the 
rranulomas  in  th--  S-I.T.    orsan was  possibl".     This  .howe'i that,  while 
single-egg granu.o-.n.   with ■_.  mairscnl  were   larger,  the overall   granuloma 
size  for 11.   Jaj onis.j;:,  «as  greater 'Vw   to  the  frequ- ney of composite 
lesions.    D,   Japoniciwi lesions were alse   more frequently necrotie, were 
frequently as.so.-iri'ed  with "[.lop.'iiet.itis .   and  tended  to dlsplac«-  and 
di.'stroy aijaeent   livr  •:.■.;.!• .    A.    in  human  infections  njnglt'-epp S. 
haemj .si. im granu-omas   ir   »■     Ai ]_i._  *'■!•■    n iatively  sma.1 1.     The  simi- 
larity    •'  • :;•    lar-' ;■:-.■.•   ■:      .Turiuicnias   '.OunA h^re  in the  early stage: 



ol'  Soth S^  mansonl and S.   .iaporiic-um ini'r'ti on.-   ■•civr,.ru..r :■  with  the 
results  of egg-injection experiraentn perfonvi  viOi ■']-•■,   tut  agrees 
with observations made in  it^fectt.Hi  rhii:n)ar.:'i-t.>; .    .'>',.i.t.-: on:'' granulo- 
ma.-   ttjrid  to bcj  largest ana most  f-xudatiw  Lt:    ■;.■._,   ':■. .   Li.tt.fs^t,-  inl'ec- 
ti'^ri::,   ar wa;:  ccnfirmf'd hcrv.     !!'''W^7r,r,   ih'   •  ■■ •■■'   ".    ■ ■i* t.^rn  of  Mi' re 
granuloTtiac  has  not been r.^t»'1  nr'. viouüi.v  ir   ■ '-:,  r    >.; ■ >•]■:. r.i,a.;   primate 
hc::t:'  studied,  although many  of th«\';e  tiad  "f !:.Mtr;.i i ■    ! ilharsial  infec- 
tlnnG.     Variatinn"  in  the :■ ■] 1   '■(<:■ p.;r,it,i ;i: h:.: ii.ori nolory o:' .chictooome 
i'ramilomas may he due to a variety of factor.-.     I::  ;•••••:;!.  exjerimente 
the rolej of lysopho^phatlde  comj-uundu anu i ;' ■) rnnulomn  .'-n.-itir-ing 
factor wtTL- analyzed,    Moth th'.'r."  .."omj'umT.t,   •;: ;■.■:!■•  t(   ;.'■  invuiv-'i in 
granuloma  formation anJ it i::  iikt-ly   that  t.h'     r,-.   < r   ii:':,'r"nt  c^hir- 
tojome  cpecies night, poü.-:eß£  dil'l'erent  proportion.'  of  tn«.'::«'  an i  of other 
a -tivc   compound;:.     On the othvr iiar.d,   different  ho^t  .[.".•i.-,- may vary 
in  tlie overall capacity of their  lymphcreticular .y.tt'i'. to rerpond to 
stimuli  or,  more  rpecifically,   in  their dogn.e cf reactivity  t.e dif- 
l'u:!),.!«'  üchirtosom ■  egg ami,'■•nc .     ihe   Inrgi.',    ■.-.•■ma tor     .'rar.ulomne 
.-■earring in  early _.  JaporiieajT. and C,  rnaru on!   ;::'     Lion;:  of o*']  mon- 
key.-, may rcpre.er.t a  particularly  vigoroa.; he.*   i.y;-r. ■n.itivity 
r» .'ponüe   to antir n.   ri .'a,:e:i  L;/  '„li-;'--  eL-g. .     i'hl.    * 'Ulti  al.'o account 
!'rr the marked endophieüitic  fouijo in OUJ

-
 . .  ja. oni -u". inf'   tlonr. 

Eviacntly  tne intt-arity of ref.ponr.e  'o uggs ef dii'f-r-'nl   .• ■hi./, o. om • 
. ()< cien may vh.'y according  to ho^t.  jj>t'ci'■•::,   infection   Intensity ana 
.tage. 

In  apite' of n.-a-'/y egg   jepo. ition  it: th" Aot a.   liv-.-r with-all   i 
.■•hi'4": .•ome  species, altt.-ratiün.;   in tne j ortai fiel;:: w--rr'  limited to 
j'ocal  inflammation and fibroidc;  enlargement of portal   fic.-ldr,  a;: oc- 

.■•rv'jd  in pipe-.'tem fxbrouis  in chimpanzee.: vitn ._.  man: oni   *RJ. not ceen 
!n any  jf the inl\ ct' 1 (jwl monkeys.    In thir ri^pevt  t}je Aotu-   resembled 
the r:;uJority of primate .'.peciej  previouoiy siudiea vitn f.  mai^oni in- 
•'  ■•ti »nc.     Thu.1,   ■\'..i::,\    ■'ro:;. ex]:'rimcnt.aj.  ir.foctioi.;:     u.-g  rt.-   that 
'..in   i  ■eurvenc   of diffuse  pip^-.t-.-m  fihro;;!:   i:  u. t     nly r> iata   to the 
si/e  ana   J, :.'.r'i-t jv;,'e .•■ of   ^rv.   grar.aloii'.c.;,   i.ut aid    r-juir''.   a  .peciai 
•...■'   pr^dijpc'.ut.iün  thac 1'ar founa  only in   i  '\;w UOJ\   . ped-. .    Al- 
'.hoe., h   leiaye.-]  hy. er. ■■n'itivit y  in   th    T.'.^..'  Iia.    L..e!j   r-'.i'.-i  t^ 

, rai,';lo:..a   fornatlen,   and  th"   iattfr to jiorta,   fii rorl     t';,.    rol"  of an 
imm'-j' ■'.o.'ical   laet.-r in ttj«.   aevelojimeiit of pip'--.-,tf/i;i  fit.re. 1.;  hat:  not 
•j ■'   .  •• .:   I'-mon.'. fit-- 1. 

Lt  i::  nhviua.    "ron   the   ii t'. ratur^,  an i   : rom '.hi:    stuay,   '.hat loth 
,h«.    avarite  .;   ■":!•_•;   an i tho hort  ::peci.-- play impor'-ant   rol'.:"  in th" 

• • f. i  i !;e.'i.      '   ^ilhar.'.ici  dinef.ce.     /\irtiH r    cm; a.'M'-i-. ■■  . tudie::  in 
" c e t •■r.'   an.     : L::.; a:;:  e.'   tc   d.■.'!'.•    the.--    L:/' r" 'l i r;e    ar^1   in   prc^grer.r. 
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3.    Antischistosomal activity of a nitrovinylfuran derivative in 
rhesus monkeys. 

The antischisto^umal activity of the nitrovinylfuran,  trans-5- 
amino-3(2-(^-nitro-2 furyl)-vinyl)-l,2,1» oxadiazole, has been observed 
in mice and hamsttr:: infected with nchistosoma mansoni and in mice in- 
fected with £.   japonicuin.    The drug dectroyod many adult worms, damaged 
the reproductive  .system of those   female worms which escaped destruction, 
was nontoxic to the host ir. curative doses, and yave no evidence of 
worms developing resistance to it. 

Studies  conducted with several other nonantimonial compounds have 
shown that the antischistosomal activity in rodents does not necessarily 
parallel the activity in primates and that tests in infected monkeys are 
necessary before assessing the potential value of these drugs for the 
treatment of human schistosomiaris■     The present studies were designed 
to evaluate the prophylactic and  therapeutic activity of this compound 
when administered orally to rhesus monkeys experimentally infected with 
S, mansoni   or C.  japonicum. 

Thirty-three rhesus monk-ys   (Macaca mulatta)  weighing 2.0-U.5 kg 
at the  time of exposure were used  in these studies.    All monkeys were 
weighed in at the beginning of drur administration,  again one day after 
cessation of treatment,  and .a  T!.-    iay of ii'Topsy.    They were kept in 
individual cages and fed a diet of   ^ommereia.. monkey pellets. 

C.  mansoni cercariae  (Puerto Rican strain) used for exposures were 
obtained  from 200  hiomphalaria  gjabrata  snails which had been infected 
with miracidia hatched from eggt: obtained from livers of infected al- 
bino mice. 

After anesthesia with pheneyciidine hydrochloride  (l mg/kg intra- 
muscularly), monkeys  *■ re j repared  for exposure by clipping the hair on 
the abdomen and washing the skin with dechlorinated water.    While the 
skin was  still damp,  ■^'-   evr-aria    in  1 ml of water were pipetted onto 
the skin.     This was aliowci - > remain undist'irbed for 20 minutes before 
the animals were repiav-i in their cages.    The 15 monkeys, exposed to 
S. mansoni were allo- at-i to tour groups as.  follows:    Group T - treated 
with SQ lP,SU() at L'^.o mg p.T kr of body weight twice daily for five days 
beginning on  the   lay uf ex]iüS'are; tJroup II - 'untreated controls; 
Group III -  treat«- i with    U) T.r  per kg of body weight twice daily for 
five days beginning [>(• days al'ttT exposure; and Group IV - untreated 
controls.    The   irug was administered  by gavago after it was mixed with 
approximately . •,» ml of strained  applesauce in a  ^0 ml syringe,   since 
the absorption of '^  i'/'ji   is  im;.rove ! when given in this manner.    The 
dr\Xf was  given at r AM and   •  iM <inily,  and ail monkeys were  fed  imme- 
diately thereafter in ord^r ' ■■ promote better absorption.    The monkeys 
were observe')   frequently :   ;■ wi,rht   loss, weakness, anorexia,   lethargy 
or other poss.ibl-' .ii- • f:'•■■•*..   i f the .irug. 
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Stools were exami nerj   for r::hi rlosome !--f;.'r  V.ef'ore fxror.-irf-. 
Beginning  five weeks  after exposure,  one-f/rani  s'unple:' of    'oolr   .ere 
oonoentrated twir-.-3 weekly by +*,e  for-al"1 ii-eit.f-r-'t  .(': •r'-i  al-chol,  tech- 
nique,  'ind the number of errT: ner pram of fW-f-1-       ■   -jf-tenni nc-d. 

Tiecropnier   vere performed »C iiyr  after  -T^.rlf^on of   t realm nt, 
and monkeys wer'3 perfumed by the method o!' kadk.e,   <'•■*   al.       '.(• r::e;er.terlc- 
portal venous  system was  perfused  separately   !>!'■:  '.<:■■  i n4 raiiepati;' venous 
system, by the appropriate  placement cf lipnturcs,     .'  ali^^somer i -fi  for 
(Tlycofren assays  and for  intra vitag stairirij' were   nt-rf\jred  from  1 he veins 
with a buffered trlucose-physiolop: ral-sal:ne  roliiti' ; ;   tr.ose v.red only 
for worm counts  and measurements were  flert^;.,■^ i vitv   r'yr ; oloir i i"i.1   r'-'line 
containing  0?(; nv. phenobarbital  so.Hum, per liter.     The ^ormr  vserc mea- 
sured unfixed.    The glyro^en roncentratio;-! of male   „■rr'•  .■;■■:■  determined 
by a special." enzymatic mic-romethod.     Dama.-.e  to  '].<-   reprrdu-t ive r-y.-+ew 
of the  female worms,  determined by -n.   ; n t r i  vj * f-   "'■liran-' ■'jf!'yi.  •■■.■■ 
recorded.    The   internal organs of al3  mnnk-'-y.-    r^re   r'V.oy] 'ind  exurin.^d 
for gross pathologic  lesions  after perfnrior..     ,'ample';  *' '.' 'ii-    liver nr'-d 
of each third of the larye  and sm.'ll   iiitestine.    :vr'- di •tn-.u-d  iy ;.''  •■'!! 
for determination of ep;ps  rer -•'rn-    -f  (.issue, 

Schistosotna .iaponicum. ecrevriae   ''■'.'ip^nese   -ir^ini ner»- obtained   :'r-(.m 
''0   ','ncomelnnia nosophora  snails which  .'.er- exnost]   ' <" r-i r i>'i di.. obtained 
by  hatching eggs  from livers of infected rilbir.o m^ct'.    T;>e snails were 
crushed, checked micrnscopieally for thf  presenct   nf   «ercariae ami rinsed 
into a V>eaker of dechlorlnated water.     !'y means  of •   '■  x  '■ mm monofilament 
nylon  loop,  ICfi cercariae wer^ counted  and  placed  ••■:.   '.he d-.mn  sl-.in of each 
monkey prepared as ^or :'.  mansonj   '.-xposures.     ■";;'.   ■vin in the  -irea of ap- 
plication W'     '.eot  moist  for '.-10 minutes before  'he v.im-il;-, vert- returned 
to  their m, • 

"."..i ...i;,i";y.'  expo.-.ed  to .'.    'apf■nli,',!Tr  wer''  ■•   '. c-i'.ed  '^   i'onv ('renn.'" 
n     foilc.. ;rou(    .'   -  t >•■ Tt'-d"^! th f ,  ]"•,' ' :      '■     ,■•  in- ■ f ;'■-iy  .:>-:].■v.' 
'•.■.'i.^   b'il;,   for 1C-' day:   beginning ui. thf   ■c1 ■■:.•'.   i iy  ■■fter enrorure; 

■'•' "■■    '11   - untrented  cor.trols;   iroup '.".:   -  Tre; *    ;   ■.■it*   L'''r r..' Vy of 
In 'hn  twice daily   for  J(   days beflnn'n,'  ; :.   ' n>   '■ Iny  'ifter ey- 
I>I ma   '»rjnp  1 >'   -  untreated  controls.     7) >■   •:'.' ■iiic:  ail-' n's ■ "r<.-d  a.' 
1" .  mans oil'   experiment    ind  the sarrie  • en ni UM :■  />*r<   v-d  ' r, .'issess 
'i-    ,;-';-';;  efficacy  in bor.ji exreritTi'Pf.s.     i'-ur  vin" ' : m.-i]  nr'.i r.f»'■•""d 

t on'.ev;    ' iroup V ^ werf   •'"■.vn th».  nr.*;,  or.e  '^r  ^■•(-•,     ■•■  ' |, ■  r1  ■i"1enr  ns-'-'d 
i,    Ltie   two ■ xperimen' .~. 

1 nf-rTpentd ■  ''fii'-a^y was  i.a.v d rn  in'   '> Jji.^in,      :.■'?•:•■:     ''reoueriry 
i".tt t.'-fi  c:" C'.'r   •x^rt-tion  in  the  ''c •'..•:  tnt   i  ;.mb.cr  ■•■•. di ■'rinu'ion of 
T-.-.-C'    i;   tne  Jivtr nr.d   intestines;   thf   •■:,•,;'■:,   -e-/   rntio,   l^nc1'.  ■p'  dis- 
' ritutic:; ni   .'-.''histosono adults;   : he  !'.l-.",oc/'n  c'.;)■.'t ! *   of -r,;;.   v^rmr;  the 
r-i-.'rrn'-o of annorrrtli t i es   of the   female   r-rvryr.'-' : -:■■  :\:U"   nnti  ' r(- cross 
r-'i* hoilf:-i ■  ' hnrires   in   the  vi scorn. 
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ipn ■■•■ 

No obvious  signs of toxic:ty were observed in any of the treated 
animals.    'Iroup I monkeys gained weight during treatment and demon- 
strated a net weight increase at the time of necropsy.    Croup II un- 
treated monkeys gained le.:;-. weight  during the treatment period and 
exhibited a net meat, weight  lo^r  at   the time of necropsy.    Group III 
monkeys  demonstrated less weight  loss than untreated  Infected controls 
(Group IV)  at the end of the  treatment  period,  and   registered a net mean 
weight increase at the •i-.-' of necropsy, while Group TV monkeys had con- 
tinued to lose weight.     Iroup '.'] monkeys lost an average of ?52> grams 
more than did the Group VII   infected controls during the treatment period. 
At  the time of necropsy,  however, monkeys  in Group VI  had gained weight, 
while the untreated control   ("Group VII)  had continued to lose weight. 
Group VIIT monkeys demonstrated  't -car. •h    loss of 82 grams more than 
that  for Group rv untreated   contr-'us it   the ' nd of the treatment period. 
These  treated monkeys  ( Iroun VTII^ exhibited a mean weight gain at the 
time of necropsy, while  the  untreated controls   (Group  IX)  had continued 
to  lose weight.     The   Iroup '.' monkeys   M.rcated, nninfected controls) 
given 2C)0 mg per kg twice  daily  for '> days, gained weight  during treat- 
ment.     The unlnfected monkeys triven '00 nig per kg twice daily for 5 or 
10 days  lost  If' arid l." ^rar.r.,   respectively, during  treatment. 

;histosoma manso 
for 5 days beginning on the   iiy 
worm burdens  as  their MI'■••-at •-; 
cant difference  in  the  distribut 
liver circulation was observed, 
the ratio of male to fer.ale  ^urn 
and  l\illy developed,     '.h   .or,.'.:'. 
found in the  feces or  ir. the  eg,,' 
except  for the   fact  that   pateric;, 
(Table 15),     Jross pathologic  It 
typical of .". mansoni   infections 

iicat.ed  in 
>f ■ xposure 
•ontml.'   ' ;: 
.on of worn; 

Me ll the monkeys treated 
•id   ipproximately the same 
i-ips I  and  II).    No signifi- 
between the mesenteric and 

nor was  there 'my difference observed in 
.   recovered,    The worms appeared normal 
ent   .-.Iguifictu.t   decrease  in tlie eggs 
s  found  in various organs was observed, 

*fir  delayed   in  the   treated animals 
■inn:   exhibited by both groups were 

■it   thi.;  stv** and were  siinilar. 

i ar 
i.. . 

When SQ !■■ ,'-('•'■ w i.- ,'i\ 
(Groups  III  and   :V',   i if»'' 
Moreover, most of the wer";..' 
Intra vitam stnir.irii' n-ve-ij 
organs of a high peri 
a marked  reduction  u 
conducted at   n  'urf   ;:.♦ 
the untreated   ■nr.'rol  ".n 
to  the  9th week.     :' ■   -. 
monkeys decreased rap! U 
up to the end c:   t.h>   ■■>.: 
stools  of these  animal.1- 
eggs   found by digestior 
as  contrasted with the   . 
lesion.'  were  ■■<)• •'. u-v-' '. 
exposure  ' ban   : ■■   .■■;'■•• 

en  • i    iays  after exposure  to  infection 
reduetlnr.  in  the worm burden was observed, 
recovere 1   ippeared  to be   immature and stunted. 

,.,i  •■■(,•).•..i  ■ihnomali ti t;s   i r1   the reprodiictive 
n;   'Vma.'.e won-.s.    Chemical analysis showed 

-• r.   ;'    •:.■■ male worn;;,     .'.tr.o.I  exwdnations 
•rvt.l     ■ .T '■■  x.hv  * im*   of necropsy  showed that 
.•".-.v.-     r-'id-.'ei  an   '.::  re ir i ri»'   number of eggs up 

•■' r     •   ■ ,',n-.   fo' -.,1   ; ••  the  stools  of the treated 
■  ■.;^,.-   • tv t'-'■n- ,  rir-.d  from   ■'  weeks after therapy 
■v r;--: • ,  ■ ■ ];.   o-Ttsior.al »vrs  were  found   in the 

'■• ; -.   ;  ■   .      ■:.       '  reductiot    in  the number of 
'•■  ■.   n ••.    or.'anr  WMS observed   in  treated monkeys 
.'r-'a'"!   ■•■r.'rols   (Title  lc \      Irnss pathologic 

■ '•■ morkevr   treated  ■' weerr  after 
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Figure 19    Schistosoma mansoni and S.   .iaponicum eggs excreted by rhesus 
monkeys before and after treatment with SQ 18,506 
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Schlstosoma .japonicum:    Worm burdens  in the treated monkeys were 
significantly reduced  (Table 16).    Worms of both sexes appeared stunted, 
and degenerative changes,  particularly in the female reproductive organs, 
were clearly evident.     The appearance of eggs in the  feces of the un- 
treated controls  followed the previously described pattern.    Briefly, 
a peak was reached at 11 weeks,  then there was an irregular decline 
through the remainder of the experiment.     Tn contrast,  the passage of 
eggs  in the treated monkey? was  almost  completely suppressed (Fig.  19)« 
The number of egf^r.  recovered  in the various  organs at necropsy was  con- 
siderably lower amon^ the 'inimals of the treated iiroiips  (Table 17). 
Most of the eggs  in tissues  of treated animals were dark in color and 
appeared to be  dead,     ürors patholor.ic manifestations of infection  in 
the treated monkeys  /.ere minimal nr were much milder than in control 
animals.    Typical lesions of the liver and  intestines were present in 
untreated control monkeys. 

The results,   in general,  show appreciable antischl stosomal activity 
of SQ 18,506  in  rhesus monkeys  infected with either S.  mansoni  or S. 
japonicum.    The  doses used  did not appear to be toxic  to the monkeys. 
While the lowest dosare  schedxile used  (."so mg/kg b.i.d.  for five days) 
proved ineffective when administered beginning on the day of exposure 
to cercariae,  chemotherapeutic activity was  observable when the drug 
was administered twice 1   \iy  in doses of r'00 ng per kg of body weight 
beginning on either the    v. or • •. •• h Jay   following exposure to infection. 
Fecal egg excretion decreased rapidly within one week after the beginning 
of treatment  and virtually 1 eased after  'J weeks.    At necropsy the number 
of worms recovered  fror; 1 reated monkeys war  considerably reduced and the 
few survivir.i' worms, were obviously danag«  i  and appe-ired to be stunted. 
In particular,  damage  to the worms was  revealed by frequent abnormalities 
in the  female  reproductive  system and by  -1 marked decrease in glycogen 
content in the males.     A  direct effect  on  the eggs was also observed. 
As indicated previously,   the major drawback  of this, drug appears  to be 
its poor absorption  from the  intestinal  tract.    Studies designed to in- 
crease the absorption and  to maintain adequate blood  and tissue levels 
are in progress.    The anMsehistosomal activity  in both S. mansoni  and 
3.  japonicum infections,   toce'-.ner wi'h low  host   toxi-ity, suggest con- 
sideration of further studies   lesigned to  test the potential value of 
this  compound as  a  chfirnTtherapeu'ic agent  in  human sch? stosomiasis. 
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Description. 

To define tlio etiology and ecology of human virus infections, 
particularly those of military medical significance; to devisn and 
evaluate means for precis«- diagnosis, control and/ur prevention of 
disease.  Studies have applied virological, immunologicaI , cpidemio- 
lo^ical and physiological approaches to understanding disease caused 
by respiratory, arthropod-borne and other viruses, the factors in- 
fluencing transroiSSIOM among men, other vertebrates and invertebrates, 
and their survival in nature, 

J'ro^rcss. 

1.  Evaluation of Adenovirus Type 4 and 7,   Livej )ral Vtccines in Man. 

Preliminary results of studies conducted to determine the efficacy 
of adenovirus typt '* 'ADV-4) and 7 (ADV-7) live, oral vaccines in a 
militarv population at Ft, IHx, N. J,, during Jannarv through May, 1970, 
wert reported in last year's Annual Report.  Laboratory studies have 
now been completed i;.iii the results are reported below.  The details of 
study design, vaccines, sampling and methods were previously presented 
and are presented again only superficially to acquaint the reader with 
those d.-pects of ■ he study, 

A •  >'tudy #(;, K)rt Dlx Basic Combat Trainees. !'</().  Part I, Control of 
A .iitc-Pcspirai ory IV'seas» in Recruits with Adenovirus type 4 and 7 Vaccines. 

' •  Review , f 'Jtudv Design, Vaccines, Samplii.t; and Methods (previously 
r ;JP >ri cd). 

The  «tudy was   initiated   in  basjc   mmbar   trainees  at  Fort  Dix,   N.J., 
. r.   .jruary b,   1970.     During   December,   1969,   the weel-ly ARU rate at 
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Fort Dlx had ranged between 5-7/100 trainees/week and ADV-4 and ADV-7 
had been Isolated with similar frequency from trainees hospitalized with 
ARD. 

After administrative processing at the Fort Dix Reception Center, 
trainees enter one of two basic combat training (BCT) brigades. All 
trainees reporting during a single week (one cohort) are formed into six 
training companies assigned to one brigade; those reporting during the 
following week (another cohort) form six companies in the other brigade. 
This sched-ile permitted selective immunization of those cohorts of 
trainees expected to enter the 3rd BCT brigade with both ADV-4 and ADV-7 
vaccines and those expected to enter the 2nd BCT brigade with ADV-4 
vaccine alone.  The pedigree of the ADV-7 vaccine strain and formulation 
of this live, enteric-coated vaccine (Lot 16CV-02301, Wyeth) is identical 
to that described in previous annual reports; the vaccine contained 
between 10*'° and 10^*^ tissue culture infectious doseso (TCID50) per 
tablet when measured by conventional technique.  Specifications of the 
live, enteric-coated ADV-4 vaccine (Lot 16CI-00801, Wyeth) were also 
described in previous annual reports; the vaccine for this study titered 
between IG3«6 and 10^-7 TCID50 per tablet. 

Trainees received adenovims vaccine(s), concomitant with trivalent 
oral polio vaccines, within 72 hours after arrival on post.  All trainees 
in five separate cohorts of the 2nd BCT brigade (5795 men) were immunized 
upon arrival with appropriate adenovirus vaccine(s) and respectively 
formed the two immunized groups in the study (Table 1),  These totals 
exclude those few men who, for administrative reasons, were inapprop- 
riately immunized or not immunized at all. 

Table 1.        Immunization Status of Trainee Cohorts 

Vaccine(s) ADV-4 ADV-4, ADV-7 

2nd BCT Brigade        3rd BCT Brigade 
Date Immunized        Cohort    No. Men     Cohort    No. Men 

9-15 Jan I 797 
16-22 Jan 11 965 
23-29 Jan HI 1,129 

30 Jan-   5  Feb IV 1,358 
6-12 Feb V 1,094 

13-19 Feb VI 1,067 
20-26  Feb VII l,J32 

27 Feb-  5 Mar VIII 1,254 
6-12  Mar IX 998 

13-19 Mar X 1,151 
Total   No.   of  Men 5,350 5,795 
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Decision   to  nospitalize  all   trair.ees   r    t'u    I     r   t.rt'-   rested with 
dispensary physicians  at   Fort   Dix I;IM  were  n-arf     i    t rudv.   'mt   could 
not   identify   tlu- nature  ol    iprv.1,1 i ;;at ,.. :,   :   . h  ...: .     '1 .spital   admis- 
sions  due  to ARD aninnR   ill   tvainfi'.s   i:    iir.; M: ;.-. iv:   .''i   rti>  were  recorded 
^nd weekly ARD rates  calciildted.     '' ■      f   '■      ''       •■    1   i,-;   t'.ch   t ornied 
each  weekly  cohort   viw   •wlcrin1,   •;>;    i nt < ri:->; . c     '  ui Ir.i.nees   from 
^ uch   stud"   Coiip.ui i r.:    .vl,.    ...it-   lio.ir>. r .1 ! i. 1   '        ;       v      ^..1.    . y 11-. i m-d   by   Tie 

the   invest iR.i tor1;   withii'   I..   !i • u :      1   ,. 1 -     --i   n  .-. .J  srurüed   for 
ilenovirus   di ■._•»..■.■.     A   tiir.'..t   washnu;   f   i"    'ir .      i.soldfion   c ■>(!    icute 
hlood   saw;) 1 e  wei-«   .'l)i,ii, od    "i  J J1 i .^i ■:..   .HM:    i   .'-uo".      onva loscent   serum 
was  drawn  on all   hospital j zi-d   stu:)y  r> rip i-v   traiiici        .■•.,p;,r   t,,r   tliose 
ahsent   without   If-ave   ir   those   In;.?' t a! '/vd    '.rim    ;   ..    n ■!,. I   w. ek    if 
t rain i n^;. 

Virus   i:;p|<iii..n  and   id« ut 1 f icat i. n     ! 
using hunan  einhrvonu'   kidnoy   f'lfKK)   ci'i 1   i  . 1'.' 
(N;   ant ihodv   t i t ers   to  MOV'-A  and'or   APV • 7   in 
scrum  pairs  v.'i-rc  'h'tcrniiu'«!   in   lilJK  cell   1  ill 
. ii   jirov 1 o'! ;   aupua I    •(•p»ri :;       A   1..' ,, . I a . ; , . ,. 
ator\   tract   an   adenov i r'."    vvas   :•...'.•, |-,-J   wi'i  1 
inttictci1  witli   1 luii   adonovirus,      li    .MIO'   wi-, 
w.i.-i'i i m'.' ,   a  4-io|i|   inciH-asc   i!'   /   aiitil)o'i\   10 
Ciinsidored  evuiuiice  01    inioi'M   1,  with   1 iiat   1 
was   hospitalised   alter   the   »i-l  week    'i   triii : 
immunization.     An  ant ihod-,   mcreasi'   .viti 
hospitalized   durinR   the   first   three   ^i-cks     1    ir.-ininj;  was   the   expected 
consj'fjiience  of   adenovirus   imnunizat ic-:),      II.u: .   ..hi 1 tjod"'  re  ponsüs   In 
thesi.   individuals   could   not   he  consid'-red  i;/! diuice    'I   adfnovirus   AKD, 
Trainees   hospi ta 1 i ze<i  after   the   jid   training    .■  ok   wit'u  '   antii-ody   riseii 
LO   both  üIU nn-i i'us   types   hut   without   a   recovered   '.iru.1-   ■'.TO   considered 
ir  h.U'i-  an  a-.f  niviru1!   infection ol   undoterini tu-ii   tvre. 

io .      ; . .• 1 nr.  wcro  matli' 
l . . ■ r- :   ne 1! ra I i zi ny 

1 , (■   .ulii   ■     n >  111   . r • • 1; L 

i-  ■ 1,  1 a' . 1 .,    ■ >   doscri bed 
.u 1    ■ r HI   .vii 'Sc   ri:s; 11 - 
. !■ t • ■! ''.■'.'.■   iieen 

1    rccov   ! ■   I   !'ro"i   t. hr vat 
■ I'ii., r   A|i\ - •■.     r ADV- 7   vas 
;■>■,    •ir. 'V 1 (!■'(     L hi:   L ra '!i;ee 

; 1.'.,    , . t-.    .   '..■■,.•.   post- 
. 1     1 so 1 a ! 1 oil   ' IVT,   t ra i mies 

2.     Hesujjj.;. 

An  efiunat.    vr whctlui    lie  mi-tiio..'     1      .1,; .. .)■   .   ■   I '   i ; t .111 .^ed AK!) 
yieldi'd  .1   stiic    population   that   wa ,   nuiro ,f •,»   t. > •      .'i   c.u 1,  brigade as 
a   whole  was   oi.taj'ied   h.   ro-'.p-r i .1,;   tin    . 1."»«;  AKli   1..!.•'•   lor   companies 
:;tudied   ; uf.riv 1 "o 1 v  with   tl,.n.   ■•!    tbt'ii   rr.-pcci :■>.•*    hrii.ai'os   a.,  a   whole. 
Ko  s J pui ('(....'1      i I icrence  ir   AH.)  r. 1   .    ■;• t   .'• r.   Ji- :   brigade  study  companies 

• ind   the  cntir'.-   . -.d  hrigadc  was   lounvl   Hahle  .'   .     inw'"/".! ,    (rd  bt iRade 
■lud'  t oriip.ir i e     di I  ;i.iv<   .1     i en'f > caut !v   Ir'.'.'r   tntii   S-'.-VUK  AK!.1  rate 
([(..ii   'l-;i.   tin L.-uio   r-s   a   V.'ho:c   ' 1 (<. / i ■   d J 1 11 r«. nc. 1    was   due   to  a 
l.n.i.e.   adrrls-.i ^.!   :    1.    in   1 !u:  en i Ire   hi'  I.'" i.', Kie   during   tin    liist   three 
•wiH-k:     >f   tra:i in>    '8   >   .s  b.Oj   when   rtk.i  adv. 1'•-. 11 uv-.   \.'.'r'     rfrequently 
associated  with   uie.nov i rust F,      AP.I)  rafofi   durirr   the   latter   part   of 
t.iaf'i.sij    iWet.k:    i-t,   ''id  not   diti'tr    ;; iTi 1 1 i ( .1' tlv   l"w.lweet.   ;;tudv   companies 
(Hi   '.     a ul   the  •■ri.ii   1 . 1/ade   i 1 :. .'■ .      't.'. '      •(■ri  iv.-.pi • a I' Zri'iinfi   in 
t'u-   . 1.1 _v   i-',v:ip. : .is   ruJiC.cted   accur,.'. ; / AHi   h  s" > t 1'. -ctioio    fnr   the 
ei t i r     erir.aJi   JL   *   .    time    ■!    ttuieini;   '..he-'  Af',  was   t .'u.-'ed   bv  adenoviruses. 
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Table 2.  Crude ARD Rates of Study Companies 
and Entire Brigades 

2nd Brigade Study Companies      Entire Brigade 

5350 
1623 

10.8 
19.5 
30.3 

5795 
1144 

8.5 
11.2 
19.7 

No. Trainees 805 
No. ARD Admissions 258 
ARD Rate/100 

Weeks 1-3 ot training 10.8* 
Weeks 4-8 of training 21.2* 

Total ARD Rate/100/8 weeks 32.0* 

3rd Brigade 
No. Trainees 911 
No. ARD Admissions 149 
ARD Rate/100 

Weeks 1-3 of training 6.0** 
Weeks 4-8 of training 10.J* 

Total ARD Rate/lüO/8 weeks 16.3*** 

* p = • .05 
** Chi square = 6.57, p = < .02 > .01 

*** Chi square = 5.81, p = < .02 > .01 

The number of appropriately immunized trainees in the five study 
companies of each brigade and the total ARD hospitalizations are shown 
in Table 3.  The ARD rate among recruits immunized with both ADV-4 and 
ADV-7 vaccines was half that of those immunized with ADV-4 alone. 

Table J.  Crude AKD Kates of the Study Companies 

Vaccine (s) ADV-4      ADV-4, ADV-7 

2nd Brigade  3rd Brigade 

Strength 805 911 

No. ARD hospitalizations 258 149 

Rate/100/8 weeks 32.0* 16.3 

* Chi square = 58,3, p = <.001 

The total hospitalizations associated with ADV-4 or ADV-7 and the 
type-specific adenovirus ARD rates for the two study groups are shown 
in Table 4.  ADV-7 was isolated from throat washings of 149 trainees of 
the 2nd brigade and 6  trainees of the 3rd brigade,  isolation of ADV-7 
was associated with four-fold or greater rises in homotypic N antibody 
in 135 of 142 (957) trainees in both groups from whom both acute and 
convalesctMit sor i were tested.  Ten additional trainees in the 2nd 
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n 
lc tviJoncii oi  ADV-7 Infection 

1 l.c (ilfffrence In ADV-7 

brigade and 1 In the 3rd bri^adL tuu) sero.'o 

but no virus recovered from tliroüt wushln^s. 
ARD rates between the two groups wd' lii^h!,  f v;ni f i cam and represented 
a 957 suppression of ADV-7 disoise ii rln bri^.i'ir i-innmizod with both 

adenovirus vaccines. 

ADV-4 was isolated from 12 trainpon in th. 

i the 3rd brigade.  Isolation i>! ADV--'* was a 

L'lc: brigade and 3 7 trainees 

. . tue j»u ui.i^u<it;.  :.-.»> »a i n.ii ii .iL;.--t w i .1 •■ . si c i a t (id with diagnostic N 

a.itibody rise in all 43 trainees fron wliurr paired sera wer«1 obtained for 
testing. An additioiitil 4 trainees fron the 2nd brigade and 12 from the 

ird brigade fulfilled Serologie criteria for ADV-4 infection in the 
absence of recovered virus.  JII contrast to ADV-? AKI), ADV-4 disease 

occurred more frequently in the 3rd lirigade traimn's.  An additional four 

3rd brigade trainees were considered to 
mined type. 

have adenovirus AKD ol undeter- 

Thus, 175 admissions from ttu ^nd brigc'di study i-orvpanies and 6^ from 

those in the Jrd brigade could thus in ass. ci'ite(] wiili adenoviruscs. 
The total adenov i rus-associat cd ARD r.itis t ii :ii sludv companies of the 

two brigades immunized with both adenovirus vaccuies was one-third that 

of the brigade immunized with ADV-4 vaccine •liono.  No significant dif- 

ference between rates oi AKD due to 'ther thaii .idonovi ruses was evident 
between the Jnd brigarlc (10,3 /100    i'  weeKs) n.d the )r>l brigade (9,5 

/100 /Ö weeks). 

A total of 5350 trainees entciin^, th« ^nd BC'I Irigade and 579ri trainees 

in the )rd brigade were immunized wit'n appropriate adtnovirus vaccines, 

illness attributable to the immunization was not deLeeted in any of these 
trainees. 

T.-Me 4 

Vaccine(s) 

Adcnovirus-A.'.sociareil  iw p i tal i :■. 11 ior  Rates 
of  tie  Study Companies 

Strength 
ARD hospitalizations 

ADV - 7 
ALA-^i 

Ivpe   imdeteniiiiieil 
Total   ADV AHD 

hosp ita li /.a 11 on.s 

■■  Cli'   square  ■-   170. 
''•■'■■' ( hl   s-quan    r 

*"* ■   fi'!   ..rj'.ne   ■■ 

ADV-^ 
.'nd Brigade 

ADV-4, ADV-7 

3rd Brigade 

Number 

805 

159 

_0 
175 

p = •■ ,001 

13.4, p •= ' .001 

80.ü, r = '' .'HJl 

kai i 

IOC/S week; 

19.H-. 

:.('■ 

0.0 
2 1 . 8*- 

Number 

911 

9 

49 
_4 

Rate/ 
100/8 weeks 

1,0 
5.4 
0.4 
6,8 

zn 
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3.  Discussion. 

As expected, immunization with both adenovirus vaccines in this 
population at risk, of disease from both adenovirus types was clearly 
superior to immunization witli ADV-4 vaccine alone and led to a 507« sup- 
pression of total ARD huspitalizations in 3rd brigade study companies. 
These companies had 95% less ADV-7 hospitalizations than those in the 2nd 
brigade and this accounted for the difference in total ARD hospitalization 
rates betwen the two brigades.  The degree of suppression of ADV-7 ARD 
by immunization with both vaccines is similar to that reported in previous 
annual reports in a smaller field trial and is of similar magnitude to 
the degree of suppression of ADV-A ARD afforded by the standard ADV-4 
vaccine (Edmonston, et al, 14hh; Bucscher, I%7; Vander Veen, 1968). 

In contrast to the marked suppression of ADV-7 ARD admissions in 
the 3rd brigade, a higher rate of Anv-4 admissions occurred in this brigade. 
It should be emphasized that this study was not designed to determine 
to what extent the ADV-7 vaccine interfered with the protective efficacy 
of the ADV-4 vaccine but rather to detect whether a difference in ADV-4 
ARD rates occurred between groups immunized with ADV-4 vaccine alone and 
with both adenovirus vaccines.  Thus no measure of the decrease in pro- 
tective efficacy of ADV-4 vaccine when given with ADV-7 vaccine was obtained. 
The difference in rates, however, suggests that simultaneous immunization 
with ADV-7 vaccine may interlcre t. some extent with the protective effect 
of the AÜV-4 vaccine.  No evidence of such Interference was obtained in 
a previous study (Annual Report, 1^70) in which Insufficient numbers of 
vaccinees were tested to reveal the low degree of interference found in 
the present study. 

The practical significance of vaccine virus interference in control 
of adenovirus ARD is unclear.  The potency of the ADV-4 vaccine used in 
this study was low; all but one of the vaccine tablets tested titered 
less than 104.0 TCID50.  The antigenicity of ADV-4 vaccines of similar 
titer have been disappointing in other studies (previous annual reports). 
It is possible that interference between the twi vaccine viruses would 
be less manifest with a tt.ore potent Anv'-4 vaccine, a hypothesis amenable 
to test in the future   in any case, the Jifference in ADV-4 ARD rates 
between the two study populations was small (3.4/100/8 weeks) when com- 
pared to the difference in ADV-7 ARI) rales (18.8/100/8 weeks). 

Whether total supptession of adenovirus associated ARD is more 
desirable than the level of suppression obtained in the Jrd brigade in 
this study (67 ) remains uncertain since it ii> possible that some 
transmission of ADV-4 or ADV-7 in an immunized population may serve 
to prevent less common adenovirus serotypes ol military importance (types 
21 or 14) from emerging as 1 cause oi ARD.  Although adenoviruses other 
than ADV-4 an' ADV-7 were not isolated from immunized trainees in this 
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study, the possibility of subsequent emergence of other adenoviruses 
cannot he dismissed.  Our findings suggest, however, that these adeno- 
virus types are less likely to be introduced or less likely to be- 
efficiently transmitted in military trainee populations thap ADV-7, 
which routinely emerged in military populations Inmunized with Al)V-4 
vaccine alone (Buescher, 1967; Rose et al  1970). 

ARD hospitalizations associated with agents other than adenoviruses 
were not excessive in the 3rd brigade, although Influenza A2 virus, 
rhinoviruses, and neta-hemolytic streptococci were recovered sporadically 
throughout the study from hospitalized trainees in this brigade.  Details 
of these findings appear in Part II of this study (see below).  Providing 
that suppression of ADV-4 and ADV-7 ARD does not lead commonly to emer- 
gence of other adenoviruses, immunization of trainees with live adenovirus 
vaccines to both types seems a promising means of control of ARD in 
military recruit populations. 
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B.  Study »6. Fort Dix Basic Combat Trainees, 1970. Analysis of Acute 
Respiratory Disease in Recruits Immunized with Adenovlrus Type 4 
and 7, Live, Oral Vaccines. 

It has been reported in Part I. A of this study that immunization of 
one brigade of trainees with ADV-4 and ADV-7 vaccines led to a 50?» suppres- 
sion of total ARD hospitalizations, compared with a brigade immunized 
only with ADV-4 vaccine.  This established the protective efficacy of 
ADV-7 vaccine when given with ADV-4 vaccine to a population at risk to 
ADV-7 disease. A secondary objective of the study was to assess the 
role of respiratory pathogens other than ADV-4 and ADV-7 in the brigade 
of trainees immunized with both adenovirus vaccines. 

1. Study Design 

Five cohorts, comprising 5,795 trainees entered the 3rd BCT Brigade 
at Ft. Dix during the study period, and were immunized with ADV-4 and 
ADV-7 vaccines in the reception center within 48 hours after arrival on 
post.  One training company from each cohort (each cohort contained a 
total of six companies* was selected tor intensive study of all ARD 
hospitalizations, throughout their 8 week training period. 

2. Vaccines and C. Sampling 

These aspects were described in detail in the previous year's 
annual report, and reviewed in fart [. A of this year's report. 

3. Methods 

Virological, serologlcal and bacteriologic methods were for the 
most part described in detail in the previous year's Annual Report.  In 
addition to these methodologies, the following were also utilized. 

a. Rhlnowirus serotyping:  Suspect rhinovirus strains, isolated 
from nasal washes obtained from hospitalized 3^ brigade trainees were 
tested for chloroform and acid sensitivity by standard methods.  Those 
strains found to be chloroform resistant but acid sensitive were sub- 
mitted to Dr. Edwin Lennette, Chief, Viral and Rickettsial Disease 
Laboratory, California, Department of  Public Health, Berkeley, California, 
for final serotype identificatLon. 

b. Suspect scrains of beta-hemolytic streptococci were grown in 
pure culture and submitted to Dr. Lewis V.   Wannamaker, Director, Strepto- 
coccal and Staphylococca' Disease U'Pniission, Armed Forces Epidemiology 
Board for final T and M prut ein serotype identification in his laboratory 
at the University of Minnesota.  His laboratory employs standard pro- 
cedures for determination of bacitracin sensitivity, T-slide agglutina- 
tion pattern and M serotyping. 

*w  ^  \J 



c.  Isolation of rubella virus was attempted from throat washings 
obtained from all hospitalized individuals who exhibited any kind of a 
maculo-papular rash upon admission.  Three African green monkey kidney 
tissue culture monolayers were inoculated with O.'i ml throat wash each, 
then dial lenged on days 5 and ')  with ECHO-li virus and observed for 
enterovirus cytopathic effect.  Monolayers which were resistant to 
ItCHO-11 challenge were considered to be infected with rubella virus. 
Representative isolates were confirmed by plaqm- neutralization using 
hyperimmur.e rubella antisera.  Supernatant tissue culture fluid from 
all negative throat washes was subjected to one blind passage and 
challenge. 

Rubella hemagglutinafion-inhibition antibody tilers, employing 
doxtransulfate treated sera wore performed on acute and convalescent 
sera obtained from all suspect clinical rubella admissions as well as 
from all ether admissions from whom no respiratory viral or bacterial 
pathogens were, isolated. 

4.  Results 

There were 911 trainees in the 5 intensively studied training 
companies, all were immunized with both ADV-4 and ADV-7 live, oral 
vaccines during the 8-week training period.  Hospital admissions in 
this group, as shown in Table 5, were predominate]v due to respiratory 
infections. 

Tab It ospital  Admissions,   3rd   BCT  Brigade   Study Companies 

Number Rate/100/8 weeks 

Hospital  Admissions 149 
Nonrespirafcr>   Admissions IB 

RuUUfi   (15) 
Suspect   typhoid   immuni/atlon 
re-let ions   "j) 

Total   No.   hespiratory Adinissions     131 
lire omplicated AKD  (113) 
ARD complicated bv 
;):■.*-'.'nioiua (l?1 

16.4 
2.0 

14.4 

a. 'espirat ifv Admissions 

Adr.iasion criteria governing hospitaiizatlon for acute respi- 
rafnry diFease varv oi.lv siightK throughout CONUS BCI posts, with 
' en.piT i!o.ro over loO'}". being the main determinant for admission. 
De-i-.i.e this, individuals wore aemi.tted to the ARD ward with rubella who 
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were only mildly  febrile   (98.6-99.6 F.).     Disease was  clinically evident 
in 14 of these individuals  and  the diagnosis  confirmed by isolation and 
antibody rise  (9),   isolation alone  (l--no convalescent sera was available) 
and 4-fold or greater  HAI antibody response alone   (4).     One individual 
who did not manifest  clinical  diuease had a 4-fold HAI antibody response 
and,   in the absence of   infection by other respiratory pathogens,  he was 
considered to have been admitted because of rubella. 

Three individuals were admitted to  the ARD ward within six hours 
following their initial  typhoid  immunization,  all complaining of sore 
arms and   ill with  fever.     No evidence of  infection by respiratory patho- 
gens w"  found in  these  instances and  they are  thus  also excluded from 
further consideration. 

b.     Uncomplicated Acute Respiratory Disease Admissions. 

One hundred   thirty-one men were admitted  to  the ARD wards 
with apparent bonafide acute  febrile respiratory disease,  yielding a 
rate of  14.4/100/8 weeks.     Of  these admissions,   17 were complicated by 
pneumonia  (137o)  and  the remaining  114  (877,,)  were judged  to be uncompli- 
cated acute upper respiratory disease admissions.       Table 6 shows the 
results of  the virologic,   bacteriologic and  serologic evaluations of 
the 131 ARD hospital  admissions.     The lefthand column  lists  the various 
respiratory pathogens   included  in  the evaluation of each case and the 
criteria used  in assigning  individuals  to  the different agent cate- 
gories  are given at  the bottom of  the table. 

The table comprises  three broad categories:     First,   those 
admissions which were associated with the recovery of and/or serologic 
response to a single respiratory pathogen;   second,   those admissions 
associated with recovery of  two or more agents  and/or serologic responses 
and  finally  chose admissions which could not be associated with any 
identifiable agents,   either by  isolation or serologic tests. 
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Table 6.     Uncomplicated ARD AdniLss ions 

Week of 
Train! 

1 
nR 

2 3 4 
Infection  due 
to Si^.k.1,le Agents 

A.     ADV-7 0 0 1 I 

B.     ADV-4 0 2 1 9 

C.     ADV.   type 
undetermined 0 ü 0 1 

I),     Influenza A 
2 

5 1 0 0 

li.    Rhinovi ruses ] 2 4 1 

Total   Rait 
/100 

.'. 0 1 8   ) 

;* 6 0 35   ) 
) 
) 

1 0 0 4   ) 

1 0 0 7   ) 
) 

0 0 0 10  ) 

J. I 

f.     Group A. 
streptococci    0 0 0 2   ) 

(,.     Herpes  Virus 
hominis 0 1 0 1 f) 0 0 0 

) 
1 ) 

H.    Mycoplasm« 0 0 f) 0 n 0 0 0 o  ) 

Infection due  to 
Multiple  Agents 

Mn,   admissions 11 1.2 
8.6 

'it.-.! '.(fmi ssions 
j i^oc i.; tec! witli 
'. •.Ciu tion vs; 18 14       15 7'» 8.6 

I';-'. ü I rivi ii. ,;s . ms 
a;.'-- v it: rod V/l t!i 
.i.'ii d'.-n? i f i a'r lu 

35 
114 

4.1 

,fi in criteria:  A i, B = isolate PJMS \ antibody rise; N antibody rise 
.■tlono after 3rc' week. 
C = N ant.holy nso. after )r(! week to ADV-'l-7 
D -■'  'solare and/<>r CI' antibrdv risu. 
I',F,G z   isoldtr, 
!l ■ i..F an t i body ri Hi' 
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ARD admissions associated with  single pathogens 

Evidence  for     infection by a single agent was obtained  from 68 of 
131 ARD hospital  admissions.     As was  discussed  in  the  first  section of 
the report,  47 of  these 68 admissions were associated with adenovirus 
lnfection--8 with  type  7,  and  35 with  type 4,  and 4,   type undetermined 
(but either  type 4 or type 7).    Criteria  tor adenovirus  infection  in- 
cluded  Isolation of  the  virus with a  homotypic  neutralizing antibody 
response,  neutralizing antibody response alone after  the 3rd week of 
training,   isolation alone and  finally   for   the 4  individuals with  un- 
determined  type  Infection,  neutralizing antibody responses to  both  type 
4 and  7 after  the  3rd week of training.     Neutralizing antibody responses 
to either ADV 4 or   7 during  the  first   three weeks training could be 
the expected consequence of  immunization and  thus could not be considered 
as evidence  for natural  or wild adenovirus   inlectlon.     Seven  individuals 
had evidence of  Influenza AT   (Hong Kong   168)   infections and,  as  expected 
the majority   (6)   occurred   in   tho  first   two  weeks  of   training.      Influenza 
A2 was   Isolated   from  3  i-t   the   7  cases   and   6  of  the  7  showed 4-fold or 
greater  Influenza A2 complement  fixing   (CF)   antibody rises. 

Rhlnovlruses were the only agents  Isolated  from  10 different  Indivi- 
duals and of  those  isolates,   7 were  typable with available rliinovirus 
imnunotyplng  sera.     The  following tvpes wer«» obtained: 

Table  7. .V .   Khin^virus   (KV)   Isolates Immunotype 

1 RV     2 
2 RV   16 
1 RV 34 
1 RV 51 
2 RV  53 
3 Unidentified^ 

^Tested against  89 prototypes RV except  the 
following  immunotypes:     RV  57,  RV 62,  RV  71, 
RV   72,   RV   73. 

Like  Influenza,   these j^ents were  associated  with  hospitalizatlons 
that occurred  earlv   in  training. 

Isolation   of  a  griuiji A  b •( a-Iiemo 1 y 1 ic   streptococcus as  the  sole 
respiratory pathogen accounted  lor two admissions   from the same  training 
company,  during  the  same week.     Neither  strain was M typable but   both 
were bacitracin. sensitive  and  bad a   1 :* ' 1 J  T-agglut ination pattern. 

Two  individual:;  proved   t >  have  herpes   simplex as   the sole  respiratory 
pathogen and  no   Individ uils had myi'oplasma  CF antibody  responses. 
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Thus,   68  of  114 uncomplicated  admissions   (61.4/)   were  associated 
witli  evidence  for  infection  by a  single  rpspirat. ry  pathogen.     Nontheless, 
despite  immunization with  both  ADV-4  ar.J ADV-7 vacrlnes,   adenovlrus 
infections   (primarily type 4>   were associated with  over   iwirc  as  many 
hospitalizatlons   (47)  as  nonadenovirus agents  (21).     Ho.-;il>le explanations 
for  the  excess number of  ADV-4 admissions have been  prebented   in  earlier 
parts  of  this  roport--vaccine  Interference and/or  a  re)at;vely  impotent 
ADV-4  vaccine compared to  the ADV-7 vaccine. 

APD admissions associated with multiple pathogens 

Eleven of  114 uncomplicated ARD admissions   (10.3/)   were   found  to 
have evidence of  infection by  two or more respiratory pathogens.     These 
findings are presented in detail   in  the next  table. 
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Table 8.     ARD Admissions Associated wich Multiple Agents 

Week of No.  of 
Training Admissions 

Week of        No,   of 
Agents Training    Admissions 

1 1 (M.   pneumoniae)*-»- 4 3 ADV-4 + 
(Influenza A2) (Influenza A2 

Influenza A-> + ADV-4 + 
Group A Strep, (Influenza A7) 
T-28,  M-Neg % 

Rhinovirus   (RV) Group A Strep, 
type 3A + Group T-12, M-12 + 
A Strep,  T-U, (ADV-4) 
M-neg 

5 1 ADV-4+ 
ADV-7^+ RV RV type 43 
type 53 + 
(Influenza A2) 6 0 

ADV-4 + RV  type 7 t ADV-4  (- RV 
unident # type  53 

Anv-4 + 
(Influenza A ) 

*    Parentheses  indicate serologic  evidence of infection only. 

^    Adenovlrus  infections were established by isolation and/or a 4-fold 
rise in homotypic neutralizing antibody;   Influenza A2 by isolation and 
CF rise. 

%   Group A Strep and Rhinovirus   infections established by  Isolation alone. 

//    Tested against  rhinovirus  imir.unotypes   1   through 89. 
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Combinations  of   infectious  agunts   follow no   particular  pattirn  and   these 
admissions were distributfd   throuphüiit   V*i'  trai.'t';',  cvclf,     Tvu   if   11 
admissions  associated wi».1,  r.orc   thai'     : ,. ror.piratorv pathopf-n   involved 
f wo  rt>'.enccj  and one  admiss ii^n was üS:.O'-latcil  witti   »'vitienci,  of   !r imultant'OMS 
inloctions  by   tliree   pathogens   '.AnV-/i.   K

1
;-'.  ■.■■'. r\. <   Lvpc   'O.   nui   Ir.llucnza 

A-^ ■ .     Although   IniUtv.iä   •■ ,  u.is   recov^ruti   th<    ihr-.^l   of      ro   individual, 
'■; 

QV Kiene i-   t or 
S' 11 elv  on  .1 - 

n i ■: c . i. on s 
fold   or  ii 

i n 
rr.a ter 

their   indiv i I ;■   :•: 1 t ' 

< F   irt i IIOIIN 

[nf Inn. 'a  Aj  rel ied 
In! hie iza  vaccine 

was  routinely  adnlni store»'   during  llio   ilrst   or   soc-ond  week   of   triinlnR 
M.   ;t   i     possible   that    inr.iuni-^t ion  could   ic ^ . ui t    tor  some-  of   the CF 
response.-.      However,    inrounlzat ioa   i'    move ofto.ti   asuoci .itet!   »ith  hema- 
HP, 1 utinat in^:  artihodv   responses   rather   tlidii   with   V.l    rtiPons,-.  which 
more   likeiv o-cur with  natural   Infection. 

ARD  admissions  associated with  urn leu!;f:ah 11 agents 

Dm i iik;   the   ■■Mirse  of   the   study   j")    i !';d - •■; OIP:   to   AkD wards   could  not 
be  associated with any   idnnti f lab It-  r- ;;!iirator\   disease  ni.onts,   accounting 
r>ir  23.'}',   ol   ..11  admissions  to AKD wai .■, and    10.7/   o:   th-se   iudged   to 
be  bonalilr   respiratory  disease  adm. ssioni,,       'Vcnly-onn  of   the  35 admis-* 
sions   ((><)/,)  ot curred  during  the   firs;   tm: •   weeks   of  training during a 
time when  adenovirus   associated AKl? does not   characteristically occur. 
As   shown on  the next   tabie,   this  represei.ts  almost   half   (21/44)  of  all 
respiratory admissions  that occurred during   training weeks   1-3.     During 
the  latter weeks of   training  there were  onlv   K  AkD admissions  associated 
with  unidentifiable  agents,   and   these  represent   2"     (14/70)   of all 
respiratory adr.iss ions  during  that pnrird of   time. 

Table 9 Weeks  uf   1 raining 
1-'* /i-8 

Total-g weeks 

la. kcspLratory Admjssions 

As;- ciatt d ui t'. ' nfet- 
l ir.u^ Agents 

?3 : 6 70 

No. Respiratory Admissions 
Associated with Hnidenti- 

fiable Agents 

21 r. 

i. '• !■■■ ;i i ra tor ■ 
i;i pe.;sc .' iwis. '■■ i ■.■'■s 
1( ta 7U 

_Aix"1   id!r,' ss ionj   ■ (.ci^ 1 ican. il   'y  ptanirj■oiii J 

5 eve .en   individuals  were   initiaiTv   admitted   to AKD wards   and 
!   t'!   tiai ii.i.'ei   t.    the  pneamonia wa^rf  Lecar.    .'f   riJi    logic   evidence 
.i   pne.iKn i . i-i       rlii.s   represents   II.''.     ot  all   W\) adn'ssmns  and   14.9'' 

i 7,' 1 .' ise  actually   jadj'.ed   to   have  iesi1 ^ r.'.t    i\   disease.     Tlie 
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following table summarizes Virologie, Serologie and bacteriologic data 
obtained from these individuals upon admission to the ARD ward, prior 
to transfer to the penumonia ward. 

Table 10.  ARD Admissions Complicated by Pneumonia 

Infectious Agents 

ADV-4 

Influenza A9 

Rhinovirus 

Group A Strep 

No  identifiable agents 

Total  No.  Admissions 

Week of Training 
3 4 5 6 

1 (I) (1) 

(1) 

1* 

If/ 

1 4 2 I 0 2 0 0 

2 4 3 2 2 2 0 0 

Parentheses  indicate serologic  evidence of  infection alone. 
* Type unidentified,   tested against  rhinovirus  immunotypes   1-89. 
# T agglutination pattern  =   3/31/41,  M,  nontypablc. 

ADV-4 was  isolated  from one  individual but  In two  instances only an ADV-4 
neutralizing antibody response could  be documented.     On   individual had 
an   Influena»A2  isolate as  well   as a CF antibody response and  this admis- 
sion occurred during the  first week of training.    An  unidentified rhino- 
virus  and a Croup A streptococcus were  isolated  from  two other  indivi- 
duals.     No evidence of any infection was obtained  in   10 cases.     None of 
these admissions were associated with a 4-fold or greater rise  in   M. 
pneumonae CF antibody titer. 

d.     Summary of ARD HostUal  Admissions.   3rd  BCT Brigade 

The  following  table summarizes  the total  number and per cent 
of   total (for each of  the  various  categories already  described)   of all 
hospital  admissions  classified   for  statistical  purposes as ARD admis- 
sions   in  3rd  brigade trainees. 
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Table   11.     Per Cent   Distribution v\!)  .'.'J'n i s s i ,>n;. 

Category 

M^n - AR D Adm i h K j nil s 
(r.ibella,   stiurt   reactun*;) 

i >' •! 

1. 

Ml) Adrni .islens i ;' 

AHD complicated  by  iiiiinuaot'.ia 17 

Uncutnp lien ted  ARD il. 

ADV assoriated APD -',7 

Nc-ti-ADV   associated  AR!) :'1 
Influenza,   rhinovirus,   .i.-up A 
sttop,   utc,) 

AKD associated with multiple af.Mtri       II 

ARD associated with unidenti- 
fiable  agents t- 

is?.1*' I 

. ! i ..', , 

' 7n . •    ) 

n i.r'' i 

(   7.4', 

(2 :> .T' * 

Thus,   in .aily   23.57,  oi  all  AKD hospital   admissions   i;i   fhis  >'.r< nji  was  a 
reason and/or  possihlf  cause   for  AIM.   inapparent. 

e.     Previouslv  reported  opidemioio^ii    sfudies  'i >ve     ii >wr   i.t>.at 
adeoovirnsus   (types  4,   7  an«!  Lo   \   lesser  extent   type l!l)   are   t'^;  najor  cans« 
of  acute   febrile  respiratory .Jiseaoe  rftqui ri i..;  hospital izit ion   ot   U.   S. 
milit.trv  '.rainutie.  duritig basic oir.bat   training.     During    pi'lnnic   periods, 
i'i!   depending   upon   Mir; .r. i f ■   rcndeied   :',   ".'.'.<.  ■'.:.■:':   n     In f 1 iu-n>'.'i      irus'»5 
.n-'v  .ilsi produce       con; id«ra!i !c rcsp; ra! ■."'r•.,   •i;,..'.1-. ■  r.'quirln>'   h   ^il'.ili-- 
.•'.ition,     although  .»  IIO^L   of other  viral   and   bac'erial   pathogens   C;>ara- 
influenza viruses,   rhinoviruses,  Co/;sick;e  t\-2],   group  A  ^tieptoco^ci , 
M,   pneumoniae,   etc.*   have r;.ii,!e J   sporadic  (Jise<i-:<    md  i^en  sotTi'1  cpi ^er. le ■ 
in military  pojuilat ions,   non?  o;   Huso  aj'rn',':   hjv<i  deti.Mo.trTl«^!   the 
|, a ioy,( a.c  qealJties   (f.ranüraissahi 1 If",   virulence,   etc.';   ascribed   to 
i. ; I her adepovirus« >   oi   Influenza  viruses,      I'tro ,     'en   i 1M .    fn  -t    !-iri'c 
■'T  up  i'i   trului us  uas   immunized witn Al/ • 4  and    u)V   -'   '. ■!  cine.;,   i'.   was 

.st'iiij.i!   u   .iKi'.it   Y  cl..scty  the eifric's  'M    iitmmr.izat i    i    i ei    •■■,•    \,. 
rie'.i'i nine   Mt.'-i ii-  ifficacy.   bil   .'l.i    !■■     et-   ■',   nndei   ; ,t •.(   c i rr'mist.'incos, 
c'.'i.'r   resi i r-Uor;.'   ;  Klio.;e-'s   w^.iilc   ena'Tj.'     ■    :   i-\'i;l..t   sitilar   capai ;»v   to 
j.ri.'ke  dije.i^e   1 i i-o-   that   .use .i. i.a( ed   wit",   aüetu \ i ■• iw.   : •,: i ct i • n.-.. 

! 1 t.  rcsalts  c Icarly  indicate   tii.it  utuier  the conditions  -.if   this 
parMcu;ai'   ..'My   no   ri-.s/ir.1'orv  pa^ho^ens   replaced   the  .idcvcv. i oses   as 

"■   i. r   ..I    :•■• I:   •; i, i i 'i ci.e      e : ■,•'    -f   'ius; ; t i i i /.-(i   . ; '■. i n.'   11   •■ 

^      ,   - 7 



associated ARD accounted for nearly one-third  of   the admissions  and 
these were primarily  due to ADV-4.    As  previously discussed  (Part A) 
the ADV-4 vaccine was  of marginal potency and  clearly  less effective 
than  tho ADV-7 vaccine. 

As  expected,   small   number  of   Influenza AT  virus and  rhino- 
virus associated ARD admissions  occurred early   in  training whereas 
adenovirus associated ARD was   f>)iind  daring  the   latter part of training. 
As  for  other potential  viral   and  !)arterial  respiratory  pathogens,  no 
para-influenza virus   isolates were  found despite  the use of appropriate 
isolation techniques.     Coronavirus   isolation   techniques were not 
employed.     Group A streptococci   wore   found  only  occasionally,   and 
serologic  evidence of  M.   pneunoniae   infection  was   demonstrated   in only 
one   individual   in   the  entire  study. 

The   11   AKD .Tdmissions  associated with  evidence  for  the 
simultaneous  occurrence  of   two  or more respiratory   infections point out 
the difficulties of  establishing  the etiologic   basis  for ARD hospitali- 
zations   in military   training populations.     Epidemiologie  studies   limited 
to  the search for only  one or  two otiologic agents have  failed to con- 
sider  the problem of multiple   infections and  conclusions  regarding 
causality of disease  should  be  guarded.     The  availability of several 
recently develope(   Virologie  and  serologic   techniques  not  utilized  In 
this  study,  could perhaps  decrease  further  the  number of ARD admissions 
associated with unidentifiable agents.     Sixty per  cent of  these admis- 
sions   (21/35)  occurred during  the  first  three weeks  of  training,  and  it 
is possible  that  the  addition  of rhlnovlrus  and  coronavirus serology  (and 
coronavirus  isolation)   to  tho battery of  t-.ists  employed would reduce 
this number even further.     Obviously more numerous and more sensitive 
techniques will  be required   to  define all  the agents of disease  In such 
a group  If similar  studies  are  to be contemplated   for  the  future. 

Few conclusions  sh.HilJ be drawn   from  the  Isolation and 
serologic  results obtained   from  the  17 AKD admissions  complicated by 
pneumonia.     It  is well   recognized  that  the mere  presence of organisms   in 
the upper respiratory  tract  does  not  always  reflect  the cause of  lower 
respiratory  tract  disease,     N'o  up'per  respiratory   infection could be 
demonstrated   in   10 ol   those eases  but   no attempt  was made to obtain 
sputum cultures   from  any   o(   the;u    individuals  after   they were  transferred 
to  the pneumonia ward.      fhe etiologic  spectrum of pneumonia  in hospita- 
lized recruits   is  virtual U   unknown except   in   those  few instances where 
the evidence  for M.   pneumoni .i,   in near epidemic  proportions,  has been 
obtained. 

ADV--« and AP.-/ va^ in... ,ei'.'< to control but not eradicate 
the two most common causes oi AKIJ requiring hospi tal lz." :lon In recruit 
populations.     Given  ADV-4   and  A')V-7 vaccines  of   adequate and equal 
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potency,   coupled with proper  timing  of  administration  :md   nsag«, 
control   of  disease caused  by  these   two  viruses can  probably  be 
achieved.      The  results  of   this  s:tudy   suge,fcPt   ;h'<r   atio^jts   to   control 
non-adenovirus  associated ARD v,ill   be more  difficuil   because  of   the 
nnltipliclty  of  a ;o.ni ?  and  the m-ibor   thit   .■<••     yo!   i;i;Vrori f iod. 
Ftirthennore,   if   these  findings art;   substarr.jai ed   b\   tuture   studies, 
the question must  be asked,   "Is   control  of   the various  remaining 
causes  of  ARD  in  these  populations,   in  view   <!   low morbidity  and absence 
of mortality,   a realistic  and practical   p.oal'" 
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II.     Adenovirus   Surveillance  Program   1970-71 

Data  is   incomplete  at   the  time .f  writing  this  report  and  complete 
analysis  of  FY  71   surveillance will  be   included   in next  year's  report. 
In   this report   the   use  of  adenovirus  vaccines  and   ;heir effect  on  crude 
ARD rates will  be considered  for each post   (or  if appropriate,  groups 
of posts)  based  on  data  available hesiiininf;  July   1,   1970,   through 
March 27,   1971. 

Ft.   Ord:     Beginning  as   early  as   lulv   1970,   AKI) rates  at   Ft.  Ord   exceeded 
3/100/week and  remained   between  2.U and   J.O   throughout August  and 
September.     Surveillance  data   indicated   that  807, or more of disease 
was  caused by ADV-7  and   late   in August    it   was  decided  to  immunize  in- 
coming recruits  at   Ft.   Ord with ADV-?  vaccine alone.     The vaccine  used 
(lot   16 CV-02401,   Wyeth)   contained   U)1-8   -   i0^-0  TCID50 vaccine  virus/ 
tabletand was   the  same   lot  of vaccine  used  at  Ft.   Wocd and  Ft.   Lewis 
earlier  in  the  year   (Feb-Apr).     Immunization was   initiated on  j  Sept 
and  by  10 Oct   all   recruits   in  training were   immunized.     However,   the 
ARD rates  steadily   increased   from ^.r) on   10  Oct   to 6.2  on   12  Dec   and  by 
that   time,  ADV-4  associated  AKD was   »ccurring with  a   frequency  equal   to 
ADV-7 disease.     Subsequently,   representative  capsules  of  vapcine   shipped 
to Ft.  Ord were   tested   for potency simultaneously will   tablets  from the 
same  lot  that   had  been  stored at WKA1K       These  titrations showed  that 
vaccine shipped   for  use   it   It    Ord c MIL,lined   102-^ TCID^Q virus/tablet, 
considerably   less   chan   K)-1'8  TCID50 obtained   for vaccine stored  at  WRAIR. 
Loss  of  titer  probably  reflects   improper   handling during shipping  in 
late August,   since   the  vaccine wasn't  refrigerated when shipped.      Loss 
of potency  in  part   explains   lack  of  effect   on  ADV-7  associated ARD,   but 
there was  still   enough  el feet   to  bring  about   the emergence of ADV-4, 
which by  late  November was  causing   two-thirds  of  adenovirus  associated 
ARD. 

New  lots  of  both ADV-4   ( U? 01-02901,   Wyeth)   and ADV-7 vaccines 
(16 CV-02701 and   16  CV-02801,   Wyeth)  were  released   for use in mid- 
January,   1971.     These  vaccines  contained   K)5-1   (ADV-4)   105-2   (ADV-7) 
and   1(P«6   (ADV-7)   ICID-,;)   respectively.     With   the   introduction of   these 
vaccines ARD rates   at   l-t .   Ord   temainci   low,   ranging  between  1.6  and 
2.1/100/week and  during   Februars   ad'n,»virus   associated ARD accounted 
for  less  than   10?  of   the  total. 

Ft.   Dix,   Ft.   Wood,   Ft.   lewis 

The decision   to   use  nvailahi..' ADV  vaccines  at   these posts  beginning 
on   1   October   1970   w.i.^   based   ,11   pri'-i   Avar's   surveillance data.     Each 
post  had experienced   high   t iti.    i~  ".ovember  .in';  December   in  two or  more 
of   the   four years   sioc   ,;urv"'1 t laru ,.■ wa -   begun.      The available vaccines 
were   less   than  optimal.     ADV---   . ir.iiu    Mot   16  CI-00B01;   contained 
lO.3-5   -   in3-^  TClD^)/r.iM ■'    .: <:  AD.-7   I'.-I    16  cy-02i01)   iO''*-^ and 
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(16   CV-0240i)   lO3,8 TCID50.     The experience with   these  vaccines  at  all 
three posts was   somewhat   similar,   as was  the experience w.'tli   the  new 
lots  of vaccines alter Christmas. 

a. Ft.   Dix 

ARD rates  dropped   from   1.6  on   J7 Oct   to   1.6   on   12   Dec,   appa- 
rently   the result of   immunization.     By  14 Nov,   lOÜ"''  of   tiainces  liad 
been   immunized with  both  old  vaccines  but   the  sipply  of ADV-4  became 
exhausted.     Thus   immunization  was  continued  unti1   alter Christmas with 
ADV-7  vaccine alone.     Beginning on   16 Jan  incoming   recruits  received 
the new vaccines,   but  the  ARD rates  continued  to  rise   from   1.3   (16 Jan) 
to 4.8 on  20 Feb because  trainees   in  the  latter weeks   of   training had 
received  only  the old ADV-7  vaccine.     Subsequently   the  rate   fell   to 
1.4  on   20 Mar and  this may   be  attributed  to   immunization with new lots 
of  vaccines. 

b. Ft.   Wood 

Following  immunization  with old ADV-4 and   7   vaccines,   the ARD 
rate  feil   slowly  trom 4.1  on   7   Nuv  to 2.1 on  19 Dec.     After,Christmas 
ARD rates  climbed  to 4.3 on  20  Feb after which thoy delined  rapidly  to 
1,4  on  20 Mar.     Immunization with new vaccines began   in mid-January 
and  as  at   Ft.   Dix,   the increased rates   in Feb  reflect   disease  in   the 
latter weeks of  training among  men  immunized with   the  old vacqines. 

c. Ft.   Lewis 

Similarly at  ft.   Lewis ARD  rates declined   from 4.0  on  24 Oct 
to   1.8 on  28  Nov  following   immunizf!i ion with old AnV-4  and  7 vaccines. 
However,   rates   then rose abruptly.   3,5  on  r)  Dec and   5.4  on   12  Dec at 
which   time  surveillance data  showed   that  68,5A   V   ARD was  not  attribu- 
table   to  adenoviruses.     No  non-adenovi.rus a;;ents wert   isolated  during 
that  or  the procedlng week  and   there  is  no satisfactory  etiologic ex- 
planation  for  the abrupt  increase.     After Christmas,   rates  at Ft.   Lewis 
remained   low,   unlike Ft,   Dix arid  Ft.   Wood,  and   irmr.imization with   the 
new   lots  of vaccines  undoubtedly  helped maintain  these   low  rates 
(.'an  average -   1,3/week,   Feb.   -   1.6/week,  and Mar  -   1.6/week). 

u.     Ft.   Campbi'l 1 L R,_ Jackson.   Ft.   Knox,   Ft.   Polk 

The  southern  posts,   none of which bad hi^h   ARD   rates   in   the 
fall,   began   •mmimizati.'w with  new vaccines on  16 January.     AL   each post, 
<'.u;clnes  wore administered   tt;  all  recruits   in   the   Iir.it   live weeks of 
training  and  ^herrafrei   to  each  weekly  inp.it.     Bearing   in mind   that 
.jome  of   these pobts   received  ADV-4  vaccine alone  in  Jan   -  Mar of  one or 
mot ü of  the  la?;!:  f^ur surveillance years,   there v;a.;  still a marked reduc- 
tu.n   MI mo.-.tn'v   M-.D rates  obtained  tor  this year when  both ADV-4 and  7 
'ac.-ii.e.j  W'-r'?  used  compared   to montMv  averaged   '"■ i    the  previous   four years, 
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Table 12. Comparison of Monthly ARD Rates/100 

1967-1970 
Four Year Average 
of Monthly ARD 

Campbell  Jan 

Rate/100 1971 

1.9 

% Reduction 

Ft. 5.6 66.1 
Feb 22.1 6.2 72.0 
Mar 17.4 7.9 54.6 

Subtotal 45.1 15.0 67.8 

Ft. Jackson Jan 7,0 4.5 35.7 
Feb 14.8 8.0 46.0 
Mar 

Subtotal 
13.6 
35.4 

11.8 
24.3 

13.2 
31.4 

Ft. Knox Jan 2.0 1.6 20.0 
Feb 8.0 4.8 ■ 40.0 
Mar 10.5 5.0 52.4 

Subtotal 20.5 11.4 44.4 

Ft. Polk Jan 3.5 3.3 5.7 
Feb 7.4 4.2 43.3 
Mar 

Subtotal 
9.5 

20.4 
3.6 
11.1 

62.1 
45.6 

Total 4 Posts       121.4 61.8      49.1 

The table indicates that during Jan-Mar of 1971 the number of ARD 
admissions was reduced by one-half over the average of the four pre- 
vious years.  Per cent reductions ranged from a 67.8% at Ft. Campbell 
to a 31% at Ft. Jackson.  It is of interest that at Ft. Jackson during 
March, rates hovered around 2.5 - 3.0/week despite the almost total 
absence of adenovirus associated AIID during that month.  No other 
pathogens had been identified as of the writing of this report. 

Thus, the Adenovirus Surveillance System has to date, failed to 
account for two episodes of increased ARD admissions:  One at Ft. 
Lewis in December, 1970, and the other at Ft. Jackson during March, 
1971,  Neither increa^«; was associated with recovery of adenoviruses, 
agents which the system was specifically designed to detect.  Sensitive 
methodology for deteccing ocher respiratory pathogens may have to be 
incorporated in*:o the systcn in the fut'ire.  Aside from these two 
instances, control of adenovirus disease (and hence, ARD in general) 
seems possible with availability of potent ADV-4 and ADV-7 vaccines 
coupled with appropriate timi.u', ot their administration co military 
training populations. 
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II1A. Induced Gastrointo-Jtinal   Irfcctlo..  ..   Van wltii   Living  /.Jeno- 
virus  Vaccine ']v pe  21. 
Study  yM ,   Whitocoat   V'lunteer^      ■•■ p'v».; ,'>'r      l9/i/. 

Tue  urinciple  r mses  of   ."-^.L-  Re s^i i.ii ory   D: ■easc.-.s   (<VKD)   requiring 
hnspi tali^a» i on   in  lla^c.  t.nmhar   rraiutc.s   ihCTi   in  CUNl'S  are adeno- 
viruse-.   CADVI   IVpes  ■'    mi   /.     1 .'    ia^,   r:.ti .■;--L' .ato.d,   .'')','   Type 4 
(L-AV-Al   and  ADV Type  7   (I.-AV-/;   vaccin-:s   '.a v  b'jtin   Jc;m': ns^rated  to be 
hip.hlv  effprtivn  in   the  «-nppre^E i'T   of   XD''- ■   .nid   '\rJ\-'i   associated 
hospitalized ARO as   indicated   ii    ,.r''i .::   surt^inb  ol   l'iiy  repjit. 
Other adenovirus  serotypos  ihm   liave  been  aspociatcd witli AKD in 
military  trainees  are ADV-21   and  ADV-l't.      In   1^67,   \UV-21   caused  a 
significant  amount  of disease  in   iraim-os    .*   l"ivrf   ')ix,   New .Jersey. 
Extensive  use of  L-AV-"   and   L-AV-7  "accine.s  r.ay   lead   iu   the  emergence 
of other adenovirus  scrotvpes as  major  causef   .if   AKD and  AÜV-21   is  a 
very   likelv   candidate. 

A   living,   enteric,   AD1"'  Tvpe   .! 1   va.cii.i;   fi-A.   Jl)li.iP  not   pre- 
vuuisly  been  evaluated  because  r>i   the  one   genicif    if  ADV  Type  21 
strains   in   iramunolo^icul ly-incompetent  cewbern  uanuLers   .ind   tlie  un- 
certainty  of   the relationship  of   adenovirus   intoctii'ns  and neoplasia 
in man.     Results of a  recent  serolnglc  surve\   i>l'  ^ mcv >   patient  sera 
and matched  controls   for   possible reactions   vi tli A.'.unov iros   T antigens 
(supported   by   iTi>    Sclid  Tumor  Vi rtis  gro n    .,   the  NCI,   '*\'\U   showed no 
indication  of  antibody  activity   in   cancer   pai lent   nr control   sera   to 
the  known  adenovirus   T antigen;-   hv   t'ne coiplement   fixaLi m   L»_st,     From 
these  results,   it was  concluded   ih-Tt   adenoviruses  Jo not  appear  to  be 
involved   in  pioduclion of  pigiificar?   nuii-l/crs  oi   human   tumor;-.,  and 
permission   to  studv  titficacy  ar.d   safetv  o!    living Ai)V  Type  21  vaccines 
in military personnel w.is granred  by   the  Vaccint   Development   Branch of 
N'AID and   the AIDRB,   OTSu 

The   fo'ili'WT,;   u idy  was  Jeslaned  t.'  ptr'nwt   evaluation  of   the 

immun 1^,11 i MI   in  mat:. 
i.'«ric   AI V  Type  21   «/irus 

1 ,      'X-.-^n   o!   S. u.H : 

a .     The   i1'"dv Grntip:      .'nl nn te-r."   finrv  chosen   i rom  enlisted 
nv.i ionnei   part io ip;-t i up   in  PHü.,'MrT VHIT^COM';".     A  coirptefe  and  compre- 
hen.'.ive    .;••)> louai i on  oi'   the  study  .■;.']   its   ri'jks  was  ^i.i;,   to   the enlisted 
men  by   the   i'roJeci   Divector   In   t.he  prosence < ■   the  principal   mvesti- 
jVitors.     Foli.'wiMp  this,   each   individual  '■;;:.   'i lervicwoi.!  personally 
and  given   -> i   opportuui^',   to  ••■I-   aihiitional   q';e.st icir. .i  and   express   their 
de.siri    to  panicipa   c       A c.y.i.ci.1   riiaterntPl ,   or   file   in   the   L'.   S.   Army 
Nodi:..1   I'm' .   Tori   'ic  vie«     Marv'anff.   wu^   signed   by  each  volunteer. 

:
K-    . lu^teei   evou|   conf.: s*'.•.ii  ot   l'•  mtn   f. und  ti   >>.   fre.e of 

A:>V-'J    lu'L^ai-,    i'i.er'iTr:  dilulu.r  ^'1 . .')   Iv   t. ;  .su.    oulture   ueuiraHzation 
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test.  Volunteers were housed in individual rooms on two closed wards 
for the duration of the study; each ward contained both volunteers 
who received L-AV-21 and those who received placebo enteric capsule. 
All volunteers shared common recreational and dining facilities. 
Detailed medical histories and physical examinations were performed 
on each volunteer on admission to the study wards. Complete hospital 
records were initiated and maintained on each volunteer.  Initial 
medical evaluation also included an elc trocardiogram, chest x-ray 
(PA and lateral), complete blood count, urinalysis and throat culture. 

b.  Vaccine Virus Used for Immunization:  Adenovirus Type 21 
(strain V-270) propagated in human embryonic kidney (HEK) cells was 
obtained by Wyeth Laboratories from National In-'.ti'.utes of Health. 
The strain was passaged two times in HEK, then through 11 passes In 
human dlplold fibroblast culture (WI-38), lyor/hil ized, mixed with an 
Inert vehicle, and prepared into enteric-coated capsules (Lot CIX- 
02101).  The capsi'Ios were shown to contain an average of 10°'-^ 
TCII50 upon titration of virus in HEK cell cultures.  Virus obtained 
from the capsules was neutralized by hyperimmune ADV Type 21 anti- 
serum In tissue culture neutralization tests.  Volunteers not re- 
ceiving L-AV-21 received an enteric-coated placebo capsule (enteric- 
coated placebo M containing lactose, Wyeth); this preparation was 
shown to contain no cytopathogenic agent when a liquid suspension 
of it was Inoculated int.» HEK tissue culture tubes. 

Ten volunteers received the adenovlrus vaccine (L-AV-21) 
and five volunteers received the placebo tablet on study day 0. 

2.  Methods.  Blood was obtained at ObOO hours on study days -5, 
-3, 0 and daily through day 14 and then on day 18 and 21 for white 
blood cell and differential count, henatocrit and platelet count. 
Blood was obtained at 0800 hours on study day -5, -3, 0, 4, 7, 14, and 
21 for total, direct and indirect bilirubir, SCOT, SGPT, alkaline phos- 
phatase and BUM.  Urlnalys's was obtained on admission to the study 
and dally thereafter until day 14, then on days 16, 18, and 21.  The 
above laboratory tests wire performed by standard laboratory procedures. 

Blood was obtained on days -4, 0, 7, 10, 14, 18, 21, and 28 for 
serologic studies.  Semn neutralization tests were performed on serum 
samples from the volunteers in UllK  ti;be cultures using ADV Type 21 
vaccine strain (V-270).  Serum neutralization end-points were deter- 
mined at a time when the tust dose .1 virus showed 10 TCID50 in HEK 
tube cultures,  Adennviruü omplement-fixation titers on 0 and 28 day 
serum samples were determined by .standard micro-titer procedures against 
a commercial adenovir.is (I intiiuu obtained from Microbiological Asso- 
ciates. 

Throat washings an.i stool [at   rectal svah)  specimens were 
obtained on each  volunteer on .tudv Jays -4, -j, -2, -1, and day 0 
through dav 28.  0.} "il .ili'jM !■ 01 t-,icli throat wash and 0.3 nil 
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aliquots of a 10/ S'l.spi»;.'. m oi -..i::. •,; . ' 
into two HEK tube I<J1 t'ii t"s. Tuhos v<. i ■ i' 
observed ior i-y L^v.it* :«' iv.' I ' .''h • . '. ■ 
exhihitiiiR characto.ris: i" .'.J'.' ''i'F w r-, L , 
trali/,.uion tests in HFK rutui .11 irci ■.<: 
21 anci seran, i 'M-.-O . •■!i; ■ i ; ;. . ■ ""i>■-■.; ; 
bypp.rirpnunr !>oi ot- -.v : i'i ■• fi. ;'inj'- .ir:t • si'I.TI, 

ent«ii'oviruü (!PK wi'ro i.vpfiJ win IVI •'■ :ri:)'. 
Whan e.itlier e.nterovirus r lirr;"esvi r 1^ rT' 
ol thu nri^lnal nati'ill w».- 1 r <r •. ' v. if 
sera  and  obsorvcd   fur  rin   tdd   r;.':":a'   ^1    l^ 

3.     Results 

a.     PJtt!_rnb   of   Virus   .SncdJ I ii£: 

-ami ! .■   ici'rc   inuculateti 
.(. «• . d    .;     !h0C   'T.cl 

' iu-r   '.l!\ .      i.-olat t-s 
.   1 ri   ! i ssii;   (. 11 turc  r.o.i.i- 

'   V|   .   1   !     -.:,■   ■.•    /-J/V     IV.'C 
I' .   ~i 1 t!   i vped   wi tli 

M ■!   • h. ■■ i1   i • 'lihi t i n^ 
I ;i 1 ■ '•   , ■ : 'is   anti sera. 

.'■ '     ■■.■.«,r vi- !.   .m  ai iq"()t 
;.■■ .'ir ; a i 1    ■'vru.r finnunn 

t'icrs  rcci'i'. inr. 
1   K '• c r t, Li > ■ 1   •'■:., \: t 

:xrrei 
!      MM.      10    V'lut,- 

..):..       ADV-21 
„ i   ■'■.'•   study day slu.ddin>; was  dcpi nitrated   I ir^i   i-n     LII.'V tlav   .   i,,.|   1 '^ 

21.     Diiration  ^1   fecal   ■■.hoddinf-   .inoJ  h.t v ur   .    I PS   jnd   17   .lays with 
a  mean  of   10. 1  days.     None  1 1   u;.-   I 1/e  v..' .w. Lei / ■    r et c 1 vi m,   the 
placebo  tablet  excreted  ADV   in   tr.(_   ..'■.I      i   i   nc   LI ^   i'.udy.     All  ADV 
isolated were  cypable  as  ADV   T',pi   .11,     ;■    iddii un.,    .;■,.   Inruinized 
volunteer   (''■!>   e:.C"otcd   '.MU'i virui   t\:ii   n   in  ins  -'toil   friitn .ia-v-  -A  to 
dav   1J  ol   Lhe  st :ulv . 

Vaj i i1'1^' ^ ''L1' '•'   '■■'''•""'^ i oj-      ADV-21   i-yiretion  was   not  denun- 
stratrd   la   il.r'.ai   wa?t.ini      of   oittu-i    i ein ii-i .•. .1   , r  p'^e^ho  volunteers. 

Cxcretiun  uf  hoi l'^s\\: a-'    'üüLil.'^. v,'!   '■'■•ci','1 at cti   i-i   tlroat   washings 
of   three  •olnnteers.   all   ii-       ;   ,,-.".   -.1   unriawM-a    tfinp   -'(Volunteers 
■•'3   (da>   ■?   ltir>ii^i.  •! i.   h<,    'b     a.-iv ;   -4   thro'U'.h     .),   and  ■•'10   (dav  -3 
and  day   !;.1 

Aat ' .■   dv   '■.■ .-i. ii'-(.   • 

;•..■! ..;■   1 . L> 
day   fit j-ari 

^_    '.''  . 1 .■   .-.. :■,       ra'jii'   ' \  details  ADV-'.'l   neutrali- 
ai.v 1 '.rv.-.'.im zi"'.  a'   !   phu-.'bn,    iti   d-dav   and  28- 
'•■s-      (;   i; IO5 ,   o'.   Lae AliV-'.'l   va     in,-   -I rain V-270. 
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FIGURE 1    ADV 21 STOOL EXCRETION IN IMMUNIZED VOLUNTEERS 
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FIGURE 2 
ADV-21  STOOL EXCRETION ON  iTL'DY DAYS   IN  IMMUNIZED VOLUNTEERS 
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Table ij Expcriuentai ALV-21 Infection in >:.ir.: Nturral i^ing and 
Complc-cnt Flxin. Antibody n>. r.pr n'-t.s Aft^r Viius Ingestion 

Immunized 
Excrot7rs 

ADV-21 

Voluutöcr 
No. 

Days AüV-?l 
Lxcretion 

ADV-21 •■ 
( K.-..:'. 

0 bay .'b  Day 

AUV 
(Kcc 

0  b.) 

Cl- 
ip 

liter 
COCJI) 

28 Day 

1 8 <2 5 5 
2 11 <7 32 JO 20 
J 10 <2 t'. ■' . 10 10 
5 ; <? \ <'> <5 
6 ii <2 ü 1Ü 10 
8 10 <2 -> 10 10 

10 13 <2 3/ 10 20 
11 17 <: f. ■'. 

1,) 10 
13 15 .     <2 t't 10 20 

Icinjunized 
Kon-ex lec- 
tor 

15 G <2 <? 20 10 

Placebo 4 0 <1 <2 10 10 
7 0 <1 <2 10 20 
9 0 <1 <? 10 20 

12 0 cl <2 20 10 
1A 0 n <: 40 

** Ij •' 



Neutralizing antibody was not detected in the 28-day serum of the 
five placebo volunteers or in the one immunized volunteer who failed 
to excrete ADV-21.  Antibody responses of the nine immanized ADV-21 
excretors were variable; two showed detectable N antibody only at a 
1:2 serum dilution whereas two others had N titers of 1-64.  Repeat 
neutralization tests using a wild ADV-21 isolated at Fort Dix, New 
Jersey in 1967 gave similar results. 

In addition to an ADV-21 N antibody response, volunteer 
#3 who excreted ECHO-6 virus, had a rise in ECHO-6 N antibody titer 
from<i:4 on day-4 to 1:128 on day 14. 

c.  Clinical Response to immunization:  Mild, afebrile upper 
respiratory disease and/or diarrhea was noted in three immunized and 
two control volunteers. 

Relationship of these illnesses to ADV-21 stool excretion 
are summarized in Table 14. 

Table 14  Experimental ADV-21 Infection in Man: 
Illness in 5 Volunteers 

Volunteer »A 

A.  Immunized 

Stool Excretion ADV-21 
(Study days) 

Respiratory 
Symptoms 
(Study davs) 

Diarrhea 
(Study days) 

15 none + 7 +9 - +16 

10 

I 

B.  Control 

4 

+6, +ti - -fit, +18. +20    +13 - +14 

+6, +8 - +!J, +15 

none -4 -Ü 

+16 - +18 

+ 16 

12 +20 

Volunteer #15 who failed to excrete ADV-21 in his stool had intermit- 
tent diarrhea from study day +9 to +16.  Diarrhea in three other 
volunteers was observed bitween day +16 and +20.  No virai pathogens or 
adenovirus Type 21 w« re isolated troir stools collected during these 
periods.  The volunteer who e/creced ECHO virus Type 6 in his stool 
(day -4 to +12) and adenovirus (day +6 to +15) as well as herpesvirus 
in throat (day -2 to +H) was entirely asymptomatic throughout the 
study period. 
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One immunized volunteör 0'!.},' wi a Ji-i.-ur <:fi-l)ri!e 
illness consistinft of mild malaise, hearlarlu' .■•..) had-aclu' acdmpdnied 

onlv by a mildly injectfd con.inncti 'fl^-.  ■ ni-  ■ ir-'' vd ir.tecr i''7. 
developed a mild papular rash rve.i the Mini . ■ "i.u ' L ■■! n re^ior which 

pcrsisr-id fram day +^ to +13.  Nu uther L 1 1 r.'.ssf, v^ie iU-t n u J in c<\-, 
of immunized or  placebo volunteer:) during 'l;- duration of tliis study. 

(1.  Lahüratory Response tu Immun i 7.a um .  ;,'. abnonnal i 11 es 

in i-eir.atocr i t, complete blood count, nlatol-' ci^int, total, diiecl and 

indirect tulirubin, SCOT, SGPT, alkaline phusphatase, hi';., or urina- 
iysis ^as found in a volunteer in the tmnuije or p] icebc groups during 
the duration of the study. 

e.  Discussion:  Nine of the iU volunteers receiving I.-AV-21 
excreted M)V-2l   in the stool; and all of f'u'Se excrttors developed ADV-2 

neutralising antibodies.  The infection rate obtained with this lot of 
v.u «. ine virus (containing 10 • J 11 ID.-(.'Tab Int j .'■]'•,>■  irs to approach 'in? 
and thus be entirely suitable for use in man. 

The pattern of stool ADV-J1 eAcreti>n in immunized 
volunteers infected with L-AV-21 was found coir.farable to that of ADV-? 

• o'.d ADV--'» virus stool excretion as reported by Liianock, et al, 

IAMA I4r>: 44, 1966. and Top, et a!., .). Inf. Dis. tin press). 

ADV-.ll was not rcxovere'.i from the cropharynx if .immuni zed 

volunteers,  Ko evidence of conununicab: 1 ity •)( the vaccine virus was 
ioonu in that the five placebo volunteer:, wh  also lacked detectable 

■.jerum ADV-21 N antibody and who were housed (o.^ther wiLli die immunized 

j.'.-oup showed no  ires excretion and did no! develnp ADV CF or N anti- 

'miiv rises during the course of t!ie study. 

In ill immunized vo''aic.jers who excri ti. 
■ t )■ L, serum neutralizing antibody ;vs. IC Uli) 

' J \   r ;   1 j j 142)  was  present   in  tl .'H-.l.'o;   seruiii 
30 

\D\' •?. I   v K i. i iie  v irus 
i 1   t he  '. ace me 

1 itcrs   oi   ADV-2 I 
N  .Mt ioody these  nine mei;  ar«;  ccmparahle  ?;o ADV-s   and  Al)V-7 

.•ntibody   liters   in   volunteers   immunized  with   live,   enteric  ADV-4 
;  I  /'DV-7   .'.'icjines  rospet t ively   i'Charuick,   or   ai,,   and   lop.   et al, , 
.■ '"iv. i- es   i i t ed   above ). 
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1 
B.   Development of Systemic and Secretory Antibody Following Immuni- 

zation with a Live, Oral Enteric Adenovlrus Type 21 Vaccine. 

1. Purpose 

It has been noted that the inrnunological responses to live 
enteric-coated Adenovlrus vaccines differ from those Infections natu- 
rally occurring in the respiratory tract.  One difference is the lack 
of development of Adenovlrus antibody in the nasal secretions of the 
vaccinees.  Another is the lower complement fixation responses following 
enteric Adenovlrus infection.  This study was designed in conjunction 
with the previous study to investigate the development of Adenovlrus 
Type 21 (ADV-21) antibody activity in both the serum and in the secre- 
tions of imnunized volunteers. 

2. Methods 

a. Collection of specinicns:  The collection of specimens 
utilized in this phase of the study was described in Part III A. 

b. Preparation 

(1) Stools:  Samples of selected stool specimens were 
suspended In twice their weight of distilled water and vortexed with 
glass beads.  The course particuiate matter was pelleted by centrifuga- 
tion at 2,300 rpm for 20 minutes.  The supernatant was removed and 
recentrifuged at 10,000 rpm's for one-half hour.  The resulting, 
clarified solution was dialvzcd overnight in distilled water.  Following 
determination of the volume, the specimens were lyophillzed and re- 
constituted to the appropriate concentration with distilled water. 

(2) Nasal secretions:  Nasal washes were collected as 
described above.  Selected samples were vortexed thoroughly with glass 
beads or sea sand and centrifuged at 10,000 rpm's for 20 minutes. 
Supernate was decanted and dlalyzed against 200 volumes of distilled 
water.  Protein concentrations were determined on the dlalyzed samples 
using the Aminco-Howman spectrophotofluorimeter.  Tie solutions were 
then lyophillzed and reconstituted,with distilled water to contain 
250 mg7o protein. 

(3) Serum:  Sera was ccllected as described above. 
Several sera were extracted with DEAE Sephadex A-50 to Isolate IgC. 
See Annual Report, 1%8-1969, for method.) 

c .  Quant i tat ion ot iminutiuginbul ins 

The immunoKlobulins contained in sera, nasal wash, and 
stools were quantitated tisirv the standard and low level radial immune 
diffusion kits prcpar«.:ii bv Hylaiul Laboratories. 
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d.     Radio Autograpliv   ^£u0 J üü 

! »- .'nbi i -ii1  Adeno •; ms 
irv..'-   i 'I   ii.:: tr.   c   r r .■on ic 

( I)     An_*"L^ttVi pre;■ ir!ij; imi       L 'r:i- 
I'yp«-:  .?)   antigen  wan  prcpirevi   in   ro. n   "a-,. i 
k i Jiu'v   veil...      Hr:ell.-,   hLiivf   hr.tt!.  ■   i.ow .. n   .1,    ::': ;.i!.   , ; p r',-M -1 
kidney   .oil    l.tytsii   ^.:ri       iic.fi'.I   r\.\ .'»n.-   i   ■ .;c . uu-   virws   (Strain  \'- 
??Q)   using  ..   nrilt iplic i; ■■   >■:   Liir •■ ■      •    of   nopr ;yi;!i? t ••!)   10   1,     ,.     A 
yO-minuCe  perioii   if   Incubation was    .11 »wed   ;'. llowiig which maintenance 
media   (Media   199 containing  ore-ton'"!,  ft e  normal   Amino A' ids  iind   1" 
fetal  bovine   serum)  with  tlie aJcuti.'^  of   ii..:  rd   of   J   !^r   \.;ii;M Avid 
miyture  coiitainini;  0. Iftb  nig  01   iixnl   !.-/.n i. 1     aciJs   inv!  U. 1   mc   ■ f 

C/ml   (New  Kngland  Nuclear Corp.)   was   ruled  and   the  culture.«  were 
incubated  at   37".     When   the cyfopathic   ,■(:.:. r   i.n'oJvt^   75   Co   IOC' per 
cent"  oj    the   cell   sheet   the  rt.edla  '/as    le.a.-ed   lid   rhe   cell    iheot«   fron 
t ht:   lUake  bottlt-s  were  harvested   into   10  r.l   o:   Hin'..'-.   v,)l...,.ed   s.'ilt 
•iolutfon.      Ilie  cells wen. disrupted  by   sonicafirm,   -"en  lii'ii'.eo   and  the 
supernatant   tluid  was   create.'   rwi cu  u'lth   .■■r.it.r   .-..      J'H-   üqiu -us    ; iver 
was   recovered   and  dialyzud   r.:iu''ti-J' v  a-.a)M.s(   hi' menu    alt   solution 
'imil   the  ruii. .act ' vi ty  of   tin.-.  diulvT'itu w^s   redaced   i <  jac^roiind 
level.      ilie  »repriration  used   for   radioact ive  hiuJir.^   studies  contained 
.'. /   x   10'  counts  per minute net  m'   aid   lO"   h . j.>r,  per ni   Ai.U.sovirtjs 
Type  2!.     DilutlonJ  of   I; i(i   ;.    ii.dO    .1   this   arr,.<.'n  •...•.i        -H-d. 
-;nce  .11 !   1 ■ MUI   "TU'i. t s  of   iiu   vLrm   were   I ih" ; vd ,   1I1L,   ari.-,.:.  was 
:.ro.'uilv  ijais   reaitivc:. 

1 .' i-'.id I o tninune eiuc i: r-^'inies J w Klectrtf .orcsis of serum 
^peciiens were currjeu out in 0,9" I'i-, A^ai prepared in (-.u1) M barbital 
^uft'er,   pH 8.6.     slides  wf-re prepared and  el* ct rophoresed   for  two hours 
"Sii,,   12   'oils   across   t!io   ayr.     aritistra   .'jgainst   w':''\   human   serum 

prepared   in idhhits,  "i   aiuisera  against   ^■u.cil'ic   imt.mno^IubuJ ins 
1 , •■pari d   in  ■.■;.iis   fHvlinci   i.aht r i'^r • ( s;   were placed   in   ; he   troughs and 
. If.:  [.ici-ipj: Li;.t.s   were  aiioVi'f;   t      Jivel   \    <  •"   '•-.   iiou.s.      f'ollrwing 

■'■;1 i ng,   radi oae; 1 • •.   aiiti^en  Wc.s  aodev.1   to   ' iu   I 'ouiih  ana   24  hours   latei 
(:..   'jli^.i/i  Wfr..'  ar.ain  washed wit'.  sa'Jne   foil 'WctJ   hv    listilled  water, 

i.'il: ror one to two weeks. or', ■' and placed *n contact with Koua(< X-rav \ 
'ns ■ iidos wert' removeJ Iro'v the 1 : In. stained 

'     u I    and   the    X-ray   ijl'-i  wa-:   t'eve It.ptd. 
r  protein  with  amid 

1     I .ul. uii.m.'M'e 1i i ; 1 .s i   n       :Vpti.;'N    ^j cro-Omht erlony 
i    'it-;     eri, pr   p.'ioi1  i.s; pp  on.    p<-r (on:   j;.ar   se      ,  i1.-   S   fris,   0.005  M 
r.DiA  lo'.tV: ,   1 '. .-..■..'.     D     peripheral   wt 1 i ■■   wer*1   lilled with  -'.erial 

■j »ii     ili.' i.r.y  . T   the. specimens   i\    i>e  testt.d.     A  specific  anti-human 
■ r •■'■u.i.v, 1 '"iiin  v...-   th»'    placed   in   th«.   cenli'-r vs-.il   of   .ach  plate, 

' v., M ^ -1. • .    1. 'ui.    : .1. ub J v 1 on   . '   r ;. n   . er ,)i r .»Lui c   «.as   all owed   for   the 
pr  • -i L   i'i   l1; os   Lo    l.o,..iop  aid   tin.'  nre/aratio'i   was   tlicn   washed 

.i:. ■-, 1 ■ e ; .   1  r.    .'.,   Iici.rs   ■.,irii   n, i'ii.'l   sa! in..      i o'lowinp   this,   the 
■ ■ ' •    1   '..    '     ■.   ■ ■      .. 11 .'   1,1 1 h  a   ' . '. 1)    '; 1 at ion  oj    ■, in.-   r. ■' i...ic t i ve 

>.'), •• .        . 1 j^.....       'p'.-   w.-:..   .;■■,..   all   w< .1   •       '■■•■■I        f a    .'1   h. oi'.j   and 
vi n,     1     1 »   1.    ;   , ,• l ,'■■   Mt ;-.:   L N t fi. : i .',.   ■    w-;   '■<,        au    ,ii li:(!.       i.aüio 

r.   •    - - 



autography was performed as before. The nature of radioactive binding 
by the imnunogloballn in a specimen was expressed as the reciprocal 
of the highest dilution showing a detectable line on tne radioauto- 
graph. 

3. Results 

a. Neutralizing antibody responses in sera:  Nine of the 10 
immunized volunteers developed neutralizing antibodies by the twenty- 
first day following immunization.  As was stated previously the re- 
sponses were variable with four out of nine showing a titer of less than 
or equal to 1:8,  The remainder sKowlng titers of 1:32 or 1:64.  Geo- 
metric titers are shown in Figure 3. 

b. Radiolmmune Electrophoresis:  Experiments to determine the 
specificity of the antigen were carried out using Radiolmmune Electro- 
phoresis. Adenovirus Type 21 ^C labeled antigen, dilutions containing 
10' TCID50 and 2.7 x 10* Cpm, were found to bind with the inmunoglo- 
bulin preclpitin lines from serum showing complement fixing antibody 
and/or neutralizing antibody against Adenovlruses.  In individuals 
with no detectable Adenovirus antibody activity, no specific binding 
was found to occur. 

c. RadioingiKine diffusion stuJU-s on sera:  The chronologic 
development of antibody activity of the three major immunoglqbulins 
was determined.  Figure 4 shows the geometric mean titer determined 
by this method of the specific Immunoglobulins. As will be noted, the 
IgM response began early, developing within seven days after innuniza- 
tlon in most of the immunized volunteers.  The IgA rose later to 
higher levels.  With IgM and IgA in certain individuals there was a re- 
action with the antigen in the initial sera indicating probably pre« 
vlout infection with Adenoviruses.  IgG from the same sera determined 
by this method showed a high initial titer in all of the volunteers, 
imnunized and controls. This also was presumably due to high levels 
of group reacting IgG secondary to previous infection with other 
Adenoviruses.  The IgG titers remain essentially constant in seven 
of the nine responsive volunteers.  In only two of the nine was there 
a significant four-fold rise in radiolmmune diffusion titers. 

d. IgG neutralizing activity in sera:  Because of the diffi- 
culty in Interpretation of Hu; IgG responses as monitored by the radio- 
Imnune diffusion technique, I>gG was extracted from the sera of several 
individuals using the DEAi. Sephadex A-50 method. The extracts were 
found by immunoelectrophoresis to contain only IgG.  This wis quanti- 
tated with Hyland Radial [nunune diffusiun plates.  Neutralization 
titers on the whole sera and the r^C showed a parallel rise in neutra- 
lizing activity.  See Figure r'. 

UM 



UJ 
z 
o 
o 
< 
> 

rj • 

& , , • 

± a. 
$ > o H 
Jco 
o 2 u. cc 

CO   i^ 
—»    •- 

on • 
• • 
• • 

n-   Q a-   UJ 
v b 
b < 

• 
to • • 

• 
< or 

aJ 
C*  H a> 

c 21   iL' 
f-J  ^ 
_l  UJ c 
<   > i 
rr   ~ ■•— 

P   -J k" 

^ u o 
0.' 

-.•'   O s 
"" o 

""y ^       rf- </i 

r 9. c> ' > 
(- V 

K   f-- '..? 
u1   ■•' c.* _1 
1''   ^ '--' (." 

i''' 
t V.' 

^" 1 r 
v^- : 

1 ^--' 
C. , 
«■_, ,.; .J._... „   i. 

"t- w & 
>,: fO 

b3 i!I AC oeu 

00 

^s 

loo o 
IcvJ 

1 p 
i < 

N 

z 
D 
S 
s 

CO o 
2 

- ^J- > 1 
S O 

35- N 

00 

NV QV iO "1V0ütc!0.l^ 

u 
M 

•H 

245 



s 
g 
w 
CO 

< s 

CO 

QQ 

2 
8 
t> 
5 
2 
t—i 

CO 

I 
S 
2 w 

! 

CM 

if) 

to      oo       ^r 
LO CM 1X> 
CM -H 

2 
O 
i—< 

2 

• 2   ü 

I 

I a 

(U 

3 

•i-i 

SH3UI NV3W OIHI3WC30 JO lVOOHdI03y 

2d6 

■M 



UJ 
2 
c 
o 
< 

(5 > 
Z M. 

$ 
CM 

o UJ 
_J 0L 
-J > 
o \- 
u. 

tn o: r> 
u Q: 
H 
Z 
> o 

_J UJ )••- 

> < 

n UJ iii 
;: H o -i o 
z u 

1 

w (.:: 
«'/. ir 
A. 
o 
0. 2: 
1 • Lb 

'—   liJ 

,'J 

i-7  z 
< o 

z o 
g 
N 
Z 

S 
s 
o z 

O 

o 

3 

«3iii AooeiiNv QNiznväinBN i3-AGVdo ivooydioay 

J 



e.    Antibody responses of nasal aecrettons:    Nasal washes 
were studied for the presence of Adenovirus antibody.    The relative 
amount of IgA,   IgM and IgG present in each concentrated specimen was 
estimated using  low level  immune plates and serum standards.     Table 15 
shows the relative amount of IgA in the nasal washes was approximately 
the same on day 0 and day 28.    The radioimmune diffusion data showed 
either no uptake of the C1^-labeled antigen in the secretory  IgA or 
the same amount of uptake in the day 0 and the day 28 samples.     Volun- 
teer No.   10  is an exception.    However,   it was noted that  there was 
approximately  twice as much IgA in  the 28 day specimen as was present 
in the day 0 specimen.     It is perhaps significant that this volunteer 
developed a mild,  afebrile upper respiratory illness during  the course 
of this study.     The rise in IgA may be attributable to this. 

Table 15. RADIOIMMUNE BINDING OF ADENOVIRUS 
ANTIGEN BY NASAL SECRETORY IgA 

SUBJECT NASAL SLoRETIONS* 

Immunized IgA** RID*** 
ADV-21 Excretor«    Day 0 Day 28 Day 0 Day,28 

1 38 31 < 1 
2 37 18 < < 1 
3 18 22 < < 1 . 
5 30 29 < 1 
6 31 45 < < 1 
8 16 19 4 
10 15 33 4 
11 34 32 1 
13 39 42 < < 1 

CONTROL 

4 . . < 1 < 1 
7 18 20 2 2 
9 31 22 2 1 

12 30 28 < 1 < 1 
14 33 33 I 1 

* Nasal  secretions adjusted   to 250 tng% protein. 
** IgA mg% nasal washes - versus serum standards. 

*** Reciprocal of radioimmune diffusion titer. 

The volunteers who received placebo had similar relative 
IgA levels  and radioimmune diffusion  titers on  the early and   late 
nasal washes. 
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Quantitative  IgG levels obtained on nasal  secretions 
ranged between less  than 4 mg per cent to 15 mg per cent.    Radio- 
immune diffusion studies on nasal  IgG showed  low but  sustained 
Adenovlrus 21 antibody activity.     No IgM was detected  In any of the 
nasal secretions.    Neutralization tests were performed on day 0 and 
day 28.     Nasal washes  on individuals with Adenovlrus antibody activity 
demonstrated by radioimmune diffusion technique.     These were found to 
have no neutralizing activity against Adeuovi-us  type 21. 

f.    Antibody responses  in the intestinal  tract:    Vaccine 
virus replication occurred  in the gastrointestinal  tract.     IgA was 
the only  immunoglobulln found in stool samples.    Radioimmune 
diffusion assay of Adenovlrus antibody was carried out on these stool 
specimens.    By this method specific antibodies were found in seven of 
the nine immunized volunteers who had Adenovlrus  in  their stools. 
Antibody appeared as  earsly as  the 14th day in  four  individuals. 
Two subjects,  one in  the control and one in  the immunized group, were 
found to have pre-existing Adenovlrus antibody activity  in the stool. 
In one individual,  the antibody activity tests were  inconclusive due 
to insufficient amounts of  IgA.     Beside these exceptions no Adeno- 
vlrus binding was found in  stools  from any of the four remaining 
control volunteers.     Four-fold concentrations of day 0 and day 28 
stool samples from one of the immunized individuals were tested for 
neutralizing activity and  this was demonstrated only  in  the 28-day 
sample.     See Table 16. 

Table  16.     RADIOIMMUNE BINDING OF ADENOVIRUS 
ANTIGEN BY STOOL SECRETORY  IgA 

SUBJECT 

Immunized Stool   IgA 
ADV-21 Excretors Day 0 Day  28 

1 - + 
2 - + 
j                                                    ? ? 
5 - + 
6 - + 
8 - + 

10 + + 
11 ■• + 
13                                                    -                      + 

CONTROLS 

4 
7 
9 + + 

12 
14 
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4.     Diacusslon: 

These data suggest that enteric Infection with Adenovirus 
results In the development of local secretory antibody only in the 
intestinal tract.    This is  in contrast to Adenovirus infections 
naturally occurring in the upper respiratory tract, which are 
uniformly accompanied by the development of nasal secretory antibody. 
That  this difference occurs,  substantiates observations by others that 
local stimulation is necessary for  ttie pr   iuctlon of  local antibody. 
Either the presence of the virus itself re likely the replica- 
tion of viral antigens is necessary. 

Adenovirus specific  IgG,  assä .he ability to bind 
radio-labeled antigen,  showed  less  than u      ur-fold  increase in 
seven out of nine of the immunized  individuals.    Also Type 21  immuni- 
zation altered complement  fixation  titers very little.     Similar lack 
of change in complement fixing antibody titers was seen in studies of 
Adenovirus Types 4 and 7 vaccines.    These Serologie responses to 
immunization differ from those seen  in natural infection where signifi- 
cant  increases  in both complement  fixing and  IgG activity have been 
documented by similar methods.     This suggests that cross-reactive IgG 
and complement-fixing antibody are not stimulated by enteric  infection. 
That a  low level type specific response does occur was  shown by the 
increases  in specific neutralizing activity demonstrated  in the DEAE 
extracted  IgG. 

The efficacy of the ADV-21 vaccine has not  been tesf-ed. 
However,   in this  initial study,   it has  lead to similar vlrologic and 
Immunologie responses in volunteers  to those seen following Type 4 and 
Type 7 vaccines.    The similar biologic properties of  the Type 21 vaccine 
indicate  that  the vaccine should prove efficacious  if it  should be 
called into use. 

The fact that enteric Adenovirus infections are protective 
without  the development of nasal  secretory antibody,   suggests, that 
a different protective mechanism exists  than that which has been 
postulated for other upper respiratory virus infections such as 
Rhinovirus,  respiratory syncytlal virus or para-influenza.     In the 
latter infections,   local respiratory IgA antibody is  apparently 
required  for protection against respiratory disease. 

Following natural  infection with Type 4 Adenovirus reinfec- 
tion with Type 4 Adenovirus  rarely occurs.    With enteric  immunization, 
on  the other hand,  reinfection of  the respiratory tract may occur with 
viral  shedding and the development;  of  local naf.al antibody.     Clinically, 
this reinfection goes unrecognized or shows only mild  upper respiratory 
symptoms.     Disease as defined by  temperature elevation and systemic 
infection does not occur.     Invaslveness beyond  the mucosa,   therefore, 
appears   to be  important  in  the pathogenesis of  febrile Adenovirus 
disease.     Demonstration that vlremla andviruria occur   in  individuals 
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hospitalized with   febrile Adenovirus  disease,   coupled with   the 
observations   that  parentally administered  Adenovirus   vaccines cause 
febrile disease often accompanied by  upper  respiratory  symptoms. 
Further suggests  that viremia or extra-respiratory  replication may 
occur.     Thus,   it  seems  possible  that   the  typicM   disease associated 
with natural  Adenovirus   infection may be prevented by   the presence 
of  serum neutralizing antibody.     Secretory   antihntlv  pi r  ; c is   important 
in  the prevention  of   local   infection. 
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IV.     The Kelation:,hip  oi   Hfipatitis-Assoclated Antigen   (Australia 
Antigen to  Viral  Hepatitis. 

Studios ct   Hepatitis-associated antigen  (HAA)  were directed 
tviward determining  (I)   if  antiRen complexes and  subtypes  exist  in 
patient  sera,   and  '2)   t':>e most  useful means of  detecting HAA in 
military blovd hanks.     Some related clinical studies were carried out 
as  wo 11. 

A.     Character i ;.ar ■f  HAA 

Althougli i.nribody   to  HAA  (anti-HAA1)   is   found   in persons wlio 
have multiple exposures   to  HAA,   e.g.,  hemophiliacs,   it  is  rarely 
detectable  bv  complenrnt   fixation or gel precipitation   in patients 
who  recover   from HAA  positive hepatitis.     This   may  reflect   the pre- 
sence of  an antibody  which  does not   fix complement  and  is   too dilute 
to  precipitate   n   i.i'.      It   this   is  true,  much more  sensitive  tests 
will  be needed   tu  J. t.-ct   specific antibody.     An  alternative explana- 
tion   is   that   HAA   it si If   is  an  antigen-antibody  complex which must be 
administered   intact   to  a  luvst   to produce anti-HAA.     Support   for  this 
theory  depends  on  separation ol   two components  of   HAA,   demonstrating 
one lias  antibody  cbaracteristics  and,   if possible,   recombining thorn 
to  restore  the  original   antlgenic characteristics, 

Antiserun produced   in  animals  from partially purified' HAA 
(Annual  Report,   i')70)   have   sometimes contained   low titers of anti- 
normal   human   IgG.     Preliminary   experiments were conducted  to  see  if 
IgC  could   he   separated   iron  HAA prepared by   other   techniques. 

1,     A   3.0  'i'l   sample, of   HAA positive plasma   (CK DI387)  was 
passed  through   i  Sephadex  ('.-'200 column   (2.5 x  90  cm)   in 0.02 M 
sodium phosphate buffered  saline   (PBS),  pH 7.5.     A recording was 
made of   ttu    'HO v^i   light   tiansmission  for each   fraction  eluted. 
Protein  was   'h t , i t ,■■1   in    iS   tractions.     The.   tirst   eight   fractions ol 
the   fit:;!   prutt in   p'-ak   contained   HAA.     Low concentrations  of   IgG 
were   found   in   the   sane   tractions   by  radial   immunodiffusion   (RID). 
The presence i<\ 
mately  ass si it.' 
f rac t ion .   im-1 e.d 
portion  of   tir 
G-20Ü   in  '\2   M C, 
was 
(a ) 

,   in   the carl.- peak  suggested  antibody may be  inti- 
.uh  i.r   i  part   of HAA.     A pool  was made of   14 
■   th,    descending portion of   the   first  peak and mid- 
■nd   peaV ,   and   an  aliquot:  passed   through   Sephadex 
■iae-HCl   BuffsT,  pH 3.0.     A  single protein peak 

recorded  which   preceded  most   .it"   the   IgG.      In  CF   tests,   this peak 
hail   a   h'Vv 

fc)   gave 
! he   pe ik . 
plasma  . 
could  tv. 
pre ;encr 

ow c.ince.nt rat ion  of   HAA;   (b)   gave  a partial   reaction with 
m!    -.ITM"   i rom a  patient who previously  had antigen and, 
■...'■ a*   reir! ion   with   fractions containing   IgG eluted after 
I).' ■  ■„■.e,   'uither  siij',gostive evidence  that  the original 
iin.s*   cit > .vn i s i   and   IgC  which were  associated with  HAA, 
r.irai..('   !-■.•   IN.Infin  chromatography  and   recombined   in  the. 

,   ,"T1,.::H.'M . 
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In  a  follow-up  experiment   using  a   freshly  prepared 
Sephadex G-200  column   (1.5 JI 90 cm)   .uul   tin.;  »arae TUS huffer,   an   HAA 
positive  serum  and  another aliquot  of  CK  plasma  were  found   to   have   low 
concentrations   of   IgG  in   fractions  containing   HAA.     Two jntigen- 
negative,   "normal"  serums  had  no   significant   IgG  in  corresponding  elu- 
tion  fractions. 

I r. m a   samp 1 e  of   t,'K 
I'lii'   samp le,    18.9  ml, 

i iii'fi    lioiirs,    then 

An   .iltempi.   was   nadt    l,i   re.-r.vw    i1!    !.'( 
plasma as    i  preliminary  step   in  HAA   puriiuat ion, 
was   broii>;lit    to   37/   saturation   with   (N'1!/,)    Mi-,   I'T 
cent r i I ui'oii  at   6000  rpm  for  '>() miuuiv:..      l./i.     .   >' 
from  the   supoinate  and   sedimi.:nt   I.,   pi i;.-. .tit i     I: 11 ■, 
The   (lialv/i'.l   solutions   Were   testod    Int    HAA   i  ,    ij", 
plasma  had   an   HAA   Liter  ot    1:32,   the    MUMTIKI Lam   I i f ereti   1:48   and   tlie 
sediment  was  aivticomplimentary. 

i!., i i.M IA   was   removed 
l.-.   v.i ll,   0.0 3   M   I'BS. 
U'hcn is   the  original 

A   10.0  nil   sample  ul   tin     .utjeriiile   was   placed on   a   DEAK 
Sephadex  A-SO   anion   exchange  column.      hlutimi   .it'  proteins was   accom- 
plished  with   stepwise   increases^   ul   PBS   concentration   from 0.003   to 
1.0  M.      IgC   was   recovered  with   tlie  0.01,-0. I.'   N huf fers. The   0.003-0.015 

M eluates   react-d  by  CF with   tliree   HAA  posit ivi:   sir.i;   the greatest 
reactivic.'   residing   in  the 0.00 i  M portion.      Ihey did  not react  with a 
normal   serum  control.     HAA was   not   detected   in   any  ul   the buffer  con- 
cent rat ions. 

This   indicates   that   the   hi.;h   salt   concentrations   used   did 
not precipitate   all   IgG  from HAA positive,  serum.     Furthermore,   the 
IgG which   reacts  with  hepatitis   sera  may   have  different   charge  charac- 
teristics   than   most   of   the   remaining   Igt;. 

i. The effects of 371 (NH^M-S'^ treatment on tour normal and 
10 HAA positive sera were compared. Following a three-hour incubation 
at  0oC,   the,   treated  samples were  centrifuged  at   2800  rpm  for  60 minutes, 
Rupcrnatc.s   ami   sediments we.ie. diahs-ed   a..in,si   n.r,r,i  \< l'h.s,   pH  6.^. 

It   was   lound   that   HAA  activil\   w.is   purtiallv   precipitated 
by   the   salt.      More   importantly,   some   supernates   wen Id   react   as   antigens 
with   homologous   or   hot erologous   sediments   in   iramnn H'lec t roosmophoresis 
(1E0P)   tests   (Table   17).   This  ahilit\    tu   recumhine  was  partially   lost 
as   the. sediments   became visihlv  i Knidv   when 
PBS   for  seven   days. 

,1 ered at 'C in 0.003 M 

It is apparenI Irom t hese 

contain at least two components, whiih 

One of these components appears t i have 

relationship of these components tu HAA 

liiiiie  tuiit ilAA positive sera 

.in he separated and rccombined, 

li(. charact er Lst ics.  The. eract 

is vet l ■ fu det erm i ned , 
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B.     Methods of  Detect i na HAA 

1.     ImraunoelectrmiHtn.jph Ti'it:    MEiU'i   vis  .ipplied   to   the 
detection of  HAA and  anti-liM   (Princ« .    I'l/'ii.      In  this   precipitin 
test,   migration  of  antipen   toward   antilj.n'v   is   tarilitatcd   by  the 
presence of an  electrophoretic   field.     Under  the conditions  of  the 

i  >waril 
,i , 

test,   negatively-charged  HAA  mii-j-al« 
pi s i t i vc I "-cfiar^iid   specific    It',',   .ihli 
11.i'   tfsf    was   porforrned   in   stated.n  !   ( \ ■ c i :  >; 
j.; 1 .iss    1.4ii tern   slides   * '*  x   J L   i in l,i> i   . .   11 , 
1.0     A^.ii- .■:.■   in  0.0S   M  Barhi t.»I   ' ■:t"|. r ,   , " 
iii    l   nii'i   Wi I I ■■■ ,   an' i Sfrutn   in   .'   ■ 'i.        I ! ■     i. n 
distance  w.i..   '.  mm,     [■'. led r.'|)li. n-.    i     u.i .   > .n 
constant    voltage   input   to  ,;ivc    .   I.'        It   .!i 
t !u   agar.v;e   s 1 i des. A 111 imigh   pTrt i 

in one hnur, routine total ruriiii;!,' i 
I ions   wero  made   at   one,   one.  and   one-' 

: t i n   i'i ai t i  -i 
w..      tv..   ' 

anode   and   the 
■,.• II\>!   t lie   cathode, 

i'ijiii pment   nsin^. 
IO.D   :■ 1   t.;u-h  of 

An i i i'.on   was   p 1 aced 
m or-t o-center  wel 1 
o    us i m    sufficient 

jiit en t i a 1   across 
•■   were   often   visible 

irs.      1nterpreta- 
liours. 

2.     The  National  Research Council   sponsored a  cooperative 
stndv   of   the  relative   sensitivity   oi    iiitCrii't   HAA  detection  methods. 
Iliis   laboratory was   one ol   20   whien   riioivi^l   l.'i)  coded   test   sera 
irom   DHS-N'CIX;   for comparative   leslinp.     I.>ii;;'   tour  dilferent  antisera, 
each   serum  was   tested   for   HAA   by   M'-U,    llnl',   and   ( 1'.      In   this   study,   a 
WKA1K   rabbit   antiseriim was   supei ior   t       i   hm.i.in   and   two   guinea  pip, 
antisera   in   precipitin   tests    (lablo   It i.      II;.    IKdP  test   was   shown   to 
be  more   sensitive   than  AU),   but    less   than  Cf.      It   was   concluded   that 
the   rapidity  and  simplicity   ol    tin    lltU' maki      il   the most   practical 
test    for   use.  in military  blood   eollecti  in  (.inters   at   this   f:ime. 

The  standard  AGD   test    (Annual   kip.,rt,   iT/t))   w.as   found   to 
he  rathei    insensitive   (Table   ,Y i.      Sru^itivitN   wa.-'   improved  by pre- 
liminary   concentration  of  test   sera  wiIh   Ivplnnu'l   (polyacry lamide  gel, 
('elman   Instrument Co.)   granules   (Peters,   197(1),     Two   to   three granules 

'   Lypttogel   were  placed   in   D.l   ml   of   sor'H"   '  -t   two   hours   before   loadin;; 
the  wells   of  an  ar,,iroso  sliikt.      Iwice    i-   I-MHV   M I I  with.   CT   liters  oi 
1:8   or   less  were  recognised   as   (i nit a i i! i n.'   HAA  after  concentration 
(Table  1'')).     Preliminary serun   i   IIUHMII i .a LMI   is  nnu  a   routine  step   in 
diagnostic   AGO   tes,ts. 

(.     Gomparaii ve   to   I i ng 
iiu nt was c.irr i ed out to ai d in i 
military hlood donor centers. i 
availabi litv of each type ol oq . 
carried  out   as   follows. 

I   >■ 'ii i' n  i i i I ■.   available    1 HOP  eqnip- 
■ o! n i . i . ; i pment for use in 

mpar M • ••■ to.-ts were limited by the 
pt icni     is .    ■: I i scnin-.       lost ing  was 

IVentv-four  sera  wei c   se list id 
panel    to   inclsdo.   14  with   HAA   ( T   ( i » or     'I 
and   10   with   no  dotectable  antivon    uu     it: 

DbS-N'i:nC   hepatitis 
20') 8   ( pos i t i ves) 
sera   were  repeatedly 
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Table   19 

IIAA No.   St^rn 
CF liter Tested 

>   1:16 61 

1:8 14 

1:4 10 

1:2 3 

Total   Positive 88 

Positrive 100.0 

THE  EFFECT OF   PRELIMINARY   SERUM 
CONCENTRATION WI'lII  LYPHOGEL*  ON  THE 

SENSITIVITY  OF AGD 

No,   Fosit ive   by  AGD 
tlncntici.-iur.i! cd Concentrated 

-,1 )9 

10 

I 1 

0 1 

Polyacrylamlde gi'l  granules. 

63 71 

71.6 80.7 
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tested in each piece of equipment with as many commercial antisera 
as possible.  This permitted the evaluation of the performance of 
each type of equipment and antiserum independently.  In each run, 
sera were arranged randomly.  PrecipiLin reactions were interpreted 
by multiple readers, including a company representative whenever 
possible.  Only the observations of one reader were used for com- 
paring results. 

l-lacli type of equipment used a harbitul buffer.  Buffer pll 
ranged from 8.2 to 8.6 as specified by the company.  7'able 21 demon- 
strates the major differences between types of equipment.  In comparing 
thu performances of equipment and antisera, botli false negative and 
false positive reactions were considered (Tables 22, 2j).  A per cent 
total error was determined by adding the number oi false negative and 
false positive reactions and dividing by the total number of tests. 
Usually, each type of equipment had fewer false negatives when using 
its own antiserum (Table 24).  Precipitation reactions are dependent 
on obtaining an optimum concentration of antigen versus an optimum 
concentration of antibody.  "False negative" reactions are frequently 
due to high concentration of antibody (in the undiluted antiserum) 
which inhibits precipitation due to antibody excess. 

This principle of the precipitation reaction limits the use 
of a  precipitating antigen-antibody system as a method of antigen 
detection over a wide range of antigen concentrations. 

An evaluation of each type of equipment was forwarded to 
the Surgeon General's Office. 

23.) 
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C,  Clinical Studlüs 

1. The immediate family members u£ an infant with giant cell 
hepatitis and HAA were followed over a 12-month period (Bancroft, 1971). 
Although the mother and two sisters were asymptomatic HAA carriers 
without histories of liver disease, percutaneous liver biopsies showed 
pathologic changes in each (Table 24).  These finduigs support former 
suggestions that hepatitis virus may cause dillereiii patlmiogic mani- 
festations in ditfiTe.nt people depending u.son their age, length of 
exposure, and imtmnu: responsiveness (Ale.rman, \')() j i . 

2. In order to estimate the HAA carrier rate in military 
blood donors, pilot tubes 1 roni III-' units ol blood collected from 
9 June to lü duly 1970 were tested by (!•'.  Suspicious and positive 
sera were retested by ACd).  Three units (0.26,) were HAA positive 
and 55 (4.0 i were anticoraplementary,  The carrier rate in this 
sample, was P.b'lOOO with this detection method. 

).  Because of the increased risk of trans I us ion hepatitis 
in hemodialvsis units, a program was initiated of routine monthly 
testing of all patients and employees oi Ward iH, Walter Reed General 
Hospital.  Between 1 April 1970 and Jl -larch l(*71, 2i ware personnel 
and 53 patients were tested with an average ot 5.7 and 2.2 sera eachi 
respectively.  IVo ward personnel (B,7"0   and two patients (3.87) were 
found to have HAA.  In each case, antigen was found in the first 
serum tested.  The one carrier who subsequently became HAA negative 
did not have detectable anti-HAA by ('A-,     It is possible that more 
patients would have been found HAA positive if more sera had been 
received from them. 
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mm 

Table ?/ 

Comparative Laboratory Findings in Family 
Members with Hepatitis 

1IAA                          SCOT            T.   Bilirubin 
I'ati f.nl i_J AC D Maxiiinin  Values Liver  Biopsy 

litlant   Male     1:2 0 4 WO   u/ml 7. i my,/       Ciant  cell  hepatitis; 
(22  wksl portal   fibrös is 

Mother l:h4-.lr)t) 4 U) 0.8 Resolving  acute 
i 52   vr i hepatiti s 

Sistor 1:512-1024 4 3i Ü.3 Resolving acute 
I 1   vr i hepatitis 

Sister 1 ;1()-52 + 4r) 1.4 Chronic  hepatitis; 
(14   yr) portal   Cibrosis 
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V   Antigenic Analysis ul Duiiguc Virnsis. 

A.  Cumparison of Üenue-2 ami IMMIJMU- 1 Si rains by Neutralization 

T.sts. 

The occurrtitice of two major iKn, ir i'|i i tk-uii fs in tht; Caribbean 

region within tlie past decade lias raised important questions concerning 

I ho existence of possible geoj/roph i c variants and the Geographie origin 
of the epidemic strains.  The lirsl deiK'ne viruso:; recovered in the 
Car i lihean region were Dengue-l.' (l)i:N-2) strain., lound associated witli 

sporadic disease, in Trinidad in 1(>')A.  More recently, DEN-2 viruses 

were recovered on multiple occasion from patients during an outbreak 
in Jamaica in 1969 and during the 196' I'uerto Kico epidemic.  Dengue-3 

!DKN-3) strains from the Caribbean were, first isolated during the dengue 
i-pidemu in Puerto kico in 196!) and [)EN'-'.ä virus was again found asso- 

ciated with the small outbreak in Jamaica in 19^8.  The low mouse 

virulence and consequent difficulties in isolating the DEN-3 strains 

responsible for the 1963-1964 Caribbean epidemic provided the first 

observation which suggested a dilfurcme between Caribbean and Old 

World strains. 

In 1964 epidemic dengue occurred in lahiti and was found to be 

caused by a dengue virus witli very low mouse virulence (Rosen, 1967). 

Subsequent identification of the Tahiti agent as a DEN-3 strain raised 

the question of its antigenic relationship to   the Caribbean DEN-3 
strain and to contemporary southeast Asian .strains.  The recent recovery 

of dengue viruses in Africa (Carey, 1971) again raised the question of 

possible strain variation related to geographic origins.  In the hope 

that subtypes of epidemiologic significance could be distinguished, 
we compared several DEN-2 and DEN-} strains from the Caribbean with 

prototype viruses and with strains Southeast Asia, Africa, and Tahiti. 

The strains included in this study are described in Table 25. 

The TR-1751 and the 11-11234 strain of DEN-2 were obtained from Dr. 
Jordi Casals.  The Pr-6 strain, a mouse-adapted DEN-3 strain from the 

196 5 Puerto Rico epidemic, was obtained from Dr. Charles Wisseman. 

The J-10(17 strain was re-isolated in this laboratory from serum pro- 
vided by Dr. Arnoldo Ventura.  The Tahiti-4 strain was supplied by 

Dr. Leon Rosen. 

Hyper immune mouse ascitic lluids were prepared against the 
mouse-adapted strains bv a modification T the method of Brandt. 
Ascites was induced in the immunized mil.  IA the use of sarcoma 180 

cells.  Human convalescent sera were obtained in the c irae of epi- 
demiologic studies in Puerto Rico and  ihiti.  I' i   these studies sera 
were selected (rom patients who wet     ught io have had a primary type 

antibody response to the dengue i     ion.  Selection was made on the 

20 



Tab In 25, 

Virus Strains Tested 

Des Lgnation 
Original. 
Year 

Isolation 
Location 

Passage 
Level* Serotype 

New Guinea C i944 New Guinea sm-27 DEN-2 

TR-17r)l 1954 Trinidad sm-55 DEN-2 

PR-109 1969 Puerto Rico am- 5 DEN-2 

(1-11234 1966 Nigeria sm-27 DEN-2 

11-87 1956 Philippines sni-26 DEN-3 

21153 196 5 Thai land sm-lO DEN-3 

Tahiti-4 1964 Tahi ti tc-5 DEN-3 

PR-38 1963 Puerto Rico tc-6 DEN-3 

PR-6 1963 Puerto Rico sm-14 DEN-3 

J-I007 1968 Jamaica tc-6 DEN-3 

''■ SMi - suckling mouse passage, 

tc - tissue culture passage. 

2KV, 



basis of absence of dotcctable 111 antibudy in the acute phase specimen 

and a   rise Co low or moderate levels (1:80-1:32'), in the convalesct.nt 

specimen obtained twp to four weeks alter ousel of illness.  The con- 
valescent sera from Tahitian patients was supplied by Dr. Leon Rosen. 

Plaque reduction neutralization tests were carried out in 

LLC-MK-5 Cell cultures.  Tests were carried i.ut in i() mi plastic flasks 
(Falcon Plastics, Oxnard. California).  IVu-lold dilutions if immune 

ascitic fluid we.re mlxtd with virus and incubated at i')" C for 30 

minutes prior to adsorportion.  Adsorpti'm was carrif'd out at 37° C for 

one hour.  Control plaque counts were between 30 and 100 pfu/flask. 
Fifty per cent plaque reduction end points were, estimated b\ the probit 
method. 

The results of cross neutralization tests with the l)engue-2 

strains are shown in Table 2b.  The. neutralization titers in each 
case failed to show any marked difference between the Caribbean and 

prototype strains.  The slightly lower (approximately two-fold) titers 
of the TR-1751 ascitic fluid and Puerto Rican human serum against the 
African H-11234 strain are within the variation expected between tests. 

DEN-3 strains.  The neutralizing antibody titers of the hyper- 

immune ascitic fluids shown in Table 27 indicate that the PR-6 ascitic 
fluid, a l%3 Caribbean strain, neutralized the Southeast Asian strains 

very poorly.  Titers against H-87 and 21153 viruses were five-fold or 
more lower than the titers against other Caribbean and the Tahitian 

strains.  With tlie 11-87 and 21153 ascitic fluids, apparent differences 
between the Asian and the Caribbean and Tahitian strains arc much less 

marked.  The homologous and he.terologous titers of the 21153 ascitic 

fluid vary by less than two-lold.  flu' tt-ci? a..titic lluid has somewhat 

lower titers (two to three-fold) against the Caribbean strains. 

Results with human convalescent sera as shown in Table 28 confirm 

tlie results obtained with the mouse ascitic fluids.  A significant dif- 

ference is again apparent; the Puerto Rican sera neutralize the South- 

east Asian strains to a much lower titer than the titers against 

Caribbean and Tahitian strains.  The Tahitian human convalescent sera, 

while neutralizing homologous strains and Caribbean strains, fail'to 

neutralize Southeast Asian strains. 

2U7 
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Table 26. 
Neutralizing Antibody liters of Hyperimmune 
Mouse Ascitic Fluids and Human Convalescent 

Serum Against Dengue-2 Strains 

Mouse Ascitic Fluids 

Vi rus NI; c TR-1751 PR-109 

NC C woo--- 1700 2000 

TR-1751 1300 1300 1200 

PR-109 2800 1600 1400 

H-11234 1900 600 1200 

Human 
Convalescent 

Puerto Rico  1969 

300 

200 

4C0 

110 

Reciprocal of 50Z, plaque reduction titer. 

Table  27. 
Neutralizing Antibody liters of l;yperimmune Mouse 

Ascitic Fluids Against Dengue-3  Strains 

Ascitic Flair's 
Virus 

H-87 

2i m 

PR-6 

PR-38 

J-1007 

Tahiti-4 

"Reciprocal  of 50°/, plaque reduction  titer. 

H-87 21153 PR-6 

180* 240 70 

200 420 130 

50 250 >640 

80 280 >640 

90 230 1100 

100 250 >640 

2G8 
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Table   28. 

Nüiit ral i/ini'   Ai.th). J     ■ :   II'I-'MH  (   inv.ili'.sioiit 
Ser.i  Against   St vora 1   Strains   of   Don^m'   i 

ah i t i .in   Si-rar ■»h.'4 

Vi rns 

11-87 

211S3 

i'R-6 

PR-38 

J-1007 

Tahiti- ■4 

■'. i»)4 . id > . in > 

< 2(1" ■ .'o ■   .'(l 

■ :'() • JC ;'(i 

b() hi) ()0 

r)() V) 10 

yr) 140 70 

70 150 ,() 

Puerto Rican 
Serum  ■ ■   1963 

Yli-6 YB-4 

)0 <20 

40 25 

190 50 

220 115 

180 75 

200 100 

■'     Reciprocal   of   507   plaque  reducfion   tiler, 

2^ 



Discussion. 

The above, neutralization  tests   indicate  that   the  DEN-2   strains 
from  Southeast   Asia,   Africa,   and  the Carihhe.an   form a  relatively homo- 
genous   antige.nic  Rroup.     This   is consistent  with  other observations 
that  all   [)!;.\-J   strains   are  readily adapted   to suckling mice and grow 
readily   in  several   cell   culture  systems.     Southeast  Asian and  Caribbean 
DF.N-2   strains  are  similar   in   that botli exhibit   a   high  degree of plaque 
size variation when   treshly   isolated   strains  are   tested   in  LLC-MK2 
cell  cultures.     It,   therefore,   appears   impossible   to determine by 
these methods whether   the   1969  epidemic of   DEN-2   in  the Caribbean was 
caused hs'  an  endemic  strain which persisted  since   1954  or by  a strain 
of   DEN-J   introduced   from  another region. 

The observations  on   the  DEN-3  strains  are  quite  different  from 
those  seen with  DEN-2  and  clearly  indicate   that   the Caribbean and 
Tahitian  strains  of   DRN-3   form a distinct  antigenic   subtype.     Con- 
tinued  classification  of   these  strains as  Dengue-3 appears  justified 
since   the neutralization  of  Caribbean and  Tahitian strain by antisera 
to  the Southeast  Asian  strains   is so close  to homologous  titers.    Of 
considerable  interest   is   the  fact  that differentiation  of  this  subtype 
by  neutralization   tests  appears  to correlate with   the  biologic marker 
of   low virulence  for   suckling  mice. 

The recovery  of   the Caribbean subtype  in   Jamaica  in  1968 suggests 
that   this  subtype has  remained  endemic  in  the Caribbean region since 
at   least   1963.     The  origin of  the Tahiti  strain remains  obscure but 
it  appears unlikely   that   it was  introduced  from  Southeast Asia.    The 
very  low neutralizing antibody  titers of the Tahitian and Puerto Rican 
patients   to  the  iTouthoast   Asian   strains  raises   the  question of  their 
susceptibility  to   infection with strains  similar   to  the H-87  prototype. 
It  appears  possible   that   the Tahitians may  remain  susceptible  to 
infection with  the   Southeast  Asian DEN-3 even  though   imnune   to  the 
Caribbean-Tahi t ian  subtype. 
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B.     Separation  of Dengue  Strains  on   the   Basis  of a  Nunstructural  Antigen, 

Accurate  characterization of   intratypic   strain   variations  within 
the clongue virus  serocypes   is critical   iu  mir   nndiirstanding  of   the 
pat torn  of   epidemics  ol   dengue and   den.' u:   luünorrliag ic   fever.     The 
ability   to   positively   identity  subtypes   could   provi \: clues   as   to   the 
origin of  newly   introduced  epidemic   strains  or  possibly  indicate changes 
in  the  nature  of  endemic  strains.      Intratypic   strains  have   bee.n  exten- 
sively  studied   using  serologic   techniques,   primarily,   complement- 
fixation.      The   significance  of  these   tests   has   been   obscured   by   the  use 
^f antigen  preparations which contained  a mixture of  structural  and 
nonstructural   antigens   in both natural   and  degraded   states,   as   shown   in 
previous   annual   reports. 

Attempts   to  differentiate strains  by  plaque  reduction   neutraliza- 
tion have  provided  results which  have   led   to differences  of   opinion  as 
to whether   these  strains  could or  coult   not   be   separated.     These dif- 
ferences  of opinion are based upon   the   interpretation  ol   observed 
dati  and  may   be  due   to   the   inherent   variability   in   such   tests   when 
unpurified  reagents  are used. 

Antigenic  analysis of purified   antigens  offers many  theoretical 
and practical  advantages over  the  standard systems.     The  four dengue 
serotypes  have been  separated on  the basis  of a purified  soluble 
complement-fixing   (SCF)   antigen  by  Ouchterlony   inmunudlffusion methods. 
Subsequently,   the  SCF antigens of   the   four  dengue  serotypes  were 
separated  biophysically by disc gel   electrophoresis.     In   the   following 
experiments,   this combination of  biophysical   and  serological  analysis 
was applied  to  the problem of  intratypic   strain variation.     Two  strains 
of  dengue-1   (TH-Sman and  Hawaii)   were  chosen   to   illustrate   the   useful- 
ness of  this approach. 

Materials  and Methods 

Viruses.     Mouse adapted  prototype  strains  of  Dengue-1   (Hawaii  and 
TH-Sman)   and  Dengue  2   (New Guinea  C  and   TH-36)   were  obtained   from 
Dr.   William McD.   llammon,   llniversitv  of   Pittsburgh;   these  strains   had 
undergone purification by  terminal   dilution   in   suckling mice. 

Immune ascltic   fluids.     The antibody  source   for  each  strain was 
hyperimmune ascltic   fluids  prepared   in  adult   female mice as  previously 
described.     The  immunogens  in each case were 20/   suspensions of   infected 
suckling mouse brain. 

Purification  of   SCF Antigens.     The  SCF antigens  were prepared   from 
each strain  of  dengue virus  by methods   in  previous  annual   reports. 
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Briefly,   suckling  mici;  wir.    LiioculaLad   intracerebrally and virus- 
infectcul  lira ins   wer,1  liir<-fst o I   wh.-n   thi'   mict1   became  moribund.      Their 
brains   were   ti.T.io.uon i z.ui   ■ .'D     w'v)   in   D.OJ   M  Tris-HCl  buffer at 
pll   7.2.     These    . uspe.: s i .MIS  W. IT  i-laritied   by  precipitation of  excess 
brain   tissue  with   .1  •.■:.'■   vl   pretamine   sullate  and  by centrifugation at 
9000  X  (',  for   SO  -Mm.i<  ;:   rece.n t ri t ir^at ion   of  the  supernatant  at 
78,000  X (',   for   three   li.mrs   ren-ved   ill   detectable hemagglutinating 
viral   antigens.      Hie  S> i   ami   en  .v.i .   then  precipitated  from the 
resulting  ultracentrii'u;e  super..arant   with  607  ammonium sulfate.     The 
SCF antigen  was   re uisoe.ndud   in   Iris-llCl   iiulier and applied to a 
5  X 80  cm Sephadex   Ü-1^0  i  ilumn.     I'iltration was  carried out  in 0.02M 
phosphatc-bu i I'.te.!   sail'.,   at   pH   7.J.      Fractions   containing  the   SCF 
antigens were  pui'ltsl   us:  osu . ;itrat ed   b\   pressure dialysis, 

Comp lenient - I i :-:a t i."i   ICM   tests.     Cl-   tests  were carried  out  by  a 
microtiter  modi lieu i "i     i   inetliods   described   by   Kent  and   Fife, 
Department  ol   Se.i .■ 1. ..■. ,   'v'HA 1K.      In  block  CF   tests,  master dilution   sets 
of  antigens   and  ant ID. di ■,; were  prepares!  bv   pipette   in   tubes before  they 
were added   to   the.  mlcroi iter  plates, 

Imnuinodi 1 fus ion   t_e   ' j_,     ii. .1 u rloir,   plates  were prepared by. using 
l.O:   agaro.se   in  ().().   M   11 i s-h.i i end   saline,   pll 8.2,   in plastic  petri 
dishes    is describisl   m  previous  annual   reports.     Before use  in   immuno- 
diffusion  tests,   am u-.en  and  antibiuiv  preparation were diluted  to  a 
uni form CF   liter   ot    1 : h-,. 

Disc gel  >; 1 ec t roidion's is .     Acrvlamide  monomer and  N,N'-methylene- 
bis-acrylanide  were  recrvsta 11i'ed   from   icetone.     The desired con- 
centration of  po 1 varrv lanide w is  prepared  hv  dilution of a 307,, acryla- 
mide monomer   and   1     in s-acrv1 amide   stock.      Stacking  took place at 
pH   7. 1  and   separat IM.   ..;   pH  .->. i   (lledrick   and   Smith,   1968).     Individual 
SCF antigens    T  -..ixed   p i i rs  '..'ere  < le.ctrophoresed  at   5 ma/tube.     At   the 
end  ol   each,   run   t l.e   fun   the  ,■.. Is were   sliced   transversely on razor 
blades with   1mm  spacei ;,   eluted   in   saline  and   tested   for CF activity and 
compared  bv   their   tnobi lilies   relative   to   the dye   front. 

Kesulis . 

linmuned h : n . i .': .     A,   .xpected,   the   Dengue-1   strains  could  be 
differentiated   troni   the   Denrue-J   -trains   in (V.chtarlony plates by  spur 
formation   (Annual   Kei>  rt .   I'l/di.     The  strains within each s^rotype, 
however,  could  n.t   be  d i t t erenl i a' eri   from  each  other by  immunod if fusion. 
As  speci f ica I Iv   illustrited,   the  iw.   Dengiie-l   strains   (TH-Sman  and 
Hawaii!   formed    .purs   w'i.-n   id ; u-oni   i  ■   Den>',i.e.-2   .Now Guinea C)   in   the 
presence of   Dengue-1   ant ihod' ,   but,   when  adjacent   to each other,   their 
precipitin   lines   f-ised  without   spurring   CFig.  6).     Similar relationships 
existed  when   the   nn.^;   -.'     trains  wer.'   compared  with   the  Dengue-1 
strains   in  the  presenci'   M   fNn. he-.'   intibody   (Fig,  6). 
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Figure 6 M-JIJUU of  ii:i.,uriorr'>cipitdtion 'v stjiins f>l  f.«»nj\.e-l 
(H^wmi ,H-Jnum) ctnd d«r.yu«-2  (N«w ^uin-».   C  am '^-36),    The 3CF 
antigens .tr*   ir*".ii\g"C. in ti1«? peripherdl w?lls t- ^»ronstrate honolo- 
yors  ^nuf'.etero Lngous   reections, 

A«    Haw-ni   {K."./.*) •-.na   ;H-jn«n   (TH-Jm) '6C?  Ma'-j-rs  yinpf'-rmd with »»ach 
rther • na wit)   t^e !!ew 'Juinea C  (KGC)  strain o'.  ijfi.cue-2  wiier. they 
ar«» roact^d with apti-h>weil  in tho ccr.ter w<»ll. 

P,    iJ»w ('uin»»'i C cind 1^-36 JCF antigens corn;-ir-^d v.'ith each other and 
wit^  the Ha./aii strain of  (jengue-l  //hen ti»'/  ,-  «•  r»«c:t*d with anti- 
M«w C'Uin"3 C in th»  crrt«»r well. 
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^omp lenu'nt -1" ixat i.-n.     Comparisons  of   strains within dengue  sero- 
ivpts   1   and   .'  viv.w.  carruui  out  In-  C.'i   tests  on  block  litrations  of 
antibodies   and  antigens.     When  tvpo   1   strains  vura compared,   the homo- 
Logous   strain   block patterns  were   identical   (Fij;.   7).     The  block 
pattern  of   rH-.Snun  antigun  ami  anti-Hawaii  differed only  slightly   from 
the   lio;     1 U'.OUM   r.vi.tii r.h   in   sluipe   but   not    in   total   size.     A  signifi- 
cant   di I le.re.fu'e   in     i .'<    md   shape was  observed only when  the  Hawaii  SCF 
antir.en  was   t.    i o.l   in   the   presetu'e   ol   .m t i - I li-Sinan.     The  block   com- 
parisons   ol    the   i)eiu,.u-.'   strains   i New Guinea   C  and  TH-J6)   were  essen- 
tiallv   identical    in   all   jombiuat ion.-.   (Fig.   If, 

Pise   gel   e lee t roplu reis i s .     Preliminary  experiments  were   carried 
out   by  nsitu'.   70  mm  lone  separating  gels,   previously shown  to  separate 
SCF  antiuens   ot    the   lour major dengue  serotypes   (Annual  Report,   1970). 
Under  tlu'so  conditions,   howi-ver,   there  was no difference  in mobility 
between   New  Guinea ('  and  TH-Jh   inengiie-2   strains)   or between  Hawaii and 
i'ti-Sinan   (Dengue-i   stiaii i   Sid-' antigens.      In  order  to maximize  the  sepa- 
ration  of  molecules  with  very  close.lv   related molecular sizes  and/or 
charges,   a  separating,  gel  of   10    po 1 vacrylamide   150 mm in   length was 
employed.      Under   these  conditions,   Hawaii   and   I'H-Sman  had  different 
relative mobilities when  they were  electrophoresod either separately or 
together   (Fig.   Hi.     In  contrast,   the   SCF  antigens of  New Guinea C  and 
TH-)6  could  not   be   separated  when   thev  were electrophoresed   under   the 
same  conditions   (Fig.   ('!, 

Discussion. 

In   1445   Sabin  reported cross  challenge experiments  in man  using 
dengue  viruses   from Hawaii   and  New Guinea which resulted  In  the  desig- 
nation  ot   the   first   cwo dengue serotvpes.     In   1956  two more viruses 
were   isolated   in   the  Philippines  which  were,  antigenically  related  to 
Ivpes   1   and   1   but   ck'arlv   distinguishable   from  them by  both  complement- 
fix.it ion  and   neut i 11 i .'..it ion   ( Hammon ,   et   al,   1960).     These  two   isolates 
were  designated  denguo Type   i and  Tvpe 4.     The  1958 dengue  hemorrhagic 
fever  epidemic   in   Bangkok  produced  .mother pair of   isolates,   TH-Sman 
and  TH-36,   which  were proposed as  separate  seiotypes  based  upon   small 
nut   reproducible   differences  observed  by  complement-fixation  utilizing 
selected  human    intise.r..  and  mouse   brain   derived  antigens   (Hammon  and 
sather,   I964i.     Subsequently,   evider.ee  of  strain variation was  presented 
based  on   plaque   reduction neutralization  and   inuminoprecipitatlon on  the 
sane mouse   brain   passage virus   (Ibrahim and  Hammon,   Ibrahim,   et  al,   1968), 
Cross  neutralization   in other   laboratories  using mouse and monkey 
antisera,   however,   failed   to   clearly  differentiate between  TH-Sman and 
Hawaii   (Tvpe   1)   or  between   ili-i6  and   New Guinea C   (Type 2)   (Russell  and 
Nisalak,   1467 i.     Further,  cross  challenge   in mice  failed  to  reveal 
intratypic   variation   (W.  Mcü.   Hammon,   personal communication).     These 
discrepancies   between   the various   studies   illustrate  the problems  of 
serotvping  dengue  strains  before  purilied  antigens  became available for 
antigenic   and   biophysical   analysis. 
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Immimologlcal and biophysical analysis of a partially purified 
viral  antigen provides  an opportunity to  investigate   intratypic strain 
variation at  a molecular   level.     The SCF antigen  used   in  the above 
experimonts has heen  found   to be a major CF antigen   in dengue  infected 
cells   (Annual Report,   1969),     The SCF antigen of each  serotype has both 
a  tvpo and group    specific  antigenic  determinate and  can  be separated 
from the  SCF antigens  of other  serotypcs by  immunadlffusion and disc 
gel   eU'Ctrophorusis   (Annual   Report,   1970).    Antibodies  against  SCF 
do  not  bind  to or neutralize  the virion and purified  SCF does  not block 
antibodies which neutralize   the  virus.     This and  other evidence  indi- 
cates  that  SCF is a  type  specific nftnstructural  antiwen   (i.e.,   SCF is 
not   in or on   the virion)   (Annual   Report,   1970).      It   has  an  estimated 
molecular weinht of   39,000 daltons and assuming   that   it   is  in-toto a 
polvpcptido,   SCF  theoretically accounts  for  10-15;'  of  the dengue genome. 
The   functional   significance  of  the antigen  is  not   known. 

The SCF antigens  of   TH-36  and New Guinea   (Denguc-2   strains)  could 
not   be  separated  hv  mv   of   the  three methods  utilized   in  these experi- 
ments,     rhis   indicates   that   either   the molecules   are   identical  or the 
diflercnce  is  below the   resolution of   the  techniques   used.     While no 
separation of  SCF anri^ens  was  achieved,  other portions  of the genome 
may well  contain differences which are responsible  for  the serological 
separations reported by  Hammon.     The differentiation,   however,   Is probably 
not   based  upon  the  SCF  antigens  of  the two  strains. 

When  the purified  SCF antigens of  Hawaii and  TH-Sman  (Dengue-l 
strains were compared by   immunodlffusion,  a single   line  (Identity) was 
observed.     The CF block  patterns were virtually   identical when anti- 
Hawaii  was reacted  in  the presence of TH-Sman and  Hawaii  SCF antigens. 
Small,   but  proluibh   significant  CF block differences  between TH-Sman 
and   Hawaii  were observed  only  when anti-Sman was   used  as  the antibody. 
This  serological differentiation  suggests  that both  the type specific 
and  group  specific  determinates  of   the  two strains  are  so closely re- 
lated   that   tliev can  be  distinguished  only  by  tests which   indicate a 
difference   in  relative   mtibody avidity. 

The above interpretation is 
of the antigens bv disc «el elec 
independently, TH-Sman and Hawai 
different mobilities. When they 
gel, a bimodal po.ik of CF activi 
two antigens have different rela 
sistcnt with the CF results and 
TH-Sman and ll.iw.u i contain minor 
and/or conformation resulting in 
charge of their respective molec 
in  dengue   infected innusc  brain. 

reinforced by  the  biophysical  separation 
trophoresis.    When  electrophoresed 
i  migrated as single  peaks with slightly 
were co-electrophorcsed  in  the same 

tv was observed,   confirming  that  the 
tive mobilities.     These data are con- 
indicate  that   the   SCF  antigens  of 
differences  in amino  acid sequence 
differences  in  the  size,   shape and/or 

ules.     Since SCF  is  a  major CF antigen 
these  subtle differences   in the  SCF 
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molecules  of   TH-Sman  and  Hawaii may be  sufficient   to account   for   the 
original  separation of  the two Dengue-1  strains.     Molecular variation 
in  SCF,   however,   would not necessarily  be associated with differences 
in   llni coat   antigens  of   the virions  and   thus,   could account   for   the 
difficulties  experienced  in  separating  the   two dengue-1  strains  on   the 
basis  of neutralization  tests. 

The nonvirion   SCF antigen of dengue viruses  does  not  elicit   the 
formation of  neutralizing antibodies  and would presumably have  no  pro- 
lective effect   against  secondary  infection.     Variation  in the   SCF 
molecule,   therefore,   should have no effect  on  the natural selection 
of dengue strains   through  immunization  of   the population at risk. 
However,  a nonstructural component,   such as  an  enzyme,   could provide 
a biologic advantage within primate or  insect cells.     Variations  in 
the  SCF molecule could,   therefore,  still  have selective value within 
certain  types  of host cells,  but this   theoretical advantage must  await 
elucidation of   the  function of SCF.     The concept of classification  of 
viruses solely on  the basis of the properties of  their virions appears 
to be  inadequate  for considering  intratypic variation in Dengue-1.     At 
least: one pair of  Dengue-1 strains  (TH-Sman and Hawaii)   can be sepa- 
rated on  the basis  of  a nonstructural  antigen.     Nonstructural  cpmponents 
are clearly taxonomically important  in  this  case and must be considered 
in any classification based on serological  characteristics. 

VI. Structure and  Morphogenesis of Arboviruses. 

A.     The Proteins of Japanese Encephalitis Virus. 

Knowledge  of  the molecular structure of  Japanese encephalitis 
virus   (JEV)   and   related group  B arboviruses   is   limited,   with very   little 
known concerning  the  events  leading  to  the  formation of mature virions. 
Particulate antigens produced during JEV  infection are heterogeneous  and 
the relationship  of subviral particles,   such as  the  slowly sedimenting 
hemagglutinin   (SHA) ,   to  the morphogenesis of  the virion remains  unexplained. 
Studies of the polypeptides of  the related viruses,  dengue  (Stollar,   1969), 
St.   Louis encephalitis   (SLE)   (Trent,   et al.,   1969),   and Kunjin   (Westaway 
and Rnedman,   1969),   have resulted  in unresolved differences on  such matters 
as  the composition  of viral cores and  the number of virion polypeptides. 
A comprehensive  study of at  least one group  B virut  system will  be  re- 
quired to  fully  understand  the biology of   the group. 

An  Initial  step  toward providing a complete explanation of  the 
morphogenesis  and  antigenic composition  is   the  identification and compari- 
son of polypeptides present in  the virion,   in subviral particles  and  in 
virus  infected  cells.     In  this paper we report  the polypeptide  composition 
of the JEV virion,   core,  slowly sedimenting hemagglutinin and  the  intra- 
cellular virus  specified proteins. 
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Preparation of Japanese encephalitis virus (JEV). 

The virus used was JEV strain Ml/311, mouse passage 27, origi- 
nally isolated from Culex tritaeniorhynchus in Japan.  The seed virus 
consisted of a 20Z  infected suckling mouse brain suspension in saline 
containing 47 bovine plasma albumin.  Monolayers of LLC-MK2 cells in 32 oz. 
bottles were grown in medium 199 containing 207 heat-inactivated fetal 
bovine serum (FBS), penicillin (100 u/ml) and streptomycin (100 ug/ml) 
(complete 199).  Cell cultures were infected with 3 ml of stock virus 
diluted in complete 199 containing 0,157=, sodium bicarbonate at a multi- 
plicity of infection (M01) greater than 10. After adsorption for 60 to 
90 minutes, 27 ml of medium 199 lacking amino acids and serum (minimal 
199) was added and the bottles incubated at 360C.  To prepare radio- 
active virus either:  1.  ^H-amino acids; 2.  ^H-uridine; or 3.   C- 
amino acids; or 4.  2+3 (all generally labeled and from New England 
Nuclear) was added to final activities ranging from 6 to 12 microcuries 
per ml.  The pH was adjusted to approximately 7.3 with bicarbonate when 
necessary.  Culture fluids were harvested 40 hours after infection and 
clarified at 2000 rpm for 10 minutes, then at 10,000 rpm for 50 minutes. 
The virus was then pelleted by centrifugation at 25,000 rpm for three 
hours, and usually resuspended in 0.02 M Tris (hydroxymethyl) amino- 
methane (Tris), 0.15 M NaCl, 0.001 M EDTA, pH 8.7 (called TNE, pH 8.7). 
The virus suspension was sonicated by two one-minute cycles in a 10-kc 
Raytheon Sonic Oscillator and then sedimented through a sucrose gradient 
(see below).  When virus was grown in chick cells, the same procedures 
were used. 

Preparation of JEV-infected cell extracts. 

1.  Cycloheximide pulsed cells.  At various times after infection, 
chick cells were pulsed-inhibited with cycloheximide in the presence of 
actinomycin D, shown schematically in the following columns, where x is 
defined as the time (hours after infection) at which cycloheximide was 
added: 

Time after 
infection   (hours) Operation  

0 
X - 9 
x 
X + 0. 5 

X + 1 
x + 5 

infected 
actinomycin added 
cycloheximide added 
cycloheximide removed; 

actinomycin D re-added 
isotope added 
cells dissolved in SLS 

When actinomycin D addition, at x - 9 hours, occurred prior to infection, 
the drug was removed throughout adsorption and re-added after adsorption. 
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Specifically, chick utnbryo cells wer^ propurcJ ir^m   >  to   11 day- 
old embryos and grown in 30 en," plastic Falcon tis^iiL' culture flasks in 
O.57o lactalbumin hydrolysate rtuul' jm supplemented with r)) 1 US and Q.OTi'/ 
sodium bicarbonate,  Tliu ells vn'.rv.  washed ancc with Hank's balanced salt 
solution (HBSS), and infected with 0.2 ml virus diluted in ctmpleti- l'4 + 
bicarbonate CMOI greater than JO),  Followim; adsorption for 60 to 90 
minutes at 36nC, tlie cell monolayers were washed with 5 ml of HBSS and 
then 0.5 ml complete l')<)  + A.r) ml minimal 194 was added.  At the appro- 
priate time (>. - 9 hours) 0.1 ml oi actinumyru [)  (SO micrograms per ml) 
was added to the cells which were then protected from light.  At the 
indicated time (x hours, In Figure 12A, 0.3 ml of cyclohexinidc f5 ngn/ml) 
was added.  The pulse was terminated after 30 minutes (x + 0.5 hr) by 
washing the cells four tirnct- with 3 ml of minimal 199 and then adding 
0.5 ml complete 199, 4.5 ml ,t minimal 199 ind actinomycin i).  Thirty 
minutes later ^x -t 1 hr) (,.1 ml of JH-amino acid mixture (100 micro- 
curies/ml) was added.  After four hours (x + 5 hr) the coll monolayers 
were washed three times with S ml saline; 1 ml of 0,01 M phosphate, 
pH 7.3, containing 17, sodium lauryl sulfate <:]LS)   was then added,  Ali- 
quots of 0.1 ml were taken for determination of protein concentration 
(Lowry, et al., 1951 and acid-insoluble radioactivity.  One-tenth volume 
of 107 2-mercaptoethanol  (2-MF) was added and the viscous extracts were 
heated at 950C for 10 minutes, after which they were not notably viscous. 
Unless otherwise indicated, the samples were dialv^ed against at least 200 
volumes of 0.01 M pho.sphate, 0.17 SLS, and 0.02/ sodium azide at room 
temperature for 15 to Jft hours prior to polyacry1 amide gel electropho- 
resis (PAGE) described below.  Extracts of uninfectcd cells were prepared 
in an identical manner exctot that no virus was present at the time of 
mock-infection. 

2.  Noncycloheximidc-treated extracts. 

Chick cells were Infected as described above. Actinomycin D 
(final concentration 1 ug/ml) was added nine hours after infection and 
^H-amino acids were added 19 hours after infection.  At 23 hours the 
cells were washed three times with saline and then 1 ml of 27 NP 40 in 
RSB (0.01 M NaCl, 0.0015  M MgC^, 0.01 M Tris, pH 7.4) was ?dded.  The 
cells were allowed to swell for 10 minutes at room temperature with 
gentle rocking of the flasks, scraped into the buffer with a pasteur 
pipette, and disrupted with 20 strokes by the tight fitting pestle in a 
small Dounce !.omogenizer.  The material was clarified at 2000 rpm for 
two minutes in an 1EC PK-6 centrifuge, dialyzed overnight against 250 
volumes of 0.02 M Tris, 0.15 M NaCl , pH 8,1 at 40C: and then frozen at 
-20oC.  It was further clarified in a Beckman 152 Microfuge at 15,000 
rpm for five minutes just before use in radioimmune precipitation (RIP). 
To the appropriate fractions obtained after RIP 1/10 volume of 107 SLS 
and 1/10 volume of 107 2-mercaptoethanol were added and then the 
material was heated and dialyzed as above.  Extracts of uninfected cells 
were treated identically except for mock-infection. 
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Preparation of radioacttve Stndbls virus. 

The procedures used were similar to those employed for JEV. 
Confluent monolayers of chick embryo cells in 32 oz. bottles were prepared 
and infected with AR339 strain of Sindbis virus at 360C at an MOI greater 
than 10.  After adsorption for one hour, medium and isotope were added. 
The culture fluids were harvested 12 hours after infection, clarified 
and pelleted as described for JEV. The virus was purified on a linear 
5-40% sucrose gradient in TNE buffer, pH 7.6, at 25,000 rpm for 2.5 hours 
at 40C in the Spinco 25.1 rotor.  To the appropriate fractions 1/10 
volume of 107. 2-mercaptoethanol and 107. SLS were added and then the 
material was treated as described above. 

Plaque assay of JEV. 

Confluent monolayers of chick embryo cells were infected 
with JEV. After adsorption, they were overlaid with 7 ml of media con- 
taining 0.87. agarofo. Hank's balanced salt solution, 0.57. lactalbumin 
hydrolysate, 0.1 Yea, tolate, 2 mM glutamine, 57. FBS, 0.37. NaHC03, and 
antibiotics. On the hird day of incubation at 360C, 5 ml of a second 
overlay medium consisting of 47. of 1:300 neutral red solution (pibco), 
Hank's balanced salt solution and 0.81 agarose were added. After in- 
cubation at 360C for two hours the cells were left at room temperature 
overnight; plaques were counted the next day. 

Sucrose gradients. 

All sucrose gradients were linear, preformed with a mixing 
chamber and prepared with ribonuclease-free sucrose. For large volumes, 
2.5-3 ml samples were applied to 27 ml gradients and the tubes were 
centrifuged at 25,000 rpm in the Spinco 25.1 rotor for three hours 
unless otherwise indicated. For small volumes, 0.25 ml samples were 
applied to 4.8 ml gradients and the tubes were centrifuged at 50,000 
rpm in the Spinco SW-50L rotor for 35 minutes unless otherwise indi- 
cated. 

For isopyenic runs, 0.5 ml samples were applied to 4.6 ml 
gradients of 20-707. sucrose in deuterium oxide (D2O) and centrifuged 
at 65,000 rpm in the Spinco SW-65 rotor for at least 4.5 hours. In a 
similar system it is known that a 200S particle of density 1.26, after 
centrifugation at 47,000 rpm for four hours, was at equilibrium. 
Density was determined by direct weighing of ice-cold 0.05 ml aliquot* 
of each fraction. 

Fractions from all gradients ware collected dropwise from 
the bottom of the tube. One ml of NCS (Amersham Searle) was added to 
0.1 ml aliquots of radioactive fractions in scintillation vials, the 
mixture shaken, and then 10 ml of Liquifluor diluted in toluene as 
recommended was added.  Samples were counted in a Packard Tri-Carb 
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scintillation  counter.     Thu  channula  '.-utra  sit    in  f.xcladt'     J
1
   frmi,   iv+t 

and   to allow   Inr  3/   spill-nvr   Irom   ^C   to     II. 

Assay   ] .u   lu^iiia^;; hit i ii.:t ion   [iiA >   ami   cotn|) I iji UMU - i i x.i t ioi    1 CV i . 

HA  and   ;'(   wus  nH-.a;;iirt:d   by  rricn Liter  mmlificati m  of   I :ic 
techiqnt'   used   in   the   ;«'p.irl'tn   it   .'1    .Serciiogy   (pri'vimib  Annual   P> pert    . 

Po I y.icry i mi id<    ^ i I _i ! <■>.• t ri.|ihort:£ i s . 

('(i;i I i u.i.        !!■ ..' i..'   1)1.;;  po 1 yacrv 1 a;.:; I'I    , < I   r 1..'. ' r- p'ii'ri's i .s 
(PAGE;   was   jjerfurnu ;!   !■ .:..tit n ! 1 v   according   to   Mai.tcl    (Maizi.l,    I'^I'M, 

Acrylamide  and   fl.   M '-!■ i .:"irt i^y Uin.'  arry lanii.dt   v.vrc  i urcl'.f • i:.   w.iitr  wished. 
from  (.analco  and   re   r\    :ill:.'Li,   iron  ucetoiif.     A   i^tock   solution   i ;    ti1 

acrylamide  and   1."   hi;   V.JP  prepared  and  diluted appr'priat» ly;   ^els were- 
SZ aery lamido.  unltss    it'i'rwjs ■   indicated.      11.e   I Ki pliosphalc  hul!   r  stock 
was   composed  of   (per   lilori    lul'   ^m  N'a^HPt)^ ,    .18.t.  gm   SaHjPd/,        h^o  and 
0.2  gm NaNj.     A   Buchler  Polvanalyst   apparatui,   ihuchler   Instrumunt s)   was 
employud.     The   ^'Ls   (7  x  0.'>  urn)   were pol yn.er i z> (' and  elt ctrophorfsed 
wliile   immersed   in   water   at   ro.mi   temperature..      i i.cerol   U).i)r)  ml i   and 
saturated   br(>mpherivl   blue solution   (U.Ol  ml,)   were  added   to  Q.'.")  ml   ol 
the  sample   (usual i     prepared   i~  described   for  preparation   ni   intetti'U 
cell   extracts,,   '..■),   ill   ibe  mixture  was   usually   applied,      1.1 ect ropl.e- 
resis  was   perforn^d   .it   -.n vnji'    ic.r   the   first   five minutes,   then  at   6'> 
volis  until   the  dye   troiu  migrated   about   6  en:   lius   usually   required   two 
hours.     The  ^els   were   then  removed,   placed   in   a metal   trough,   frozen  on 
dry   ice,   and   nres-ed   against   a   transverse   slicer  containing   razor   blades 
at   1  mm   interval..      Hie     lice.,   were  placed   in   scintillation   vials  with 
0.073 ml   water  . nd   I   ml   of   NCS.   heated  at  650C  overnight   and   then mixed 
with  I.iqui fluor   diluted   In   toluene. 

Molecular   we i-lit   esl i mat ion. 

We   Jei er mined   that   with Ö"   gels   containing  a   "^0:1   ratio 
of  acrylamide  t.i  lu's.   ,i   linear  relationship  between  relative migration 
and   log molcculai   weight   was  valid   for  a molecular weight   range of at 
least   12,000  to  67,000   (stand.'rds   were  bovine  plasma  albumin,   re.nnin. 
g-lactoglohulin  and   cytochrome  C.     To determine nolecular  weights,   ^C- 
amino acid   labeled   Sindbis  wa-   added  to  ■'H-amino acid   labeled  samples 
and  the mixture  co-electri plioresed.     Molecular weights  of   5J,000 and 
30,000 were obtained   Iron t lie   literature   for   the  Sindbis  proteins. 

kadie iininur.e  prec ip i t.■ t i on   (RIP) . 

The  k!P  procedure was   described   in detail   in   the previous 
annual   report.     Kssentially,   0.05  ml  of diluted radioactive  antigen was 
added   to  0.0j ml   ol   T!'.-.   ,0.1;   bovine plasma albumin   in 0.13  M NaCl,  0.1 
Tris-HCL pH  7.4)   in  a  O.'.'J ml   'polyethylene micro  test   tube;   0.03 ml  of 
diluted hyper immune  ascitic   fluid   was added,   stirred,   and   incubated at 
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37 C for one hour.  Then, 0.05 nl of a 1:10 dilution of rabbit anti-mouse 
serum was added, the tube mixed, incubated at 370C for one hour, and 
placed in the refrigerator 2-24 hours.  The tubes were centrifuged in a 
Beckman 152 microfuge at 15,000 rpm for 5 min; 0.1 ml was removed and 
designated the "supernatant." The tube was mixed, and the remaining 
0.1 ml was removed and designated the "pellet." Per cent precipitation 
was calculated in the following manner: 

 CPM "polKt" - CPM "supernatant"  X 100 = \  RIP 
CPM "pellet" + CPM "supernatant" - 2 X background CPM 

For preparative purposes, larger volumes were used but the 
micro-tubes were still employed and filled with about 0.5 ml,  Centri- 
fugation was increased to 10 minutes.  The supernatant was removed except 
for about 0.02 ml.  The tubes were mixed, the "pellets" pooled and di- 
luted with an equal volume of TBS, incubated at k0£.   for two hours and 
again centrifuged at 15,000 rpm for 10 min.  The supernatant was removed 
except for about 0.02 ml, the tubes were mixed and the pellet fractions 
were pooled, diluted to the desired volume with 0.01 M phosphate 
buffer, dissoc iated with SLS and 2-ME, dlalyzed, and mixed with glycerol 
and bromphenvl blue prior to PACE as previously described. 

Determination of acid-insoluble radioactivity. 

A 0. 1 ml aliquot of extract was added to 2 ml of 57, trichloro- 
acetic acid (TCA). heated at 90oC for 15 mln, and then cooled In ice- 
water for at least tw^ hours.  The material was pured through 0.45 mu 
membrane filters (Millipore Corp.) and the filters rinsed wltn 3-2 ml 
allquots of cold V TCA.  They were placed Into scintillation vials, 
dried in an oven at 650C1 and then l.iqulfluor diluted with Toluene was 
added. 

Results 

Growth of radioact ive .1EV in LLC-MK? and chick embryo cells. 

The growth curves of JEV in LLC-MK2 and chick embryo cells 
are presented in Fig. iOA.  Virus appeared in the medium by 11 hours 
1 ter infection and reached maximal titers by 40 hours In both cell 
lines. Therefore, when preparing radioactive virus, culture medium was 
harvested ac 40 hours.  When examining stabl • Intracellular proteins of 
infected cells, long radioactive pulses beginning at least 12 hours after 
infection were used 

When radioactive JEV was prepared from LLC-cells as des- 
cribed above and sedimented through a sucrose gradient, one major coin- 
cident peak of radioactivity, hemagglutlnatlon and complement-fixation 
was present (Flg. 10B), this peak has been shown to be infectious virus. 
A more slowly se.dimenting peak of HA (SHA) was also present and will be 
discussed below. 
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Figure  10A,    Growth 
cufve of Japanese 
encephaiitit nida 
in monkey kiuney 
(LLC-l-iKj) and chick, 
•itibryo cell  cultures. 
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Pülyacry LamidL: /.ol ^l^e trophoresis (PAGE of -^H-amino acid 
labeled JEV. 

When JH- IEV wa 
and 2-mercapti.)i>.tharu)l i^-ME 
concentrations of polyacryl 
always deter ted (V-l, V-2, 
poi.ypeptlde V-l) co-migr.it 
However, electropnoresis cli 
from the dye front, iiulii.it 
correspond to a polvpo.pt i.!e 
markers as described heLiw, 
migrated r.lower than ','-) (F 
and therefore not   considere 

; dissociated with sodium lauryl sulfate (SLS) 
i, dialvzed, and tlectrophoresed on varying 
amide «els, three virion polypeptides were 
and V-i) (Fig. 11).  The fastest migrating 
et with the dye front in 87, acrylamide gels. 
rouji 10 and 12"' gels clearly separated V-l 
im: that this radioactive peak actually did 

'"•i-sindbis proteins were used as reference 
Oc eis tonally, a very minor radioactive peak 

i i'. 1)A), however, this was not reproducible 
d to be a virion polypeptide. 

Polypeptides in IKV-i nt ei-1 ed cells. 

Protein ivnthesis in chick cells was inhibited 257, by JEV 
infection; actinomvein P treatment .)f chick cells suppressed protein 
synthesis hv 34  ' .'hd JM.  Despite these levels of inhibition, we 
were unable to identity virus specific polypeptides in JEV-infected cells 
in the presence or absence of ictinomycin D; residual host protein syn- 
thesis effectivelv masked the presence of virus-specified proteins. 

Table 2<t. Protein Synthesis in Chick Cells 
1 

i cut 

None (Mock-infecte.U) 
JEV infection 
Actinomvein D addition (ulone)*- 

Actinc/inyc in I) plus eye Kdieximlde pulseJ 

Cyclohexlmlde addition (ahme, continuous) 
a.  Mock - in fee f od 
t.  Infected 

■ vcid Insoluble cpm 

40,000 
30,000 
18,200 
5,200 

725 
673 

1  The results presented here are the controls for the experiment In 
Fig. 13A, the general procedures are described In Materials and 
Methods or in the legend to Fig.12A.  Isotopes were added from 1J| 
hrs to 5^ hrs alter Infection in all samples.  The relative results 
were the same vier, expressed as cpm ^r calculated as specific activity. 

Cells pretreatcd with 1 ug/tnl of actinomycin D for 9 hrs prior to 
mock-infect ion; actinomvein D  readded 1^ hrs after mock-Infection and 
isotope added from I1, to H hrs after mock-infection. 

3 From the "uninfected curve," l^ hr point in Flg. 13A. 

M->ck-infected »r IEV-infected cells; cyclohexlmlde (300 ug/ml) added 
1 hr after t ; > c u m ; ist topi», and eye loheximide present from 1^ to 
'A hr: i M , r i nfect i. :i. 

2hr, 



v o 
c 
«i r. 

o 
v -t 
M «J 

S 3 

3^ 
u c 

J 
O    I 
C C) 

% 3 
o 

o o 
«    J 
w  r. 

0   ^ 
^ a 
a o 
o Ü 
u 

4-1 Ul 
U -» 
«     fj 

:« 
O .-I 

^1 
i 

Jinniw Ml«  siNOos 

«Pa >. i 
-t « o   • 
(X ^ > 

t a 

•I    ^ lA 

5   ►  O 
h. 

287 



> 

■sftcne 
JMNFf ClfO 

-I 1 1 1 1 I I I L 
8    10    12    14    16    18 
HOURS 

Figur« 12A, Protein ■yntbaaia in Japanss« encephalitis virus 
infected, dctinamycin D-treated, cyclohcximide pulse-inhibited 

chici: cells. 
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Figure ^B.    i;olydcr/la.T.ide gel electrophoresia of extracts of 
JEV-infect'-1,  Actinunycin D treated,  cyclohexiciide irultted, 
chick cells.    Arrows represent position of ^C-oindbis markers. 
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In order to specilically and more severely suppress host protein syn- 
thesis, it was necessary to utilize Trent's procedure in which a brief 
pulse of cycloheximide is administered to cells pretreated with actino- 
mycin D.  When chick cells were treated with cycloheximide continuously, 
protein synthesis in both infected and unlnfected cells was abolished 
(Table 29^. When normal chick cells were treated with a pulse of cyclo- 
heximide, there was only a transient inhibition of protein synthesis. 
This procedure was, therefore, not useful for the initial identification 
of virus-specifled polypcptides.  However, when normal chick cells were 
treated witii a pulse of cycloheximide after pretrcarmiMit with actino- 
mycin D, protein synthesis was inhibited by 877. (Table 29).  When this 
same procedure was applied to JEV-infected cells at various times after 
infection, an increase of protein synthesis, relative to uninfected 
cells, was observed when the cycloheximide was added 12 hours or more 
after infection (Fig. 12A). 

The observed increase in protein synthesis in JEV-infected 
cells treated with actinomycin D and cycloheximide was shown to be due 
tu the selective synthesis of viral specific proteins.  When extracts of 
infected and mock-infected chick cells which were pretreated with acti- 
nomycin D and pulsu-inhibited with cycloheximide 22 hours after infection 
were analyzed by PAGE, seven polypeptides were detected in the infected 
cell extract (Fig. 12B).  By contrast, in the uninfected cell extract, 
only a low, generally flat background was present (Fig. 12B).  Two of 
the polypeptides corresponded to virion polypeptides V-2 and V-3; the 
five additional, nonvirion polypeptides were designated NV-1 through 
NV-5.  NV-3 was usually a distinct peak, but occasionally its presence 
was indicated by a shoulder on the right side of V-3.  The same poly- 
peptides were identified in infected cells pulse-inhibited with cyclo- 
heximide in the absence of actinomycin D.  This result indicated that 
pre-treatment with the latter drug was not essential for severe inhibi- 
tion of host protein synthesis in the infected cell, although it was 
necessary in the uninfected cell. 

In order to estimate the molecular weights of the JE proteins, 
^C-amino acid-labeled Sindbis was added to -*H-amino acid-labeled samples, 
and the mixture co-electrophoresed.  From runs similar to those illus- 
trated in Figs. II and 12B (Sindbis proteins indicated by arrows), mole- 
cular weights of 8,700, 13,500 and 53,000 were calculated for V-l, V-2, 
and V-3, respectively, and values of 10,500, 19,000, 45,000, 71,000, 
and 93,000 for NV-1 through NV-5, respectively. 

There was no convincing evidence for the presence in infected 
chick cells of a polypeptide of 8,700 daltons corresponding to V-l, the 
smallest virion polypeptide of LLC-MK2 derived virus. 

One possible explanation for this would be that virions 
derived from chick cells, in contrast to virions from LLC-MKo cells, 
lack V-l and contain as a structural component one of the "non'virion" 
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polypeptides.  However, co-electrophoresls of chick cell-derived virus 
with infected chick cell extracts indicated that the virus Crem chick 
cells also contained V-l and appeared similar to virus from LLC-MK2 
cells (Fig. 13A). 

Radio immune precipitation (RIP) of JEV proteins. 

We felt that it would be desirable to determine virus- 
specified iniracellular proteins by another, independent method.  We 
chose to use radioimmune precipitation, which relied on their presumed 
antigenicity.  Hyperimmune ascitic fluid prepared in mice immunized 
with JEV-infected mouse brain was able to specificallv precipitate greater 
than 85% of radioactive JEV virions.  When a cytoplasmic extract prepared 
from JEV-infected, actinomycin-D treated, chick cells -hat had not been 
pulsed with cycloheximide was treated with this antisera, approximately 
20% of the radioactivity was precipitated.  No radioactivity was precipi- 
tated from identically prepared extracts of uninfected cells in parallel 
experiments; other controls were also negative (substitution of normal 
ascitic fluid for hyperimmune ascitic fluid or omission of rabbit anti- 
mouse serum).  When material precipitated in this manner was analyzed 
by PAGE, it appeared that six of the seven previously described poly- 
peptides were identifiable although there was insufficient radioactivity 
to be certain of the presence of all of them (Fig. 13B). 

Isolation and PAGE of JEV "core." 

When virions which were doubly labeled with ■'H-uridine and 
^C-amino acids were centrifuged through a sucrose-J^O gradient they 
appeared to have a density of 1.23 (Fig. 14A).  When an aliquot of the 
original preparation of virions was treated with NP-40, a structure was 
obtained which was denser than the vlrion and which contained propor- 
tionately more ^H-RNA (relative to protein) than the virion (Fig. 14B). 
Co-electrophoresis of this presumed "core" structure with ^H-amino acid 
labeled virions indicated that the "core" contained principally one 
polypeptlde, V-2 (Fig. 140). 

Characterization of the slowly sedimenting hemagglutinin (SHA). 

When cell culture fluid was harvested at 64 hours after 
infection, a slowly sedimenting hemagglutinin (SHA) was present and shown 
to be RNA-poor (Fig. 15). When this material was centrifuged to equili- 
brium, most of the protein banded as a discrete peak with density of 
1.23 g/cm  (similar to the density of the virion) (Fig. 16A).  Most of 
the small amount of RNA in the preparation had a greater density and 
was, therefore, not associated with the SHA particle. 
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Figure 14C,    Co-eluctrophoresi« of JEV viricns and core protein». 
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Figur« 16A. laopycnlo 
centrifugation of 
JEV slowly ■•dlnont- 
ing hanagglutjnln 
■horn in tho proTicoa 
figuro (fractions 
19-22). 
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n 
Wlit>n   labeled   SilA  w«^   Lake:-,  direcfiv   tr-'n;   ''..   LTJi'irnl   in 

Fig. 15 and  co-eleccrophoroseci  with     H-amlno aci.l  viri   ns     (I;TI>C major 
polypeptides  were GIHJWII  ti'  i>e  present   in  the   SiL'   Mi,',.   IfiH;.      [Vi 
corresponded   ti)   V-l  and   V-J  and   the   third  had  an  ost imated   ^K^lerular 
weight of   18,000,  corresponding  tr  NV-<i. 

However,  when aiuio^ous  m.iteria]  uas   i.ik.n   fror  a  gradient 
of virus   harves U'.iJ at  4(J  hours   rather  than  64  IIHITK,   titi'v  '.'-I   and  V-3 
were present. 

Discnst; Ion 

We havt: analyst..'   tlie polypeptides <*>i   < ,"r"'.ii)  b  arbovirus 
"system"  consisting u(   tiic virion,   slowly  sediment ii^'   liemait^ lutintn 
(SHA) ,   "core"  and   intracel lular protein».     The  ubservatioi,   tiiat  mode- 
rately radioactively   labeled  virion   is composed  of only  three major 
polypeptides   is   in  agreement with  results   for dengue   (Stollar,   1969) 
and St.   Louis encephalitis   (Trent,   et  al,   196g)   but differs   from 
results  reported   for  Kunjin  (Westaway  and  Reedman,   1969).     A  hlghly- 
radioactively-labeled preparation of  Kunjin wes  reported  to  contain 
four polypeptides.     Since Kunjin   is   very  closely   related  to   .IEV  this 
difference  is  unexpected.     It   is possible  that  the fourth nin.ir radio- 
active peak   represents  an  artifact   duo  to aggregation   similar   to what 
was observed with   the  "core"  protein of  Semllkl   Forest   virus   (Achcson 
and Tamm,   1970).     We have occasionally obse'ved a n.inor  inconstant peak 
In acrylamide analyses of   virions which migrated with  NV-"j  in  co-runs. 
However,   in nw-st nowlv prepared  samples,   Including one  containing a 4000 
cpra V-3 peak,   similar  to  Kunjin,   the   fourth  peak was  absent.      Unambiguous 
demonstration of minor structural  polypeptides will require  functional 
tests. 

We were able   to detect   seven  polypeptides   in   infected  cells. 
One of  the polypeptide»,   NV-^,   was  not always  separable  from V-3,   and 
In fact,  resembled an  intramolecularly-rearranged  form of V-3   (Strauss, 
et al,   1969).     However,   we  felt   that   NV-?  was a  discrete polypeptide 
for  the   following  reasons:     1.     Sindbis proteins,  which are  known  to 
be subject   to  this  Kind of  artifact,   always behaved as  two homogenous 
narrow peaks   in co-electrophoresis  runs;   2.     V-3  derived   from  the 
virion  also  always   behaved en  a   single,   narrow peak;   j.     ('o-electro- 
phoresis of   viriot; and   int raccl lular  polypet t idc^   indicated   the pre- 
sence of   NV-3  only   in  the   intracellular material;   and  4.      Isolation 
of the   intraceliular proteins  by an  immunological  procedure revealed 
a markedly   increased ratio of  N\,-3  to V-3,   suggesting,   but  not  proving, 
independeni  behavior  of   the  two proteins. 

We have shown  that  a JEV  "core" obtained by  NP-40  treat- 
ment of   the  virion  contained  one  polypeptide.     !t   was  claimed   that 
treatment   of  Kunjin viiions with  deoxycholaff  resulted   In  a   "core" 
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containing  two  polypoptides.     Two core polypeptides were also reported 
for  St.   Louis  encephalitis  virus   treated vitl- deoxycholate   (Trent, 
1969).     However,   one ci-re polypeptide was reported  for dengue virions 
treated with  NP-4().     These differences  may arise because of  the  dif- 
ferent  detergents   used.      It   appears   likely  that  the use of   NP-4U  pro- 
duced a  completely   "stripped-down"   core  derived  from JEV and  dengue 
virions and  that   the  single polypeptide   in  this particle  interacted 
most strongly with  KNA and   is  therefore   the  "core" protein.     It   is not 
unreasonable  to  expect   tint   less   "stripped-duwn" cores would  have addi- 
tional proteins   hound primarily   to   the  "core" protein rather than  to 
the RNA.     lintil   a naturally-occurring  core is   isolated  from  Infected 
cells and analyzed   (Aclvison .ind Tamn,   1970)  we must concludo  that 
group B arbovirus  "cores"  conLain  one  polypeptide. 

The polypeptides  found  in   the infected cell constitute 
300,000 daltons  of  protein,  which  is approximately the coding capacity 
of  the viral  genome assuming  that JEV-RNA has  the same molecular weight 
(3.3 x ID6)  as  dengue RNA   (Stollar,   et  al,   1966).     Furthermore,   they 
were found after   long  labelling  times   in cells beginning at  about  12 
hours after  infection.     Therefore,   thev probably constitute the major 
species of stable virus-specified polypeptides.    Because  the polypep- 
tides are rot  present   in equimolar amounts,   they are unlikely  to result 
from unvarying  translation of a single giant m-RNA molecule.    Whether 
they ariso as  separate monoclstronic  translations of m-RNA,  or as 
post-translational cleavage products   (Jacobson and Baltimore,   1968; 
Burrell,   et  al,   1970;  Coapcr,  at  al,   1970;   Hosada and One,   1970;   Katr 
and Moss,   1970.),   and  whether  they   ate differentially synthesized  in an 
expanding   intracellular pool  in a manner similar to what  is observed 
for group A arhoviruses  (Scheele and Pfefferkorn,   1969)  remain  to be 
determined. 

The   in; racel luiar deficit of V-l may be relevant here. 
Since group  H arbovlruscs appear  to penetrate through membranes  into 
intracellular vacudos  (Murphy,  et al,   1969;  Ota,  1965), one would 
expect   to   find  at   least   traces of  all vlrion polypeptides within  the 
infected cell  merely because   >f   the vacuolar entrapment of  fully mature 
virions.     The deficit of  intracellular V-l  is  therefore unexpected And 
may result   from  the   following: 

a. V-l  may merely be  synthesized  in small amounts  too  low 
to be detected   h   r< .     Li   true,   this would raise the possibility  that 
the amount  o.   v-l   wailable   limits  virus  assembly or release. 

b. V-l   may he  rapidly   turned over with respect   to V-2 and 
V-3,  or else may  he pieicrentially  synthesized relatively early  in 
infect ion. 

c. Actiiumiycin  D-cycloheximide pulse-inhibition may 
irreversibly   inlublr     V-l   synthesis. 
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d.     V-l niay  be derived  by  cleavdgc  from >>nf i-.   ihn n  n- 
virlon polypeptides  during  virus assen.bly  or rclt-ase.     This   ^ig^obLs 
the possible existtnco of   a precursor particle  similar   ti   the polio 
procapsid   (Jacobson  and  Baltimore.   1968). 

Related   to  the 
subviral   particle   iy'U\'  win 
present   in   the  viri    ' and   IJI 

a  normal  precnrsiir,   it  nav   n 

.»st   possibility   is   the   existence    •[   .■ 
contains at   least    uie  p-ilv-pepi ide  not 

;ks   V-2.     However,   instiMil   i !   repr<sent in^ 
ult   from aberrant   niorpho^euesi ■,  perij.ips 

occasioned  hy  ci:llular  di >'utu!ration.      This   situat iop   ;s   ci-nt lt>:   since, 
with   v/aryins  Condi t iiMi.1   ol    infect i MI,  we.  have   il)s>-rved   seV'T.il   varintie: 
of  subviral   particle;   sediment IHR similar   to  MIA.     We  are currentIv 
investigatinR  their   relationship   lo  each other and   their   role   in  virus 
maturation. 

B.     Character i ,t K. and   Synthesis   of   Proteins apanese   hnce- 
phalttis Virus   InferUnl  ("hick   Embryo  Fibrohla.sts, 

Information   iblalned   on   tl)o.polypcrri^1' composition  of  JEV 
as well as  the viral-specified  proteins within  infected  host  cells 
(see above)   provided  the means   to begiti  investinat ing   the  site(.s)   of 
synthesis  of viral   antigens   in   the  infecteu  cell.      It   has  tuen  shown 
that   the major coat   protein of   the .JE vlrion   is  a  ^ lycoprotein,   and 
it may be true that  the major  viral  antigens are glycoprotclns.     For 
this  reason,   the nature and   site of antigen  synthesis  within   infected 
cells was  first approached  by  determining which of   the  viral   speci- 
fied,   but   nonvirion  proteins  are glycoproteins.     Next,   the membranes 
of   infected cells were   fractionated  by centrifugation  methods   that 
required extansive development  and examined  for their relationship 
with viral  specified proteins. 

1.     Glycoproteins  ol   TEV-infected Chick   "ells. 

Chick  cells  were   treated with actinomycin  D after  infec- 
tion  with JEV and   then   labeled  with  -^H-amino acids  and   l^C glucosamine 
from  12  to 22 hours after   Infection.    The cells were dissolved in  1% 
NP-^O  In  RSB.   Domiced 2b   times  and dialyzed  against  RSB.      IEV hyper- 
immune mouse asciric   fluid  was   able  to precipitate  about   20  per cent 
of  the radioactivity whereas  normal  ascitic   fluid  did  not precipitate 
any radioactivity.     When   this  material was dissolved  in  SLS and 2-ME 
and  analyzed  by polyacrylamide  gel  electrophoresis   (PAGE»,   three 
major  peaks  were  present:      V-3,   NV-3,   and  M/-2;   all  were glycoproteins 
(Figure  17A).     Therefore,   we conclude  that  there are  three JEV- 
specified glycoproteins and   that all   three  comprise  the  principle 
antigens of   infected  CLils.     The peak   labeled "A"   is  not   generally 
observed. 
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Figure 17.     PolyacryUmlde gel electrophorctls of radioactive extracts 
of chick embryo cells infected with Japanese encephalitis virus 
and treated as  indicated in each graph. 
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When    IE   inlocted i; ils  wvre   tru.ttocl  witli  ■irtinomvciii   !"> 
and  pulse-in'.iibi ted with cvclnhex inside,   glyci>sv I<ii ion  was  iciiiiil   to  ')<,• 
more persistently  suppressed  than protein  syntiiesis.     In  [act,  when 
glycosamine and amino  acids  weri: added riy.Iit   aftir  put se-inhibi tion, 
no carbohy .rate was   incorporated   int>)  k;lycopri>L<an.s   (Figurt   !7ii).      By 
contrast,  after a  delay  of  lour hours,   incorporation of cubohydrite 
did   occur   (Figure   \/C),     To  demonstrate   that   K;! u«, osanine was  .»hie   to 
enter  the cell  and  prusmiably  the nucleotlde  su^ar  po.il  during  the 
period of   time wlien  ^lycosy lation was  inhibited,   tin   >;lucuhamine was 
added  for  four hours  tlien removed,   after which amino   u ids u\?re added. 
As can be seen by   PAGE  of   the cell   extract,   glycosylation did  occur 
after  this  treatment   (Figure  17ü».     The explanation   for these unex- 
pected findings  is  not   clear. 

2.     Membranes   of   JLV-infected Chick  Cells. 

We have adapted  proendures   for   isolating membranes of 
chick embryo cells;   the  scheme  is  shown  in  Figure   ISA.     Briefly, mono- 
layers of cells   from  I   to  3   32-oz prescription  bottles containing  2   to 
10 x  10° cells are  scraped off  into 0.25 M sucrose  in RSB and  then 
dounced 25   times   in a   7  ml  homogenlzer with a   tightly   fitting pestle. 
The material   is  centrifuged  at  2000 rpm  for  2  min and  the pellet   is 
resuspended and  recentrifuged at   2000 rpm  for   two min;   the resultinj; 
pellet  is called  the "2P"  fraction,  corresponding  to  a nuclear- 
enriched  fraction.     The  supernatant,  called  "2S",   is   then centrifuged 
through 0.3M sucrose onto a  2.6 M sucrose cushion  at   10,000 x g  for 
30 min.     The pelleted material   is called "10P".     The  supernatant   is 
called "10S" and  centrifuged  through 0.3M sucrose onto a 2.6M sucrose 
cushion at  308,000 g  (65,000  rpm)   for 45 min.     The pellet  is  called 
"65-P" and  the supernatant  fluid  is  called  "65-S",     The  three  frac- 
tions are then centrifuged on  the discontinuous  sucrose gradient 
Illustrated  in Figure  18B.     For convenience,   the method of Caliguiri 
is  Included   for comparison.     The gradients are collected  in 0.1 ml 
fractions by  bottom puncture.     Right bands  of membranous material  can 
be distinguished  in regions corresponding  to  the various sucrose inter- 
faces.     In general,   electron micrographs  indicate  that  smooth mem- 
branes arc  found  in  bands  I,   II,  and   III,  whereas  rough  (and  smooth) 
membranes are present   in bands  IV  through VII.     Figures  19 A,   B,  C, 
illustrate  the results  of membrane  fractional ions when a pulse- 
Inhibited cell  is   labeled with 3H-amino acids   for  four hours.     The  2P 
fraction contains  essentially  only band VI.     The AP  fraction contains 
three prominent bands:     VI,   Vjj,  VA,   and  III.     The 65-P  fraction con- 
tains  predominantly   111.     On occasion,  the majority  of  Vy^ can be 
found   in the b^P  fraction rather  than  the   10P   fraction.     The distri- 
but  on of radioactivity   is given in Table  30;   607. of  total cell  radio- 
activity  is  present   in  2P,  30"/  is  found  in  10P,   and  5/'   in 65.     Only 
47. is   found  in 65S,   indicating  that  essentially  everv  JEV-specified 
protein  is membrane bound.     There is a 5  to  10-fold enrichment of 
radioactivity  in bands   IV -   VII as compared  to  bands   I   -   III. 
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When  the membrane  fractions were analyzed by PAGE it 
appeared that dense membranes had similar polype-tide compositions 
(Figure 20, A-D).     Light membranes were strikingly different 
(Figure 21, A-C);   they obtained a predominance of NV-5 and lacked 
NV-4.    When the soluble cytoplasmic proteins   (65 supernate) were 
analyzed,  there was a large proportion of NV-5   (Figure 21D).    Neither 
one of the chree prominent peaks A, B, or C co-ran with marker V-3. 
Furthermore, a high background of radioactivity was present through- 
out the run.    This suggests that proteolysls Is partly responsible for 
"soluble" proteins.    There was also no enrichment for glycoprotelns. 
These results do not support the hypothesis that smooth membranes are 
Che sites of glycosylatlon.    To look at this more closely,  Infected 
(..ells weit   treated with actlnomycln D and labeled with ^H-galactose 
and ^C-glucosamlne for eight hours.    The membrane gradients are 
presented in Figure 22 A,  B,  C.    There is virtually a constant ratio 
of galactose/glucosamlne in all membrane fractions.    Furthermore, 
there is a two to four-fold enrichment of radioactivity In bands IV - 
VI as compared to  I •  III which, although less  than the five to ten- 
fold enrichment  found in the case of amlno-acld  labeled cells, does 
not  implicate smooth membranes  (or at least not   light smooth membranes) 
as  the  sice of glycosylation. 

labic  30. 
Distribution of Radioactivity through Membrane Fractions 

Percentage of Total Radioactivity 

Fraction 3H Amino Acids h. Galactose l^C Glucosamine 

2P 59 39 42 

10P 30 50 44 

65P 5 6 5 

65S 4 4 5 

Bands IV -VII of 
2P, 10P, and 65P 84 74 73 

Bands I« III of 
2P, 10P and 65? 8 26 20 

Bands  IV-VII of 
10P and 65P only 31 40 35 

Bands  I-III of 
10P and 65P only 6 21 18 
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Figure 20.  Polyacrylamide gel electrophoresis of dense membranes in 
the indicated bands (Roman numerals) Isolated as shown in 
Figure 19. 
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Figure 21. Polyacrylamide gel electrophoresis of light membranes 
(A, B, C) in, the indicated bands (Roman numerals) isolated as 
shown in Fig. 21D.  Analysis of soluble cytoplasmic proteins in 
the 65,000 rpm supernate. 
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C.  Fluorescent Antibody and Electron Microscopic Studies of 
group B Arbovirus-infected Cell Cultures. 

There are no published descriptions of dengue virus morphoge- 
nesis.  Electron microscopic studies of cells Infected with other 
group B arbovlruses have developed the concept that group B arboviruses 
somehow mature within the cell in association with the endoplasmic 
retlculum (Ota, Z., 1967 and Murphy et al, 1968). 

Cytologlcal studies using fluorescent antibodies (FA) have 
shown dengue antigens restricted to the perlnuclear zone (Atchlson et 
al, 1966: Bhamarpravati, \., et al, 1964).  These studies were performed 
betöre the current data concerning dengue antigens bac^me available at 
WRAIR but   they do  implicate the golgl zone and the endoplasmic retlculum 
as a prime area of viral morplioscnesis. 

We have recently used antibodies against soluble complement 
fixing antigen (antl-SCF), the vlrlon or rapidly sedlmentlng hemagglutlnln 
(antl-RHA) and crude dengue-infected brain extract (antl-Den-2) to 
establish by FA the relative sensitivity of the antigens to fixatives, 
their Cytologie distribution and their tine of appearance. 

Dengue-2 Infected cells were then examined under the electron 
microscope to determine the morphology of theae cells In relationship 
to the FA findings. 

Materials and Methods. 

Cells and media:  LLC-MK2 cells were grown in plastic petrl 
dishes containing 10 x 22 mm glass coverslips using medium 199 in Hank's 
balanced salt solution with triclne buffer, 3?. fetal calf serum and 
antibiotics added (Robb and Martin, 1970). 

Virus Intection.  At appropriate times LLC-MK2 cells were 
overlaid with 207, dengue-2 infected mouse brain suspensions.  The mouse 
brain suspensions were diluted with medium 199 to an appropriate MOZ 
and allowed to adsorb 2-4 hours before removal.  Following the adsorption 
period, the cells were, washed with buffer and a replacement volume of 
medium was placed on the culture. 

Antii>era.  Mouse hyperimmune ascitic fluid produced as 
described in previous reports was used as the source of anti-dengue 
antibodies.  Fluorescein labeled anti-mouse globulin was purchased from 
Antibodies, Inc., Davis, California, and passed through a sephadex G25 
column before use. 

Fixation. Media was removed from cells at appropriate 
times and rinsed 2 times with PBS and fixed 3 minutes with cold 2.57. 
poraformal dehyde In Isomolar sucrose buffered at pm 7.2 with phosphate. 
The cells wer... th.;n rinsed twice with PBS and stored at -70

oC until use. 
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Fluorescent Staining.  Ihe covers lips were thawed and 
fixed with one of several lipld solvents cooled at -70oC for 15 minutes. 
The solvent was removed and the cells rinsed with PBS.  200 lambda of 
MHAF or norma ascitlc fluid control was then placed on the cells and 
Incubated at 370C for one hour with constant agitation.  The antibody 
was removed and the cells were washed with three changes of PBS for one 
hour.  Flouresceln conjugated antiglobulin was then put on the cover- 
slips and incubation took place with constant agitation for 30 minutes 
at 370C.  The conjugate was removed and rinsed as above.  The cover- 
slips were mounted with glycer ;1 and viewed and photographed with a 
Leety UV microscope with an automatic orthomat camera. 

EM Studies.  Cells for EM were fixed In the petri dishes 
wit)', 2.3% Glutaraldehyde containing 2.57, sucrose in phosphate buffer 
pH 7.2  24 hours post adsorption.  The cells were scraped with a rubber 
polLcemai: pelleted by centrifugarion at 600g and embedded in 7% noble 
agar.  Foll(jVi.ng embedding in agar the cells were fixed In 1% OsO^ for 
one hour, dehydrated in a graded series of alcohols and embedded In epon. 
Thin sections wore cut on an LKB Ultratome II using a diamond knife, 
caught on copper grids, stained with uranyl acetate and lead citrate 
ind viewed under a RCA-EMV 4B. 

Results 

Effects of Fixation on FA.  The results of fixation ex- 
periments are summarized in Table 31.  Several points are Important: 
(1) Aldehyde fixation alone led to diminished FA.  (2)  This diminu- 
tion could be readily overcome using cold lipld solvents.  (3) The 
SCF antigen survived all fixatives.  (4) The HA antigens were destroyed 
by methanol. 

Digtributlon of FA with different antibodies.  The three 
MHAF preparations provided different patterns of fluorescene in the 
dengue-2 infected cells. Anti-SCF was strictly limited to the peri- 
nuclear region of the cell. The fluorescene with antl-RHA was also 
perlnuclear but tended to be more granular and the fluorescent granules 
spread throughout the cytoplasm. The fluorescence observed using antl- 
DEN-2 is a combination of the two previous with both perlnuclear and 
cytoplasmic fluorescence depending on the fixatives used.  Selected 
photomicrographs appear at the end of this section. 

Time of Appearance of SCF. A series of Kinetic experi- 
ments were used to determine the earliest time of appearance of SCF. 
SCF was first identifiable at 10-12 post adsorption.  This correlated 
with the first observable fluorescene with anti Den-2.  Therefore, SCF 
is one of the early antigens of dengue-2 infected cells. 
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Table 31. 

Effects of Fixatives on Immune Fluorescence 
in Dengue-2 Infected Cells 

MHAF 
Fixative antl-DEN-2 antl-SCF anti-RHA 

Paraformaldehyde alone +1 +1 + 

Glutaraldehyde alone 0 0 0 

Methanol alone +4 44 0 

Acetone alone +3 +3 4-3 

Paraform + methanol +4 +4 0 

Para form + acetone 44 +4 44 

Paraform ■+ ethanol +4 44 44 

Glut + any solvent 0 0 0 

Table 32. Group B Cross Reactions by FA 

Cell-Vlrus-Flx 
D-2 LLC JEV - CEC 

MHAF Acetone Methanol Acetone Methanol 

anti 02 44 44 0 4-3 

antl SCF 4-2 44 0 0 

anti D4 , +3 44 - -' 

anti JEV 0 +4 44 44 

anti JEV SCF! - - 4-2 0 

anti JEV SCF2 - - 4-2 0 

anti Langet 0 4-2 - - 

anti St. Louis 0 44 - - 
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Correlati ■■:. with otl < T ^£U£ !> .'iruses.  Similar stiidies 
have been carried out with JEV infected cells.  Fixation affects the 
FA distribution of antiyens in JEV Infected evils in a similar manner. 
That is, any combination of fixatives with methanai results in a 
tight pcrinuclear halo.  Fixation with acetone results in a diffuse 
cytoplasraic fluorescence.  Antigens identified by antisera against 
column chromatographud complement-fixing JEV antigens, however, proved 
to be destroyed by methanol but not by acetone.  Because of the metha- 
nol labidity,   the column purified antigens apparently are not simi- 
lar to dengue SCF. 

Crns^ reactions observed.  A comparison of dengue antigens 
and JEV antigens were made using viral specific MllAF and various JEV 
or dengue infected cells.  Both antisera crossreacted under varying 
fixative schedules but interestingly, anti-SCF did not identify any 
JEV antigens.  (See Table 32) 

Further studies were made using dengue-2 infected cells 
and MHAF against Langat and dengue-4.  These are summarized in 
Table 32.  Of particular interest is the fact that methanol-stable 
crnss-rcacting antigens in addition to SCF are identified in this 
system.  Acetone fixation tends to reduce this cross reaction to nega- 
tive levels. 

Comparison of FA patterns in group A and group B viruses. 
The pattern of FA in group B infected cells is characteristic.  This 
is dramatized by the FA pattern in the group A viruses.  In general, the 
group A FA pattern is diffuse, involving both cytoplasm and membranes. 
The FA is diminished when acetone is the sole fixative used.  All other 
combinations of fixation are equally effective. 

EM Correlation. In view of the group B FA pattern it was 
of interest to examine the perinuclear zone of group B infected cells. 
Pertinent electron micrographs follow this section. 

Ihe most prominent features of the dengue or JEV Infected 
cells were the large accumulations of virus particles in the cisternac 
of smooth and rough endoplasmic reticulum in the perinuclear zone and 
the proliferation of 1 micron oval, membrane limited vesicles with 
reticular electron dense cores (CPV-1). 

The virus particles observed towards the periphery of the 
cell were generally found within smooth membrane vacoules. 

Many cells had widely dilated vesicles which contained 
many electron dense particles which resembled virus particles with 
aberrent shapes.  These dilated cesternae also contained vesicles 
which appeared to be collapsed CPV-1. 
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Dlscus.sioii 

Previous studies in this laboratory have indicated Chat 
the dengue SCF antigen is a nonstructural antigen.  The FA studies 
demonstrate that SCF and the heinagglutinins also differ in their 
stability in methanol.  SCF apparently appears earlier and Is restricted 
to the perinuclear zone of dengue infected cells. HA on the other hand 
is found not only in the perinuclear zone but throughout the cytoplasm. 
This suggests that SCF is an early function protein antigen of dengue-2 
and is involved in svnthetic functions rather than structural functions. 

Electron mlcroscopv of group B infected cells has thus far 
bue'i concentrated In ih<-  perinuclear zone. This zone is rich In all 
forms of endoplasmic rcticulum and contains many virus partlc es.  The 
zone also contains a strange vesicular structure which has previously 
been described in group A infected cells and called the cytopathlc 
vacoule Type I (CPV-1) (Grimby, et al, 1968).  The CPV-1 of group A 
infected cells has been implicated in RNA synthesis and Its location 
in the group B cells would be consistent with a synthetic function. 

The comparative studies suggest that the group B infected 
cells all contain a nonstructural methanol stable antigen.  This 
antigen(8) is perinuclear (zone of synthesis) but is apparently not 
SCF.  At least anti-SCF from dengue-2 does not cross react.  The lack 
of cross reaction with acetone treated cells may mean either a low level 
of cross reactivity,loss 'f antigen with acetone fixation, or the lack 
of cross-reacting acetone stable antiuens. 

From those studies, the membrane studies and the compari- 
son with the group A viruses we can begin to piece together the topo- 
graphy of group B synthesis, assembly and release. 

All sf.up ü synLln )is and assembly occurs within the deep 
endoplasmic reticulum as is evidenced by the lack of surface FA and 
the requirement for a lipid solvent for adequate levels of fluorescence. 
This Is In direct contrast to the FA patterns found in the group A 
viruses.  The early appearance of a nonstructural antigen SCF In the 
perinuclear zone, the lack of change in the distribution of SCF with 
time and the appearance of CPV-1 in the perinuclear zone all suggest 
that this area is a zone of viral synthesis. 

The presence of virus particles in the perinuclear zone 
implies that assembly also occurs in these synthetic zones.  The data 
from membrane experiments suggest that the major synthesis occurs on 
rough endoplasmic reticulum although no clear morphological data has 
been obtained.  The mode of viral assembly is not clear.  The presence 
of llpids in the virus suggests that the virus buds through the 
internal membrane.  There are no electron micrographs which clearly 
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show the process and there is no clear evidence of nucleoid structures 
on the cytoplasmic side of the endoplasmic reticulum as is found in 
the group A viruses.  Therefore, the question of the actual mode of 
assembly remains unanswered 

Finally, the virus Is apparently transported from the 
zone of synthesis and assembly in smooth membrane vacoules and released 
by "reverse pinocytosis" much as the manner of many normal cell pro- 
ducts are transported and released.  This is in distinct contrast to 
the mechanisms of release of group A viruses which can readily be 
found budding through surface membranes. 
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D.     Group  ii Arb ivir is   f. ■! yüU'.r.is«.; and  i'. ■ i \ ,r. i isi   i<\A  I'ruducts. 

In  the previous annual   report  and departmentdl   publications, 
it was  shown  that nonvirion but viral  specified antigens,   such as the 
soluble complement-fixing antigen   (SCF),  were produced  in dengue in- 
fected  cells  in  substantial  quantities;  preliminary work  Indicated 
a similar antigen probably also occurs  in JE virus   infected cells as 
well.     In order to selectively control  synthesis  in group  B arbovirus 
infected  cells,   it  is necessary  to know the  function,   sites of syn- 
thesis,   and composition of  the various particulate and  soluble virus 
specified antigens and proteins.     Some approaches  to  this  have been 
described  in  the preceding  sectiony.     In  this  section,   characterization 
of d'jngae and  JEV polymerase and  polymerase RNA products was  carried 
out  to   (1)   support  studies  on  sifos  of  synthesis on  the various   in- 
fected  cell membranes  and   (2)   Lo  determine whether  SCF   is   part  of  a 
polymerase molecule by  testin;;  the capacity of anti-SCF  to  inhibit 
the   formation  of polymerase RNA  products. 

Kibonucleic acid polymerase  is  necessary for  the replication 
of  the genome of RNA viruses   (Spiegelman,   1967).     This  enzyme has been 
described  in detail  in several RNA bacteriophage and  identified  in a 
number  of  animal RNA viruses  by  the RNA products generated  in a  suitable 
incubation medium.     RNA polymerase  has  been  described   in   several  group 
A arboviruses  by Sreevalsan  and  Yin   (1969),   Martin and  Sonnabend   (1967), 
and  Levin and  Friedman  (1971).     In  this  report we describe  the char'ic- 
teristics  of  the RNA polymerase and polymerase products  of  two group B 
arboviruses,   Japanese, encephalitis  and  dengue-2. 

Materials and Methods. Continuous rhesus monkey kidney cells 
(LLC-MK2) were grown in 32 oz glass prescription bottles in medium 199 
and chick embryo cells were grown  in roller bottles  as described above. 

Preparation of Enzyme. 

Chick embryo fibroblast cultures were  infected with 
Japanese  encephalitis virus   in 207, mouse brain suspension at an MOI  of 
10.     The  inocula was not poured off but merely diluted  to volume after 
two hours.     Either 6 or 8 roller bottles were used for each experiment. 
The JEV  infected cells were harvested at  18  to 24 hours post  infection. 

About  30  -   32  oz  bottles  of  LLC-MKT  cells were prepared 
and   infected with mouse brain  seeds of dengue  2 at  an  MOI   of  2. 
Following  22 hour adsorption  the  inoculum was washed  off and replaced 
with growth media.     After 48   to 92  hours  the cells were harvested. 
Enzyme preparation was  the same  for  both virus   infected  cell  types. 
The media was poured off and   the  cell  monolayers were washed   twice with 
lOcc  of hypotonic buffer   (Sreevalson and Yin,   1969),     One  cc  of hyptonic 
buffer was  then placed  in each bottle and  incubated  at 40C  for  30 min. 



The cells were then scraped of the wall with a rubber policeman,  pooled 
and homogenized in a glass pestle Dounce homogenizer with 30-35 strokes. 

The homogenate was centrlfuged at 2000 g x 5 mln and the 
supernatant was removed and centrifuged at 10,000 g x 20 min.    Again, 
Che resulting supernatant was removed and centrifuged at 65,000 g x 
180 min.    The pellets from each step were resuspended in hypotonic 
storage buffer   (Sreevalsan and Yin,   1969),  and aliquots  from each 
supernatant were taken.    The samples were frozen and stored at -70oc 
prior  to being monitored for CF activity,  protein content   (Lowry,  et al, 
1951),  and enzyme activity. 

Enzyme Reaction 

Most of the enzyme assays wer aied in 0.1 ml quanti- 
ties with the  following constituents:     10 to    .   lambda of an enzyme 
preparation and 0.05M Tris   (hydromethyl)  aminomethane (pH 8.0); 0.1M Mg 
CI2; 0.01M 2B mercaptoethanol;  0.025 micrograms actinomycin D;  0.01M 
phosphoenolpyruvate; 4 micrograms pyruvate kinase;   10 mi.cromoles of 
ATP,  UTP,  CTP and 3H guanosine triphosphate  (Imc/mM)   (Levin and 
Friedman,   1971). 

The reactions were terminated at appropriate times with 
5°!, TCA in saturated solution of sodium pyrophosphate.    The samples 
were filtered on a  .45 micron mllllpore filter with exhaustive washes 
of 57„ TCA.     The  filters were dried  in a 60° oven,  placed  in  scintil- 
lation  vials containing  liquiflor  and counted  in a Packard   liquid 
scintillation  counter. 

Batch preparations  for  product analysis contained  the same 
proportions but  in greater quantities. 

Variations  in  the various  components of the reaction mixture 
were used  in  control  experiments. 

RNA  Extraction. 

The RNA extraction was  performed  in  17» SLS  (0.1 or NaCl, 
0.01M Tris-HCl  pH 7.4;  and O.OOlM EDTA with cold phenol repeated three 
times.     The RNA was  precipitated out  of  the acquous phase  following 
the addition  1/10 volume of 2.5M NaAc  pH 5.2 using cold 95% ethanol. 
The RNA was  pelleted by centrifugation at  18,000 g x 20 min and re- 
dissolved  in O.OOlM NaCl,   0.01M Tris  MCI pH 2.2,  and O.OOlM EDTA.     The 
samples were  either used immediately cr stored at -  20oc until  use. 

Sucrose Density Gradients. 

Rate zonal  centrifugation was  performed  in preformed sucrose 
gradients.     Unless  otherwise noted  the gradients were 20-57o sucrose 
(w/v)   in  0.001 MRDTA,   O.OlM Tris   HCl  pH   7.2  and 0.1M NaCl.     Following 
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centrlfugation af.   the apprrprlate g   force;,   Ma'  gradient:-;  were collected 
in  5  drop   (about  200  larr.bJril   fractions by  bottom puncture  of   tubes. 

Some gradients   were  col]<;cted  directly   Into  scintillation 
vials,   dissolved  in   liquiflor   containing   1/20  volume  of   NCS,   and 
counted as total  counts. 

Acid  precipitable  counts were detemined   by  ti.e  addition 
of   10 volumes of   57,  TCA,   and  collection of  pre upitito  of  0.45 micron 
nitrocellulose millipore  filters which were th^n  dried   in a  60° oven. 
The dried  filters  were counted  in a  Packard  liqu.d  scintillation counter 
iollowing the addition of  liquiflor. 

Polyacrylamlde-agarose electrophore6_is   of  RNA. 

Preparation of  2.07 polyacrylamlde,   0.5"/   agarose gels 
(0.6  cm x  7 cm)  was performed  by combining  15 ml   of melted   1% agarose 
(w/v)   with  15 microliters  of   N,  N,   Nl,   N^   I atramethy letiiylenediamine, 
and  15 ml of  the  following mixture:     0.72  ml  of  woter;   5.28 ml of a 
stock  solution containing   157, acryiamide   (w/v)   and  0.75A. N,   N^-methy- 
lene bisacrylamide  (w/v);   and   12 ml  of gel  buffer   (0.04M Tris>  0.06M 
NaAc;   U.003 MEDIA pH 7.2).     Solidification  of agarose  was  prevented 
by mixing  the reagents at 450c,    After air evacuation 0.3 ml of a 
fi.esh  solution of   10X ammonium persulfate   (w/vi   was  added  and  the 
mixture rapidly  transferred  to warm glass  tubes.     "" ie  gels were stored 
in electrophoresij  buffer  to remove excess  catalyst.     Prior   to elec- 
trophoresis  the uneven  tips were sliced  and  the  gels were replaced 
into  j^lass   tubes  which had  one  end  capped  with dialysis   tubing.     The 
cample  50-100 micro]iters  werr  applied  to   the gel   and   run  at  5 ma 
until   the dye front reached the end   (60 min).    The gels were  removed, 
frozen,   sliced on  H  transverse slicer  into  1.8 mm sections,   placed  in 
scintillation vials containing   liquiflor and   1/20  volume of  NCS.     The 
gels were allowed  to swell  evernight and  then wer^  counted  in a 
Packard  liquid scintillation counter. 

Results. 

Fractionation of  Cells  and  Folymerast , 

The  virus  infected celli; wet^  fivctionated  into nuclear 
(2000g),  mi tochondrlal   (10,0ü0g)  and mlcrosomai   (65,ÜOOg)   fractions. 
The  enzymatic activity and  anrvgen of each  fraction was monitored 
(Table  3?  find 34).     The malor  portion of  the enzyme was  found  in the 
2,000g an-   lO.OOOg  fractions with  the  Highest spucific  activity in the 
LüjOOOg  fractim».     Electron microscopic  rtxaminatLon of   these  fractions 
revealed  that the  2,%0g  pellet contained  nuclei,   and  cytoplasmic 
fragments   'tfr-:cu^d   to r'uelei.     The   iU,C0Cg  eo^taincd  -,rewer nuclei  but 
flr   'iQmi::t.!/.c of  srootl1 arid  rough e.rdoilasrai.c  reticuiin.     Further 
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Table 33. 

Distribution of Polynerase Activity and Antigen from a Typical 
Extraction of JEV-infected Chick Embryo Cells from 8 Roller Bottles. 
Sample Number Eight Represents a 10,000 x g Pellet of Unlnfected Cells. 

JEV 
Net 
cpm 

143 

Protein 
(mgm/ml) 

1.97 

Specific Activity 
(cpm/nutm x 103) 

7.3 

CF Titer 

(1)  Homogenate 1:64 

(2)  600 g Pellet 5296 3.50 151 1:512 

(3)  600 g Sup 0 1.83 0 1:16 

(4)   10,000 g Pellet 1784 0.625 288 1:512 

(5)   10,000 g Sup 10 0.45 2.4 1:8 

(6) 65,000 g Pellet 0 0.25 0 1:16 

(7) 65,000 g Sup 50 0.64 16 1:2 

(8) CEC Cells 1410 4.8 5.8 0 

Table 34. 

The Distribution of Polymerase Activity and Antigen in a Typical Extrac- 
tion of dengue-2 Infected LLC-MK2 Cells from 30 - 32 oz.  Bottles. 

Fraction 
Net 
cpm 

507 

Protein 
(mg/ml) 

.47 

Specific Activity 
(cpm/mgm x 103) 

108 

CF T 
Anti-D2 

Lter 
Anti-SCF 

(1) Dounced Cells - 

(2) 600 g Pellet 454 .82 56 1:128 1:8 

(3) 600 g Sup 641 .20 320 1:8 1:2 

(4) 10,000 g Pellet 1777 .56 317 1:64 1:16 

(5) 10,000 g Sup 187 .18 102 1:6*4 1:16 
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doiincing and  recentrlf ugation oi  the  ^.OO'1  <-,  pellot   i'i i i t c:  tcj  signi- 
ficantly  reduce  the  amount  of  cytoplasmlc debris    T  the enzymatic 
activity. 

The enzymatic  activity  found   in  thetie  fractiiins   varied 
directly with  the   total   protein added  to   the  re.icti,-.  mixt urn   (Figure 
?7). 

Reaction  Characteristict'. 

Both 1EV and dengue-2 polynerabes r^qiircj Mg-H-, Kn-H- 
nould not be substituted and all three triphosphatcs v.trc- required 
(Table 35). 

Table 35.     The Effect of  Tncomplete  Media  on 
Polymerase Reactions of  Japauese 
Encephalitis and deneue-2   Viruses 

Incubation Dengue-2 JEV 
Media cpm c^m 

Complete 612 128^ 

Without Mg+ BH 25_ 

Without ATP Uv 160 

Without CTP 250 236 

Without DTP 119 150 

Q o 0 
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Kinetics 

JEV polymerase reaction proceeds  in close to a  linear 
pattern over  the  first two hours   (Figure 3711).    After  two  hours,   the 
reaction rate declines and  frequently  there  is  less acid percipitable 
reaction product at eight hours  than at  three hours   (Figure  38A). 
This suggests that a significant proportion of the reaction product  is 
single stranded and  that the enzyme preparation contain,   significant 
levels of nuclease. 

In contrast the dengue-2  polymerise reaction proceeds with 
linear kinetics only over the first 30 - 60 min  (Figure 37C).     The rate 
decreases  for  the next 30 mins und  generally  lapses  into a negative 
phase thereafter  (Figure 38B).    This  again suggests single stranded 
RNA and nuclease. 

Products 

A.     Cell  Products 

A small amount of acid precipitable RNA was observed in 
the reaction using uninfected LLC-MK2 cells or uninfected chick embryo 
cells.    This material was phenol extracted and precipitated  in ethanol 
and sedimented by rate zonal centrlfugation.    The products produced 
by these normal cells did not sediment and did not overlap with  the 
products observed from infected cells   (Figure 39 A and B). 

B.     JEV Polymerase Products f 

JEV polymerase generated RNA which was either  biphasic or 
was heterodibpersed by rate zonal centrlfugation.    The most   interesting 
aspect of this asymmetrical pattern was that the asymmetry was  in front 
of the migrating major peak.    The most  characteristic peak of RNA 
generated sedimented at about 22s   (Figure 40A).    When a distinct  second 
peak was observed,   it was about a 268  peak  (Figure 40B).    When the 
individual  fractions were treated with RNaso after rate zonal centrl- 
fugation,  RNase resistant RNA  (double  stranded)  was  limited  to  the 22s 
peak   (Figure 40A and B);  quite significantly,   the pattern of radio- 
activity in  the graaient becomes symmetrical  following RNase  treatment. 

When the polymerase product was treated with RNase prior 
to rate zonal  centrlfugation,   the  double stranded ?.NA migrated  as a 
15s peak rather than a 22s peak  (Figure 41)   . 

These results are highly suggestive of a double stranded 
replicative form (RF) and a heterodispersed partially double stranded 
replicatlve   Intermediate  (RI). 
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Figure 38.    Kinetics of Incorporation of 3H-GTP into acid preciplteble 
form by: 

a. JEV polymeraae, and 
b. dengue-2 polymeraae. 

The points are the average of triplicate samples. 
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Figure 39.    A.    Suorose gradient distribution of polymerase product 
renn normal chick cell extract;  0.48 mgm extract was  Incubated 

-vith enzyme medium for 120 minutes at 37C.    Following SLS-phenol 
extraction and ethanol precipitation,  the product was dissolved 
in 0.1 M NaCJ and placed on a 5 ml 20-5% (w/v) sucrose gradient 
and centrlfuged in the SW-65 rotor at 65,000 rpm for 120 minutes. 

ß.    Sucrose gradient distribution of acid preclpitable 
counts  from the  10,000 x g pellet of normal LLC-MK2  cells;  0.5 mgm 
pellet was  incubated 60 minutes  in complete media.     Following SLS- 
piionol  extraction and ethanol precipitation,   the. resulting sample 
was  placed on a 5 ml linear 20-5% sucrose gradient and centrlfuged 
at  65,000 rpm for 120 minutes  in an SW-65 rotcr. 
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Figure 40, A.  Sucrose gradient distribution of acid precipitable and 
RNase resistant JEV polymerase product from a 2000 x g enzyme pre- 
paration,  100 lambda of enzyme was reacted with complete media, 
SLS-phenol extracted and ethanol precipitated.  The redissolved 
RNA was layered on a 5.1 ml 20-5% (w/v) sucrose gradient and centri- 
fuged at 65,000 rpm for 90 minutes in a Beckman SW-65 rotor.  Fractions 
were split into two 100 lambda allquots which were either precipi- 
tated with 5% TCA or treated with RNase (200 gamma/ml) for 60 minutes 
at 37C before TCA precipitation. Arrows indicate relative position 
of marker chick cell RNA. 

B.  Sedimentation of JEV polymerase product in 5 ml 20-5% 
sucrose gradient.  The sample was prepared as in "A" ana layered 
on the gradient; centrifugation was at 65,000 rpm in the SW-65 
rotor for 120 minutes.  Individual fractions were split and TCA 
precipitated with or without RNase treatment. 
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Figure Al.  Distribution of JEV polymerase product when treated with 
RNase prior to centrifugation.  The 22s peak from a sucrose gradient 
was collected, re.precipltated in ethane], redissolved and split into 
two fractions.  One fraction wa1; diluted with distilled water and 
the second was diluted with an equal volume r>f RNase C200 gamma/ml) 
and incubated at 37C  tor f>0  minutes.  Both samplt-s were placed in 
5 ml 20-57o sucrose gradients and centtifucu'd in an SW-65 rotor at . 
65,000 rpm for 120 minutes, collected, and counted as acid preci- 
pitable counts. 
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Further confirmation of this suggestion was provided by 
gel electrophoresls.  The agarose-acrylamide gels separate molecules 
on the basis of size rather than the complex flotation separation 
afforded by rate zonal centrifugation.  The multistranded RI would be 
too large to enter the gel and the. double stranded RF would migrate 
more slowly than the viral RNA.  Figure 42 shows one such an electro- 
pherogram of JEV polymerase product showing the predicted distribution. 
Electrophoresls on more porous gels resulted in less apparent RF and 
(frequently) a trimodel distribution in the RF region (Figure 43A). 
When the same material was treated with RNase before electrophoresls, 
three rapidly migrating peaks were jbserved (Figure 4315).  This was 
considered consistent wltii the results with rate zonal runs. 

Dengue Products. 

The dengue polymerase products have not been as extensively 
characterized as the JEV products.  The general trend has indicated 
similar types of molecules exist In dengue polymerase product.  The 
pattern in rate zonal centrifugation Is biphasic with 22 and 26s peaks 
(Figure 44).  Gel electrophoresls results in a biphasic distribution 
similar to JEV (Figure 45).  However, we have been unable to find signi- 
ficant quantities of RNase resistant RNA in the dengue product (Figure 46) 

Discussion 

Our analysis of 2 group B polymerase enzymes indicates the 
ability to generate molecules consistent with a multistranded replica- 
tive intermediate and a double stranded replicatlve form.  The replica- 
tive form is about a 22s molecule which is converted to a 15s molecule 
upon RNase digestion.  The 22s molecule has also been described In 
dengue infected cells by Stollar (1967). A similar effect of RNase has 
been documented in Sindbis (Segal, et al, 1971), poliovirus (Baltimore, 
1966), and several phage (Erickson, et al, 1964). 

It is of considerable interest that upon denatur-ntion with 
DMSO or heat the 15s molecule of Sindbis migrates as a single stranded 
26s molecule. A heterodispersed replicatlve intermediate is also found 
in the group B polymerase products.  These molecules tend to peak about 
26s although this is variable.  The presence of a 26s Rl which should 
have a double stranded RNase resistant core may explain the obser.ations 
of Trent, et al (1969) in St. Louis Virus, who found that the II. S. 
form was partially RNase resistant.  Further ehe two molecules which 
can be in the 26s region of a gradient (i.e., RI and interadjacent RNA) 
of arbovirus-infected cells may explain the confusion In the literature 
on this subject.  The results obtained by each Investigator lepends 
upon the relative amount of R! or single stranded 26 RNA present under 
the conditions used by each investigator. 

At the present time we have little or no evidence of 42s 
RNA (Form Incorporated into the virion) being produced in our reaction 
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Figure 42.  Electropherogram of JEV polymerase product from a 
2000 x g pellet in a 2% polyacrylamide gel electrophoresed at 
5 ma for 60 min.  The gel was fractionated by lateral slicing 
and counted in NCS-liquifluor. Arrows indicate position of 
marker RNA in a parallel gel. 
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Figure 43.  Electropherogram of JEV polymerase product in 1.5% poly- 
acrylamide-agarose. 

Electropherogram of JEV polymerase product In 1.5% 
polyacrylamide which was pretreated with RNase (200 gamma/ml). 
Arrows indicate relative position of marker ROMA« 
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Figure 44.  Sedimentation characteristics of dengue-2 poiymerase 
product. 

a. 3H-GTP labeled dengue product RNA ai i i4C-Chick cell 
RNA were co-run in a 5 .nl 20-5% sucrose gi:aJ.\etit in an SW-5Ü.1 
rotor at 50,000 rpm for 150 minutes. 

b. Peak fractions of the poiymerase product were plotted 
on a  straight line graph established by the standard chick 
embryo cell RNA (CEC^NA) sedimentation coefficients. 
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Figure 45. Electropherogram of 
dengue-2 polymerase products 
following electrophoresis for 
60 minutes in 2Z acrylamide. 
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Figure 46. Rate zonal distribution 
of dengue polymerase product RNA. 
Polymerase product was prepared 
in complete media, extracted in 
SLS-phenol, precipitated in etha- 
nol and redissolved in TNE buffer. 
The sample was layered on a 5 ml 
20-5% sucrose gradient and centri- 
fuged in a SW50.1 rotor at 
50,000 rpm for 150 minutes.. The 
200 lambda fractions were 
divided into RNase treated and 
untreated samples.  RNase was 
20 gamma/ml and both aliquots 
were incubated at 37C for 60 
minutes. 
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■incvon initiation .uid Lurniinaciun of chains such as in bacteriopiiast.; 
'Kiciiardsun, et al, 1970; Rnberts, et al, 1969). 

The information on RNA products ^■.mo.rm.cü  by thv.  poly- 
iiierasc system will he integrated into studit.s of sice;; of antigen and 
protein synthesis in infected cells.  Species of R,\A assoeiated wit.h 

the several types of membranes of infected cells described in a sepa- 

rate section above will be characterized by the methods described in 

i In s section.  finally, as an attempt to determine the function of 

aonstrnctural antigens which react in serolo^ical tests, antiserum 

against these antigens can now be tested for the capacity to inhibit 
the formation of polymerase products. 

E.  Comparative Structure of Arbovirus by Size Analysis of Vinon 
Polypeptides and Nucleic Acids. 

Group A and group L arboviruses have several morphological, 

physical-chemical, and biological similarities.  However, the estimated 

sizes of their ribonucleic acid (RNA) and their structural polypeptides 

show marked differences.  Further there is a lack of agreenu : ' among 

investigators regarding the number of structural polypeptid 

group B arboviruses.  These conflicting data may be the n .■ 
either a tiue structural heterogeneity among arbovirase: 

to variations in the techniques used in each laboratory, 

compared the RNA and structural polypeptides of sever.'' 

^roup B arboviruses under standard e-pcrimen!"a I comliLf 

resolve the differences and to gain seme insight into tin 

basis for the serologi.cai groups.  A third group of arbo«. 
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iruses, the 
Öunyarawera group, which contains California encephalit i.' virus, was 

examined under the same experimental conditions since little is known 

at the molecular level about this important group of virusos. 

Methods. 

Three of the group A viruses that wer«.; examined, Sindbis, 

eastern and western equine encephalitis, were propagated in primary 
chick embryo flbroblast cell culture wnile the fourth, chiksni^unya 

was propagated in an established line of baby hamster kidney cells. 

(Several of these agents were propagated in both cell types and no 
differences in their polypeptide composition was detected.!  Cell 

cultures in 32 oz prescription bottles were infected at a multiplicity 
of infection (MOI) of approxinu 1Ü during ar adsorption period of 

one hour at 3^0C,     The inocile was washed off th<j cell monolayers by 
rinsing then five times wi ti   nks' balanced salt solution and replaced 
with medüim consisting of tv  per cent dialyzed fetal bovine serum in 

•■.lediutr 199 with 1/20 the normal level of amino acids.  After further 
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Figure 47.    Rate-zonal centrlfugatlon In 15-30 percent sucrose 
gradients of representatives of Group A (Sindbis) , Group B  (dengue-*., 
and California Group  (BFS-283) arthropod-borne viruses. 

33G 



incubation fur two hours in order to  allow lor Lessatiun of host 
protein synthesis, radioactive amino acids and/or uridinc was added 
('j microcuries/ml l^C or 30 microcuries/ml jH).  Maximum production 
of virus by the infected cells occurred at   12-lr/ hours.  The radio- 
actlvt;, infected medium was harvested at lb hours and mixed with an 
equal volume of saturated ammonium sulfate to  precipitate the virus; 
30-90 fold concentration was effected by resuspension of the precipitate 
in an appropriate volume of 0.01 M Tris 0.15 M NaCl-O.OGl M EDTA 
buffer, pH 7.6.  This material war. layered onto a 15-307. sucrose 
gradient and centrifuged at 25,000 rpm for three tiourd.  The radio- 
active peak just below the center of the gradient (Sindbis is used as 
an example in Figure 47A, top panel) was previously shown to contain 
the majority of infectious particles.  Aliquots of this rate-zonal 
purified virus was degraded into its constituent polypeptides with 
It  sodium lauryl sulfate (SLS) and 17. 2-mercaptoetlianol (2-ME) at 
10üoC for 10 ninutes and then analyzed by polyacryiamide gel electro- 
phoresis as described above. 

Radioactive group B viruses (Japanese encephalitis, dengue, 
Lie Asibl and French neurotropic strains of yellow fever, langat and 
St. Louis encephalitis) were propagated in a continuous line of monkey 
kidney cells  (LLC-MK-2).  Maximum production of group B viruses 
occurred by 30 hours after infection, taking about two to three times 
as long to replicate as those in group A.  Further, sufficient quantities 
of radioactive virus could only be obtained by allowing replication to 
proceed for at least five days for some agents (dengue, yellow fever 
and Langat).  Infected cells were maintained in 0.27; FBS In medium 199 
with 1/10 the normal level of amino acids plus 30 uc/ir.l ■-'.' amino acids 
or 3.3 uc/ml ^C amino acids.  The group B viruses were pelleted from 
the culture medium (78,000 x g for three hours or 192,000 x g for 75 
minutes) and concentrated 50 to 100 fold by resuspension in Tris-saline- 
EDTA buffer, pH 8.2.  Resuspension was facilitated by sonicatlon in a 
sealed tube at full power (10KC) in a Raytheon apparatus.  Virlons of 
each group L virus were Isolated In 5-257 or 5-35'"; sucrose gradients 
centrifuged for 3.0 to 3.5 hours at 63,000 x g, similar to rate-zonal 
centrlfugati.on shown in the JEV-protein section above.  however, for 
purposes of comparing group A and group B sedimentation characleristics, 
dengue-? 'group B) was co-sedimeuted with Sindbis (group A) on a 15- 
30% sucrose gradient (Figure 47, top panel). Group A virlons reproduclbly 
sediment faster than those in group 3.  Degradation of the sucrose puri- 
iled virlons was carried out with SLS and 2-ME and analyzed on poly- 
acry lam 1 de jels as described above. 

California encephalitis virus and the related agents, 
Tahyna and Bunyamwera, were propagated in chick embryo cell culture 
as were the group A agents except at an MDI of 0.1 to J.  Adsorption 
time was 1,5 hour after which the inoculum was washed out and replaced 
with amino acid deficient medium as described for the group A viruses. 
Radioactive amino acids were added four hours later rauher than 
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Immediately after  the end of the absorption period because of  the 
lower MOI.     The radioactive,   Infected cell  culture medium was har- 
vested at the  first  sign of CPE,   usually  two to three days  later,   and 
viral products were concentrated and purified In 15-30% sucrose 
gradients  In  the  same manner as  the group A agents.     Under these con- 
ditions  (63,000 x g  for three hours),   the Bunyamwera group agents 
(Bunyamwera,  California and Tahyna virlons)   sedlmented near  the bottom 
of  the gradient while  the group A agents  sedlmented much slower.    An 
example is given  In Figure 47,  bottom panel)  where California  (BFS- 
283) virlons were sedlmented under the  same conditions as Sindbls virlons. 
Clearly,  sedimentation characteristics al^ne compartmentalize at  least 
some of the members of the major groups of arthropod-borne viruses. 

Results. 

Folyacrylamlde gel electrophoresis of SLS-degraded, sucrose 
purified virlons reveal similarities of each of the members of the major 
serogroups at the molecular level. The group A virlons of WEE, EEE, 
Sindbls and Chlkungunya preparations contain two polypeptldes when ana- 
lyzed under these conditions (Figure 48).  Strauss and Bürge.(1968) 
determined that the two polypeptldes of Sindbls virus had molecular 
weights of 50,000 and 30,000.  Since these values are generally accepted 
as correct, the present data suggest that the four group A viruses 
examined here each contain two polypeptldes with molecular weights of 
50,000 and  30,000 dal tons. 

When sucrose-purified virlons were treated with a non- 
ionic detergent (NP-40) as described in the JEV section above, and 
resedimented through another sucrose gradient shown in the following 
section (VII A), a dense RNA-rich particle was obtained. Degradation 
of this particle with SLS and 2-ME followed by analysis on polyacry- 
lamlde gels resulted in only one peak of radioactivity; this peak was 
shown to co-electrophorese with the 30,000 MUT protein.  Thus, Che 
smaller of the two proteins is termed the "core" protein and the larger, 
50,000 MWT protein, having been removed by the detergent, is called the 
"coat" protein. 

Folyacrylamlde gel electrophoresis of "SLS degraded group B 
virlons generally reveals three polypeptldes (Figures 49 and 50).  The 
small radioactive peaks to the left of the largest peak (and largest 
protein) of St. Louis encephalitis and yellow fever viruses probably 
represent aggregates that "hang up" near the top of the gel where the 
sample Is applied.  The largest and smallest of the three proteins 
of these group B virlons are considered "coat" proteins since nonionlc 
detergents remove them from the virion surface.  Following the deter- 
gent treatment, a dense RNA-rich "core" isolated as described and shown 
in the JE protein section above, contains only the middle of the three 
peaks shown in Figures 49 and 50. This core protein has now been 
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Figure AiS.     Poiyacrylamide gel  electrophoreti K  of  sodium   lauryl 
.iulfate degraded,  radioactive group A virions;  migration  is 
from  lolt   to  right.     The   larger peak  is  the  surface or  "coat" 
protein   (50,000 daltons    and  the smaller  penk  is  the   internal 
or  "tort" protein   (30,000 daltons). 
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Figure 49.     PolyacryUmide gel  electrophoresls of SLS degraded, 
radio-active group B virions;  migration is from left to right. 
The largest and smallest peaks are surface  (coat) proteins and 
the center peak is the internal   (core) protein. 
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Figure 50.    Polyacrylamlde gel electrophoresis of  SLS-degraded, 
!,roup B vlrlons.     Japanese encephalitis virion proteins were 
coelectrophoresed with  Sindbis virion proteins  as standard 
markers  (lower panel). 
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documented for dengue, JEV,   SLE viruses;  It is assumed that the other 
group B agents are the same. 

Approximate molecular weights were assigned to the three 
structural polypeptides of JE by coelectrophoresis with the two struc- 
tural polypeptides of Sindbis virus now accepted as standard molecular 
weight markers  (Figure 50,  lower panel).    The size of the major JE 
coat protein is very close to the Sindbis coat protein,  being slightly 
larger   (53,000 daltons compared to the 50,000 Sindbis marker).    However, 
the core protein of JE is very much smaller than the group A core 
protein  (13,500 daltons compared to the 30,000 Sindbis marker).    By 
extrapolation the minor JE coat protein is approximately 8,700 daltons. 

The vlrion polypeptides of several group B arboviruses have 
been described by other investigators:    Those of dengue-2 virus by 
Stollar  (1969); Kunjin virus by Westaway (1969); and St.   Louis ence- 
phalitis virus by Trent (1971).    There are reproducibly three size 
classes of polypeptides, but the estimates of molecular weights for 
each sice class vary considerably among the different  laboratories: 
7,500 to 13,000 daltons for the small surface protein,   13,000 to 
18,000 daltons for the Internal or "core" protein, and 53,000.to 65,000 
daltons  for the large surface protein.    Because analogous findings for 
different strains of poliovirions have been taken as evidence for variable 
post-translational cleavage,   it was of importance from both mechanistic 
and taxonomic views to determine the actual variation in group B virion 
polypeptides.    The virions were dissociated with SLS and 2-ME, mixed 
two at a time and analyzed by coelectrophoresis on polyacrylamide 
gels.    Differences in mobility were assumed to be related to changes 
in molecular weight, although recent studies have indicated that both 
charge and lipid binding can slightly influence mobility even in SLS- 
containing gels.    Furthermore,  since the large surface protein in a 
glycoprotein,  the exact significance of mobility changes is unclear, 
but growth of all viruses in the same host cell would minimize effects 
due to carbohydrate variation. 

Figure 51 represents coelectrophoresis of JEV with dengue-2 
and SLE virion proteins.    All  three viruses have very similar size poly- 
peptides with a variation in molecular weight of less than 10 per cent 
(Table 36);  the polypeptides starting with the smallest are designated 
V  (virion)-l,  V-2 and V-3.    By contrast, coelectrophoresis of a tick- 
borne group B arbovirus. Langet  (TP-21), with JEV reproducibly reveals 
that the Langet small surface protein (V-l) migrates more slowly, 
indicating a 12 per cent Increase in molecular weight  (Figure 52, upper 
panel,  and Table 36).    Russian Spring Susner Encephalitis   (RSSE) virus, 
another  tick-borne agent,  possessed e V-l of essentially  identical 
mobility  to Langet  (Figure 52,   lower panel). 
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Figur« 52. Coelectrophoresla of Japanese encephalitis virion (JEV) 
proteins with those of Langet (TP-21) (upper panel) and coelectro- 
phoresis of Russian spring-suaaMr encephalitis (RSSB) virion 
proteins with those of Langet (TP-21) (lower penel). 
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Table 36 

Molecular Weight Estimates of 
Group B Virion Polypeptide* 

V-l V-2 V-3 

JE                              8.7 13.5 53 
SLE                            8.7 14.5 50 
DEN-2                       8.7 13.5 54 
TP-21                        9.7 13.5 54 
RSSE                          9.7 13.0 5A 
YF   (FNT)                 9.0 16.0 51 
YF   (Asib)               9.0 16.0 51 

* Relative to JE polypeptldes. 

When  a member of a different  group  B subgroup,  yellow 
fever,  was examined,  a major difference was  fouiul in the size of V-2, 
the core polypeptide:     coelectrophoresis  of Frtuch neurotropic yellow 
fever,  a nonvirulent strain,  with JEV  (Figure 53,  upper panel) 
indicated that  the former possessed a V-2 with significantly  slower 
mobility,  suggesting a molecular weight  increase of 19 per cent 
(Table 36).     Similarly,  a virulent  strain of yellow fever,  Asibi,   had 
a V-2 very similar  to  that of the French neurotropic strain   (Figure 
53,   lower panel,  and Table 36). 

All group B arboviruses so  far studied have  three 
analogous virion polypeptldes,   indicating a  fundamentally similar 
structure for all  of them.    Despite this,   two major shifts in molecular 
weights have been  found:     (1)  V-l,   the small coat protein,   is about 
127, larger  in  tick-borne viruses than in nontick borne viruses;  and 
(2)  the core protein is about 20% larger  in yellow fever viruses  than 
In other group  B agents.    Thus,  even subgroups within the group B 
complex may have a unique.size class of polypeptide as reflected either 
in the core protein or one of  the surface  proteins.    The virion poly- 
peptldes comprise about  75,000 daltons,   corresponding to only about 
25°; of the coding capacity of the viral  genome.     Since there  is  little 
variation in  the size of the major coat protein,  the substantial  varia- 
tion  in molecular weight of the smaller analogous polypeptldes does not 
imply any changes  In the size of Che genome and is consistent with 
ambiguous post-translational cleavage. 

Viral  RNA. 

In order to compare the relative size of group A and group 
B genomes, radiolabeled viral RNA was extracted fmm sucrose gradient 
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Figure S3.    Coelectrophoreals of J«p«nete encephalitis virion (JEV) 
protein« with those of French neurotropic yellow fever (YF, upper 
panel) and coelectrophoreals of Aaibi yellow fever virion proteins 
with those of French neurotropic atrain  (lower panel). 
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purified   virions  bv   the  SLS-phcnol  racthüd   ;■   .criliJ   i.i   the  polymerase 
section above.     Extracted RNA's  were mixed with  similarly   purified 
Sindbis  RNA and  electrophorcsed   in   2.0''  polvacrylamide-agarose gels. 
The RNA's   of all of  the examples  of  group A  and group   B viruses 
migrated with   the  Sindbis  RNA   (Figure  54).     This  established  that   the 
genome of  all  of   the arbovlruscs   studied  have  genomes  of   similar  size. 
Occasionally,   some displacement   of   the  peak  fractions   in   relation  to 
Sindbis  occurred.     This  displacement,   liowevir,   was not   consistent and 
prolonged  electrophoresis did  not   lead   to  further separation.     While 
these experiments establish  that  the arboviruses have genomes of  the 
same magnitude,   they do not preclude the existence of minor differences 
which might be resolved with  more   sensitive  techniques. 

The molecular weight   of  Sindbis RNA,   used   in   these  studies 
as  the reference arbovirus RNA,  was  dtitennmed by using  cluck cell 
ribosomal  RNA as a marker  (Peacock and Dingman,   1903;.     Our determina- 
tions  ranged  from 3.7 x  10^  to 4.2 x  10^ da I tons with  a mean of  3.9 x 
106  daltons  for  the molecular  weight  of  Sindbis  RNA   (Figure     55). 

Finally,   polyacrylamide gel electrophoresis  of  the 
Bunyamwera group virions  is depicted  in  Figure  56).     These  viruses also 
have  three  structural  polypeptides  as  do  the group  b viruses,  but  they 
are of a  completelv different  size  class.     Sindbis marker  proteins 
(group A)   are shown  in  the upper  panel  and may be compared with  the 
Sindbis-JEV(Group B)  co-run  in a previous  figure.     Which of  these 
proteins   is associated with  the virion "coat" or nucleic  acid "core" 
has yet  to be determined. 

These  investigations  have clearlv  shown   that   the virions 
of   the major serogroups  of arthropod-born'C   viruses have  unique poly- 
peptide compositions which can  aw.ve as a beginning  for  explaining at 
the molecular  level  the structural   basis  for  the  interrelationships 
among  the members of  these groupr.     These data ctnfirm and  extend 
the previous  impressions of  structural homogeniety within  serologic 
groups gained  from physicalj   chemical and seroiogical   techniques. 

VII.     Antigenic  Analysis  of Arboviruses 

A.     Radio-immune   Proi inltat ion of  group A Arbovirus  Antigens. 

Arbovirus  seroloRy   has   been cumbersome   in most   laboratories; 
seroli'gical   Interpretation  it   oft in complicated  by  intr^-group reacti- 
vity,   closely related     (antigenic)   virus complexes within  groups and a 
low degree oi   individual virus   type specificity.     Investigation of 
purified  type  specific and group  reactive antigens of arboviruses was 
initiated   to  understand   their   immunological  rtactivity. 
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Figure 54.    Comparison of the rlbonuclelc acid  (RNA) extracted from 
purified Slndbls vlrlons with: 

a. Eastern equine encephalitis (EEE) RNA; 

b. Japanese encephalitis virus (JEV)  RNA; 

c. Western equine encephalitis (WEE) RNA;  and 

d. Dengue-2 RNA. 
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Figure 55.  Coelectrophoresis on a polyacrylamide-agarose gel of Sindbis 
virus ribonucleic acid (RNA) and chick embryo cell (CEC) ribosonal RNA. 
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Figure 56.    Polyacrylamlde gel electrophoresls of SLS-degraded 
Bunyamwera group vlrlons; migration Is  from left to right. 
Slndbls vlrlon proteins   (group A) were used as markers in a 
co-run with California encephalitis vlrlon  (CEV) proteins in 
the top panel. 
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Studies reported herein include an examination of the 
antigenic interrelationships of Sindbis (SIN), Western and Eastern 
equine encephalitis (WEE and EEE) viruses using radio-immune precipi- 
tation (RIP) techniques.  These three representatives of the group A 
arbovlruses have been previously demonstrated to contain only two 
structural proteins of similar molecular weights (Annual Report 1970) 
and share other common characteristics. 

Materials and Methods 

Virus Strains.  All stock virus suspensions used as 
infective inoculum consisted of 207o Infected suckling mouse brain 
suspensions.  The Cambridge strain of EEE, MacMillan strain of WEE 
and Sindbis strain AR339 were used exclusively. 

Cell Culture and Virus Propagation.  Primary chick 
embryo cell fibroblast cultures were prepared from 10-day embryonated 
hen's eggs and girown in 32 oz prescription bottles using lactalbumin 
hydrodlydate medium with Earles1 balanced salts, supplemented with 5% 
fetal bovine serum and antibiotics.  Confluent monolayers were In- 
fected with a multiplicity of infection of 10, the infective inoculum 
removed after one hour adsorption and virus containing supernatant 
fluids harvested 14-16 hours post Infection. 

Radlolsotopic Labeling.  In preparing radioactive virus 
suspensions either carbon^ or tritium labeled L-amino acid mixtures 
(New England Nuclear, Boston, Mass.) were added to Infected cultures 
containing Medium 199 without added amino acids and 27. dialyzed fetal 
bovine serum.  Final concentrations of radioactivity added were 10 
microcuries per ml for ^H labeled preparations and 1 mlcrocurle per ml 
for 14C. 

Virus Concentration and Purification.  Infected cell 
culture harvests were clarified by centrifugation at 4000 x g for 20 
minutes prior to concentration.  Clarified virus suspensions were 
precipitated by the dropwise addition of sufficient cold saturated 
ammonium sulfate solution to yield a final concentration of 60%.  Satu- 
rated ammonium sulfate solutions were adjusted to pH 7.4 with 1 M Trls 
prior to use.  Precipitated virus suspensions were mixed for 30 minutes 
3t  4C,C and centrifuged at 16,000 x g for 30 minutes.  The resultant 
precipitate was resuspended in TS. buffer  ( O.OIM Tris-HCl pH 7.4, 
Ü.1.5M Na Cl, O.OOlM EDTA) to yield a final concentration of 30-50 times 
original. 

Purified vlrions were obtained by rate zonal centrifuga- 
tion of the concentrated virus In 30 ml 15-307, sucrose gradients on 
a 70/' sucrose cushion; 1.2-2.0 ml samples were layered on top and 
contrifuged at 65,000 x g for three hours In the Beckman 25.1 rotor. 

3oi 



One ml fractions were collected through a puncture in the bottom of the 
tube and assayed for radioactivity and infectivity; peak infective 
virus was usually found in fractions 10 to 13. 

Assay Methods.  Infectivity was determined by plaque 
assay on primary chick embryo cell monolayers.  Plaque reduction 
neutralization tests consisted of incubating approximately 100 plaque 
forming units with dilutions of antisera at 370C lor 30 minutes, and 
following plaque assay, calculating on profit paper the dilution of 
antisera that neutralized 50% of the plaque dose.  Hemagglutinatlon 
tests were performed by a microtiter modification of the method of Clark 
and Casals, using borate saline pH 9.0 and male goose erythrocytes. 
Sindbis virus hemagglutinin was assayed at pH 3.8 while WEE and EEE 
hemagglutinins were assayed at pH 6.0 and 6.2, respectively.  Hemag- 
glutinatlon inhibition procedures utlized acetone extracted antisera. 
Complement-fixation tests were performed according to the method of the 
Department of Serology, WRATR. 

Preparation of Antisera.  Mouse hyperinanune ascitic fluids 
(MHAF) were prepared as described in previous annual reports using 
Sarcoma 180 cells for the induction of ascites. Antiserum to mouse 
serum was prepared in rabbits by two intradermal 1 ml injections of 
mouse serum mixed in equal proportions with Freund's complete adjuvant. 
Injections were given one month apart and animals bled by cardiac 
puncture 10 days following the last injection. 

Radio-inmune Precipitation. Radio-innuine precipitation 
procedures were essentially the same as those described in the previous 
annual report, employing 0.05 ml test antigen, 0.05 ml diluent or 
inhibitor, 0.05 ml anti-virus antibody and 0.05 ml anti-mouse serum. 
RIP Inhibition tests utilized a two-hour prelncubatlon of inhibitor and 
anti-virus antibody prior to the addition of the remaining reagents. 

Results. 

Homologous RIP Reactions. The precipitation of a con- 
stant amount of radioactive virion over a broad series of antiserum 
(hyperinanune mouse ascitic fluid) dilutions is shown in Figure S7A. 
Reduced precipitation observed at low ascitic fluid dilutions apparently 
resulted from ascitic fluid excess since precipitation at these dilu- 
tions could be Increased upon the addition of higher concentrations of 
anti-mouse serum. A plateau of 1007. precipitation Indicated that all 
radioactivity was antigen associated. The linear decrease in per cent 
precipitation observed at higher dilutions of ascitic fluid reflected 
the antibody titer of the ascitic fluid and not anti-mouse serum excess 
since the addition of normal ascitic fluid did not increase precipitation. 
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Figure 37.    A.    Radlolnmme preclpit!»t\on (RIP) of    H-WEE virus with 
WEE hyperianune mouse ascitic fluid (BHAF) dilutions using 1:20 anti- 
mouse serum. 

B.    Effect of varied WEE virus concentration on RIP with 
WEE HMAF.    Antigen concentrations shown consisted of undiluted,  1:2, 
1:4 and 1:8 dilutions of a single WEE virlon preparation. 
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The comparative sensitivity of the RIP test is shown 
in Table 37.  The antibody titers of the three immune ascitic fluids 
were approximately equal by both CF and HAL.  Both EEE and WEE virus 
immune ascitic fluids were tenfold higher titered than Sindbls immune 
ascitic fluids in both neutralization and RIP.  The RIP test appeared 
the most sensitive and both neutralization and RIP resulted in hundred- 
fold increases in antibody titer over CF and HAI. 

Table 37. 

COMPARATIVE HOMOLOGOUS ANTIBODY TITERS OF MOUSE 
HYPERIMMUNE ASCITIC FLUIDS 

SEROLOGICAL TEST 

VIRUS CF1 HAI2 NEUT3 RIP4 

Sindbls 12.8 6.4 10Ü 200 

WEE 12.8 12.8 1000 2000 

EEE 12.8 12.8 1000 2000 

(All titers = 1/AF Dilution x 102) 

^ Complement fixation. 
2 Hemagglutlnation inhibition. 
3 Plaque reduction neutralization (507.) 
4 Radio-immune precipitation. 

Increased sensitivity demonstrated by RIP was found to 
be dependent on the antigen concentration employed.  The effect of 
varying antigen concentration on the per cent precipitation is shown in 
Figure 57B.  Increasing antigen concentration served to effectively 
reduce both the plateau and the  50% RIP antibody endpoint of the innune 
ascitic fluid. 

The relationship of antigen concentration and per cent 
precipitation at a constant antiserum dilution is shown in Figure 58A. 
Per cent precipitation decreased linearly with increasing virus concentra- 
tion over a 100-fold range.  The uniform slope of the resultant line 
indicated a direct relationship between the per cent RIP at a constant 
antiserum dilution and the antigenic mass of the virus preparation. 
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A homologous KIP inhibiihn iir.in.', .'irsinr, diiiitions ul 
unlabelcd Sindbis virus as inhibitor is shov/r, in Fii'iiru i^H.  The 100' 
inhibition observed at low dilutions of inhibitor demonstrates that 
RIP reactions can be completely inhibited whereas the linear portion 
of the curve illustrates the relationship between por cent inhibition 
and inhibitor concentration. 

Hcterologous KIP Reactions.  Anti^enic rcl itionships of the 
three viruses and their respective antisera were examined using KIP 
procedures (Figure 59),  Homologous RIP titers were always evident far 
beyond the dilution range exhibiting cross-react ions.  Cross-reacLions 
were demonstrated between WEE antiserum and Sindbis virus and with 
Sindbis antiserum and WEE virus.  However, neither of these antisera 
reacted with EEE virus preparations.  Eastern immune ascitic fluid 
appeared specific inasmuch as no reaction with either Sindbis or WEE 
virus was detected.  These data illustrate the closer unigenic re- 
lationship of WEE and Sindbis compared to EEI! virus. 

The effect of antigen concentration on RIP cross-reactions 
was investigated using Western Immune ascitic fluid ami the cross- 
reacting Sindbis virus (Figure 60),  At low antigen concentrations 
(1 unit) precipitation approached 1007 but decreased as antigen concen- 
tration was increased.  At high concentrations ol antigen ( )2 uiiitfl> 
less than 20'/  precipitation was achieved over the «ni ii ■ dilution range. 
Of particular interest was the observation that <i irtermidiate Sindbis 
virus concentrations, the precipitation curve appeared hi phasic with 
maxima at ascitic fluid dilutions of 1:100 and 1 : 10()(). 

A detailed examination of the homnlogou}, WKI reaction 
and the heterologous reaction with Sindbis virus was c mducted using 
multiple small increment dilutions of WEE immune ascitic fluid 
(Figure 61A).  Three separable regions of antibody activity were demon- 
strated.  The homologous reaction of Western immune ascitic fluid 
with WEE virus was detectable at a dilution range greater than that 
cross reacting with Sindbis virus.  Precipitation in this region 
(Region 111) appeared specific.  The RIP reaction with the cross- 
reacting Sindbis virus yielded a region of reaction at low dilutions 
of the antiserum iKegioti 1) which resembled the cross-reactions observed 
using equivalent antigen concentrations (Figure 59).  The second peak 
of the hiphasic cross-reaction curve (Region II) could only be demon- 
strated using selected concentrations of Sindbis virus. 

The specificity of the antibody described in each of the 
three regions was exanintd by inhibition of the RIP reaction using 
unlabeled virion preparations (Figure 61B),  WLE virus completely inhi- 
bited the homologous WEE RIP in Region HI while Sindbis and EEE viruses 
inhibited only slightly.  All throe viruses inhibited greater than 50/ 
of the crof.s-reartion in Region II yet only Sindbis and WEE viruses 
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Figure 58. A. Relationship of virus Infectlvlty (antigen concentration) 
and percent radiolmine precipitation. Sindbis hyperlmune mouse 
ascitlc fluid (IMAF) at 1:10,000 dilution was constant in all RIP 
reactions. 

B. Inhibition of homologous RIP. Inhibition of 50X precipi- 
tation of 3H-Slndbis virus by dilutions of unlabelled Sindbis virus. 
Sindbis HMAF was used at a 1:10,000 dilution. 
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Figure 59. Conparative homologous and heterologous RIP reactions were 
performed using equivalent antigen concentrations of each of the 
three viruses indicated in each panel (4 X 106 PFU per test). 
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Figure 60.    Effect of varying antigen concentrations on radio 1—uiie 
precipitation cross reactions.    WEE byperiamne mouse ascitic fluid 
dilutions were reacted with two-fold dilutions of a Sindbis virion 
preparation. 
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Figure 61. A.    Three regions of antibody reactivity In WEE byperianune 
mouse ascitic fluid. 

B.    Radloinmine precipitation (RIP)  inhibition of the three 
regions of antibody reactivity.    Inhibition reactiore   enployed the 
addition of unlabelled virion suspensions to the appropriate dilutions 
yielding 50% RIP in each of the three regions.    Maximal lahibition 
resulting from the addition of from 10? to lO^0 PFU of the respective 
cold  (unlabcllod) viruses is listed as a percentage. 
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exhibited significant inhibition in Region I.  Inhibition of the Sindbis 
cross reaction In both regions I and II was unexpected since these dilu- 
tions of Western immune ascitic fluid contained considerable specific 

WEE virus antibody excess. 

Dil ferent ial Kit' of Virus "Core" Pirtirles and "Coat" 
Protein.  Virus "cores" and "coat" (surface) protein wore produced by 
treatment of purified virion suspensions with the nonionlc detergent 

NP-40 and each component isolated in relatively pure form by rate 
zonal centrifugation in sucrose gradients (Figure dJAi.  The peak labeled 
"A" near the bottom of the gradient is prohahlv residual undegraded 

virion since it contained most of the infectivity; further, polyacry- 
lamide gel electro(ihores i.-; of this fraction revealed two puiypeptides 

(Figure 62B) typical of thu intact Sindbis virion c >"i 'sirion described 

by Strauss, et al (1%8).  I'he sucrose gradient peak labeled "B" 

In the center of the gradient Is probably the "core" since it is a 

sedlmentable structure containing nucleic .tciii as measured bv incorpo- 

ration of radioactive uridinc (not shown''; act- l'uui-U ^el .loalv'sis oi 
this peak revealed only a single polypeptido ili.- ir^ '>J( > which migrated 

the same distance as the faster ami sinailer oi the two xirion proteins 

shown In Figure 62B,  Thus, the smaller protein is considered to be the 

"core" protein.  Sucrose peak "R" con'.alninj'. this proteir was used 

directly for RIP tests.  Radioactivity at the t i:> n tif sucrose gradient 

labeled "C" In Flgure6ZA consisted of only our polvpepfide by acrylamide 

analysis (Figure 62 D); it migrated the same distance as the slower 

and larger of the two virion proteins shown in Figure 62B.  Thus, the 

larger protein Is the single polypeptlde constituting the "coat" or 

surface protein which was isolated at the top of sucrose gradients for 

RIP tests.  All three viruses under study yielded essentially the same 

pattern of detergent degradation as described hero tor Sindbis virus. 

Radioimmune precipitation of sucrose purified "cores" 

was attempted by using the same procedures as describee1 for virion Rii'. 
Virus cores appeared broadly cross reactive (i igurt b.O.  Some speci- 
ficity In core precipitation was observed with both Sindbis and Western 

Immune ascitic fluids in that a higher percentage of the homologous 

cores precipitated at a slightly higher ascitic fluid dilution; however, 
heterologous cores were broadly cross reactive.  Mastern imnmne ascitic 

fluid which previously appeared specific for FEE viri n equally preci- 

pitated the cores ol all three viruses. 

The soluble coat protein which failed to enter the 
sucrose gradient following NP-40 treatment could also he precipitated 

with homologous antiserium (Figure M <.     A maximum o) 80  precipita- 
tion was achieved which did not change markedly upon dilution of the 
antigen.  Endpoint tilers ot the ascitic fluid or bü/, F1P titers were 

greatly reduced when compared to either core or virion RIP with these 
same antlsera.  Differences in RIP titer were evident when different 
antigen concentrations were compared, analogous to the antigen con- 

centration effect described with virions. 
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Figure 62. A. Rate zonal centrifugation of 17. NP-40 treated Slndbis 
virions through a 15-30% (w/v) sucrose gradient. 

B. Polyacrylamide gel electrophoresis of Sindbis vlrlon 
(fraction A in panel A). 

C. Polyacrylamide gel electrophoresis of Sindbis core 
(fraction B in panel A). 

D. Polyacrylamide gel electrophoresis of Sindbis soluble 
top ci jiponent (fraction C in panel A). 
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Figure 63.    Radioimoune preclpitatiou of virus "cores" with A.   Slndbis, 
B. Western equine encephalitis (WEE), and C. Eastern equine encephalitis 
(EEE) hyperimnune mouse ascitic fluids. 
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Figure 64.    Effect of antigen concentration ofi radioimnune precipitation 
of Sindbis soluble coat protein. 
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The specificlcy of  Che coat protein was  investigated 
by comparing homologous and cross-reactions using RIP of preparations 
from all  three viruses  (Figure 65).    Although  lower  titers ?■  re 
observed,   the cross-reactions resembled those described by   ...J re- 
actions using the complete virion.     Antisera to Slndbis and WEE 
viruses  recognized some common antigenlc property of  the coat protein 
of  these viruses while EEE virus  antlserum appeared  specific. 

Discussion. 

The application of radio-innune precipitation  (RIP) 
techniques to the study ot certain group A arboviruses has revealed 
the role of certain structural antigens  in cross-reactions exhibited 
by members of this group.     Further,  utilization of  intrinsically 
labeled,  purified virion suspensions enabled  the determination of anti- 
body  titers with greater sensitivity than classical  serological pro- 
cedures. 

Heterologous RIP reactions using virion antigens at 
equivalent concentrations based on infectivlty demonstrated an anti- 
genlc  relationship of Slndbis and WEE viruses while EEE virus-remained 
antigenically distinct and antlserum to EEE virus appeared specific. 
The nature of the two-way cross reaction exhibited by  Slndbis and WEE 
viruses depended to a great  extent on the antigen concentrations 
employed  in the RIP reaction.    Concentrations could be selected which 
resulted  in a biphasic cross-react ion curve. 

RIP reactions of a single WEE vims antlserum allowed 
the resolution of three distinct antibody populations;  Regions  I and 
II   (low dilutions of antlserum)  representing the biphasic  cross- 
reaction of this antlserum with Slndbis virion and Region  III  (high 
antlserum dilution) describing the homologous WEE virus reaction. 
Inhibition of the RIP reaction in each of these regions demonstrated 
a region of WEE-Sindbis antigenlc  similarity  in Region  I,  a broadly 
cross-reactive antibody inhibited by all three viruses in Region II 
and a virus type specificity association with  the homologous RIP 
reaction  in Region  III.    That these three antibody populations were 
found  in this single antlserum at different titers allowing their reso- 
lution was  indeed fortunate;   however,  the three reactivities described  (I) 
closely related virus complex,   II  group,  and  III virus  type would be 
expected to exist  in antisera prepared against these agents. 

Disruption of virions with the nonionic detergent NP-40 
followed by rate zonal sucrose gradient centrifugation revealed a core 
particle containing only the core protein and a soluble fraction con- 
taining only coat protein.     RIP of  the core particles differed markedly 
from  that  of complete virion   in  that broad cross reactions  between all 
three viruses were observed.     Little or no specificity was  found asso- 
ciated with virus core particles  presenting an analogy  to   the soluble 
group  reactive antigen described   for  Influenza viruses. 
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Figure 65. Radioimmune precipitatlou of soluble coat protein with 
A. Sindbis, B. Western equine encephalitis (WEE), and C. Eastern 
equine encephalitis   (EEE)  hyperinnune mouse ascitic fluids. 
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The broadly cross reactive nature of core particles 
and Che RIP titers obtained suggested that these antigens contributed 
to the group reactive antibody population described In Region II,  Our 
inability to successfully inhibit the precipitation of core using pre- 
parations of intact virions in either homologous or heterologous RIP 
reactions would indicate that this was not the case.  The interpretation 
of these data Implies that core antigens are not exposed in virlon 
structure and do not participate in RIP reactions using Intact virlon. 
Conversely, antibodies resulting from free core in the mouse brain 
immunizing antigens must represent a separate antibody population 
lacking virus type specificity.  The participation of this antibody 
population and virus core antigens in classical serological tests such 
as complement fixation could possibly help to explain the wide serolo- 
gical overlap demonstrable by these methods. 

The observation that detergent solubillzed coat protein 
could be precipitated by RIP procedures indicated that structured coat 
protein such as found on virlon structure was not essential for antl- 
genlclty.  Some structure, however, must be essential since virlon 
degraded with sodium lauryl sulfate and B-2-mercaptoethanol preparatory 
to acrylamlde analysis failed to precipitate. The specificity of the 
coat protein resembled that of virlon with the exception of the rela- 
tively low dilutions of antisera required to effect precipitation. 
This observation could be Interpreted as the effect of increased anti- 
genlc mass on the RIP reaction resulting from the degradation of virlon 
structure since decreasing antigen concentration did result in higher 
RIP titers.  If all of the antigenic properties described for virions 
can be attributed to specific antigens contained in the coat protein, 
further examination of the sequential degradation productions of this 
protein should allow the detection and separation of these specific 
antigens. 

B.  Imnunogenicity of a Group A Arbovirus Vaccine in Man. 

This report is concerned with the development, production and 
evaluation of either live-attenuated or formalin-Inactivated vaccines 
against exotic viral agents, suitable for use in man.  Evaluation studies 
on the formalin-killed, freeze-dried Chikungunya (CHIIO vaccine des- 
cribed in Annual Report 1970 are continuing.  In order to determine the 
persistence of neutralizing antibody, the original group of vaccinees 
who received two 0.5 ml doses of CHIK vaccine, Lot E-20, 28 days apart, 
were bled at invervals of 56, 90, 180, 270, and 360 days after vac- 
cination.  Neutralization Indices for these subjects are shown in 
Table 38. 
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.ihle  38, 
Seruip  Neutr-ilization   '.'.d i (,<.J   i I'M rv. J   in 

Cliikvin^'inva  V.ic. i-.tes over   u  .'ne-year   I'eriod 

Subiect 
Log N'eutrali.^atior   Index  on  Day   I'ost-VaccinatIon 
56 yt) 180 2 70 360 

BLW 
C.JM 
CJW 
CDD 
m 
DRR 
CRC 
HSL 
KCL 
UK 
LDK 
MJR 
MDM 
MJL 
RKB 
SWF 

2.0 '.'.('■ 1.7 l.v 1.7 
:.7 2.7 2.4 2.4 2.0 
J.O 2.7 /.'' 2.0 2.4 
2.7 2.4 2. 7 2. 7 2.4 
1.4 1.7 '.'. !>. 1. 7 0.7 
3.A 3.4 3.0 2.4 
2.4 2.0 2.4 2.4 2.4 
2.4 2.4 2.4 2.0 2.7 

2.4 2.4 1.7 1.7 N.O 
2.4 2.4 2.0 2.4 2.4 
2.0 2.4 1.4 1.4 1.4 
3.0 4.0 3.6 3. ] 3.0 
3.6 3.3 3.3 3.6 3.3 
3.3 3.6 3.0 3.0 3.0 
3.0 3.0 'i.6 2,6 2.3 
3.3 3.6 N.D. N. 13. N.U 

N. I). - Not done. 

Five Individuals from this group were Riven J o.b ml booster 
dose of CHTK vaccine aiter the 360 day bleeding.  Neutralization indices 
were obtained for these subjects 14 c'ays after receiving the booster 
dose.  The results are shown in Table 

Table   39. 
Serologie  Response of Chikungunya  Vaccinees  Receiving 

A  Booster  Dose One Year After  TKJ   Primary  Scries 

Sub joet CF 
i're-boost or 

Ml l.NI 
14   i'ays   fos: -hooster 
CF HI LN1 

cm 
r,vc 
M.'R 

<4 
<4 
-4 
<4 
<4 

< !0 

•■ 10 
2( 

<10 
■10 

2.0 
2.4 
3.i' 
3 0 

HO 

40 
.';0 

löO 
80 

3.5 
3.7 
3. 

■3.b 
- 3.5 

this   -■ 
tniinkcy 
vratt i n 
lcn)',f.l 

i ■   (';'rallel  with   !hc  !)iini>;i;  st'idies   th>:  !oii).-term  efficacy   of 
loci/.t   's  f>c i np,  nvaiuated by a  \iv<?.  challenvt   'issiy   ir  rhesus 
.    ivt'i"   i   r1/*  i-ionth period.     As reported   in  Arniiil   Keport   1970, 
n (•(!   ■,, i'i|- ■■•>;  wen    solidly   pr-itecton   i,;.i i ,.,'■'.     iri'r;ia  when  chai- 

tit! s  ^f tor .'.l c; Lnation. t:- ■ oa11 enge with 
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the CHIK virus on a second group 12 months after vaccination are 
shown in Table 40. 

Table 40. 
Long-term Protective Efiicacy of CHIK Vaccine,   Lot E-20 

Observed  in Rhesus  Monkeys Challenged*  12  Months After Vaccination 

MK Vaccine 
#_ Status 1 2 3 4 5 6 7 

105 yes 0 0 0 0 0 0 0 
107 yes 0 0 0 0 0 0 0 
120 yes 0 0 0 0 0 0 0 
110 no 0.8** 1.5 4.6 3.4 0 0 0 
112 no 0 3.5 4.1 2.3 0 0 0 
123 no 0.8 2.3 3.8 3.5 0.5 0 0 

• Challenge dose -  60,000 suckling mouse ICLD50S • 
** Log 10 titer of circulating virus • 

■ 

Results of the foregoing evaluation  tests in man and lower 
primates clearly indicate that a formalin-killed,   freeze-dried CHIK 
vaccine prepared in green monkey kidney tissue culture, confers pro- 
tection for at least a year after a primary series.    Results of the 18 
and 24 month post-vaccination challenge of rhesus monkeys will be 
reported later. 

Stability Studies on Tween-ether Extracted (IE) and Formalin- I 
killed  (HCHO) Chikungunya Vaccines: 

Potency assays were performed using young adult mice on both, 
fluid and freeze-dried vaccines of the IE and HCHO types, at 3 and 12 
month intervals.    The freeze-dried vaccines were held at -20oC and  the 
fluid vaccines at 40C dur'ng the storage period. 

It was of  interest  to note that  the hemagglutlnln content of 
the TE vaccines  (both  fluid and dried) remained remarkably stable over 
the observation period.     Stability data for  these vaccines are shown in 
Table 41. 
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Table  41, 
Potency* of TE and  HCHO CHIK Vaccines   in  the  Fluid  and 
Freeze-dried  State over a   12-mor.tli Observat imi  Period 

Stors 
Temp 0C. 

F;n ̂  T.r)ml   Va re ine 
Vaccine Type 1  mo. 3  mc, 11-    .10. 

HCHO-Fluid 4 0.03 0.04 0.03 
HCHO-Dry -20 0.05 0.10 0.02 

TE -  Fluid 4 0.17 0.04 0.17 
TE -  Drv -20 0.13 o.o5 0.09 

Young adult  mice  received 0.25 ml  vaccine  on dav  0 and   7.     Challenged 
on day   14 with  100 -  500 adult  mouse   lCLD50/0.03,   CHIK   168  virus. 

The  storage stability of  these vaccines   will   again  be 
monitored at   18 and  24 month  intervals. 

C.     Production and Characterization  of Arhovirus  Reagents 

1.     Preparation of CHIK and Western  Cqnitie  Flncephalomyelitis 
(WEE)  HA and  CF Antigens by TE Extraction. 

CHIK and WEE viruses were  propagated  in  roller bottles 
containing  baby  hamster kidney,   cell   line  21   (BliX-Jl)   cells   until  cyto- 
pathic effects were 90 -   1007!  complete.     The supernatant   fluids  were 
harvested,   centrifuged  in the cold and  concentrated  20X  in  an Amicon 
cell.     The  resultant concentrate was  TE extracted,   'lispensed  in  screw 
cap vials and  stored at 40C.     This material  c  nstituted  the  HA and CF 
antigens.     Even  though HA and CF titers  of  the concentrated  fluids were 
high,  TE extraction boosted  titers 4  -  8X an! also  inaLtivated  llv« 
virus.     'Piters   for  the HA and CF antigens  for  CHIK and WEE are  shown 
ir  Table  42. 

Table  42. 
Titers of CHIK and  WEE AntiRens  Prepared 
in  BHK-21  Roller  Flanks  and  TE  extracted 

Antigen 

CHIK,   15561 
WFE,   B-ll 

1/HA 

16,000 
6^,000 

1/CF 

64 
128 

3 CD 
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It  was observed  chat TE antigens reacted more specifically 
with homologous  antlsera than did the unextracted antigens.     Also,   the 
same sera which  reacted with normal   (uninfected) mouse brain antigen in 
the CF tests,   did not  give these reactions when TE-extracted antigens 
were used.     The  TE-extracted antigens  are stable at 40C and have  shown 
no  loss  in  HA or CP activity over a one year period. 

2.     Preparation of Dengiie-2   (P-2)  and Japanese encephalitis   (JE) 
Virus  Soluble Complement Fixing   (SCF)   Antigens. 

Soluble CF antigens have been routinely prepared  for  D-2 
and members of  th* JE virus complex:     Murray Valley encephalitis   (NVE), 
West Nile encephalitis   (WNE),   St.  Louis  encephalitis   (SLE),  and  Ilheus 
viruses.     Infected suckling mouse brain homogenates are clarified with 
protamine sulfate,  precipitated with ammonium sulfate and finally puri- 
fied on Sephadex G-100 columns by gel   filtration as described  in 
previous annual  reports.    The SCF peak  fractions are pooled and con- 
centrated and  used  for   immunodiffusion,   CF box titrations,   SLS/2-ME 
stability tests and protein analysis on polyacrylamide gel electro- 
phoresis. 

The molecular weights of  the JE subgroup  fall  in  the range 
of 45-55 X I03 daltons.    The Dengue SCF antigen has a  lower molecular 
weight in the range of 37-42 X 103.     The Sephadex columns are cali- 
brated using five marker proteins and reproducible calculations for 
mw are obtained  using a graphic technique.    Thus,  there are reproducible 
differences in  the physical properties of complement  fixing antigens 
from these two serologically related group B arbovlruses. 

Soluble antigens have also been prepared in BHK-21 roller 
cultures using D-2 and JE viruses.     The supernatant culture fluids are 
harvested after complete CPE.    The fluids are. then concentrated 100X by 
Amicon filtration and chromatographed on Sephadex Ü-100.    The D-2 BHK- 
derlved SCF has a mw of approximately 42 X 10^ and the JE SCF prepared 
in this manner has a mw of approximately 60 x 103.    The JE-BHK 
derived antigen has been shown to have at  least a partial  identity with 
JE suckling mouse brain SCF by  immuno-diffusion in agarose. 

To  label  the SCF antigen of JE,  a mixture of tritlated 
amlno acids was added  to the medium of several JE virus  infected BHK-21 
roller cultures.     The same procedure was  followed as for the  isola- 
tion of nonlabeled SCF antigen.    A small  radioactive peak corresponding 
to SCF activity was pooled and rechromatographed through Sephadex G-100 
to further purify.     Finally,   a radio-immune precipitation  (RIP)   techni- 
que was used to  precipitate  labeled SCF antigen.    After several attempts, 
a 2-47. precipitation was obtained.     If a higher percentage of RIP is 
obtained,  a co-run of  the SCF will be done on polyacrylamide gel electro- 
phoresis and comparison of the SCF protein to known JE virus and virus- 
infected cellular proteins will be made. 
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Attemptä have been made  to release  soluble antigens   from 
cell membranes using detergent   treatment and digestion  of  smooth and 
rough membranes as well as nuclear membrane.     Separation of nuclei 
and  nuclear membranes   from other  cytoplasmic  membranes   can   be  done by 
Dounce homogenization  in a  sucrose-reticulocyte  standard  buffer.     The 
CF activity of the nuclei and membrane tags arc high  and  can be 
increased by TE treatment.     After  this digestion,  precipitin   lines are 
formed against homologous  serum  in  immunodiffusion  tests,   and   two peaks 
of CF activity are  found after  gel  filtration of  the  digest.     One peak 
has a mw of  70 x 10* and  the other has a mw of 43 x   10  .     Tbc  toluble 
antigens   formed  this  way are very unstable.     Other digestion treat- 
ments are being tested. 

3.     Preparation of  Hypertmmune Mouse Ascitic  Fluids   (HMAF) 
Against  D-2 and JE virus SCF Antigens. 

Purified  SCF antigens  for D-2,   D-4,   and   JE viruses  have 
been used to prepare HMAF.     The antigens are first inactivated by 
either UV light or Betaprone   treatment and given  to mice   in a  four 
dose regimen;   sarcoma cells  are given with the  fourth  dose and 
ascltlc   fluids harvested approximately two weeks  later as described in 
previous annual reports.    Antlsera made th^s way  for  D-2  and JE-SCF 
has resulted  In high CF reactivity and non-neutralizing activity. 
Since  the  SCF antigen Is  thought   to be a nonvirlon antigen,   it  should 
not  have neutralizing activity.     Dengue-4  failed  to produce CF titers 
in mice when the SCF antigen was administered. 

Japanese encephalitis virus after Sephadex chromatography 
of  Infected mouse brain preparations,  usually showed  two peaks  of CF 
activity after the void CF.     These peaks,  having mw's of approximately 
70 x  10-* and 50 x 10^,  were pooled separately and given  to mice for 
production of HMAF.     Dengue-4 also produced corisiderable  tailing of 
CF activity before the major  SCF peak when chromatographed.    The high 
mw antigens were labeled "early coat," the "late coat" antigens eluted 
right before the SCF,  and the SCF antigen was  the last  to elute.    These 
were all given to mice  for production of HMAF.    Also,   (WINE) virus has 
demonstrated  two SCF peaks  although HMAF has not yet  been made  for these 
antigens. 

Indirect   fluorescent antibody  techniques   using D-2 antl- 
SCF  HMAF have demonstrated an  early production of   this  antigen  in an 
infected  cell  around  the nuclear membrane  (perinuclear   fluorcscense). 

Post-fixation of  JE virus  infected cover   slips with 
acetone  or methanol has  shown  the JE SCF antigen  to be acetone  stable 
but methanol   labile.     This was  also true  for the JE coat  antigen 
(higher  mw).     The D-2   SCF antigen   is   stable  to both  acetone and methanol, 
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Crude JS HMAF when reacted In this system with JE virus 
infected cells shows chat the antigen it reacts with is methancl and 
acetone stable  (see FA studies in  Section VI C,  above). 

Other  SCF antigen specific HMAF is being prepared to 
identify antigen synthesizing sites   in  the cell. 

4.     Specificity of SCF Antigens. 

Illheus,  JE,  MVE,  WNB,   and SLE viruses were used to 
prepare mouse brain-SCF antigens.     The antigens were used in cross 
CF box titrations  and i Iso in cross  inmunodif fusion tests  to study 
antigenic  specificity.    The SCF antigens were compared to  crude pro- 
tamlne sulfate clarified viral antigens  in both systems. 

The CF reactivity of  the  SCF antigens was more specific 
than the crude antigen reactions when  these antigens were  tested 
against homologous and heterologous crude HMAF.    Post-zones were non- 
existent in the SCF-HMAF boxes but  usually were present when crude 
antigens were used. 

Crude antigens when reacted against homologous and 
heterologous HMAF developed no precipitin lines in double diffusion 
in agarose.     Under the same conditions,   SCF antigens produced distinct 
single or double precipitin lines.    Type specific antigens were formed 
for JE, MVE,  and UNE viruses.    On the same plate containing these 
antigens a second precipitin line formed that appeared to be group 
specific.     For  SLE and Ilheus viruses,  a group specific  line was the 
only one formed.      The type and group precipitin lines were very close 
together but did not seem to spur.    This suggests that they are sepa- 
rate and distinct antigenic determinants rather than "linked" as 
shown with the dengue subgroup. 

A D-2 SCF preparation, showing similar double precipitin 
lines and known to have a high HA tier, was treated with sodium 
lauryl sulfate and 2-mercaptoethanol which should destroy the HA 
antigen.    This did not remove either precipitin line, neither did 
heating at 60C for 30 minutes or adsorption with goose erythocytcs. 
Whether this represents aggregates or separate detergent resistant 
antigens has yet to be determined. 

Ouchterlony double diffusion plates are stained with 
Adlcr's  stain and the resolution and  intensity of the precipitin lines 
are enhanced.     The dried agarose plate may then be stored  for  later 
reference. 
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5.     Preparation of   JE Virus  HA Antigci.     Virus   is   inoculated 
and  adsorbed  in BHK-21  roller cultures  then   thoroughly washed  to 
remove any  traces of residual   seed virus.     A 50  ml   quant ity  of mainte- 
nance medium containing 0.257= human  serum albumin   and  buffered  to 
pH 8.Ü  is  added  to  each   flask.     The  infected roller   cultures  are 
harvested before any evidence of CPE at  approximately  24-30 hours 
post   infection.     The supernatant  culture   fluids   are  passed  thxough a 
0.45JJ Nalgene  filter unit   to  clarify and  precipitated   in  the cold 
with ammonium sulfate   (607).     After  centrifutation,   the precipitate 
is  resuspended to  1/100 of   its original volume   in TRIS buffer and 
purified by sucrose density  gradient  centrilugation. 

A high degree of  HA recovery approaching  100"/ has 
resulted when the supernatant  culture  fluids are amnonium sulfate 
precipitated.     Sucrose gradient centrifugation  revealed  an  RHA and 
SHA peak.    Although these peaks are low in  titer,   the method could be 
utilized  to make more virus with better yields.     Since  the virus  is 
harvested before cell damage occurs,   the resultant  product  is free 
from gross contanination. 

VIII.     Ecological  Studies  of Group A Arbovirusts. 

A.     Persistence of  serum Neutralizing Antibody  to Wee Virus  in 
Naturally  Infected Quail. 

Sentinel quail have been used  since  1968   to monitor  the 
seasonal  transmission of  EEE and WEE viruses in a  swamp  habitat on  the 
eastern shore of Maryland,     Each year  since  1968  both viruses have been 
recovered  from mosquitoes  and birds.     However,  mosquito  Infection rates, 
antibody prevalence In wild  birds and  sero-conversion of  sentinel 
quail  show that  the virus   (EEE or WEE)  predominating  one year would be 
supplanted the following year by  the other virus.     Birds  returning  to 
the  swamp each year have shown higher antibody prevalence rates to  the 
virus which predominated  the previous  summer.     Presumably,   infections 
acquired during  the previous   summer resulted  in  a   level  of herd  immunity 
to  the homologous  virus   sufficient  to retard transmission  the next year. 
An  important  factor in  this   situation  is  the persistence of neutralizing 
antibody in birds   following  natural   infection.     To  examine this aspect 
a  number  of unlnfected,   juvenile quail wtre exposed   from  I  to  14  July 
1969   in  the swamp,   removed   to a mosquito-proof  environment,   and bled at 
selected  intervals over a  period  of one year and   the   serum tested  for 
N antibody. 

Serum neutralizing antibody was assayed  by  a  plaque reduction 
test   in  primary  chick embrvo  cells.     Plaque dose  was    :pi)roxinidt:ely   100 
pfu of   the 46th mouse hriin   passagi   ot  MacMilian   strain  of WEE virus. 
Sera wore heated at  Sfe^/^O'     and  assayed  at  1:20,   1:40,   1:160,   1:640, 
and   1:1280  .lilutions.     Fifty   per  cent  endpeiuts  wrre   .M.rimated by 
plottint;  per cent  reductions   on probil  paper. 
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Antibody was not detected in pre-exposure sera. From 2 to 
53 weeks post-exposure, all sera had neutralizing antibody. Highest 
titers were observed in 9 of 11 quail at 2 to 3 weeks after exposure. 
At one year after exposure titers varied from 1:20 to 1:200 (Table 43). 

These data confirm the persistence of appreciable levels 
of WEE virus neutralizing antibody throughout a one-year period. 
Presumably these quail would remain refractory to mosquito challenge 
with WEE virus at one year or more post-infection. They remain at 
risk to EEE infection as the following observations indicate. During 
1969, one sentinel quail was naturally infected in the swamp with 
EEE virus early in the summer, as shown by serological conversion. 
This quail was re-exposed as a sentinel and was infected during August 
by EEE virus, demonstrated by virus isolation and serological conver- 
sion. 

Arbovirus Ecology - Pocomoke Cypress Swamp 

During 1970, a program of arbovirus surveillance was con- 
ducted using the sentinel quail monitoring methods established in 1969. 
Of particular interest was the question concerning the «Iternating 
annual dominance of WEE and EEE viruses in the swamp habitat.  Based 
on the high levels of WEE virus transmission observed in 1969, the 
1970 study was predicted to demonstrate elevated EEE virus levels. 

Figure 66 shows the percentage of the total quail exposed 
(70) that were infected with EEE virus during 1970. Although tests 
for WEE virus antibody in these specimens has not yet been completed, 
the high percentages of EEE virus activity observed suggests that EEE 
was hyperenzootic in 1970. Sentinel conversion rates for antibody to 
EEE virus were much greater during 1970 than had been observed during 
1969. Most of the virus activity occurred during late September (807. 
positive specimens) which is the same time period as the low level 
virus transmission observed during 1969; however, this activity is in 
marked contrast to the WEE virus activity peak observed in early summer 
during 1969. 

A comparison of the data obtained from quail exposed in or 
near the swamp (40) with chose exposed at 1-3 mile distances from the 
nearest swamp habitat is shown in Figure 67. EEE virus transmission 
was detected at peripheral study areas. A small peak of activity was 
detected during late July; however, the major virus activity was 
observed during late September. Entomological examination of collec- 
tions made in thes peripheral areas is in progress. 
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Figure 66. Percentage of exposed 
sentinal quail converting to 
eastern equine encephalitis 
antibody positive status during 
1970. Ten quail in each of 
seven sites were exposed for 
two weeks and maintained in a 
mosquito proof environment for 
two subsequent weeks prior to 
testing. 
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Figure 67.    Eastern equine 
encephalitis virus activity as 
measured by antibody canversion 
in the swamp habitat (40 quail) 
compared to that in peripheral 
areas (30 quail) separated from 
swamp habitat by 1 to 3 miles. 
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Summary. 

I.  Simultaneous immunization of recruits in a basic combat training 
brigade with live adenovirus type 7 and type 4 (ADV-7, ADV-4) vaccines 
during an outbreak of acute respiratory disease (ARD) ca sed by both 
adenovirus types led to 957, suppression of ADV-7 associated ARD and 
50?, reduction in total ARD hospitalizatiuns as compared with a brigade 
immunized with ADV-4 vaccine alone.  A small excess of ADV-4 associated 
ARD hospitalizations which occurred in the study brigade may have been 
due in part to the relatively low potency of the AnV-4 vaccine used. 
The combined use of ADV-4 and ADV-7 vaccines proved to be a safe and 
effective means of controlling ARD in a military trainee population. 

Detailed virologic, bacterlologic and serologic studies were 
undertaken among all ARD admissions from the study companies in the 
brigade immunized with both ADV-4 and 7 vaccines.  Of 149 admissions, 
131 were Judged to be bona fide ARD.  Three admissions occurred following 
shot reactions and 15 were the result of rubella virus infections.  Of 
the 131 ARD admissions, 17 were complicated by pneumonia.  Amun^, the 
remaining 114 uncomplicated ARD admissions, 47 were üssociated with 
adenoviruses, 21 with nonadenovirus agents including Influenza A2-7, 
rhinoviruses-10, group A streptococci-2 and Herpes virus honiinis-2, and 
11 admissions were associated with simultaneous evidence of infection 
by more than one agent.  No etiologic agent was found for 35 admissions. 
Thus, in this group of immunized recruits, adenoviruses were still the 
most common cause of ARD hospitalizations, primarily ADV-4.  Remaining 
ARD admissions were associated with a variety of other respiratory 
pathogens, multiple infections and disease of unknown cause. 

II.  ADV-4 and 7 vaccines were effective in interrupting epidemics 
of adenovirus associated ARD at Ft. Lewis and Ft. Leonard Wood in 
February, 1970.  ARD rates at both posts decreased by 75/„ three to four 
weeks after immunization was begun.  The impact of ADV-7 vaccine when 
given alone at Ft. Campbell in late February was less marked and 
fostered the emergence of ADV-4 associated ARD. 

III.  To determine whether living adenovirus Type 21 vaccine could 
bo. safely administered orally to susceptible young adults, an experiment 
was prepared in PROJECT WHITECOAT Volunteers at Ft. Detrick, Maryland, 
in September, 1970.  Groups of susceptible volunteers were fed either 
10 "^ tissue-culture infectious doseSQ (TCID5o)of adenovirus Type 21 
(ADV-21), vaccine virus or placebo tablets; all men were followed 
dailv for 28 days after immunization for evidence of ttspiratory diseases, 
or other indisposition, and for evidence of infection by vaccine virus. 
Mild, ifebrile respiratory and/or gastrointestinal illnesses were 
obsarved in three immunized and two control volunteers.  In each 
instance, symptoms couid not be related to either pharynp,eal or stool 
excretion of ADV-21.  Nine of 10 infected volmiteers shed AüV-21 in 
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stools (mean duration 10.1 days; range 4-17 days).  No pharyngeal 
excretion of ADV-21 was observed in any of these volunteers.  Each of 
the nine developed specific N antibody to ADV-21.  No evidence for 
person to person transmission of vaccine was obtained.  The experiment 
establishes that ADV-21 vaccine strain, can be safely administered 
orally to susceptible volunteers, and that indoses of approximately 
106.0 TCIDso/man, approximately 907. of susceptibles can be infected. 

Antibody activity of serum and secretory itnmunoglobulins was 
assayed using a C^ labeled ADV-21 antigen in a radio-immunodiffusion 
system.  Increases la IgM, IgA and IgG activity were demonstrated at 
28 days in sera from vaccinees but not from controls. Copro IgA anti- 
body activity was a!so shown in vaccinees but not in controls.  Nasal 
secretions showed no detectable IgA antibody responses by this method. 
These studies show marked differences in serum and local IgA antibody 
activity in Induced enteric adenovirus infection compared to previously 
reported responses following natural infection.  The protective role 
of secretory IgA in adenovirus infections is obscure.  However, absence 
of nasal IgA responses may indicate that protection against disease 
with enteric ADV vaccines depends primarily upon humoral antibody. 

IV.  Preliminary experiments with column Chromatographie procedures 
used in purification of Australian Antigen (HAA) indicate the presence 
of soluble antigen-antibody complexes in HAA positive sera.  The hypo- 
thesis that HAA in serum as a firmly bound complex and that its anti- 
genic makeup depends in part on bound antibody is being investigated. 

The imnunoelectro osmophoresls precipitation test is at present 
the only technically and logistically feasible procedure available 
for large scale screening for HAA. Comparative testing of comnerctally . 
available test kits was carried out to aid in selection of equipment • 
for use in military blood donor centers.  It is apparent that the 
IE0P method has limited sensitivity due to the minimum antigen con- 
centrations which will produce visible precipitin reactions. 

Complement-fixation and agar gel diffusion tests were used to 
estimate the HAA carrier rate in military blood donors. A rate of 
2.6/1000 was estimated from 1,112 samples tested with this detection 
method.  Routine monthly testing of patients and employees in hemo- 
dialysis unit revealed that two patients (3.87.) and two employees 
(8.77.) had HAA. 

Clinical and laboratory studies provided additional evidence 
that hepatitis may cause different pathologic manifestations in 
different people depending upon age, length of exposure and their 
inmune response. 

V.  Strains of dengue-2 and dengue-3 viruses of diverse geographic 
origins including southeast Asia, the Caribbean region, Africa and 
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Tahiti were compared by plaque rcductiur, i.ei Li u i/.i t i .ai tests iibin^; 
liyperiirmune mouse ascitic fluids and *■ jman (.onvalcscent i'.cr.i. I'ho 
deiiguo-2 strains all appeared similar.  llu; den^ue-j strains fruni 
the Caribhean and from Tahiti wcri' similar t • ?<*ch otlier and liiffered 

significantly from the southeast. Asian strains.  A suLtype of dcn};iie-3 

virus is defined. 

Int.ratypic variation of the nonstruct ural solubl.''. t iir.pl orient- 

fixing (SCF) antigens of dengue 1 strains Oiawaii and TH-Sir.an) and 

denRue-2 strains (new Guinea C and Tll-3b) were exan.itied by imnuno- 
logical and biopiiysical techniques.  Hie St.F antijjeii of li.iw.iii could 

be. separated from that of TH-Sman by subtle di iterencos ir CF cross- 
reactions, but by distinct differences in their t' kuive mobilities 
when tested by disc ^el electrophoresis.  i'f" antigens .1" dengur-2 
strains could not be distinguished by any of the n.ethc Is used.  Jt 
is suggested that the SCI antigen is responsible for the strain varia- 
tion observed in the two dengue-1 strains. 

VI.  Polyacrylaniide gel eloctraphoresis "( Juj-annse .«.tepliil i tis 

virus (JEV) grown in both LLC-Mw ind chick embryo c^l! rulture revealed 
tiiree principal polypeptides with molecular weights of A,700,   13,300, 
and 53,000 (V-1, V-2, and V-3, respectively).  Infected chick cells 

that were treated with actinomycin D and cyclohuximide contained seven 

polypeptides not present in utiinfected cells.  In addition to V-2 and 

V-3, polypeptides with molecular weights of 1U/)Ü0, 19,000, 43,000, 

71,000, and 93,000 (NV-l through NV-5) were found: V-1 was not regularly 
detected. A similar pattern oj polypeptides was obtained bv radio- 

immune precipitation of soluble antigens from cytoplasrnic extracts of 

infected, actinomycin-D treated, chick ceils.  When virions were treated 

with NP-40, a dense, KNA-rich structure war detected which contained 

V-2. An extracellular, slowly sedlmenting, RNA-pour, hemagglutinating 

particle with a density comparable to the virlon was present in virus 
preparations from cell culture and contained '. - I, V-3, and .MV-2. 

Membranes from radioactive .lapanesc enccphalilis vir'is Infected 

chick cells were separated Into light a.id densj fractions on sucrose 
step gradients, corresponding to predoirinantly sirooth and rough mem- 

branes.  Approximately 937, of radioactivity wa.s a^soviated with these 

membranes, and all of the JEV specified radioactive pivteins were found 

attached to • hem.  Approximately JV. of the radioactivity was soluble 
(not attached to mcr.hraiu;;-.; and di<i not contain all of üie specified pro- 

teins as tested by coelectrophoresxs on polyarrytanidc gels.  The major 
protein a-isociat.-d with light membranes W^J the largest of the viral 

speclfi.:d proteins which is not a glycoprote: n.  The dati suggest thai 
morphngeaesib of .)F.V occurs excluaivel', or. membranes. 

Fluorescent antioouy results with a dciigue-2 antigen-antibody 
systcni were fo.nd c-» v^ry with the fixative employed.  He.naijgiutinating 

■ itii .. -.s i'iiA) wei*e ile.'truyed by -".cthanol whereas ehe soluble complement 
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fixing antigen (SCF) was unaffected.  In general, aldehyde fixation 
led to diminished fluorescence but the effect could be overcome by 
using cold lipid solvents.  SCF was found to be strictly limited to 
the perinucliiar region of the cell by using anti-SCF; HA was found to 
be distributed throughout the cytoplasm by using anti-virion hyper- 
immune mouse ascitic fluid.  Perinuclear fluorescence produced by 
anti-SCF is the first to appear (10-12 hours post infection) in 
infected cells.  The perinuclear region of dengue-2 or Japanese ence- 
phalitis virus infected colls was examined in the electron microscope. 
Large accumulations of virions were seen in the cisternae of smooth 
and rough endoplasmic reticulum and many cells contained widely 
dialated vesicles which contained electron dense particles resembling 
virus particles with aborrent shapes. 

The RNA polymerases of JEV and dengue-2 were extracted and 
characterized.  Both were found to be magnesium dependent and concen- 
trated in the "mitochoudrial fraction."  Both polynerase reactions 
progressed with linear kenetics over short periods of time.  The 
products generated were lietorodispcrsed on sucrose gradients with 
major 26s and 22s peaks and some 4s material.  The JEV 228 peak was 
partially double stranded.  The 26s peak of JEV and all of the dengue 
product was single stranded. 

The basic polypeptide composition of the vlrion was determined 
for the following arboviruses:  Sindbls (SIN), eastern equine ence- 
phalitis (EEE), western equine encephalitis (WEE), chikungunya (CHIK), 
Japanese encephalitis (JE), St. Louis encephalitis (SLE), Dengue-2 
(DEN-2), Yellow Fever (YF), Langat (LAN), Russian spring-sunnier ence- 
phalitis (RSSE), Bunyamwera (BUN), California encephalitis (CE), and 
Tahyna (TAH).  Radio-labeled (^C or ^H) virions were degraded using 
SLS and 2 ME.  Polyacrylamide gel electrophoresls and simultaneous 
co-runs with a single standard (SIN) allowed molecular weight compari- 
sons.  The results indicate that members of any major serogroup may 
be identified by the number and size of the polypcptides comprising 
the vlrion. The four group A viruses each have two polypeptldes and 
little variation in the molecular weights of polypeptldes was seen 
between viruses.  BUN, CE, and TAH have three structural polypeptldes; 
again, no significant differences were found between these three 
agents by these methods. Within the group, however, three subgroups 
were identified on the basis of some size differences of one of the 
polypeptldes.  The polypeptldes of JE, SLE, and DEN-2 were similar In 
size but two strains of Yellow Fever virus (Asibi and French Neuro- 
tropic) clearly differed from the JE-3LE-DEN group by a significant 
(197,) difference in the size of the V-2 ("core") polypeptide.  LAN 
and RSSE viruses had a distinctively larger (12%) V-1 polypeptide 
compared to the mosquito-borne KrouP B viruses.  The mechanism or 
biological expression of these structural differences is as yet un- 
determined, but the correlation of structure with biologic differences 
appears to be of fundamental importance. 
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VII.  The application nl radio-insnune precipitation (RIP) techni- 
ques to the study nf certain group A ar^'viruses has revealed the 
role ol certain structural antigens in cross-reactions exhibited by 
group members.   RIP reactions with Slndbis (SIN) and western (WEE) 
and eastern equine encephalitis (EEE^ viruses suggested three separate 
antibody jopulat ! ,'■ in aii'. i-;. ru,-; p^-i ^ruii .v,. .isl Wf.i. • ir;!> ,  .'.;.. 
body populations defined by cross reactions and HIP inhibition con- 
sisted of a WEE specific, a WEE-SIN complex reacting and broadly cross 
reactive population-inhibited by all three viruses.  Virion degradation 
products which were produced bv detergent troatment remained anligenic 
and could be monitored by RIP.  Envelope protein containing components 
reacted with essentially the same specificity as virion whil» vlri:s 
cores appeared broadly cross reactive and lackt-d any virus type 
specificity. 

Evaluation of .1 formalin-killed, Ireeze-drio.d chikur.gunya 
(CHIK) vaccine carried out in man and lower primates indicate that tnis 
vaccine, prepared in green monkey kidney cell culture, confers [»ro- 
tection for at le.ist a year after a primary immunisation series. 
Stability studies on Tween-ether extracted and iomai in-ki 1 lc d CHIK 
vaccines show that both are stable for at least one year and Will be 
tested at 12 and 18 month intervals.  Hemagglut inin r i 1 crs o»' Tween- 
ether vaccines (both fluid and dried) remained remarkably stable over 
the obscrviion period. 

VIII.  Laboratory studies ol antibody longevity in naturally infected 
sentinel quail showed that maximum noutralizi'ng intibody titers were 
observed two to three wick1; post infection but antibody could be 
detected for greater than a year. 

Arhovirus ecolo'^y studies in the Pocomoke Cypress Swamp 
during 197Ü indicated considerable FEE virus trinsmission to sentinel 
quail during the late summer.  Virus transmission did not appear to 
be restricted to the swamp habitat proper but was detected in sentinels 
placed one to three miles from the study area. 
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alee  is being characterized.   1.   (b) A method   for  quantitative enumeration of  scrub 
typhus  rickettsiae   in  tissue    ultute has b.'t-n  developed.   1.   (c) Changes   in  the antlgenic 
imposition  of  the  mite  colony  sttaln was   four.d   when   isolations   from siblings  of 
different generations were compared.   2.   fa)  Serologie  cross-reactivity between Typhus 
and Spotted Fever Croup antibodies have been characterized  by  indirect  immunofluorescene 
I.   (b)  Serologie   evidence of  enzootic  R.   ricketts 1  but  not  R.  canada has been  found   in 
*ild  animals  at  Fort   Bragg.     For   technical   report   see  Walter   Peed  Army  Institute of 
Research Annual   Progress   Report,   1   lul   i()  -   10   'vin   71. r ,.    as« 
DD,:0AVJ498 IRMl   I 4tlB * 

mad 



Project   3AÜ61102B71Q COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00,  Communicabie Diseases  and  InanunoLogy 

Work Unit  167,  Rickettsial  diseases  of military  personnel 

Investigators. 

Principal:     Bennett L.   Elisberg, M.D. 

Associate:     F.  Marilyn Bozeman, M.S.;  Janls M.   Campbell,  M.S.; 
Charles F.   Needy,  B.S.;  James W.  Humphries;  rP'r 
Bruce E.   Rubin,   MC;   SP/5  Leslie A.   Gunderst .,   B.S.; 
SP/5 Daniel  Bonner, M.S.;  ?VT Philip C.   Famlllettl,  B.S. 

Description. 

During the current  reporting period,   research  activities have been 
concerned with:     (1)  the scrub  typhus vaccine development program 
Including:     (a)  antigenic analysis of  the  prototype Karp,  Gilliam 
and Kato strains of Rickettsla  tsutsugamushi and 6 ether distinctive 
strains  recovered  in Thailand using complement  fixation  tests with 
antigens prepared  from Infected yolk sacs  of embryr lated hens'  eggs 
and  from Infected tissue culture cells,  as well as  by  Indirect 
immunofluorescence with rabbit  immune sera  in order  to  characterize 
the  antigens  common  to the  different  strains;   (b)   development of a 
plaque  assay system for R.   tsutsugamushi  which could be  used  for K 
cloning of candidate vaccine strains  to insure purity;   (c) ' 
characterlratlon of  the immune response after primary  infection and 
after subsequent challenge with R.  tsutsugamushi;   (d)  development 
of a  tissue culture neutralization  test  for use in evaluation of 
the  Immunity  resulting from infection  and  immunization with experimental 
vaccines;  and   (e)  9-ady of  the  genetic stability of R.   tsutsugamushi 
in vector mites;   (2)  evaluation  of the existing and potential military 
importance of R.   canada by:     (a)  attempts  to  isolate and Identify  the 
agents  causing rickettsial  disease among military personnel and their 
dependents at Fort  Bragg,   North Carolina;   and  (b)   investigations of 
the etiology of Typhus and  Spotted  Fever Croup infections occurring 
in military personnel in  South Vietnam;  and  (3)  evaluation of  the 
status  of Q  fever  infection  in dogs  in Bangkok,  Thai]and. 

Progress. 

1.     Scrub Typhus Vaccine Development 

a.     Antigenic Analysis  of  Prototype  Strains 

(■!• ^   Scrub  Typhus  Compiemfint-Fixint; Ajitigena  from Infected 
Yc J.k  !Jacs.     The production  of  strain-spt"'; i r : r   cot^p It i&iint-fixing 
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antigens  Is a necessary prerequisite  for determining the extent of 
antlgenic diversity that exists among strains of Rickettsia tsutsugamushi 
In nature.    Attempts to demonstrate the antlgenic relationship of 
78 strains of scrub typhus recovered in Thailand to the prototype 
Karp,  Gilliam and Kato strains  resulted in  the  recognition of 5 
other distinctive strains,  TA678,  TA686,  TA716,  TA763 and TH1817. 
However,   it  still has not been possible  to define  the distribution 
of these  candidate prototype strains  among the Thai agents  recovered 
from man, wild mammals and Leptotrombidium chlggers.    Until this is 
accomplished,  other antlgenic types of R.   tsutsugamushi that are 
suspected of being present in the collection cannot be identified. 

A polyvalent killed vaccine  that can be expected to provide a 
reasonable degree of protection against disease must contain antigens 
representative of all those present  in the different antlgenic types. 
Complement  fixation tests with strain-specific antigens and serum 
produced by  the intracerebral Inoculation of guinea pigs identified 
the major antlgenic component of  the candidate vaccine strain.    The 
success of the Indirect immunofluorescent test for the diagnosis of 
human disease using a mixture of  the Karp,  Gilliam and Kato strains 
as antigens  indicated that there was  considerable duplicity in the 
antlgenic composition of wild strains.    Therefore, before a polyyalent 
vaccine can be formulated,  the minor antlgenic components of candidate 
vaccine strains must be identified so that the fewest number of strains 
can be used to provide the broadest degree of protection. 

Karp,  Gilliam and Kato strain-specific antigens have been 
prepared from yolk sacs of infected eggs with a reasonable amount 
of certainty by a method that employed adsorption with amberllte 
1RF-97,  sedimentation through 20% sucrose, extraction with potassium 
acetate,  and differential centrlfugatlon.    Continued passage of the 
5 candidate prototype strains in embryonated eggs during the past 
year still has not produced yolk sacs  that contain the numbers of 
rickettsiae required for antigen preparation.    Repeated attempts 
to produce antigens with the most heavily infected yolk sacs that 
could be obtained were unsuccessful.     In most Instances,  anti- 
complementary activity obscured specific reactivity of the preparations. 
At best,   antigens that tltered 1:10 with homologous serum were 
produced,  but the volumes of these were inadequate to determine their 
reactivity with all of  the sera  from guinea pigs  infected with 
different  passage  levels  of  Che other prototype and candidate 
prototype strains.     Serial  passage of  taese strains in embryonated 
eggs will be  continued with the hope  that variants more suitable 
for cultivation in eggs will emerge.     It  is also planned to use newly 
developed  technics  of  zonal  centrifugation  in an attempt  to  recover 
from lightly  infected eggs  the concentrations of  rickettsiae 
required   for  antigen production. 
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la order  L.;   ^blaii   ini annat ion  al    .L   <'..■■     ■.(.:■.•.■.:' i .a of  the 
minor   antigens   In  the   8  prctuLypt  and    ^•■.•'.li^ic  ;.rcj;.-uvpe  strains, 
attempts were made  to  produce braadiy-r- -':: i' c   iii*. i./KC.» ..     Review 
of  previous  reports  of  .Japanese worker.-,   -.i.wi   i.h-i^   '.heir Karp, 
Gilliam and Kato  complement-fixing anligcr..-;   uxl.   'vitci  a  considerable 
degree of  cross-react Lvity with heterolu^i'U.'j     irj:it.;.c  ■ .jr,i.     Several 
antigens  processed  by   their method  of prtp^rat^ ;;   (   '     ailed  to 
reproduce  their  results.     la each  iicu.v.i,    ,   '  u   • , i i .^on i were 
anticomplementary  and   could  nut   be used.      i'^rvt.«      tffcrts will not 
be made  to produce  broadly-reactive  CO'J;,*.'i-w.r !. -''i.: m^ antigens 
from infected yolk sac:-;.     The moro  prunu- .; y   Jtt.iu- .u  oDtai   0d with 
the  production of  a.itigens   from infected   .;rijJ      uiU'-o-.   in     ^scribed 
elsewhere  in this   report. 

(2)   Scrub   Typhus  Coniplement-Ki x v.^ A>ti^e:iü   f.rom. Cell 
Cultures.     Recent   improvemer.ts  in  tei'hu'.cs   fur   the  ^I-OV/LU of cells 
on  the  relatively  large r.urface areas 01   r.vjler  Mi/ct-Ui-   led  to attempts 
tu prepare strain-specific,   a.« well  as br, .-J '! ■ -r-^.-. r . 'o  scrub  typhus 
antigens,   from heavily   Infected  .ells  ; rt ,1.   i ;   v^i^ro.     JruHally, 
monolayers  of Vero  cells,   a  continuous  ct. 1J   line  dLi;"ed   frora African 
Green monkey kidney  tissue were usc-o.     Hiest  were  gv. wn  at   37 C  In 
roller bottles with 690  cm'-  of growth pr.j.i,   lu.viured with  .00 ml of 
medium consisting of  Minimum Essential Meuaim  (MflM.i   and  10?  fetal 
bovine serum  (FBS)   and  rotated at  0.5  rpm.     The  culls were   infected 
by  removing  75 ml  of   the growth mediuu ard  adding  0,5 -  1.0 ml of 
an  infected yoik  sac  seed suspensi'Ti  coiirj.inir.p   10'   -   10°  ci0% mouse r 
infectious doses.     After  an  äbsorpiior. ptr-unJ  oi   i   ..■. 2 ar on the 
roller apparatus,   tire  inoculum v^as  rexcveo,   IVK:   U,^1 n.J. of  maintenance 
medium  (MM)  comprised  nr Ml^M and 21  F3S v.i-,  acule'i,     iht KM was  changed 
every  3  to  4 days  unL.il   &  cy copüth:..  effect   invijlving y0  to  100% 
of  the cells was  pn    ent   throughout   Lhe    .ell   sheet.     At   that   time, 
usually  18  to 21  .la   ;  arrer  inftction,   Liie  i's'.  ..-jiitaining detached 
cells  and   ricketts.at  was  pouiei off an:.'   .■■.iv^.j,     .'   2^  nrl  volume  of  0.25% 
trypsin was  added  to  eacl, bott'.e  and  lucubat^i   I.M   3ü min  to  remove 
tie   remaining attached   culs.     Hot!:   fluids  ■.• ;i>   cuT.biued  and 
merthiolate was  added   »o a  iirjl  con:-ent.rar ic.i  ..:   1:1U,000.     The 
suspension was  stored  et  -4  C  fci   1 ■'•   t.o  2K   düv ~   prior  to processing. 
In.lti-'i)y,   tii<? a;it.":g£ti&  wero  prepared b)   u»nrf .■ i.f as^t ion of  uhe suspension 
for   '  hr at   7,500  ; :.:)  at  4 C     Thü .S'.-dim.--,L w i--   tesu^p^nded  in 40 ml 
of v^rorüJ   b'jffeied ".-illne  (71^'.     A-tcr   aiu ihei.   i.entrifugatlon,   the 
sedl.vnted  rlrkPtlEJae  and   .olliljr deb':-; v. re  .-uispended  m 10 ml 
o*   VB:'  i^oniaining J.Ik   f. uj-raa ■ .jclydft.    Teitxrig  ■■;   tlie.-ic antigens 
revealed  fhcit  most  of   fh^c  .■/aw- jiarkedlv   auf:i .•.i,rapit-mcaLaty   (AC). 
Kew.rshinu  ■, *'   th"   jrgairi.sms   If« a  va.-';-   ■   .'r  dilu'zni'.   failed  to reduce 
trie  ,„('  reactjvfty  without  dl'o  r^e )(.>..>,   tlr    ,".'. igfeii   i.Jtr.-r   correspondingly. 
Som.' AC r..;'.ct iv: ty   r, ulr.  b«   \-t.:-( ■■.■•l  hy   i,-. .■,    ■ •■-.        ;...   5 ml   of  antigen 
on  25  to   30 ml of   "T'    ;/w surr i-;r-  r.jli.*;i.ji   ..f-.d     '-..t : ituging   the 
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mixture at 3,500 rpm for 30 min In a horizontal head at 4 C.    The 
supernatant sucrose solution containing most of the rlckettsia« was 
harvested from the sedlmented cellular debris and centrlfuged at 
10,000 rpm for 20 mln.    After a wash In Shishldo's sucrose PGy 
diluent   (2)  the rlckettsiae were resuspended In VBS equivalent to 
one-tenth of the original volume of antigen.    Although there was a 
considerable loss in volume of antigen,  this procedure was necessary 
to remove the AC cellular debris. 

Because most of the Vero-derlved ant  gens were AC,  two other 
cell lines were tried, viz,  BS-C-1, anoth      continuous line of African 
Green monkey kidney and 14pf,  a fibrobl Ived from areolar tissue 
of a normal rat.    The procedure for pr antigens from these 
cell lines was essentially  the same as sly described. 

Only small volumes of antigens have been prepared from these 
cell lines,  but they have less AC activity than the Vero-derlved 
antigens and with centrifugation through 20% w/w sucrose most of the 
AC activity could be removed. 

Table 1 presents the complement-fixing titers of immune sera 
from guinea pigs infected with the 3 prototype Karp,  Gllllam and. 
Kato strains, and with the 5 candidate prototype strains, TA678, 
TA666, TA716, TA763 and TH1817 tested with 2 units of satisfactory 
tissue culture antigens that have been produced.    Immune serum from 
a guinea pig infected with TC586 which was being evaluated as a 
substitute for the Gllllam strain in experimental vaccine was 
Included also.    Antigens produced In different cell lines by inoculation 
of the same seed suspension of TA686, TA763 and TH1817 exhibited 
different patterns of reactivity with heterologous immune sera. 
In contrast, Gllllam antigens fixed complement only In the presence 
of the homologous and TC586 immune sera, irrespective of the cell 
line used.    Because of the limited experience with tissue culture 
antigens,  the variation in reactivity cannot be explained definitively. 
These findings may be due to the duration of the cultivation period 
and method of processing the antigen and the effect these factors have 
upon the state of degeneration or breakdown of the major and minor 
antlgenlc components of the respective rickettsial strains,    use of 
the cell culture-derived antigens in studies employing immunofluorescence 
showed them to be unsatisfactory because of distorted morphology and 
the levels of reactivity were markedly lower than was found with 
antigen smears prepared from suspensions of infected yolk sacs. 
Until this question is resolved,  it will not be possible to explain 
the differences between reactivity cf antigens prepared with different 
passage  levels of the same strain as was evident with the 17th and 
39th yolk sac passage of TA686.    Alternatively, the possibility that 
some of  the candidate prototype strains are not pure but are comprised 
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TABU.   1 

COMPLKMENT-KIXINC ANTIBOrV TITER OF  S^RA OF  CUINtA  P!GS 

INFECTED WITH  STRAINS OF R.   TSUTSUGAMUSHI   rfHEN TESTED 

VfUH-CERTAIN TISSUE CULTURE ANTIGENS 

Immune  Gulrna  Pig  Sera 

llssue  Culture  Antigen 
(2  units) 

«3 

o 
H 

CO 

1 1 
*•* 
'< 

OD 

so 

3 

•H 
o 

3 
TA686-Vero »700902 
A8:TC1:E17* ND** -+ 160 - 40 - 

TA686-Upf #710125 
H8:TC1:E17 - - .320 80 - - - - - 

TA686-BS-C-1  #710312 
A8:TCL:E39 - 20 160 160 32C 160 160 320 1280 

TA7'.6-Veto  #700911 
A8:TCl:E35A ND - - 2^60 160 - - - 40 

TA7b3-Vero #700904 
A7:F54 ND - - 40 1280 80 - - 160 

T.\763-14pf  1710212 
A7:E54 - - - - 320 - - - - 

TH1817-Vero #700831 
A4:fc34C ND - - - - >2560 - - - 

iUm-Hp! <»/l0208 
A4:E;i4C 40 - 80 160 320 - 80 40 

TC586-14pt  #710302 
A6'E2?B f/Q - - - - - - '1280 - 

GIMJaai-BSC #.'10212 
EllS >1280 - - - - - - >1280 - 

Ci in jm-i inf inxm-n 

El-.18 

Gill laai-Vert) #701?30 

C. I tir'oj-  i4p'    '/    ! 012') 
EUS 

Karr-K;       -!   /?70j ! 11 
F'IO 

•1280 -1280 

1280 

320 

>1280 

2560 

^0 40 320 80 160 80 80 

■*   . ei.'t.   L; lecteiJ with  TAfiftö  slialn  that had  been  pass'jd  8  times   in mice,   once  in 
iifj'.o     ulLme aiid   1 "■   tlaita   in  cg^.b 

""   Nf t   ■•.,-1.^ 

i  Cümp)i.n>eni   ,■>:' no'   i;\ed  at   tu   Initial  1 ■ in  dilution 

JUi 
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of mixtures of two or more antigenic types cannot be excluded at this 
time.  Immune sera from several animals Infected with the sane passage 
level as well as with material representative of earlier stages in 
the passage history of the candidate prototype strains have been 
produced to determine the effect of continued proprogation upon antigen 
composition.  Efforts are continuing to produce larger volumes of 
cell culture antigens that are type-specific and others that are 
broadly reactive in order to complete the antigenic analysis of the 
strains of R. tsutsugamushi under study. 

(3) Antigenic Interrelationship Among Prototype Scrub 
Typhus Strains. The requirement for defining the minor antigen 
components of candidate strains with respect to the production of a 
polyvalent scrub typhus vaccine has been discussed in previous 
sections of this report.  Since attempts to produce broadly-reactive 
antigens from infected yolk sacs for the purpose of identifying 
antigens common to the different strains failed, the antigenic 
interrelationship among the strains was determined by indirect 
immunofluorescence. 

Groups of 3 rabbits were infected with yolk sac suspensions of 
each of the 8 strains of R. tsutsugamushi. Two rabbits were Infected 
with the Gilliam homotype TC586. Serum was collected from the rabbits 
28 days after inoculation.  Indirect fluorescent antibody tests were 
carried out with the serial 4-fold dilutions of the rabbit sera and 
antigens comprised of smears of suspensions of yolk sacs infected 
with the respective strains. A goat anti-rabbit fluoresceln conjugate 
was used to detect the antirickettsial antibodies. 

Table 2 summarizes the results obtained.  Some variation in the 
response of rabbits receiving the same inoculum was apparent. 
Differences were found in the height of the antibodies reacting with 
the different antigens.  Also, serum from one or two of the rabbits 
reacted with more heterologous antigens than the others. The values 
presented are the geometric means of the tlters of each rabbit serum 
in the group, with the following exceptions.  None of the rabbits 
infected with TA678 and TH1817 developed significant levels of 
homologous antibody.  The results presented in Table 2 corresponding 
to these sera were obtained with specimens collected from rabbits 
28 days after administering the last of a series of 3 inoculations, 
2 to 4 weeks apart.  The result for TA678 is the geometric mean of 
the tlters of 2 rabbit sera and that for TH1817 was obtained in tests 
with only 1 serum. 

Although the results clearly display the extent of the antigenic 
interrelationship among the prototype and candidate prototype strains, 
it is not possible to determine precisely which antigens are shared. 
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TABLE  2 

ANTIGEN1C ANALYSIS OF CANDIDATE PROTOTYPE SCRUB 

TYPHUS  STRAINS BY INDIRECT  IMMUNOFLUORESCENCE 

Immune 
Rabbit 
Sera i Karp 

Geometric Mean Antibody 

Gilllam Kato TA678 TA686 

riters and Antlgem 

TA716 TA763 TH1817 TC586 

Karp 2560 254 1015 16 403 403 16 96 25 

Gilllam 640 1£24£ 640 640 1613 2560 403 1015 10240 

Kato 64 40 403 16 108 64 25 16 25 

TA678 -+ 160 - 320 - - - - - 

TA686 108 40 40 16 403 160 108 40 40 

TA716 1015 640 1015 640 4064 10240 2560 40 254 

TA763   | 64 i,L 108 25 1613 1015 1015 46 40 

TH1817 160 - 160 - - 40 - 640 - 

TC586 - 1230 20 - - - - - 1280 
X 

+ All sera from inanune animal negative at Initial 1:40 dilution 
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The occurrence of one way cross-reactlvlty is best explained by 
differences In the concentration of the antigens shared by the 
respective strains.     For example,  the antigen In TA716 which Is shared 
with TA678 was high enough In concentration In that strain to 
elicit antibodies,  but the same component  In TA678 was not, although 
Its presence was detected by immunofluorescent staining.    The profile 
of the reactions obtained by Immunofluorescence also serves to 
reveal differences between the strains.    Although TA7I6 and TA763 
share many antigens  In common,  there are significant differences 
In their respective antlgenlc composition,     it was not previously 
known whether strains  classified as homotypes of prototype strains 
on the basis of complement fixation tests had the same or different 
minor antlgenlc  components.    The results of  the tests with TC586, 
which had been considered a Gilliam homotype,  show it to be markedly 
different. 

It is possible  that TC586 may contain another distinctive 
antigen component  in addition to the antigens shared with Gilliam. 
Studies are in progress to determine if homotypes of other prototype 
strains also have different antlgenlc components. 

If it is assumed that the cross-reactivity detected by indirect 
immunofluorescence is  indicative of the amount of heterologous 
antigen present  in the strain,  it is possible to use these data to 
select strains  for a polyvalent vaccine.     Table 3 lists the composition 
of the vaccine and presents the relative antibody titers that might 
be expected from the individual components and the composite. 
The theoretical antibody responses were calculated from the values 
in the previous  table by adjusting them to correspond to a maximum 
homologous response of 1000.    Combining A strains,  TA763, TH1817, |j 
TC586 and TA678 would be expected to elicit antibody levels equal 
to or greater than homologous titers obtained with monovalent 
vaccines of 7 of the prototype strains.    Although antibodies against 
Karp and Kato would be noticeably deficient,   it is not known if 
this would appreciably affect the performance of the vaccine. 
The addition of  the Karp strain to the polyvalent vaccine would be 
expected to afford appreciable protection against all 9 prototypes. 

The antlgenlc interrelationship among these strains will be 
determined by indirect  Immunofluorescence with guinea pig Immune 
sera.    Since guinea pigs have been immunized with previous passage 
levels of the prototype strains,  comparison of  the results of tests 
should show whether or not any of  the candidate strains have been 
mixtures of 2 or more antlgenlc  types.     If  the pattern of heterologous 
reactivity of sera from guinea pigs  infected with material from 
different  passage  levels   is constant,   then  the strain car be considered 
to be antigenically  stable and probably pure.     When the studies with 
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the guinea pig sera are completed,  polyvalent vaccines will be 
prepared and their efficacy tested. 

b.     Plaque Assay System for R.   tsutsuganushl 

Weinberg et^ al.   (3)  using Rlckettsla rlckettsl and primary 
chick embryo  flbroblasts developed  the  first successful plaquing 
technlc  for assay of infectlvlty of  rlckettslal suspensions. 
Employing the same procedures, McDade et al.   (4,  5, 6)  reported the 
method to be applicable to the plaque assay of other members of the 
Spotted Fever Group,  as well as  for R.  prowazekl, R. mooserl,  Q 
fever and scrub typhus rickettslae.     The principal requirement 
of the Department of Rlckettslal Diseases  for a plaque assay procedure 
was  (a)   to clone candidate prototype strains of R.  tsutsugamushl 
to be Included In experimental vaccines In order to Insure their 
purity;  and  (b)  to confirm the existence of mixtures of different 
antlgenlc  types  In certain scrub  typhus etrains recovered  from man, 
rodents and vector chlggers in Thailand. 

Attempts were made to duplicate  the results reported using the 
following basic procedure.    Monolayers of primary chick embryo 
flbroblasts were produced from minced 10-day-old chick embryos 
treated with 0.25% Difco 1:250 trypsin for 30 min at room temperature 
(RT).    After enzyme treatment,  the cell suspensions were strained 
through cheese cloth, and centrifuged at 1,500 rpm for 10 mln. 
The sediment was resuspended in a nutrient medium consisting of 
95% M199 and 5% calf serum, 20 ml per embryo.    Five ml portions 
of the cell suspensions were dispensed into Falcon plastic T30 
flasks and Incubated at 37 C.    The following day the medium was 
poured off and 0.1 ml of serial 10-fold dilutions of the rlckettslal i 
seed suspension was pipetted onto the cells.    After 15 mln at RT, ' 
the infected monolayers of cells were covered with 5 ml of an overlay 
medium consisting of 5% calf serum and 0.5% agarose in M199.     The 
flasks were then Incubated at 32 C.    The plaques were visualized 
after staining the monolayer of cells by adding a second overlay 
containing 0.01% neutral red in M199 and returning the flasks  to 
the 32 C  incubator.    The duration of the incubation period and  the 
time of the staining was dependent upon the species of the infecting 
organism.    According to the report».   Spotted Fever Group rickettslae 
usually produced plaques In 5 to 6 days.  Typhus Group organisms 
took 10 to 11 days,  and 16 to 18 days were required for strains of 
R.   tsutsugamushl. 

Many attempts  to reprod'ce the  results of the other workers have 
been only occasionally and unpredictably successful.    In 14 of 25 
experiments,   plaques were obtained  in one or more flasks  Infected 
with the Bitterroot strain of R.   rlckettsl.  and in 2 of 15 trials, 
R.  mooserl plaques were formed.    Contrary to the impression given 
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in   the  put" libi.fd  ac^-'unts,    it  Wu^   ;!.!pu:-; .-.! 
prior  to staining because   jf  the  ]a:k of  s 
changes   in   intocted  culLs.     The  only mi;:ro 
cells   in ;i;t  plaques  and   tht  rurroiM'':''ng > 
staining.      l:\lvavyti,pi tsmic   gr^uuiti  nl   . c 
j.n   the  eel!.!  coaiprlsin^   the  placju-..     T/iblu 
nunbers of   plaqaes  oht.atnerf   In  differ' nt   ' 
tlters with   tlteru obtained  by   inoculatio" 
embryonated eg^.s.     It  yhoulü bt- polnivi   )n 
compilation of all  experiments  which were 
successful.     In certain   tltrafions whert   v 
plaques were   fourid   in  only  out   . i   the   I ' ' 
of   plaques   resulting   from   the   inoculation 
considerably,   the  Plaque   Formlup, Units   (PF 
mean values,  corresponding  to   the  10"^  and 
rickettai   seed  are  comparable.     The  planut 
B*   rie^^^1-5^   an^ K*   muoseri   were  at   leapt 
the  yolk  sa.    'jQ% lethal   dot»   (V3LQ:,r,,),   , n. 
sensitivity  of   the  plaque   assay nteth JJ   fc: 

■..   i .s\.: i iy pi aques 
|!f.,- '■'],■   cytopathologlc 
iiv.i:-    i i ire rer.ee between 
r v ,is   *.■  H   ■    IP  after 
i.l    .u   ii i;   „ere   not   found 

■   •■li.r'A'-    Z'.K'   range  of 
t \; 1       ;■ .   rumpires  plaque 

1,;'       I !;•    • o'. k  sac   of 
;    i !r ■     ■'■.w   tah Le  is  a 
..•■.,   : j;       !   pdrt.ially 

. i ! ,'.   i' c   : - s. tng was  doni, 
d   .     A.i ; :,u .dh  thr   numbers 
o!   rh<    sai.o  dilu    on varl(id 
111   CH ■ .-nl at.-d  from the 
10" •   .i. luti.'ns  of  the  R. 

. '.!<■. -.   oh' 'ilried with both 
iO-'old   greater  "han 

. ;'. i ,i'   ehe gr'Mtdr 
: -i . i;.,;n iny   ' nfeetivlty. 

Efforts  to proouce  plaques with  pf.rai' 
were all essentially  nnsuccessiul.      u.   .'  c' 
tiny plaques w.-ra I'bserveo   in nior.ola/erj    : 
straiu.     In ont   instance,   the   inoculum wa.s 
in  the other,   (ne   10"fj  dilution ot  GilJidjn 
had  a mouse  50?.   infectious   ri^se   tlter of 
trials,   plaques  were  not    t jui.d   in  flark^-   ;. 
di iut. ;.cir: 

'•JJ i 

'I.   r s ut.siigamushi 
c.'x;>«:i iments,   innumerable 
i..;   v. w.ii  the Gil 11 am 

' '> di ' L'tion,  and 
■-. sr. us! on which 
ri .'U'.-vt-r .   1 n both 
t (i wi ih higher 

11 
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Initially,   a  concerted «frort ■.•:aH  made   ;     dup i.i'-.-ite exactly, 
step by step,   the procedure -iseu by Mctiade ot   a.i .   wnlch he kindly 
provided  in  detjll.    .-.iter m&ny  cegative exf '" i .-u..; •. r,,  I:ovevtr,  all 
conceivable   Cact.ors     hat  n^'.   have  Inf.I'.jetHc-d   r-iacut    ."oiTiation were 
evaluated. i.e i i iltufe nedi.a and htar .if'. 

same source used b' the author^, au /'V' 
Embryonatf'd v.-.lt-.- ind ' ro-»ni eggs fran d.. 
obtained from ever/il hatcheries. Vario 
of incubation, with and without it LOI 1 
typf!s of ru'.vi^nr dnl'iai sera, salt :-'l' 
invest i^af.»'!. . 3ei .ii,se it anpesred th.ai 
I'JT.;  -niugK   ,iac, i-uiar >;   doting  ih»  f-.;. 
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TABLE 4 

COMPARISON OF PLAQUE TITERS AND EMBRYONATED EGG LD50 TITERS 

OF SUSPENSIONS OF R. RICKETTSI AND R. MOOSERI 

Seed 
Suspension 

YSLD50* 
Inoculum 
Dilution  No, 

Log10/ml  Log10 

No. Plaques 

PFU** 
Expts  Range  Mean  Log _/ml 

R. rlckettsl -5 4 TNTC+ _ — 

Bltterroot 
Strain 6.95 

-6 10 13-80 44 8.64 

E55 ys pool -7 8 1-16 7 8.85 

-5 4 TNTC - 

E55 ys pool ND^ -6 4 41-80 66 8.82 

-7 4 4-21 8 8.90 

R. mooserl -6 2 TNTC 

Wilmington 
Strain 

8.15 -7 2 TNTC 

-8 2 18-26 22 10.34 

* Yolk sac LD50 

** Plaque forming unit 

+ To numerous to count 

■H- Not done 
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On many occasions   apparent iv  hiul.'/r   :ir j:-y.     ,     f     -I is 
became uniformly  shiny  rod   after applying   ü.v   n. v:;..!   .   -.   i-'ariay 
Instead of assuming  t fu;  exi)ect.t'<i  i^lppleJ  p-r.i      : ;-" i; <  "■? u-zialiy 
seen when normal  ceJln becime   lil!''1   ,'irli  p.v!,.!.  ■  ■ i   !l!t   Jyc. 
Also cell«  in  large  irre^ulav •■irea:-.  of   '-h-e   I'I  :    !..•; ...Icii  ^pjuCaneou.'Sly 
during the  incubation  period  aft.;r aJding  t',t   I:.M..: r-i 1   red overlay. 
It wan   found   that  various   lot.-;  of  plast.'      r. la,:,'    be !K1

7C!.;  >L'} I'f re.ntly. 
A  crystal  violet   dye  adherence   test;  ü':taini.l   :i..r   ;!'.e    UUIM',.if:'. ar»ir 
was  used  to determine  tht wetability  r.f   i .,..'  ^.i  .v.cu   Mir'.'.ic  n]   tho 
plastic.     If  a dilute  solution of   the  «iv.    ■;■.:;..■i. ;•,  !   ! r-n.  t.hv   -urfaci: 
in  less  than  8 seconds,   die  uydrophii it.   i,-,..   : /     •    i iu1  • a   . a ü'  was 
unsatisfactory.     This may explain a porti-T:   'f   ;.'..    I'ai tr,''   .  experienced 
in producing plaques by rlckettslae,  sine-  U."-'. lag  sip  /od  thaf   '3  of 
the  lots used  did  not  pass   the  dye;   teBt.     i'v.w',   ^aiy  slightly 
better results were obtained when other   fl »si's   that   v.ej«.  acceptyble 
were used.    Although plaque;-.  ■ ou.U  r^gulari',   he  pr-ij-iced   in 3  'u  6 
days with Spotted  Fever  G'cajp  scra'.ns,   the   cii1   K  ■■.in^r/c  Eibrobiartta 
still would not   survive  for   the   La   to   18  days   ce-jui r.;:J   for   rj-üduetion 
of plaques with scrub  typhus   rickecLslsii.     tittenipts  axu alroadv   hi 
progress using nuTients  containing uewei   ^   i r   :oiu':;    ir- v,lLh  better 
buffering capacity  that have  resolved  sin.;.lar  [•ri.b^e.'M,  ßuerameefed 
by others  for  plaque production with   vlrasas.      In  .^'i-'.iia,   the 
suitability of  certain established  cell   lines   ' . ■   pia^uo aj>say   is 
under  investigation. 

c.     Characterization of   tiui   immure   Resp.ai t   oi   h'ico  aTler  infection 
and  Challenge with  Scrub  Typhus 

fievious  workers   have   .shown   n.i:     K : I.! *: .   ^..-ru'i   typhus 
vaccines protect mice  primarily against   i „i f : i. ;..!,  witi;  the hjmologous 
strain.     However,   : *ce   convalescent   fron   infe.tL.n  v.i Ln or..'  scrub 
typhus strain  re:3 i  t  lethal  challenge  wi'h  - 1'.   utl.i.j   strains   (7). 
In  contrast, when man  Is  infected wlfh  s: ; i-b    yphus  '.eterologous 
protection  is  incomplete  and  short   ' i v .-si       Alter  _   r.o   3 mur.tivs 
he  is  fully susceptible  to  Infectlor with  other  ..nci genie  types. 
Understandiny   the  basis  of   the   Iiuiunit;   i-acia.-a   the 
infection may  lead  tc  btttf^r inaurj  of   pr-.^rec'..! eg  ma- 

than might  be  achieved  by  a  poly.aieni   killed   ■-•ac."'x' 
attempts wero mode   tt   chargetei.l^e   tne  r,ntli.-oJ;    »esi. 
following  initial   Infection  *'lth  the protntyr-  harpj 
Kato  strains,   and   after  subse^utnt  hetero]  iviii;..   cbal 
of   route of   ino, uiat ion,   size  cf  ■'rf ec' it ..,•.  daj-e   and 
therapy upon  the   antibody   response aftt-  primr-ry   rnl" 
as   the effect   of   the  si^a   if   tne  ci)öHe)i.-?e  d ta.   »apor, 
respansp atte*-  challenge ■..■ere  studied-     I'nt    i.i-.t-  at r 
and   tho  interval   between   !nfi;ctior  and 
used in immui .'ty-challenge  ^xpfrirjems   lor 
of   scrub   typhus   atr-i'a...      it   wa--   r-.o^r ,;\i   ■ 

;<;»<{ 

•jria J : tv 

car e  c V 

.jjal n.;t rfiüease 
) ' r H '. iuus 

:ij. i du and 
The   effect 

, a i . biv tic 
ti. n, as wtJ1 

. »c an • ibody 
■ ;  i <;r treatment 

'a se routinely 
it entification 
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the animal developed homologous immunity evoked by the dominant 
antigenic component of the infecting strain.  The common minor 
antigenic components primed the animal so that after exposure to 
the heterologous strain, a booster response occurred which prevented 
death, but not infection.  However, review of the data showed that 
on the 36th day after primary infection when the animals were 
challenged, both homologous and heterologous antibodies were still 
rising.  The rate of antibody production and the ultimate titers 
attained in animals after challenge were indistinguishable from the 
antibody response of unchallenged controls (8). 

In the experiment to be reported here, the interval between 
primary infection and challenge was increased in order to detect 
a booster response if it occurred.  In addition, an attempt was to 
be made to identify the immunoglobulin class of the homologous and 
heterologous antibody resulting from primary infection and challenge. 

Thirty white mice weighing 10 to 12 gm were inoculated intra- 
peritoneally with 0.2 ml of 102 LD5Q of the Kaip strain and challenged 
49 days after the primary Inoculation with lO^'S LD5Q of the Kato 
strain.  Previous experiments had shown that both homologous' and 
heterologous antibody titers would be either constant or starting 
to wane at that time.  All animals were treated with chloramphenlcol 
by administering the antibiotic in the drinking water (2.5 mg/ml) 
from the 3rd day through the 21st day after inoculation.  Serum 
pools were made from blood collected from the retroorbital venous 
plexus the day after inoculation and at 2 to 4 day intervals 
thereafter, through the 78th day. 

The antibody titers of the serum pools were determined by 
indirect immunofluorescence (IF) and complement fixation (CF). 
In the IF tests, 4-fold serial dilutions were tested with antigen 
smears comprised of yolk sac suspensions of the Karp, Kato and 
Gilliam strains.  The fluorescein conjugate employed was a horse- 
derived anti-mouse whole serum.  Prior IF tests, in which Karp, 
Kato and Gilliam mouse immune sera were tested with each of the 
corresponding antigens, displayed considerable heterologous activity. 
In general, only 4-fold differences were found between homologous 
and heterologous titers in reciprocal tests with Kato and Karp sera 
and antigens.  The titer of both Karp and Kato immune sera with the 
Gilliam antigen was about 16-fold lower than the homologous titers. 

The procedure for complement fixation used was the CF-52 test 
developed by the Department of Serology, WRAIR, adapted to the 
microtiter system.  Two-fold serial dilutions of the mouse serum 
pools were tested with partially purified suspensions of the 
prototype Karp, Kato and Gilliam strains.  These antigens were 
type-specific and did not fix complement with 32 to 128 units of 
heterologous antibody in immune sera collected 28 days after Infection. 
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Separation ol .: itibod Ut.s -i I hi' IgM 'i)',: i K'J cJas» in each serum 
pool waa dudt by density gradieuc cuntritugatIon.  Continuous linear 
gradients, from 1Ü to 40« were prepared at 4 C with sucrose 
(rlbonuclease-tree) ir:  tris-buffered saline.  A portion of the 
seruffi I'., wa.; (i:li;tt?d with an ciu.ij vi;].ume ol 10":' sucrose solution 
and h  u,! rcJ sample i.as layered on  tup of the 4.4 ml gradient (9). 
L'l 11 aci'M rlt ugat ion was carried out in the Model I. Spinco at 4 C 
usl'v, an SW 59 rotor ai, 35,000 rpm (.100,C00 x £) Lor 18 to 22  hr. 
Thirteen surial tractions, each approximately 0.38 ml in volume, 
were collecl.ed 1 rom iliv  bortom of tin gradient under controlled 
pressui t. . 

Ihc ellei tivei.ess ol the ..t parat i.ou ol antibodies was conlirmed 
by deters.inin^ the total protein and immunog] obuHn content of each 
of the fract. ion:-,. ']'}.•.   Lowry methed (10) was used to determine the 
concentration ol proteins in the fractions.  In all instances, the 
characteristic double-peaki. J curve was obtained when the results 
were plotted graphically.  The first low peak corresponded to the 
fourth fraction collected and the second high peak to fraction 10. 
The immuDogiobulin content of each fraction was identified with the 
Ouchterlony double diffusion technic (11) performed on alcohol- 
cleaned slides to which 4 ml of 27.  purified agar had been placed. 
A sample of each fraction was tested against both goat anti-mouse 
IgM and IgG at room temperature in a humidified chamber for at 
least 18 hr.  Precipltin lines formed between wells containing 
fractions 3 and 4 and the anti-mouse IgM, and between fractions 7 
through 10 and the anti-mouae IgG.  The anti-lgM - IgM precipitin 
lines were generally much fainter than the anti-igG - IgG lines. 
These reactions were greatly enhanced by treatment with 0.125X 
cadmium cations after the lines had formed (12). 

The results ot the IF and Cf  tests with Karp, Gilliam and Kato 
antigens and the pools of mouse serum collected after primary infection 
with the Karp strain, and subsequent challenge with tue Kato strain 
are illustrated in Figure 1.  Homologous Karp IF antibody was first 
detected 14 days after inoculation and attained peak levels on the 
42nd day.  Thereafter, 4-fold fluctuations in titer occurred until 
the 78th day when the experiment was terminated.  The heterologous 
Kato antibody appeared on the 16th day, and the Gilliam antibody on 
the 32nd day.  The Kato and Gilliam antibody titers paralleled the 
Karp antibody titers at 4-fold and 16-fold lower levels respectively, 
until the 60th day of the experiment.  On this day, which corresponded 
to the 11th day after challenge with the Kato strain, and afterwards, 
there was obvious dissociation of the patterns ol the respective 
antibody curves.  Kato antibody titers were equal to the Karp titers 
on day 60 and 64, and remained constant for the next 2 weeks. 
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Slmilariy, GilJian; iitiln^iy im-i , i .■!;-t i m.-.!  ui: l.ii.t itnm LIIL' 60th 

to the 74th ■■■:■. ,.it 4-U)]d luwer 'uwi ; Lhan tin- .:,iii' antibody. 

On the 78th day, a 4-fuJd drup lu   '. i I i i ai;i liter was ubserved .  These 

findings ::aa be explained bv attributing tiie heteri'lugons Kato and 

Gilliam HJ; Lln'd'j ai-tivity l-'ttu  t !■(■ (.()lh day tu i i n.^s- reactlvl ty 

ui Karp .atibudy witfi the Kalu ai>d '.-illiaüj antigens always displayed 

by the IF test.  On the 60th dav and thereafter, antibculies rcsuiting 

iron i he chalJenge will, the Kat < st r.iin exceeded ihe luve! of i ross- 

re<".i tlvity oi the kai p  antibouies ..i-. were independently manitested. 

J ;,  i, ,i. • i :■•"■,      i  . • : i 11 i t u i•! v    i i . .' i i .-.«.■ t !ii ■ c 1 ass o f 

i niii.ui,. ,., ■ ! u i i ii fe;:p. : i I ; e I oi  a.  . ;■  ait J i .!y >.. ; i •.' i t ■. .  Mi > no sped 1 i c 

anti-racua«.' igM and i^C t. iuoresi-vi ■.. r, njugates were not available 

from .onmiercj.il sources.  Auempts were made to devise a '3-step Indirect 

Immunol LLon^si Li.: pr, 'edure,  ii,e dentiitv gradient fractions were 
applied to the nuigen smear i ;■! the lollu^ing i-eagents were added 

in sequence at'te;' removal oi the previous one;  either rabbit anti- 

mouse IgM or raobit mti-niouse igG, and then goat anti-rabbit globulin 

fluoresceln conjugate..  Ihe results indicated that the rabbit anti- 

mouse igM aini IgG sei a were not as monospeciiic in the fluorescent 

antibody sysLem as I hey were when used in Uuchterlony double diffusion 

and inmunoe I ectropiinre!. i. technii s. 

Tests with the horse anti-mouse whole serum fluoresceln conjugate 

and the density gradient fractions showed the reagent was reacting 

with both IgG and IgM antibodies.  However, antibody could not be 

detected in any of the fractions unless the antibody liter of the 

whole serum was !.:lfa(j ui greater.  The resul'.'. M tests of the 

fractions from the; 401.1), buui and 64th day specimens did provide 

some information about the nature of the immune response after infection 

and subsequent challenge.  The serum pools collected on these days 

had Karp antibody liters of 1:640.  Fractions ( and 4 of the 46th 

day specimen in whuh presumably only IgM was present, titered 1:10 

with the Karp antigen only.  The range ot  u ibody liters found In 

fractions 7, 8 and 9 of the same speclmei  in which presumably only 
IgG was present, were 1:40 to 1:160 with the Karp antigen,and 1:10 

to 1:40, with the Kalo antigen.  Keactivitv with the Gilliam antigen 

was not seen.  i:; the 6üth day specimen collected ii days after the 

Kato challenge, tractions J, 4 and b containing IgM titered 1:10 

with the Karp antigen, and from 1:10 to 1:40 with the Kato antigen. 

The range of titera in frncii.ms 7, 8 and 9 containing IgG with 

the Karp, Kato and Gilliam   -gens were respectively, 1:40 to 1:160, 
1:40, and 1:10 to \ :\(K ;>ame pattern ol result:; was obtained 

with the tractions iron:    'i4th day spe( imen.  .1 was evident 

that Karp IgM antibodv     decreasing while Kato IgM antibody was 
Increasing.  The K.o   i,e Gilliam IgG' antibody remained the same 

as was found fun      earlier, but the aimmnt ot Kato IgG antibody 
had increasfd 
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The more specific complement fixation test provided a clearer 
picture of the antibody response.  Homologous Karp antibody was first 
detected on day 10, attained peak levels on the 36th day after infection, 
and remained essentially constant until the end of the experiment. 
Low levels u£ Kato and Gilliam antibody were found initially in the 
12nd  and 3bth day specimens, respectively.  Prior to challenge on the 
49th day, the heterologous titers were 16-fold lower than the level 
of Karp antibody.  The Kato antibody began to Increase 9 days after 
challenge, followed 2 days later by the Gilliam ar.tibody.  The Kato 
antibody reached peak levels on the 72nd day of the experiment, 23 
lays alter challenge. 

Whtn complement fixation tests were performed on the density 
gradient fractions of the mouse serum pools, it was found initially 
tint fractions 1 through 5 were anticomplementary.  The anticomplementary 
activity v.'as removed by dialysis of the fractions against physiologic 
saline at 4 C for 24 hr .  Complement-fixing antibodies were found 
only in fractions 7 through 9 which presumably contained only IgG 
Immunoglobulins. The relative Karp, Kato and Gilliam antibody titers 
paralleled exactly the reactivity of the whole serum pool.  Tests 
with fractions J through 5 of all of the serum pools were negative. 
Other workers have found that antigen-antibody reactions with mouse 
IgM imrnunoglobul ins do not fix complement. 

Although it is not possible to stato unequivocally that the antibody 
response to the Kato challenge was oi the primary type, there is 
little evidence to indicate that it was a secondary response.  It 
had been reported previously that the t ime of appearance and the 
rapidity with which peak levels are attained are influenced by the 
dose of the inoculum and the administration of antibiotics.  In 
an earlier experiment, after the intraperitoneal inoculation of 
16 LDJQ of the Karp strain, which does not kill all of the mice, CF 
.mtibodies were first detected 14 days after inoculation and peak 
titers were attained around the 17th day.  The administration of 
antibiotics delayed the appearance of antibodies until the 21st day, 
and peak levels were not reached until day 35.  Thus, the difference 
between the Karp antibody response after primary infection and the 
Kato antibody response after challenge could be attributed to the 
influence of the chloramphenicol treatment from day 3 through day 21. 
When 105'6 LD5Q of Kato rickettsiae were inoculnted intraperitoneally, 
and the mice treated with antibiotic, CF antibodies appeared on the 
7th day and were at maximal levels on day 35.  When similar large 
doses of either Karp and Kato were used to infect mice and antibiotic 
was not administered, CF antibodies were found on day 7, and the 
homologous titers on day 10 were 1:80.  Between the 10th and 14th 
day all of the mice died. Comparable levels of Kato antibody were 
found in the present experiment in the mice 10 days after challenge. 
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This evidence, when considered with the results of the IF tests 
which suggested that the mice developed Kato IgM antibodies after 
challenge, led to the conclusion that a secondary or booster 
antibody response was not the basis of the protection afforded the 
animals.  When a method for quantitating the rickettsial neutralizing 
capacity of serum is available, it will be used to evaluate further 
the mechanism of Immunity.  Future plans include also an evaluation 
of the role of cellular immunity. 

d. Development of a Tissue Culture Scrub Typhus Neutralization 
Test 

Studies of the immunity prodi-iced by either infection with 
R. tsutsugamushi or the administration of experimental vaccines have 
been handicapped by the lack of satisfactory assay raei  ds.  The only 
serologic means currently availcible to quantitate scrab .yphus 
antibodies are based upon indirect immunofluorescence (iF) and complement 
fixation (CF).  The results of trials with killed rat lung-spleen 
vaccines already reported failed to show a relationship between the 
presence or absence, or the level of serum antibodies found in CF and 
IF tests, and the ability of the mouse to survive challenge with the 
homologous strain (13). At the present time, the only way to obtain 
valid Information about the immune status of man or experimental 
animals is to determine the response of the host to infectious challenge. 
Previous technics demonstrating in vitro neutralization of scrub 
typhus rickettsiae using mice (14) and tissue culture (15) have been 
Imperfect and required the use of hyperimmune sera. Although a 
plaque assay for rickettsiae has been reported (3, 4, 5, 6), its 
usefulness for demonstrating neutralization was not evaluated. 
Recently other investigators have reported a method for the quantitative 
assay of Chlamydia psittaci in cell culture and its application 
to neutralization tests (16, 17, 18).  Incubation of the seed 
suspension with antibody in this procedure resulted in a significant 
reduction in the number of infected foci found in the cell monolayer. 
These authors found also that sensitivity and reproducibility were 
Increased by the addition of antiglobulin prepared against the IgG 
immunoglobulins in the serum being tested to the immune complex. 
Infected foci in monolayers of cells were visualised microscopically 
after immunofluorescent staining. 

In August 1970, efforts were initiated to develop a similar 
neutralization test for R. tsutsugamushi. This report is concerned 
with results of attempts to enumerate quantitatively scrub typhus 
rickettsiae in cell  iitures.  Difllculties were encountered initially 
In the selection .  .i cell line.  Preliminary trials with primary 
chick embryo fibroblasts and Vero African Green monkey kidney cells 
were unsatisfactory.  These cells tended to overgrow rapidly, making 
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it difficult tD visualize intrajeliular scrub typhus rickettsiae in 
compacted and overlapping cytoplasm.  It was not possible to control 
the rate of growth o£ the cells by varying the concentration of 
protein in the nutrient fluids.  In addition, considerable nonspecific 
inuuunofluorescent staining of cellular granules complicated the 
counting of rickettsiae. 

During the early trials, antibiotics were not included in the 
nutrient medium because its possible effect upon low concentrations 
of microorganisms was unknown.  Prior experience in this laboratory 
had shown that I CO units of penicillin and 20 ngm of streptomycin per 
mJ did not inhibir the growth of R. tsutsugamushl when the multiplicity 
of organij'aifi !. cfll.i was relatively high; i. >■., I to 5 rickettsiae 
per cell.  Rc-cutuly, the Irequency of bacterial contamination has 
required the use of these antibiotics. 

The results ot uxperiments reported here were obtained with BS-C-1 
cells, another continuous line of African Green monkey kidney cells. 
The primary pur; ise of these experiments was to define the sensitivity 
of the assay meth d; i. e., to determine the lowest concentration of 
rickettsiae that could he enumerated accurately. 

The pieced:ic was essentially the same in all the experiments. 
Monolayers of BS-C-1 cells were removed from stock bottles by 
treatment with 0.25% trypsin.  The concentration of the cells in 
growth medium, cons ist lag of 10% fetal bovine serum (FBS) and 2niM 
glutamlne in M199, was adjusted to 0.5 to 1.0 x 10^ cells per ml. 
The suspension was distributed in 1 ml amounts to flat-bottom 
cylindrical vials each containing a 12 mm circular coversllp.  The 
tubes were incubated at 37 C until there was 80 to 100% confluence 
of cells in the raunolayer, usually 1 to 3 days.  The growth medium 
was removed and each ot J vials were Inoculated with 0.2 mi of 
varying concentrations of a yolk sac suspension of the Karp strain 
diluted in maintenance medium (2% FBS and 2mM glutamlne in M199). 
The vials were centrifuged in a horizontal head at 500 x ^ at room 
temperature for 30 min to facilitate infection of the cells.  The 
inoculum was removed, and the monolayer washed twice with maintenance 
medium.  Finally, I ml of maintenance medium was added, and the vials 
incubated at 37 C for the duration of the experiment. 

Rickettsiae in the cell monolayers were enumerated in the following 
manner.  After removal of the maintenance medium, the monolayer of 
cells on the coversllp was washed twice with phosphate buffered saline 
(PBS) and air-dried.  It was not possible to identify rickettsiae 
in cells with certainty when either the Giemsa stain or the M,. - 
Grunwald modification was used.  in preparation for immunofluorescent 
staining, the monolayer of cells on the coverslips were fixed with 
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acetone for 10 min and then dried in the air.  The coverslips were 
treated with 0.05 M HC1, washed, air-dried, and then stained for 30 
min at 37 C with a mixture of a 1-20  dilution of the rabbit anti- 
Karp fluorescein conjugate and 5% rhodamine bovine albumin.  The 
fluorescent dyes were removed, the coverslips washed twice with PBS 
and allowed to air dry.  The coverslips were mounted in buffered 
glycerin, pH 7.2, on a slide and examined with the dark-field 
fluorescent microscope at 450x magnification.  Uninoculated inonolayers, 
included In each experiment as controls, were processed in the same 
manner. 

Table 5 presents the results of a series of experiments in which 
attempts were made to enumerate R. tsutsugamushi in monolayers of 
BS-C-1 cells 21 hr after infection with decreasing concentrations 
of the Karp strain.  The results are grouped according to the dilution 
of the seed suspension to facilitate comparison of reproducibility 
from experiment to experiment. The number of infected cells per 
coverslip was calculated from the average number of cells counted 
in the indicated number of high-powered fields (HPF), multiplied 
by the total number of HPF included on the surface area of the 
coverslip.  The per cent of infected cells denotes the ratio of the 
average number of infected cells to the average number of total 
cells counted in the indicated HPF.  In the course of carrying 
out these experiments, it was apparent that as the concentration of 
rickettsiae in the inoculum was reduced, more HPF had to be examined 
in order to obtain meaningful values. Thus, the 12 HPF counted in 
early experiments was increased to 50 HPF later. A certain amount of 
nonspecific staining of particles about the same size and shape as 
scrub typhus rickettsiae also was noted. The magnitude of this 
problem became evident when cultures were Infected with the 10"^*^ 
and 10~° dilutions of the Karp suspension.  In certain instances in 
these trials, when the numbers of cells thought to contain rickettsiae 
in infected cultures were compared with the number of cells in 
uninoculated controls exhibiting similarly fluoresclng particles, 
virtually no difference was found. Therefore, the results of most 
of the experiments with the highest dilutions of the Karp seed are 
probably invalid. 

> 

There was considerable variation in the number of infected cells 
counted on coverslips inoculated with the same dilution of seed. 
Differences were noted among the experiments, as well as within the 
same experiment (Table 5). The greatest discrepancies occurred 
in the earlier experiments, and more recent trials agreed more 
closely.  Nevertheless, an evaluation of sensitivity of the assay 
system can be made.  The titer of the Karp suspension expressed as 
tissue culture cell infectious units calculated from the mean values 
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TABLE   5 

ENUMERATION OF R.  TSITTSUGAMUSHI   IN BS-C-1 CELLS 

Infected Cell« Per Coverellp 

Seed 
Dilution Expt 

HPF 
Counted Percent Number 

Maan 
(Range t 1 SD) 

Loi10 Nimber 

Infected Cell» (t 1 SD) 

10-' 10 12 
12 

3.5, 
2.7 

2,584 
?,128 

7.296 
- i2.959-11,639) 

IQ"4 11 12 
12 

24.6 
13.5 

10,3^6 
6.384 3.86 

(3.47-4.07) 

10-' 12 20 
20 

16.8 
14.5 

12,768 
9,576 

io-4-7 12 20 
20 

2.3 
1.4 

1,368 
760 

1,737 
- (764-2.710) 

lo"4-7 13 50 
50 

2.9 
0.9 

2,128 
517 3.24 

(2.88-3.43) 

io'4-7 19 50 
50 

4.8 
..6 

1,388 
1,611 

io'4-7 20 50 
50 

5.6 
5.6 

2,888 
3,283 

IO'' 12 20 
20 

0.5 
1.1 

304 
684 

1.100 
- (253-1.947) 

IO"5 13 
50 
50 

0.7 
0.8 

426 
426 3.04 

(2.40-3.29) 

IO"5 19 50 
50 

4.6 
2.7 

1,155 
1,124 

io-5 20 50 
50 

3.9 
5.2 

2,006 
2.675 

io-5-7 13 
50 
50 

0.3 
0.4 

213 
243 

888 
- (235-1,541) 

io"5-7 19 50 2.3 942 2.95 
(2.37-3.19) 

io"5-7 20 
50 
50 

2.6 
3.3 

1,642 
1,398 

io'6 20 
50 
50 

1.9 
1.5 

1,064 
730 

897 
(661-1,133) 

2.95 
(2.82-3.05) 

608 

mmmmmmmim 



obtained with  ihn   li'',   iU"''       -...   '. ■      .■.:.■:. .   nU 
lO7-9^ and  lü0-3"*,   respectively.     iho    u:  ;    r .    i   r.ct 
of   this  .suspension vua   JO''-    '• 

10'■^''. 
i.v.e   (IHy,; 

The   tis.sue   cuitiut-   „.■■s.:»-   üy-itt-m w.. -    i ..■ ..    ■. .'■ ;'n.      iu-   i a'i    . . 
multiplication  of  R.   tsiitsu^.iinu.shi    in   r. -'.- . jhit    6   ■.;.?.:■ n i ^e;. 
the  results of  severa]   expi ritnent^  in wi-    n     : ■   ; ;   :i ,     ;   ih*:  Karp 
suspension varying f rum 1/10,000  ro   ' '','". ' i    ■....■..    : u,   .. ■ air. 
Aftei"  21  hr  incubation,   the   numbers  of .-,   ..er    :■. ' .    ,r ii^lci  ceiis 
per   HPF,   and  rickett-iae   in   ini^ctet.'    ill:   ijerc .ntcd.      i he 
calculation of   the mult ipl icitjoa   r.i'. • v.:   ;:■   ':    i-.i '    ;;.   •.   i-  ..ssümpt ion 
that   the number  of   infected   rrlls v.is   ,11.   :•■■}•■■.     i    ■ h-  n\.u,     •      i 
rlckettsiae  incc.ulate<l   into   tne   r.uliur-   ;:  ■     it    i.j     Jd\ .      i'r.e 
total number of  rickettsia*    ii  tv.>-   int-vi   i!  '•■':       ai/^u-.-ii  '.     ta..: 
number of   infected ct 115,   gave   the  iirJlr.i;J   ,•    .   i   ..   f.j. tur        rh« :"•• 
appeared  to be  a  tendency   for   i he   rale    .:   in;,    jl;.'   on   •■    in.-rtase 
with   the   inoculation of  greater  mitnbe:     ' :     i   r  ■'; ,   JC       TV.      .;'.;d1t- 
of   these observariens  mus.  be  conflrme.o  l.«    i :  <    !•!,     .r. .   * :<..'>■•■  may 
be  due  to  samp^ng error   rejulting   fror.      ■•n..;',, .v.   .li'V. 
Previous  investigatioan   in  this   labora*.;"  .■.I".-   'II!   U.   ■ i ; i.-,  s!   wed 
that  R.   tsutsugamushi   increased   1-t .Id   i.    ''i     ■ . 

Table   7 sununarlzes   results  ob'.ained     r-i      '.IMJ   :,  maintained 
for   1,   2  and   3 day periods.      It  wa^  anti   :t,iUi..   U'ji.   increase'-   in 
numbers of  rickettsiae  due   to multiplication  v,'   •.•!,■   ,1-    f.',t«.rded 
incubation period would   facilitate  enuuerat iui      I   '-.ile.ui  ^ > r. ,. 
The  absence of  values   in   the   r.iv''<    denotes   'S    ty ■  .. : . n   .      !   Iacterl.il 
contamination.     The  icsuJts   indlcat«   th.il   with.n   '.i.e     i;.;:f'   .'t   saniplliuj 
error,   there was no change   In  the  r.urobe.i   ii   in'.e   : " i  cells  over  the 
3 day  period.     Although   rickettslal   c..t>ni ■   wei e   ■ >'     -nace,   thee wa^ 
no observable  increase  In  the  number  of i r^anlsns   In  ^cich  ^eU. 
Indeed,   there  appenrfa   to be   u  d( crease   ir.  r!..    nurnbi r     .    i-ir.r'.cd 
cells during the period of   ineubiif Ion   In  tl.e     ■   1 ■■   !.;    i.lnt.^  with 
the  10~" dilution,    dther experiments  ai ;   ii    ■•   ^n ,,   tn  cv.ii iiiitc- 
the  relationship between   the  dos1/  of   tlie   l^o-'uloin an i  f l»c   .ib.lity of 
the  organisms  to multiply  In  tissue  rultiae  ct 'is. 

Since  these  studios  we; c   c[>Bpieted,   work    .itti   tue   Lli-t-i     el.' 
has  been dlscintinuec1.     Preliminary  tnu':. wl'h.   :4p',   ..      .in;iiij^i.- 
line   of  rat   iibroulast,   have  shown   this  tejJ   i"  ii>iUaiii   iev.tr 
intracytoplaüDii.   p-ircicL.s   resect)   nf,  rick   't .   .i« .      .•:  .ividitlon, 
the  acia  trealmont-rncdaminc   boviT»-?  altem' i  pr.ce.-l.^■ e  u i^   discijntin'ied 
and 0.005?''  Evans'   blue was  aüoprer;  m   a      uiifrst.'. ii..     Ttiese  changes 
have  almost  completely  eliminated   th<. pi   ^luiit-  ■■:   re nsj-ecl f lc 
fluorescence of  normal   cellular   irel i;:.u     •,   i • nnn I ■.■.-.. 

'•0f) 



TABLE 6 

GROWTH OF R.  TSUTSUGAMUSHI IN BS-C-1 CELLS 

Seed HPF Multiplication Factor 

Dilution Counted Observed Mean     SD 

12 3.4 

12 3.1 

1/10,000 
12 6.6 4.43     1.33 

12 5.4 

20 3.9 

20 4.2 

1/20,000 
12 

12 

5.0 

4.5 

4.75 0.35 

1/30,000 
12 

12 

3.4 

3.5 

3.45 0.07 

1/40,000 
12 

12 

3.3 

3.8 

3.55 0.35 

1/50,000 
20 

20 

3.5 

1.8 

2.65 1.20 

1/100,000 
20 

20 

2.8 

2.4 

2.60 0.28 

,.     410 
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TABLE 7 

INFLUENCE OF DURATION OF INCUBATION PERIOD UPON 

ENUMERATION OF R. TSUTSUGAMUSHI IN BS-C-1 CELLS 

Seed 
Dilution 

HPF 
Expt. No.  Counted 

No. Infected Cells Pt i Coversllp 
Incubation Pe, .^d 

Day 1      Day 2      Day 3 

1/2,000 10 10 
5,320* 

5,C16 

10,032** 7,904 

ll,r,96 

1/10,000 10 12 
2,584 

2.128 

5,624 

4.408 

6,840 

5,928 

1/100,000 20 50 
2,006 

2,675 

2,736 

2,219 

1/500,000 19 50 
942 912 

699 

1/500,000 20 50 
1,642 

1,398 

1,155 

1,034 

1/1,000,000 20 50 
1,064 

730 

364 

334 

395 

* 15 HPF counted 
** 20 HPF counted 



Recent studies by other  investigators of  the  interaction of 
R.   prowazeki  and human macrophages have shown  that  rlckettslae coated 
with antibody are destroyed within several days  after phagocytosis. 
On  the other hand,  unsensitized  rlckettslae quickly escape from the 
phagosome and multiply   Intracytoplasmically until   the phagocyte 
was destroyed  (19).     Larlier  this year,  studies were  initiated to 
determine if guinea pig peritoneal macrophages  could be used for 
quantitative enumeration of scrub typhus  rlckettslae and for the 
development of a neutralization  test. 

Young adult guinea pigs were  inoculated  intraperitoneally with 
10 ml of trypticase soy broth.     Three days  later,   after rapid 
euthenasia by  the intracardlac   injection of  20 ml  of  pentobarbital, 
50 ml of M199 with 20% FBS,   10 units/ml heparin,   100 units/ml 
penicillin and 20 pgm/ml  streptomycin were  Inoculated  into the 
peritoneal cavity.     After  gentle kneading,   the abdomen was opened, 
the  fluid removed asepticaily and kept  at 4 C while  the cell 
concentration was determined.     The  celxs were  sedimented  at  200 x £ 
for 10 min.     The supernatant   fluid was discarded and  the cells 
resuspended to original  volume  in  the same nutrient  solution without 
Che heparin.    After centrifugation,  the cells were   resuspended in 
nutrient medium to a final  concentration of 2  to  3 x  106 cells/ml. 
The cell suspension was distributed in 1.0 ml  amounts  to vials 
containing 12 no diameter  coverslips and  incubated  at   37 C.    The 
following day  the monolayer of macrophages was  about  80% confluent. 
The procedures for infection with dilutions of  the Karp strain, 
and  the subsequent processing for  Immunofluorescent  staining, was as 
previously described for experiments with BS-C-1  cells, except 
Evans'  blue was used as  * he  counterstain. 

Table 8 summarizes  the  results of  two experiments  in which R. 
tsutsugamushi was enumerated  In guinea pig peritoneal  macrophages 21 
hr  after inoculation of   a   10"^ and  10"^ dilution of   the Karp seed 
suspension.     The  indicatexi  values were calculated as  previously 
described.    With the single  exception obvious   in experiment 26 with 
the  10"■* dilution,  the  results of  replicate  tests were very similar. 
The  titer of  the Karp suspension  calculated  from the mean values, 
expressed as  tissue culture  cell   Infectious units would be 10'*^. 
The mouse LD5Q  titer of  this  seed suspension was   lO^-JJ,     The results 
of   the experiments  to quant 1 täte  R.   tsutsugamushi   in  BS-C-1 and the 
guinea pig macrophages  are  compared graphically  in Figure 2.    The 
slopes of the  two curves  are  comparable   if  the  points  corresponding 
to   the 10"5,7 and  10"6  dilutions   In BS-C-1   cells  are disregarded-     The 
reasons   for  considering   these  values   Invalid  have  been  presented 
earlier. 
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When  the  sensitivity oi   the   tw .   ■:<jiJ    .•.(.•■.-   ,• ■ ;   .••ii..fj.   .-n.) 
enumeration of  rickettsiae  can  be  accoirnii    ,. .' ■■ it i   ■!•-■   "<■ :'jiit : 
degree  of  reproducibiiity,   att impf;   wil.   ;>•   :i.'K;I    i,    .< i"   i  ■•■  a   wr. 
system  for scrub  typhus  neutralizat ion     ...L:.      in  .. :.i'':i    i,   t hi 
usefulness of  the fluorometer  as   a meanp       '   > in   !.   ^''-urii ■     ab it.'cr IV'j 
measurement  of   the number of   fiuoiescin^,  ; i c .-i ! . ■ i^    ;;i   irU-iol 
monolayers on  coversiips will  be  evalua'PiI. 

e.     Study of  Genetic  Stability   ot   H    i     • ^.ij.'.iush      ':.  '••.•• :r Mfces 

(1)   Preparation  and  Pcrforma-.i';   "'..C'i'".''.-"    '' ' L  ^r
l'
! ' ' 

rickettsial Serum Fiuorescein Cuiij ii^a'.e.s .     tnn^n-  ■'■■•.\\->:     ;■')•   '. .iv 
Identification of an or(jani.''m   i    a  spec;'-   i K   -'.   i'^''.'' -^      ''''f 
requires:     (a)   recovery of  the   ai^nt   in ;;i    c;      .'   i u-<'-/i.! t io-;  "t 
characteristic microscopic morphology   tu 'üe'^sa- ■I.MIU'H      •UM'-S  rf 
mouse peritoneum and spleen;   and   (c)   esi ..h.l ■ JIU ,!>.;  li <'■':•:.:<   irw-nutv- 
challenge   the  ability of mice  convaJ t?s.i !it     ron   :'.:-  ■t-'on  v;i' d   the 
isolate  to survive lethal  challenge with .1  re  . .'njv.tnl   >tra,.i  :: 
R.   tsutsugamushi.    At best   this   procedur"  rfuire    a  a'liin.jr ut 
10 weeks.     Characterization of   the  anti^et.i.     <■! r,:1.)'   1.:   .iu 
unknown strain to subspecies of scrub tyiiir. . i ■ r 1 v 1 ■. •. i u otrvloi'sly 
established as prototypes or candidate pri tof.yiu-! eni-jjls: ' i.1 it.s 
adaption  to cultivation  in  the  yolk  t,ac   o    i-mor^niiatvc  'vi    '   (■■v^n; 
(b) preparation of strain-spec i fj r  com^ 1 enitn^-1;   lnr>  .-.•.M^ens; 
(c) prediction  of  immune sera  by   int r.iLcrt'bt.ii   .!.,-ul..Li  MI   C'   ^uiiua 
pigs with suspensions of  infacted nicu^e  spleon    aivl   di)   c inyint- out 
cross-complement  fixation  tests with  an arr«.     '   tin   pi   ro'ypi   antigens 
and  the  corresponding immune  gui.iea  ('IK  sr^.      .1-t    J   .   . .pal    l.lflcuJty 
in  this  procedure is  to obtain  the  heavy  cone-nrrai ''JII   .'   r! ck^tf.lae 
in  infected yolk sacs  that   are  required  for  !'e  IT-'iu"! lor     f     a:isfactory 
strain-specific cumpiement-tixing  antigens,     l\ei   a ■ ; f r  iT.anv  ■/•'a'--, of 
continuous  cultivation of ruost  ot   the  cai.Jjd.t.   rimrc-rvt.     -'ruins 
under study by  the Department  ^i   Hlcketisi.ii   Disease;,   it   •-.t.'l   has 
not  been  possible  to  complete  their ant.'sanic   (,.'r<-  erf:  t'l'-T.. 
Similar difficult and   length procedure;   «r     r.vir.'.i   r.,i   >  n   sporlflc 
identification  of other  species   belont;inK   ; o  tic   I'vuh.'^  Croup   and 
Spotted  Fever Group of  rickettsiae. 

Proposed  studies  to determine   it   rhaii^?-    :-.  ai 
of  R.   tsust.uKamushi  occurred  during   ^r ansst. i 1.1)    1 
transmission  in vector mites  requirea dev>; l.;praeni 
rapid,   specific  identif icaticn  of   itrains  ot   •;   ru'.i 
attempts were made to conjugate   immune  tor..   ..J'   : 
react  specifically with  the  h.'j-noJoKC us    u,^,' .   :   .t.i 
identification  under the  fluorescent  a.ic.-. ■;  ., 
has  been  devatod  to  the  preparatiun  oi   lea^'/i'.ts   ' 
fluorescent  staining at  strains  of  R.   1 ■ (a; .^-ri;-,1, 
extent   wf U:  .■pecies  at   rickettsiae   1 c. I> :i. ■', /   '■    ■■ 
fyphun (Jroups . 

.!t '1 ) l invponition 
t r ar.s. "' n r I a i 
f p t K ,, ■ P   • ■..' r 

i' ■' '' " '"or vcjueri» 1> 
r < J c i 1 .,;  c'yes  (hat 
.■ ■: r' 1 i<pec ies 

; ■■'. ■ lyel   effort 
■ •■<     t iirn'ir.o- 
ird   • ■ 1   a   lesser 

;■.!   t ■ 
r'e /er and 
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In the Annual Report from 1969-19 70,  preliminary results were 
described indicating that direct-staining conjugates prepared  from 
sera collected  from rabbits 23 days after Infection with either Karp, 
Gilliam or Kato  and conjugated with fluorescein isothiocyanate were 
sufficiently specific  to distinguish the  respective strain from the 
other two prototypes.     It is known that antibodies in sera collected 
from rabbits early after  immunization,  which are principally of the 
IgM class of   immunoglübulins,  exhibit  mure specific serologic 
reactivity than antibodies in sera collected  later that are almost 
wholly  IgG  immunoglobulin.     Thus-,  groups  of   3  rabbits were infected 
intraperitoneally with about  10°'^ 30% mouse  infectious  doses  of each 
of the 3 Thai candidate prototype strains,  TA678, TA686,  TA716, 
TA763 and TH1817.     Serum was obtained  from each animal  14 days  and  28 
days after  Inoculation.     The antibody  titer of each specimen was 
determined by indirect  immunofluoreacence with smears of yolk sac 
suspensions of  the homologous organisms.     In no instance did the 
14-day serum contain sufficient  levels  of antibodies to warrant 
attempts at conjugation.     Previous experience had shown  that rabbit 
serum had  to have an  immunut luorescent   titer of  1:2,360 or greater 
in order to prepare a satlstactory conjugate.    Even after 28 days, 
none of the rabbits  infected with TA678 or TH1817 had developed the 
required levels of antibodies.    Work is  in progress to produce  the 
necessary antibody titers  in other rabbits by administering repeated 
booster doses of   these  two strains. 

The method used  tor conjugating fluorescein to antibody was as 
follows:    To 10 ml of  cold TA686.  TA716 and TA763 rabbit antiserum, 
an equal volume of cold  3.2 M ammonium sulfate was added slowly. 
A precipitate  formed when about half of  the sulfate solution had been 
added.    The suspension was mixed continuously for 4 hr at 4 C,   after 
which the precipitated globulins were sedimented by centrifugation 
at 10,000 rpm for  10 min.    The supernatant  fluid was discarded and 
the globulins were dissolved In  10 ml of distilled water.    The 
globulins were precipitated again with  10 ml of  3.2 M ammonium sulfate, 
se>iiiaented by centrifugation, and then dissolved  in 4 to 3 ml distilled 
water.     Residual   ammonium sulfate was  removed by dialysis against 
«aline overnight.     The protein content  of  the globulin solution was 
determined by  the   Bluret   reaction.     A sodium bicarbonate-sodium 
carbonate buffer was added to form 10Z of  the  final volume and  the 
solution was adjusted  to pH 10.     To  the cold alkaline globulin 
solution was added 1 mg fluorescein Isothiocyanate  (FITC)   for each 
20 mg of protein.     The mixture was stirred overnight at 4 C.    Unlabeled 
FITC was removed by passing the run jugate through a Sephadex G50 
column. 

Table 9 present;;  the results obtained when 2-fold serial dilutions 
of the conjugates   for TA686,  TA716 and  TA763 as well as  those previously 
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made for Karp,  Gilliara and Kato were applied to smears of yolk sac 
suspensions  of  the  3 prototype and  5  candidate prototype strains of 
R.   tsutsugamushl.     Smears of TC386 were  Included also because of  its 
interest  as  a substitute for Gllliam In experimental vaccines. 
Minimal reaction  (1~)  denotes  that definite rickettslal morphology 
was  recognizable although the intensity of  fluorescence was  slight. 
All conjugates were diluted  In a diluent  prepared by ether extraction 
of a 10% normal yolk sac suspension.     The addition of Evans1   blue 
In final concentration of 0.005%  to  the diluent greatly decreased 
background staining and autofluörescence,   thereby enhancing  the 
fluorescence of  the rlckettsiae. 

The TA686  conjugate exhibited  reactivity only with the homologous 
antigen.     The Gllliam conjugate stained  its corresponding antigen and 
TC586 which is  considered to be a homotype of the Gllliam strain on 
the basis of  complement  fixation tests  reported previously.     The 
heterologous  reactivity evident with  the Karp conjugate did not 
preclude  its  use  for specific identification because at a dilution 
of 1:256,  which produced 2+ homologous   fluorescence,   it did not  stain 
the other strains.    Although the Kato  conjugate could be used at a 
1:256 dilution  to differentiate it  from Karp,  TA686 and 4 other strains, 
the reagent would not distinguish between Kato, TA716 and TA763. 
The TA716 and TA763 conjugates were much less specific in reactivity 
and would differentiate the homologous  strain from 4 other,  and 6 
other strains,   respectively.     If all of  the prototype and candidate 
prototype strains are comprised of single antigenic types,  then the 
heterologous  reactivity exhibited by  the  conjugates was due to  the 
sharing of  common antigens.    The antigenic interrelationship among 
these strains of scrub typhus that was  apparent when the unconjugated 
rabbit immune sera were tested with homologous and heterologous 
antigens by indirect  immunofluorescence has been described previously in 
this report.     In general,  the process  of conjugating the antibody 
with fluorescein reduced or eliminated  some of  the heterologous 
reactivity evident  in Indirect fluorescent antibody tests.    Attempts 
are continuing  to produce more specific  reagents by selection of 
rabbit immune sera containing higher levels of homologous antibody 
than used previously for conjugation and by adsorption with heterologous 
strain antigens. 

Rabbit  immune sera have been collected  in order to prepare 
direct conjugates  labeled with tetramethylrhodamine isothlocyanate 
(TMRITC)   for use with  fluorescein conjugates  to  identify the 
components  of mixtures  of strains  by  coincident staining.     Thus  far, 
only a Gllliam TMRITC-labe led reagent  has  been prepared and  tested 
against  the array of 9 prototype and candidate prototype antigens. 
The homologous   titer was  1:128.     The only heterologous reactivity was 
with the Gllliam homotype TC586 and  the  titer was 2-fold lower. 
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Work is in progress also to prepare o-n j u^ .:_ > ;■■ for members ot 
the Spotted Fever and Typhus Groups.  To dai^, Fl C-t;oajut;uttd 
antisera for 2 strains of R. rickettsl and one   siran. of  H mooserl 
have been made.  These reagents are group-reactive and will   not 
differentiate among the different species in r.nt- roapotLLv« groups. 
As time permits, efforts will continue to prepare dlrctt imuuno- 
fluorescent staining reagents that can bo v'.-u.A   for species identification 
of groups of rickettsiae other than scrub (.yphus. 

(2)   Influence of Transpvarial Tr. msir. i ;-_£ i..; r. i n ..tp to i: romb i d ora 
(L.) akamushi upon the Antigenic Composition o f 5 cj^—Iy^ 4-J fii'-kat t siae . 
Because little is known about the extent of antigenic dAi sity that 
exists among strains of scrub typhus, the feasibility of ., /eloping 
a polyvalent killed vaccine that would afford si^nffl -int. protection 
against the disease can be questioned.  Thla phenomenon of antigenic 
heterogeneity is unique since it has not been obserw-.i wi.i, other 
species of rickettsiae causing human disease.  In oidsr to obtain 
some insight into the complexity and magnitude of tn ; problem a 
collaborative project v,'as initiated witn the r. 3,   .'uroy Medical 
Research Unit (USAMRU), Malaysia, to determine if the antigenic 
composition of strains of R^. tsutsugamushi veniains constant through 
developmental stages and transovarial transmission in vector mites, 
as well as during the period of chronic infection Ln rammalian hosts. 
This report is concerned with the initial observations made in 
Malaysia and at WRAIR of the antigenic composition of ehe scrub typhus 
rickettsiae in a naturally-infected colony of I.ept ■ t roabldium (L.) 
akamushi developed and maintained by USAMRU in Malaysin, 

The colony was derived in the following manner.  Initially, 100 
unengorged L^. (L.) akamushi larvae collected in nature were fed together 
on a single normal white laboratory mouse.  One adult male and female 
mite developing fron the larvae were selected and mated.  Daring the 
feeding the mouse was naturally infected with R. tsutsugamushi and 
the strain recovered from it was designatpd the.  parent strain, 
MF-i854.  The relationship of the parent strain to the rickettsial 
organisms subsequently recovered from successive generations is 
unknown.  It is unlikely that the female nUe used to initiate the 
colony developed from the only larva in the group that was infected. 
The possibility that two or more of the otigiual lorvae «eic infected 
and transmitted their respective strains to the mouse at the time of 
feeding cannot be excluded.  Ir.deeu. the parent straiu Mf-iSV-t may 
be a mixture of antigenic diverse strains of which only one is the 
agent carried in the colony.  Alternatively, the LnfecU;d larva from 
which the colony was derived may not have infected the mouse with its 
agent.  Tn this case the parent strain would then he  completely 
unrelated to the ncrub typhus rickettsiae in ' he colony. 
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Larvae emerging from eggs produced as the result of the first 
mating were fed Individually on separate white mice, collected and 
reared to the adult stage whenever possible.  Strains of R. tsutsugamushi 
were recovered from each of the mice used to feed these first 
generation larvae (F-l). All of the larvae from the first and next 
several generations developed into female mites and perpetuation 
of the colony was accomplished by mating them with male mites 
selected from another colony of L^ (L.) akamushi that was proven not 
to be infected with R. tsutsugamushi.  Strains of scrub typhus 
rickettsiae In successive generations were obtained in the same 
manner; _i. £., by feeding of the sibling larvae individually on 
separate mice.  The results of the study of the transovarial and 
filial infection rates In successive generations of the colony and 
the possible relationship of infection of the larvae and the sex of 
its adult stage have been reported elsewhere by Rapmund et^ al• (20). 

The antigenic composition of the strain of R. tsutsugamushi 
transmitted by sibling larvae of successive generations was to be 
determined as follows. After the isolate from the individual mouse 
used for feeding had been established by 1 to 3 serial passages of 
spleen suspensions Inoculated intraperitoneally into other normal 
mice, smears of peritoneum were to be prepared for direct immuno- 
fluorescent staining with fluorescein-labeled antibody specific 
for each of the 3 prototype and the 5 candidate prototype strains 
under study at WRAIR.  These reagents were to be produced by the 
Department of Rlckettsial Diseases and provided to USAMRU, Malaysia. 

The numbers of rickettsiae in the smears were to be ascertained 
by microscopic examination of duplicate smears stained with Glemsa 
stain.  Each of 3 guinea pigs was to be inoculated intracerebrally 
with a suspension of the spleens obtained from the same mice used 
for preparation of the peritoneal smears.  Sera collected from the 
guinea pigs 28 days after inoculation were to be tested at WRAIR 
with strain-specific complement-fixing antigens prepared with the 
prototype and candidate prototype strains. 

Although it has not yet been possible to prepare all of the 
immunofluorescent conjugates and complement-fixing antigens Included 
in the plan, the results of tests that have been carried out with 
available reagents are sufficiently important to be reported. 

Several years ago, USAMRU, Malaysia, kindly provided the Department 
of Rlckettsial Disease, WRAIR, the parent strain, strains from 6 
sibling larvae in the first generation (F-l) and strains from 32 
second generation (F-2) larvae.  During the current year, antigenic 
analysis of the parent strain, all F-l strains and 12 of the F-2 
strains was carried out as described above using antl-Karp, -Kato 
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and -Gllliam fiuorescein conjugates -or ^Ji^t^• 
staining of rickettsiae, and Karp, Kato and Ci I I 
fixing antigens for teatiny the guinea pig ^^ri. 
the results of these tests and presents ini'.rmcil 
history of the strains and their vlruinnct: ir 'm 
effect of intraperitonenl inoculation of a lü tn 
infected spleen into mice after at least tvj ■ .:: 
serial passages; 4+ denotes that all mic? w.-rr >'.' 
day; J+, all mice died between the 14th anj 21^; 
mice survived the infection; and 1+ sJgniMi-,; that 
mice died. The complement fixation Uf?st.s wit;, t !u 
antigens provided infonr.ation abcit the c.i'.-'T HK' i 
of the larval strains. The titevs present c-'j i 
antibody levels found in the serum frcm f-.i.ii 
inoculated with the same strain. These dat-j ■ 
parent strain, ^-1854, was Karp-Jike, whtreau 
generation strains were Kato-I ike. 
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Inspection of the results of th^ itumupr.T Uiure 
th>i rickettsiae in mouse peritoneal .smears i ui ' . • 
composition of the mite strains were different lie 
prototype strains (Table 10).  One F-l gcneraiic.i 
F-2 generation strains that were classifier, as ''a: 
of complement fixation tests were omitted fmm . l:i 
rickettsiae were not seen in smears of raous peri: 
Immunofluorescent staining or In Glemsa-stained sm 
of fluorescence of tlie mite strains was sir,"'f J< an 
observed with the related prototype.  F\irt ht n:;..; • , 
strains, except MF-2328 and MF--2651, were -tain« 
of the conjugates indicating Interre .atior..s*;ipb ih 
among the orototype strains" themselves.  Tri^r tcs 
prototype conjugates diluted in  normal yelk ,a  di 
conjugates to be sti jln-speci f ic.  However, '.'.'' :e 
Table 10 were obtained wirb 0.005% Evans' blue add 
Background staining and autnf luorescence wer;- dot i 
minor degree of staining of the Kato stral". with t 
that was not evident previously.  It is apparent l 
the antlgenic composition of strains frt>m flhlinj, 
same progenitor was different  Changes in tl. \,yA 
of the larval strains with the ant i-pratot'. p. runj 
unrelated to changes in mouse virulence. 
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Table  11  summarizes   the  results  ol   tr.e   ,.mmun. f.1 u.)ra.scent   tests 
of mite  colony strains  Ll.rougn  the  fifth gcnerstiün perionned  at 
USAMRU,  Malaysia.with  the  same  anti-protoTypf   )   u; ies     in  conjugates 
used  at   W'-'AIR.     Information abo'it     he r.ou.s,     '11-ii er . •.'  ol   tiiese  Ktrains 
was  not  avarlabxe.     The  comjjleruerit   tixatiM-'   't.; ■■  were  pt-rj irmed  at 
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WRAIR with serum from guinea pigs inoculated In Malaysia.  For brevity, 
only the results of the complement fixation tests with the Kato antigen 
are included.  All tests with the Gllliam antigen were negative and 
Karp antibodies were found only in serum from animals inoculated 
with the parent strain MF-1854.  The Karp tlters were essentially 
the same as found In sera from animals inoculated at WRAIR. 

One or more of the guinea pigs infected with the F-l through 
F-5 larval strains developed Kato complement-fixing antibody. 
Greater variation in the response of animals receiving the same 
inoculum, and generally lower tlters were induced with mouse spleen 
suspensions of the F-J through F-5 strains than with earlier generation 
strains.  Explanation of tills observation in the absence of results 
of tests with other prototype complement-fixing antigens and anti- 
prototype conjugates would be purely speculative. 

Similar variations in the pattern of reactivity of strains from 
sibling larvae with the antl-Karp and anti-Kato conjugates were found 
in Malaysia.  The negative reactivity with both conjugates, whenever 
present, was due to absence of rick^ttsiae in the peritoneal smears. 
Attempts are being made to develop methods for producing peritoneal 
smears from mice that uniformly contain heavy concentrations of 
rlckettslae.  Until this is accomplished, it will not be possible 
to compare the results obtained by the two laboratories.  Indeed, 
difference in concentrations of organisms in the smears may explain 
the apparent discrepancies between the results obtained in the 
respective laboratories with the parent strain and the F-l strain 
MF-2332. 

The changes in antigenic composition of the mite strains may 
be attributed to alteration of the relative concentrations of 
integral antigens in a single strain, or to variations In the relativ« 
population of two or more strains, if the mite colony is infected 
with a mixture of agents.  Previously, it was observed that when a 
wild strain of R. tsutsugamushi was suspected of containing two or 
more types, two additional serial passages in mice provided an opportunity 
for changes in the relative populations of the strains to occur. 
This event could be detected when the serologic response of guinea 
pigs inoculated with higher passage material exhibited different 
relationships with the prototypes than was found previously. Guinea 
pigs inoculated with spleen suspensions from third passage mice Infected 
with MF-1854 developed only Karp antibodies. After two additional 
passages, immune guinea pig sera fixed complement with the Kato 
antigen as well (Table 12).  Comparison of the fifth and seventh 
passage levels of three F-2 generation strains, MF-2749, MF-2768 
and MF-2677 showed the responses of infected guinea pigs to be the 
same.  These data suggest that the parent strain was a mixture of 
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TABLE 12 

ANTIGENIC ANALYSIS OF R. TSOTSUGAMUSHI IN A NATURALLY 

INFECTED COLONY OF LEPTOTKOMBIPIUM (L.) AKAMUSHJ 

Inoculua 
Strain     Pastag«   Guinea Pig 
Dcalgnatlon Laval*    Nuaber 

Coapleaant-Fixing Antibody liters of 
loaune Culnaa Pig Sera With Prototype Antlgena 

MF-1854 

MF-2749 

M-3 

H-5 

M-5 

M-7 

665 

684 

686 

822 

823 

824 

83S 

756 

771 

774 

855 

856 

862 

Karp 

640 

640 

640 

320 

320 

320 

>1280 

Kato 

40 

40 

20 

80 

320 

1280 

640 

80 

3 J 

80 

GllllaB 

HF-2768 

M-5 

M-7 

779 

783 

785 

c,c2 

868 

640 

1280 

320 

320 

160 

«'-2677 

M-5 

M-7 

782 

789 

799 

857 

866 

869 

160 

160 

160 

640 

160 

640 

Prototype 

Karp 

Kato 

Clllli 

* Number of aerial paaaagea '" mlce 

** Negative at Initial 1:10 dilution 

640 

640 

1280 

42.5 



two or more antigenic types and the F-2 generation strains were 
single types. When a method for plaque assay of R. tsutsugamushi 
is developed, it will be used to confirm these preliminary findings 
and evaluate the purity of larval strains in succeeding generations. 

2.  Evaluation of Existing and Potential Military Importance of R. canada 

a.  Investigation of the Etiology of Tick-Borne Rickettsial 
Disease in the Fort Bragg-Fayetteville Region of North Carolina. 

The coordinated clinical and field study initiated in 
1969 in collaboration with Womack. Army Hospital and the Preventive 
Medicine Activity, Fort Bragg, was continued during the current 
year.  Three of four patients suspected of having experienced a 
severe febrile illnes caused by R. canada contracted their disease 
at Fort Bragg (21).  The aim of the project was:  (a) to establish 
a causal relation between R. canada, or other unknown agents, with 
human disease; (b) to characterize the clinical featu-es and patho- 
physiologic changes of the illness; and (c) to Identify the tick 
vectors and vertebrate hosts Involved in the infectlun cycle in 
nature. 

Although patients with Rocky Mountain spotted lever or with R. 
canada infection were treated at Womack Army Hospital in previous 
years, no illness was seen during 1970 that was suspected of being 
rickettsial etiology.  Survelllence for possible rickettsial Infections 
will be continued this year and a concerted effort made to isolate 
the etiologic agents causing disease. 

The emphasis of the field studies previously had concentrated 
on the live-trapping of small- and medium-sized mammals in the areas 
where patients with R. canada Infection most likely acquired the 
Infected tick.  Because cases were not recognized during 1969, the 
program was changed to include random trapping throughout the area 
of the post with special attention to places where the risk of 
tick exposure for military personnel and their dependents, at work 
or at play, was greatest.  Blood was obtained fur serum from all 
animals trapped and all ectoparasites removed for identification. 
Complement fixation tests with spotted fever and typhus group, R. 
canada and Q fever antigens were performed on 157 specimens submitted 
during the current reporting period (see Table 13).  The collection 
consisted of 102 sera from 9 different animal species and 55 from 
animals whose identity had not yet been established.  Ten of the 
specimens were ant 1 complementary and unsuitable for evaluation. 
Serologie evidence of prior spotted fever infection was found in 
approximately 72 of the sera; I_. e. , In 5 of 66 cotton rats, in 3 
of 5 rabbits. In 1 of 4 foxes and In 1 unidentified animal.  No 
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Opossum 

1 

TABLE 13 

FORT BRAGG ZOONOSES SURVEY 

FALL 1970 - SPRING 1971 

Number Specimens 

Anlmalj 
Number 
Tested AC^ 

SF Group 
Positive CF^ Antljody Tlrers 

Cotton Rat 70 A 5 4, 4, 8, 8, >16 

Field Mouse 6 0 0 

Raccoon 6 0 C 

Rabbit 5 0 3 16. >16, >32 

Fox 4 0 1 8 

Norway Rat 2 0 0 

Squirrel 2 0 0 

White-Footed Mouse 1 1 0 

Undesignated 55 5 1 8 

TOTALS 157 10 10 

+ Anticomplementary 

-H Comploment-fixing 
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evidence of murlne typhus, R. canada ur Q fever infection was found. 
Most of the seroposltlve animals were trapped In areas used by 
military personnel and their dependents for out-of-doors leisure 
activity.  The Preventive Medicine Officer has been appraised of 
the risk of exposure to Kocky Mountain spotted fever during the 
summer season when man-biting vector ticks are active and abundant. 

b.  Investigation of the Etiology of Typhus and Spotted Fever 
Group Infections Occurring in South Vietnam. 

To date, a total of six patients are suspected of having 
been infected with R. canada on the basis of the results of complement 
fixation tests with soluble group-reactive and species-specific 
antigens prepared from members of the Typhus and Spotted Fever Groups 
of rickettsiae. One patient was a soldier who became ill in Michigan 
1 week after returning from South Vietnam.  Until tests with species- 
specific complement-fixing antigens had been carried out, he was 
presumed to have been infected with R. mooseri.  In addition to high 
levels of R. canada antibody, tour of the patients also developed 
spotted fever group antibodies.  The cross-reactivity of sera from 
patients infected with Typhus and Spotted Fever Group rickettsiae 
found in tests with antigens representative of the agents in both 
groups were reported last year (22).  Briefly, the study showed that 
after infection with either R. rickettsi or R. mooserl, the patient 
does not develop antibodies that will fix complement with the 
heterclogous group-reactive antigen unless he has been immunized 
previously with a vaccine prepared with a member of the other group 
of rickettsiae. 

Review of the Infectious Disease Confirmation Reports from the 
9th Medical Laboratory (Med Lab) over the past several years has shown 
rlckettsial disease to be an Important cause of febrile Illness among 
the military in South Vietnam.  During 1969, of 1,266 cases studied 
by the 9th Med Lab, 228 (18%) were diagnosed as scrub typhus, 195 
(1SZ) as murine typhus and 16 (1.3%) as tick typhus (23).  Thus, more 
Chan 33Z of all the Illnesses investigated were due to rlckettsial 
infection.  Serologie diagnosis was established by Indirect immuno- 
fluorescence using reagents supplied by the Department of Rlckettsial 
Diseases (DRD).  Smears of R. mooserl or R. prowazeki were provided 
for recognition of Typhus Group Infections, R. akarl for detection of 
Spotted Fever Group infections, and a pool of the Karp, Gl111am and 
Kato strains of R. tsutsugamushi for the diagnosis of scrub typhus. 

In order to assess the performance of the indirect fluorescent 
antibody test under field conditions, and  to attempt to identify the 
etiology of the Typhus and Spotted Fever Group infections in South 
Vietnam, serum specimens from patients with rlckettsial diseases were 
requested from the 9th Med Lab.  They kindly provided two or more 
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specimens from 117 cases of murine typhus, ')!  cases .: scrub tvphus 

and 9 cases of tick typhus.  The resuitfi cf in-- tr-: ts pertormed at 

WRAIR and the 9th Med Lab, using the saTiu' rii'r.ct ts i ■! strains as 

antigens are compared in l;ibie 14.  Ot 30 murii't- C.^IMS cases d:agnüsed 

by the 9th Med Lab, 95% were i.onfirmed with 'in Lests v, W.,..,IR. 

Specimens from 3 of the cases were diagnosed as srrab t-pliis at WRAIR 

and did not contain typhus group antibody.  Ft wr; ',.t possible to 

establish a rickettsial etiology in one ca,c bnana. 'lie specimens 

did not reac: with any of the antigens.  Ov.ly ft*   t La. s.-rub typhus 
diagnoses were confirmed at WRA-R.  This ' ow rar.- c cinfirmition 

probably was due to the relatively small iiumlit-r ; i rast-'S -.tr-led, 
since in previous years it was possible t ■ co: I 11 :. ■linos' 1" ,' of 

their scrub tvphus diagnoses.  The results of tests > a -.pucimens 

from nine cases diagnosed as tick typhus wer-i less lirprogsUt. 

Specimens from three of the case:) were r.egativo in \\\   tests.  Two cf 
three other cases that were diagnosed as irar'.ne tvphu:- c   w'KAiR did 
have spotted lever antibodies, but at signi f i'"ai.i ly ICW.M liters 
than the typhus group antibody.  Sera fror, the nthef ^ast reacted 
only with the murine typiius antigen.  In 'v) , • the i t r-e regaining 

cases in which Spotted Fever Group infertion was v 't.ilircd, rhe only 

reactivity found was a persistent tiler ■>{   1:^0 in all ot the specimens. 

This finding is indicative of a past rather than a . ir.cnu iniectlon. 

The last patient's sera reacted only wi^h the ricket'siaipox antigen 
and this Is probably a bona fide oase of lick tvphus. 

These data indicated that difficulties were belnj', experienced 

with the nckettbiaipox antigen in South Vietnain.  Although tests 

with complement-fixiag antigens do aot show heterclogous cross- 
reactivity in sera from patients with Typhus ana Spotted Fever (.roup 

Infections unaer ordinary rir<umstaaces, tae more sensitive indirect 

Imraunofluorescent test frequinlly detects anflgenlc relationships 
between members of these two groups uf rickPltsiae.  Inspeciion 
of the results obtained by the 9th Med Lab showed that bH. o' the 

specimens from cases diagnosed as murine typhus exhibited reactivity 
with the rickettalalpox antigen.  However, the spotted lever group 

antibodies were significantly lower in tiier than r'a- t>phui group 
antibody.  The extent of the pn,b;etr with the ■ i i-- L ■ ■. ia I pc>. antigen 

became evldtnt when the results ot testr perUnned b\ t'ne '.wc 

laboratories with lonvaJescent sera fron patient^ with ivphus Group 
infeetions and the rIckettstaipox spotted fevei group antigen were 
compare;; (Table IS).  Tests at WRAIR ..onfirmed i.'u prrscu'e of spotted 

fever antibudy 'n ?1 (78%) of the ( >  specl.uens  a:;<: positive bv 
the Ot.h Med lab.  However, 10 (fiJ?) c( the .Z  s.-cine-.s reported 
neg.itivc b;' rhe 9th Med Lai were found to i.av. ,i ,.•..< 'ever antibody 

in r^sls at WHAIR.  Analysis oi the data ^Irve-' in,.', the ''th Med Lab's 
findings wen rontjrnied <.t UTIAIK ir onJ; u'}';   ,,; > :,( cases.  At WRAiR, 
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TABLE 15 

COMPARISON OF RESULTS OF INDIRECT IMMUNOFLUORESCENT TEST WITH 

SERA FROM PATIENTS WITH- TYPHUS GROUP INFECTIONS 

WITH SPOTTED FEVER GROUP ANTIGEN 

Test Results 
9th Med Lab 

Test Re 

SF Group 
Positive 

suits DRD, VKt 

SF Group 
Negative 

kIR 

Total 

SF Group 
Positive 51 14 65 

SF Group 
Negative 10 2 12 

TOTAL 61 16 77 

+ Rlckettslalpox 
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T'" 

80% of patients with Typhus Group  infection developed antibodies 
that reacted with the rickettsialpox antigen. 

When it was  decided several years  ago  to provide the 9th Med 
Lab with antigen smears  for the diagnosis of all  rickettsial diseases 
by indirect  inmmnofluorescene,  R.   akari   (the agent of rickettsialpox) 
was  the only  Spotted Feve    Group organism that grew in the yolk sac 
of embryonated eggs  in sufficient  numbers  for the preparation of 
antigen smears.     It was known then  that  the  rickettsialpox antigen 
tended to deteriorate more rapidly than the others under ambient 
conditions  of high  temperature and humidity.     Nonspecific  reactivity 
of low dilutions  of  certain human sera with particulate yolk sac 
components had been observed with  this  antigen at WRA1R.     Similar 
findings may have been interpreted erroneously at  the 9th Med Lab 
as being positive.     Improved methods   for cultivation of all species 
of Spotted Fever Group rlckettsiae were  developed last year,  and in 
the future,   smears of R.  rickettsi which exhibit none of the unsatis- 
factory  features  of R,.  akari will be  provided. 

Details of  the cross-reactivity observed  in  tests  at WRAIR on 
convalescent sera from 77 patients,who had Typhus Group infections 
In South Vietnam are presented in Table 16.     Specimens were tested 
with R.  mooseri,  R.   akari and R.  canada antigens.    R.  canada is  the 
most recently recognized member of the Typhus Group, and there is 
little known about its antigenir relationship with other Typhus Group 
species or members of the Spotted Fever Group.    In 33 (43%)  of  the 
specimens,   the murine typhus titers were 4- to 16-fold or greater 
than R.  canada.    The titers were equal in 41  (53%), and in 3 cases, 
4-fold higher R.   canada titers were  found.    The last-mentioned patients 
may have been infected with R.  canada.     It was not possible to establish 
the etiology as either a Typhus Group or Spotted Fever Group infection 
in only one patient.    His serum titer was  the same in tests with all 
three antigens. 

The reactivity of convalescent sera from 27 Typhus Group patients 
with antigen smears of rickettsialpox and the Bitterroot strain of 
R.  rickettsi are compared in Table 17.    Antibody titers with Bitterroot 
antigen were 4-fold or greater than with rickettsialpox antigen in 
5 (18%)  of the specimens;  the titers were the same with both antigens 
in 8 (30%),   and significantly lower  titers were obtained with  the 
Bitterroot antigen  in 11  (41%)  of  the patients.     It  is expected  that 
the 9th Med Lab will  find the Bitterroot  antigen more suitable  for 
the diagnosis  of  tick typhus  than  the  rickettsialpox antigen. 

Complement  fixation  tests with  group-reactive and species- 
specific antigens  are  In progress.     The  results will be the subject 
of future  reports. 
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TABLE 16 
CROSS-REACTIVITY OF CONVALESCENT SERA FROM PATIENTS 

WITH TYPHUS GROUP INFECTIONS WITH TYPHUS GROUP 

AND SPOTTED FEVER GROUP ANTIGENS 

Relative 
R. Canada and 
Spotted Fever 
Group Tltera 

Relativ 

RC > MT 
(Ax) 

e Typhus Gr 

MT - RC 

cup Antlbod 

MT > RC 
(Ax) 

y Tlters 

MT > RC 
(>16x) Total 

RC > SF 

Uiex) 1 22 6 3 ' 32 

RC > SF 

(Ax) 10 7 6 23 

RC - SF 1 1 1 3 6 

SF Negative 1 8 3 A 16 

TOTAL 3 Al 17 16 77 

RC ■ R. Canada 

MT - Murlne Typhus 

SF - Rlckettslalpox 
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TABLE 17 

COMPARISON OF REACTIVITY OF CONVALESCENT SERA FROM PATIENTS 

WITH TYPHUS GROUP  INFECTIONS WITH DIFFERENT 

SPOTTED FEVER GROUP ANTIGENS 

Relative 
R. Canada and 
Rlckettsialpox 
Tlters 

Relativ 

BT > RP 
(16x) 

e Spotted 

BT >RP 
(4x) 

Fever Group 

BT - RP 

Antibody 

RP > BT 
(4x) 

Tlters 

BT 
Negative Total 

RC > RP 
(il6x) 2 1 4 3 2 12 

RC > RP 
(4x) 1 4 2 3 10 

RC - RP 1 1 

RP Negative 1 
• 

3 4 

TOTAL 2 3 8 6 8 27 

BT ■ Bitterroot strain of R.  rickettsi 

RP - Rlckettsialpox 

RC - R.  canada 
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Canine Q Fever In Thailand 

in Results of  a  seroepidemiolugic  survey  o'    rirk     l.sial   dis«iases 
Thailand carried out  during  1963-1964 showeu   th...   ^»x.i.tjj '  burneti 
was widely distributed   throughout  the small  wilo  anir.al   populations 
In all of  the major continental physiogeograpl.i     provinn-s.     The 
incidence of enzootic   infection was very   lew and   hue.;', ion of man was 
rare  (24).     Subsequent  studies of cactle,   pigs  .inil water b'.flalo 
by   the Thai Component,   SEATO Medical Research  Laborat-Ji y,   hangk/k, 
found little evidence  of  infect'on of domestic  animals,     tn contrast, 
when complement  fixation tests were carried out   with   ,«; ;  ccllected 
from 783 dogs in  the municipal j-ound in  Bangkok,   Q   itjver  ami   odli;s 
ranging in titer  from  1:10  to 1:160 were   found   In   33'1   (4v. k;  of   thv 
specimens.    All attempts  to  recover C.  burneti   tr.ur  lici:    infesting 
the  dogs were negative   (25). 

A Serologie  epidemiologlr  study of  viral   respiralor.   diseases 
in Holland showed  that  L'erum from 305; of  children  convalescent   from 
severe infections with adenovirus  types   7 and  ^l   tlxrd  . oii.i. lernent 
in  the presence of Q  fever antigen.    These  findings  WOIL  ascribed   to 
a nonspecific reaction  for  the  following  reasons:     (a)  U  fever was 
rarely recognized  in  Holland and C.  burneti  was  not  enyodtic  in 
Dutch dairy herds;   (b)   the  children had no known possible  source of 
exposure to the disease;  and  (c)  In complement   fixation tests.  4-  to 
8-fold more antigen was  required  for optimal   reactivity and heating 
the positive scrum to  60 C  destroyed the  antibody  activity   (26). 

The Department of  Rickectsial Diseases was  interested  in confirming 
the  results reported by the  SEATO Medical  LabornLory and determining 
if  the presence of Q  fever  antibody  in dogt: waü  related  to  infection 
with human or canine  adeno"irus.     Upon request,   the  Thai  Crmponrnt 
kindly provided   15  canine sera that  titered  1:3^  or  prcaier and  15 
negative sera.     The LBCF 50X end point method  of   complement  fixation 
adapted to the microtiter system was used  for al!   tests.     Known 
positive and negative  sera,   as well as normal   rissoi   antigens corresponding 
to each of  the diagnostic  antigens, were  included   in  each  test. 
Dog sera were heat-inactivated at  53.5 C  for  4b min. 

The  results  of  complement   fixation  tests   performed a»   V/RAIR u-lth 
the  same commercial  antigen  provided the Thai  Cooponen.   are  compared 
with  their  findings  in Table  18.     It was  not  possibic  to confirm the 
presence of Q fjver antibody  in  the sera  ft und  positive  t\   the Thai 
Component  because   13  of   the  specimens reacted  iKm'pocit leal ly with   the 
normal yolk sac  control antigen,  as well  as  the c,  'ever ant  gen,  and 
the  other  two were  anticomplementary  (AC).     Titers  of   Hit   nonspecific 
reactivity ranged  from  1;]0  to 1:80 or gr  ater.     .-ieru Vf re  classified 
as  unsatisfactory  because  of  nonspecific   react "v.'v   whec   the  t-iter  with 

■'i:r> 



in 

o 
O 

b 
s 

as 
|     | 

o U) 

M        W 
H       S 

I 
B 
S 
M 
H 
la 

I § 

§ 

3 

a « 
H 

O 

« 
>   V 
p > 

(0 
o a. 

d c 

«a a 
• o 

CO u 
« o 
H -H H 
(*• J= W 
U H M 

ro 

w  > 
«I -H 
> « 

U»   It 

co- 

in 

01 u  > 
0» -H 
> *J 
0)   « 

eras o 
H 

436 



the  normal   control  antigen wad  2-told  at   yrejtcr  ta;..i   Liu: AL  a.rivity. 
When  both  tlters  were  equal,   or higher  levels  ct  AC  ,>■ : i . i t ■  wire 
found,   the   sera were  considerel AC.     Atton-.ni ;   ' ..  rf: i'..-  ••M.   nonspecific 
reactivity   and AC  effect by   treatment  wirn  h     ri.u

;   SCIM   u; i   periodate 
(27)   and with  dry-ice   (23)  were unsuccessful. 

Canine  sera   is notorioi s  for  the  cas«.  with v.->. l\   it  becomes 
AC when subjected  to heat  treatment   for   mactivat ion  ••;   < omp lement. 
Consequently,   the  usefulness  of a procedure  tor  decioplera ntation 
with  sensitized  sheep   rad blood cell   stromata  duVfJuptni  by   the 
Department  of  Serology,  WRAIR,   is  being  evaluated. 

Microagglutination  tests with  highly  puniied Honr-crli"     i-'hase   1 
and Nine Mile  Phase  I  antigens were   negath'c,   ;KS were   indirect   Imniuno- 
fluorescent   tests.     It  thould be noted  t.iat  a  canine  scram known 
to contain Q fever antibody was not   available   fo;   use  .is a  cmtrol 
in these tests. 

The possible  relationship between (j   fever  antibody  and   adenoviius 
Infection was evaluated by examining  the   Bangkok r.a:iini; sera   lor 
adenovirus  antibodies,  and by  testing sera  from dogs cxperimtntal ly 
infected with adenovirus  for  Q fever  antibody.     Hutnar.  adenovirus 
complement-fixing antigen pnd  the control  antigen w.ire ibtained   from 
a commercial  source.     Dr.  L.   N.  3inn,  Department  of  Veterinary 
Microbiology,  Division of  Veterinary Medicine,   kindly  supplied  the 
lollowing materials:     (a)  complement-fixing antigc;.;  prepared   in  dog 
kidney cells with  the  Utrecht  strain  of   Infectious  canine hepatitis  and 
the C955L strain  of Toronto  canine  adenovirus,   as well   as normal 
control antigens;   (b)   10 serum specimens   fror.)  two di.gs  rullected  before 
and at   regular  intervals  until   the   91; .   day after   hift' lior.   .; td   '.he 
Toronto strain;   and   (r)   15 sera collected   from  foui   dogs be: ore  infection 
or vaccination with  infectious  canine  hepati'is,   and   i     'egular 
Intervals  thereafter up until   the 91st  day. 

The results   of   the  adenovirus   coniplecient   flr.atlon  l^str;   yi   tfie 
Bangkok canine  sera are  presented  in  Tab It   19.     None  o!   I h'   sera   fixed 
complement   in the   presence of   the human  adenovirus  antigen.     Stra 
considered  positive  for canine adenovirus   reacted with either   the 
Toronto or   infectious   canine   hepatitis  antigen,   or both.     Tire-.; 
ranged   from   i:10   to  1:80 or  greater.     There was  n^    obviuis   reiatlcnship 
between the   presence  or  absence ci   adencvirjs   antibody  and  th».   results 
of   the  Thai   Component  ')  fever   complement   1ixat ion  tests.     Adenovirus 
antibody was   found   in  6  sera,   3 in   the  Q   lever  po.S4f.1ve gr.t.p,   and   3 
in  the Q fever  negative  group. 

None  oi   the   six dogs experimentallv   infected  cr   (OT-auizud  with 
canint:  adenovirus  developed cj  fever   antibodies   (Taliie  .'J). 
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Microagglutination  tests with  the Henzerling and Nine Mile strains 
were also negative.     The adenovirus negative sera were the pre- 
inoculation  specimens   from the animals.     Reactivity with the human 
adenovirus  antigen was  found only  in one dog.     The pre-inoculation 
specimen and  the  serum collected 21  days  after  infection with  infectious 
canine hepatitis   titered 1:80 or greater.     Subsequent specimens 
collected on  the 42nd,   56th and 91st  days,  which contained high  levels 
of antibody  detected by both  the Utrecht  and Toronto antigens, 
were negative   in  tests with  the human adenovirus antigen. 

Summary and Conclusions. 

1.     Scrub Typhus  Vaccine Development 

a.    Antlgenic Analysis of  Prototype  Strains 

(1) Scrub Typhus Complement-Fixing Antigens  from  Infected 
Yolk Sacs.     Definition of the geographic distribution of established 
prototype and  candidate prototype strains  of Rlckettsia tsutsugamushi 
and the  recognition of different antlgenic  types  is dependent  upon 
the production of  strain-specific complement-fixing antigens.     Karp, 
Gllliaro and  Kate  antigens can be prepared  regularly.     Continued 
passage of  the  5  candidate prototype strains,  TA678, TA686,  TA716, 
TA763 and TH1817,   in cmbryonated eggs has not yet resulted  in the 
emergence of  variants more suitable  for growth in the yolk sac. 
Numerous attempts  to produce antigens  in order to complete  their 
antlgenic analysis have failed because of  insufficient concentrations 
of rickettslae  in  infected yolk sacs. 

(2) Scrub Typhus Complement-Fixing Antigens from Cell 
Cultures.     Large scale tissue culture production methods employing 
roller bottles were used for the growth of scrub typhus rickettslae. 
Antigens prepared  from Vero-infected cells generally were anti- 
complementary   (AC)  and unsatisfactory.     However, antigens prepared 
from BS-C-1  and 14pf  cells were  less AC and most of  this undesirable 
activity due  to host cellular components  could be removed by differential 
centrifugation  through 202 w/w sucrose solution.    Differences were 
observed in  the  reactivity of antigens  produced by infection of 
different cell  lines with the same seed suspensions  in tests with 
heterologous   immune sera.     These  findings may have been due  to 
variations  in concent-at ions of major and minor component antigens 
of a single strain,  or tu the presence of  two or more antigenically 
different agents   in  the  inoculum. 

(3) Antlgenic   Interrelationships Among Prototype  Scrub 
Typhus  Strains.     The antlgenic  interrelationship among the  3 prototype 
strains,  Karp,   Gilliam and Katu and  Che  5  candidate prototype  strains, 
TA678,   TA686,   TA716,   TA763 and  TH1817  was   cliaracterized by   indirect 
iiununofluoresi t-nt   tests with   immune   rabbit   sera.     The  pattern  of 

4'iU 



t i, .i-:,   i      . ii ft. L i m w i tli  i lie  .!>.'i 11 •■   t r'v.i I .-v!  similarities 
>•:■,,   . ' t_ ■ i ■     ■   .■ I : .. i .i;.        AJ I hou^h   K  thi'  u.r         n?. nirrt'd   10 

, .i.         , . .              , i     .i    ..us«    ul   > • i  .: ■ i (.■,•. i . ■: i .      .            i 11-:• A'nt 
..ai     . i ■.,■   . i . n. HL   ^Luu if s  showt'd   its  .ml i K« .i i      '   'iiii-i'H i l ii'ii 

■,..':• ,] i . '    i     i i    ' i cr   thi'  Gi 1 I i am ^l i ,i. u.      '.. ■■     . '.    \ •■   tiin'. iilc i •■<1 
• in   ■  n ! i. ii    .         [•!( :    tyjti   ;.ti..iii.     BUSL-I!   upiui   (l.t    ii-laLivc 

■, ■ ■        ,     i i , . , >i I, /,< u     rt .n t i vi I y   ! ound ,   it   ^^a^.   post ul .!f »-d   that   the 
■• '  , ;                 ' \   ■   '     ' !:1R!7,   ICjHh,   JAh:         n. '   ; -ssihlv 

, , ■ .             :  .«   \    •,, .1   ; i    ■:■.. >•( t id   !■■;•..      d'    pi nt tf t i en 
■;.l    ,i I i   ') Ul 1 ,> I. i i    I ypvs . 

I ',(|i       "•I'     '••;( nil   fit    R.    tsut .sii^.inusli i 

Atlti'^t'.  It ivc  Let-n  man   to  develop   i  nifthdd   i^i   i lunin^ 
! •    •    !    i v    '. ,ii"J i ■:.ii e i pf   s t r- i ns   t ii   i r   nr ••   i 'ir i t',■ .      /   ■ .iiiii'rtcd 

i    :i    i   ■   repriiduie  o.ictlv   the   plaque  syslen   tor   r i <';._ t t ■, I ac   usinK 
Liutk  embryo  libroblasts  reported by  other workers   has   been  only 
partially  successful.     Difficulties   attributed  to   inadequate wetabilitv 
oi   the   growth   surtacc  of   plastic   culture  vessels  were   identified  and 
corrected.     Moderate  success was  achieved with  R.   riikettsi  which 
produced  pl3<|ues  5  to b days  after  inoculation  and   to  a   lesser extent 
with  R.   mouSit i where  plaques were   formed  after   10   to   11   days. 
Comparison ol   the  liters of   seed  suspensions of   these  organisms  showed 
the   tissue  culture  plaque  system to be  greater  than   IQ-fold more sensitive 
than embryonatcd hens'   eggs   for  assaying  infectivity.     A  problem that 
yet   has   to be   resolved  is   concerned with maintaining  the  cell  monolayers 
lor   the   lb   to   18 days   required   fir production of  plaques  ol"  R. 
tsutsugamushi. 

i.     Characterization of   the   Immune  Response ol   Mice  after   Infection 
and  Challor.go with  Scrub Typhus 

The   immune   response  of  mice   treated with   chloramphenicol 
alter   inoculation with   ICH   Lücn  of   the  Karp strain   and   subsequently 
challenged  with  ICP-3 LD^Q  of   the  Kato strain was  characterized. 
Antibody   level:.   In  pools  of  serum collected   from the   animals  and   in 
su   rose  densitv  gradient   fractions  of   the  specimens  were  determined 
by   indirect    immunofluorescent   (IF)   and  complement   fixation   (CF)   tests 
with   Karp,   Kat«.  and William  anti '.ens.     The anti-mouse  whole  serum 
fluoresccin  conjugate  reacted wich  antibodies  belonging   to both  the 
IgM  and   IgC  classes   of   immunoglobulins.     The  CF  test   detected  only 
IgG antibodies.     The  evidence  accumulated  thus   far   indicated   that   the 
antibody   response after primary   infection and  after   challenge were both 
ol   the   primary   type.     Thus,   the   postulate  that   .liter   initial   infection 
the   animal   develops   homologous   immunity   under   the   protection  ol 
antibiotic   treatment,   and becomes  primed   for  a  secondary   booster 
response   tu antigens  shared  with   the  heterologous  str lin   afti •     liallenge, 
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could  not  be  substantiated.     Alternate mechanisms  to  explain  the 
protection  afforded mice by   Infection  against subsequent   lethal 
challenge  will  be   investigated. 

d. Development of  a Tissue  Culture Scrub Typhus  Neutralization 
Test 

Antibodies detected by  indirect  immunofluorescence and 
complement  fixation,   the only serologlc  tests currently available 
for study  of scrub  typhus  immunity,   are not  related to  the ability 
of experimental  animals  to resi.-it  lethal challenge.     The only method 
that  will  provide valid  information about  the immune status of man 
or experimental  animals  in  to  determine the response of  the host 
to   infectious  challenge.     Consequently,  attempts are  in progress  to 
develop a means of measuring neutralizing antibody that will be 
indicative  of  immunity against  scrub  typhus  that develops  after 
infections  or immunization with experimental vaccines.     Thus  far, 
it. has been possible  to enumerate  R.   tsutsugamushi by  counting, 
microscopically,   the number of BS-C-1 cells infected with  rickettsiae 
alter staining with antirickettsia  fluorescein conjugates.     Titers 
expressed as  tissue culture cell   infectious units calculated from the 
mean values obtained were of  tht   same magnitude as 50% mouse infectious 
doses   (1030).     However, because of problems encountered In differentiating 
rickettsiae  from normal Intracellular particles.  It has not been 
possible  to enumerate the rickettsiae reliably when the concentration 
of organisms  in the inoculum was  less  than 2,240 mouse  ID5Q.    With 
the substitution of 14pf cells and improvements in the procedure for 
iramunofluorescent staining,   it   is hoped  to  Increase the  sensitivity of 
the system.     Parallel studies have been initiated with guinea pig 
peritoneal macrophages.     Titers  of suspensions of scrub  typhus 
rickettsiae calculated from mean values expressed as tissue culture 
cell  infectious units were slightly  lower than those obtained In BS-C-1 
cells.     When the sensitivity of  the  two cell systems Is    defined and 
enumeration of  rickettsiae can be  accomplished accurately,   attempts 
to demonstrate neutralization with  rlckettsial antibody per se,  and 
in combination with  the species  antl-IgG immunoglobulln,  will be 
initiated.     Neutralization in both systems will be indicated by a 
significant  reduction in numbers of  infected cells. 

e. Study of Genetic Stability of R.   tsutsugamushi  in Vector Mites 

(1)   Preparation and Performance of Type-Specific Antlrlckettsial 
Serum Fluorescein Conjugates.     Methods  for rapid, specific  identification 
of antigenically distinctive strains of scrub  typhus were  required to 
determine  if  changes  in antlgenic  composition of R.  tsutsugamushi 
occurred during transmission  from generation  to generation of vector 
mites.     Attempts are in progress  to prepare fluoresceln-and rhodamine- 
conjugafed  antisera  for each of   the   3 prototype and 5  candidate 
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(7)     Influence   of  Traiisovarial  j rai.sm.;...'. i ■■:    . !   I,.   (L.) 
akamushl  upon the Anti^onic Composition o_f  Scrub  Typl.u:    lUckettaiae. 
A   collaborative  Rtudy  with   the   11.   S.   Array Modiial   Rc.-a urr'u  Unit   in 
Malaysia was   initiated   to  detenune  if   the ant. igen   c  composition of 
a  strain of  R.   tsutöugamushi   in  a naturally-infected   colony of 
L.eptotrombidium  (L.)   akamushi   remains   constant   through  developmental 
stages  and  ttansovarjal   transmission   in  this   species  ot   vector mite. 
The  evidence  accumulated   thus   far  suggests   chat,   the  parent   strain, 
recovered  from a mouse  used   t.o  Iced  100  larvae   from which  the colony 
was  established,   contained  at   least   two  antigeuic   types  which  are 
nlated to the Karp and Kato prototype  strains.     Analysis of strains 
from the  first   through   the   fiftl   generation   larvae   by   complement 
fixation tests with  Karp,   Kato  and Gllliaiii antigens  .showed  all of 
them to be  related  to   the  Kato  strain,     limnunofluoresctnt  staining 
of   the   larval  strains   with  anti-Karp,   -Kato and   -Gilliam  tluorescein 
conjugates  showed  them  to  be  diiferent   from  the   corresponding prototype 
strain.     Futhcrmore,   difference;   were  olseiwd   in   tin   aiitigenlc 
composition of  strains   from sib.'ing larvae  fro..;   the  same progenitor 
iii  all  5 generations.      It   is  not   yet  known   if   the   changes  in antigenic 
composition wore due   to  alteration  of   tin   relative   concjutraLlons of 
integral  antigens  In  a   single  strain,   or   to   variHtii'n   in   respective 
populations   in  a mixtuie   of  two or  moie   '.trains 

T.     Evaluation  of  Existing  and  lotentiai   Mil it u ■   IHIJJ. rtance. of R^.   canada 

a.      Investigation   of   the   Etiology   of  'lick-borai.    lu > k.'t csial 
Dlseas'i'  in   the  Fort  Bragg-Fayettcvil le   kegica    .1   Noiia   uaiulina 

No   cases  v.'itn  suspecttd   rickettsial   d'scai.   c-i. i.   admitted 
to   Womack Army  Hospital,   Fv)it   Bragg,   North  Cai .  lüia   'a-;   year.     Serologie 
to.its   on sera   from small-    and  mod i ura-s i .u a  n.ai,,...ila   ;■ ., , >  i  at   Fort 
Bragg  t>liowed  that,   some  of   the  cotton  rats,   raid its    .  a   i   ACS  had been 
infected with R.   rickct: si .     En?ootic  foci  ot   R.   cai,, i..a   infection 
haze   not  vet   been  identified. 
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b.  Investigation of the Etiology of Typhus and Spotted Fever 
Group Infections Occurring in South Vietnam 

Indirect immunoflucrescent tests performed by the 9th 
Medical Laboratory over the past several years with reagents supplied 
by the Department of Rickettsial Diseases, WRAIR, have shown 
rickettsial infections to be an important cause of febrile disease 
in military personnel in South Vietnam.  In 1969, when 1,266 cases 
were studied, 18% were diagnosed as scrub typhus, 15% as murine 
typhus and 1%  was considered to be tick typhus.  In response to a 
request, the 9th Med Lab kindly provided the serum specimens from 
the majority of the cases of rickettsial diseases. The Department 
of Rickettsial Diseases was interested in:  (a) assessing the 
performance of the indirect fluorescent antibody test under field 
conditions; (b) attempting to identify the etiology of the Typhus 
and Spotted Fever Group infections to determine if II. canada was 
causing disease in South Vietnam; and (c) accumulating more 
information about antlgenic interrelationship among Typhus and Spotted 
Fever Group rlckettsiae. Using the same rickettsial strains as 
antigens, as was supplied to the 9th Med Lab, 95% of the cases 
diagnosed as murine typhus, and 892 of the scrub typhus diagnoses 
were confirmed at WRAIR. The indirect fluorescent antibody test 
provided information only about the group of rickettsiae to which 
the etiologic agent belonged.  Since murine typhus is the only member 
of the Typhus Group known to be present in South Vietnam, all Illnesses 
caused by a Typhus Group agent were presumed to be murine typhus. 
The relatively poor performance of the test with respect to scrub 
typhus may be related to the small number of cases sampled; i^. e., 
only 17 of 97 submitted.  It was possible to confirm current or past 
spotted fever (tick typhus) infection in only 3 of the 9 cases 
diagnosed by the 9th Med Lab. A comparison of the results obtained 
by each laboiatory showed that the greatest discrepancies were in 
tests with sera from patients with Typhus Group infection and the 
rickettslalpox spotted fever group antigen.  In the future, I*, rlckettsi 
will be supplied for use in the detection of Spotted Fever Group 
infections. 

Complement fixation tests with heterologous antigens rarely 
show cross-reactivity with antibodies in the serum of patients with 
Typhus Group or Spotted Fever Group infections. However, the more 
sensitive indirect immunofluorescent test clearly demonstrates 
intergroup antlgenic relationship.  Tests performed at WRAIR with 
antigen smears of R. mooseri, R. canada and R. akari showed that 80% 
of 77 patients with Typhus Group infection developed antibodies that 
reacted with the rickettslalpox antigen.  Three of these cases had 
significantly higher R. canada titers, and their illness may have 
been caused by infection with that agent.  Complement fixation tests 
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with group-react ivt' and sptr.ii s ■ spec : 1 i  »ntlgeiui i  i ■'. iblish the 

titlüJogs' uf ihn  Typhus Group intectiund .ire in pi yii ..;. 

j.  Canint Q Fe^''*t Jr- Thailam' 

Pricjr seroJoglc L-vidi-nce inilu.itfd that i'a) ' !< .■  infection 

of man ir. Thailand seldom occurred; (L) ih«. u-'ei ■ . L I.^.-tic infection 
in small wild animals was low; and (cj inleclion i ;  umft^tlc animals 

was rare.  In cont'ast to till!- , senan fiom i •■! ', -   i :iit dogt in 

the Bangkok municipal pound were positive in i tt-"ti  -rj. lement 

fixation tests performed at tie SEATü Mediiaj Setf.ir-i laboratory. 

Tests were carried out by the Department of Ki ket .-. J .il Diseases, 

WRAIR, to confirm the tindlngs and determine if then v-s a rt?lation- 
ship between Q lever and adencvirus infectliin .is i.a i been observed in 
human disease. 

It was not possible to ii terpret the remits ■■! t ?ie complement 

fixation tests because all of the sera found positive in Thailand 
were unsatisfactory in tests at WRAIR because of nonspecific reactivity 

with a normal yolk sac antigen or they were anticomp]emtntary. 
Attempts to remove these undesirable qualltlrs of tlto.  specimens 
1 ailed.  Microagglutination ana indirect immunoflue rescent tests 
with Q fever antigens were entirely negative.  There was no apparent 
relationship between the presence of canine adenovirus antibody in 

the specimen and the results of the complement fixation tests in f 
Thailand.  Dogs experimentally Infected or vaccinated with canine ^ 
adenovlrus did not develop Q fever complement-fixing or agglutinating 
antibodies. 
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Descrlpt ion. 

Studies of menlngococcal disease explored microbiological and host 
factors.  By means of a bactericidal serotyplng technique a specific 
serotype of group C menlngococcus has been Incriminated as the epidemic 
strain prevalent since 1966. The type specific antigen has been 
extracted from ehe bacterial cell wall and has been shown to be a 
protein. 

New serological tests have utilized radioactive antigens to provide 
highly sensitive and quantitative assays.  A latex fixation test may 
provide the simplicity and stability to become adapted as a routine 
serologic test of Infection or vaccination. 

Penicillin sensitivity of menlngococcl has not changed signifi- 
cantly. A haptene inhibition test for serogrouping of menlngococcal 
isolates ias been developed which should significantly conserve time 
and reagents as well as Improve the accuracy of the Identification of 
isolates. 

Special diagnostic bacteriological studies on clinical specimens 
have provided valuable data useful In management of patients.  Wall- 
defective variants of Treponema pallldum have been created by treatment 
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with penicillin and/or lysozyrae but could not be propagated serially. 
A taxunomlc scheme for Mollicutus (mycoplasiaas) lias buen devised and 
minimum standards for definition of species have been recommended. 

Progress. 

1. Meningococcal disease. 

a.  Epidemiology - Identifi.:ation of an epidemic strain uf grüuP £ 
Nftisseria meningitidis. 

During the seven yt.ar period, 196^ through 1970, a  marked 
change occurred In the pattern of serogroups of Nelsseria meningitidis 
associated with systemic: disearfo in Army recruits.  Although group B 
strains accounted for over 85 percent of the 200-300 cases per year 
before 1966, in 1966 at Fort Dlx and in 1967 at other training posts 
group C strains began to increase in prevalence  (Table 1). 

Table 1. Number of group B and 
meningococcal disease 
centers - 196A througl 

group C 
at Fort 
30 July 

strains 
Dlx and 
1970. 

isolated from 
other recruit 

cases of 
training 

Fort Dlx Other Posts 

Year 
No. of B 
strains 

No. of C 
strains 

Z of C 
strains 
resistant 

No. of 
strains 

B  No. of C 
strains 

Z of C 
strains 
resistant 

1969 22 0 0 237 29 4 

1965 1A 3 0 139 19 11 

1966 33 18 83 193 22 45 

1967 6 49 96 47 33 72 

1968 5 150 99 32 125 93 

1969 5 65 98 32 24 3 98 

1970 0 75 100 4 122 96 

The percentage of cases caused by group C menlngococci has continued to 
rise, reaching 96 percent in 1970.  Even though mass chemoprophylaxis 
with sulfonamldes had not been used at Army posts since 1964, the strains 
responsible for the rising frequency of group C meningococcal disease 
were almost all sulfadlazine resistant. A similar change, though 
occurring more gradually, has been observed in the civilian population. 

4bl 



A method of Identifying antlgenlcally distinct serotypes among 
group C strains has recently been described.  This report presents 
the results of applying the bactericidal serotyplng technique to 143 
strains Isolated from cases of group C meningococcal disease in 
military and civilian populations.  The distribution of serotypes 
found in this sample suggests that a single serotype was responsible 
for the changing patterns of meningococcal disease. 

Materials and methods: 

Selection of strains:  Five groups of strains were studied (Table 2). 

Table 2.  Strains studied by serotyplng. 

Number         Source Years 

4 7      Fort Dix - . ,*t.es 1965-1970 

23      Fort lewis - oases 1968-1970 

32      Othef posts - cases 1964-1970 

21      Aimy dependents 1964-1970 

20      Civilians (CDC) 1969-1970. 

Bactericidal assay;  A significant modification of the origii 
procedure concerned the normal rabbit serum used as a source of 
complement   Sera obtained from the rabbits available to us were 
found to Mil most strains of menlngococci in the absence of specific 
aniUvvviiu.  Such nonspecific killing could be eliminated by absorption 
of the sera with a group C strain (1381 or 321) before use as a 
complement source.  Absorption was performed by transferring the 
organisms from an overnight growth on one BYE agar plate to 5 ml. of 
normal rabbit serum and incubating for one hr. in an ice bath at 0oC. 
The organisms were removed by cenCrlfugatlon followed by filtration 
through a 0.45 mu millipore filter.  The absorbed serum was stored in 
1 or 2 ml. aliquots at -70oC and was thawed Immediately before use. 
Because of some loss of complement activity during absorption the 
concentration of normal rabbit serum was increased to 20 percent 
instead of the 10 percent originally employed. 

Anti-factor sera were prepared as previously described.  In the 
course of this study several strains were found which were not killed 
by antisera to factors I through IV. Antlsera were prepared against 
these strains and after appropriate cross absorptions factors V and VI 
were identified.  The anti-factor sera were used In a final dilution 
of 1:20, a dilution which resulted in 90 percent killing of the 
homologous strains but no killing of heterologous group C strains. 

4o^ 



1 

Results: 

Definition of serotypes:  The 1 i3 strain were tfroiiped ir.to six sero- 
types which were defined by the presence of one factor common to al] 
strains of a given serotype.  Strains of serotypes 3, 5 and 6 contained 
only one factor:  III, V and VI respectively.  Serotypes 1, .. and 4 
were more complex in that many strains contained factors in addition 
to the one defining the serotypc  Of the 23 strains in serotype 1, 
10 had only factor I while 11 hid factors I and IV.  Flfchty-eißht 
strains were grouped together in serotype 2:  15 had only factor II, 
32 had factors II and III, 10 had factors II and IV, and 31 had 
factors II, III and IV.  Finally, 20 strains wore assigned to serotype 
4:  9 had factor IV alone, 11 had factors 111 and IV, and 1 had factors 
IV and V. 

The consequence of this particular serotype scheme Is that cross 
reactions occur between certain strains of serotypes 1, 2 and 4 as a 
result of the sharing of factor ; III and IV.  However, as will be shown 
below, the separation of these serotypes appears to be justified since 
strains containing factor II have been responsible frr the  epidemics of 
group C disease In military recruits. 

Fort Dlx.  The serotypes identified in the strains isolated at 
Fort Dlx between 1965 and 1970 are presented in TiUe 3. 

Table 3.  Serotypes Identified from cases of 
group C meningococcal disease at Fort 
Dlx between 1965 and 1970. 

No of strains 
studied 

Serot ype 

Year 1 2 4 6 

1965 2 1 1 0 0 

1966 11 0 10 1 0 

1967 10 0 10 0 0 

1968 6 0 5 0 1 

1969 8 1 7 0 0 

1970 10 1 9 0 Ü 

47 3 42 1 1 

Although 4 different serotypes were found, 42 of the 47 strains were 
serotype 2. 
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Fort Lewis. The serotypes found among the 23 strains isolated 
from cases in basic trainees at Fort Lewis between October 1968 and 
May 1970 are indicated in Table 4. 

Table 4.  Serotypes identified at Fort Lewis. 

No. of 
strains 

Se rotype 

Date of isolation 2 4 NT* 

Oct 68 - Feb 69 

Mar#69 - May 69 

Jun 69 - Jun 70 

4 

14 

5 

23 

0 

10 

5 

4 

3 

0 

0 

1 

0 

*Nontypable 

An epidemic of group C disease occurred at Fort Lewis between February 
and May 1969.  Serotype 2 strains accounted for 10 of 14 Isolated during 
March-May 1969. 

Other posts.  The distribution of serotypes among the 32 strains 
Isolated between 1964 and 1970 at posts other than Fort Dix is given in 
Table 5. 

Table 5.  Serotypes identified from cases of group 
C meningococcal disease at posts other 
than Fort Dix and Fort Lewis between 
1964 and 1970. 

No. of strains 
studied 

Se rotype 

Year 1 2 4 NT* 

1964 5 2 2 0 

1965 4 1 1 1 

1966 8 1 3 0 

1967 4 0 0 0 

1968 2 0 0 0 

1969 4 0 0 0 

1970 5 1 0 1 

32 5 19 6 2 

Nontypable 
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"hree serotypes were found:  1, 2 and 4.  Two strains were not typable 
with the available anti-factor sera.  Of the 17 strains recovered before 
1967, only 6 were serotype 2.  lowever, 13 of the 15 strains Isolated 
after 1967 were serotype 2. 

Civilian strains.  Five serotypes were found among the 12 strains 
recovered from military dependents.  No serotype 2 strains were found 
in 11 cases occurring before 19n7; 8 of 10 strains recovered after 1967 
were serotype 2.  Three of the ?0 strains isolated from civilians not 
related to military personnel wi?re nontypable.  Four serotypes were 
found In the 17 typable strains as indicated in Table 6. 

Table 6.  Serotypes identified from cases of group C meningococcal 
disease in civilians. 

No. 
studied 

Sero type 

Source of strains 1 2 3 4 5    NT 

Military Dependents 

CDC 

21 

20 

8 

7 

8 

5 

1 

1 

2 

4 

2    0 

0    3 

Relationship between serotype and sulfadiazlne susceptibility. 
Twenty of 23 serotype 1 strains had MIC's of 1.0 mcg/ml. or less. r 
Eighty-three of the 88 serotype strains were resistant to greater than 
1.0 mcg/ml.  Between these two extremes were the 21 serotype A strains, 
10 of which were inhibited by 1.0 mcg/ml.  Eight of the 11 strains of 
serotypes 3, 5 and 6 and NT were sensitive. 

Discussion; 

These results suggest the existence of an epidemic strain of 
group C meningococcl (serotype 2) which also is resistant to sulfa- 
diazlne.  Recent studies by other workers have shown a similar 
phenomenon based upon a menlngocin typing scheme.  As yet, the two 
techniques have not been compared on the same set of strains.  The 
next section of this report will describe the serotype specific antigen 
which has been extracted from the whole organism.  These new tools 
should provide considerable new Insights into the epidemiology of and 
immunity to the menlngococcus. 

b. Meningococcal antigens - Serotype antigens of N. meningltidis. 

N. meningltidis has been the subject of immunochemical 
analysis for over 35 years.  During this time, definitive evidence has 
been obtained which shows that Rroup specificity resides in the capsular 
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polysaccharide.  However, investigation of other cell surface antigens 
has been almost totally neglected.  That they exist and are of some 
significance can be deduced from the many reports in the literature of 
intergroup cross-reactivity and intra-group heterogeneity. 

As described above by using a bactericidal assay it has been 
possible to identify distinct serotypes within the meningococcal sero- 
group C. 

Recent work has succeeded in isolating and identifying the 
antigens responsible for this serotype specificity. 

Methods; 

The organisms for the antigen extraction were grown in 10 liters 
of Mueller-Hinton broth in a microferm fermentor for 18 hrs. at 370C. 
They were removed from the media by continuous flow centrifugation, 
washed three times and suspended in saline to a 10% v/v concentration. 
Using a modified Ribi ether extract, two volumes of cold ether were 
added to the saline suspension.  The ether-sallne-organisms suspension 
was stiired for 18 hrs. in the cold and then transferred to a separatory 
funnel to stand overnight. The mixture separated into essentially two 
phases:  the upper ether phase and the lower aqueous phase.  The lower 
phase was carefully drained off and organisms were removed by centrifu- 
gation and discarded. The saline supernatant was concentrated 5X by 
ultrafiltration over an Amicon PM 30 membrane and dlalyzed against 
Trls-HCl buffer over the same membrane.  This dlalyzed retentate was 
the crude antigen (Fig. 1). 

The bactericidal inhibition test was used to assay for the 
presence of the type specific antigen. 

Fig. 2 illustrates bactericidal inhibition obtained with varying 
dilutions of crude antigen.  It can be seen-that a linear response in 
inhibition is obtained with increasing concentrations of protein 
antigen. 

The three prototype meningococcal strains for this investigation 
were chosen on the basis of their Serologie patterns:  two group C 
strains that were of different serotypes (60E ■ type I; 1381 - type II). 
One serogroup B strain whose serotype was Identical to one of the other 
serogroup C strains was also chosen (99M - type II). 

In Table 7 is shown the serotype specific inhibition with the 
crude antigens. 
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Table 7.     Bactericidal  Inhibition by  crude antigens. 

Ant igens extracted from 

Serotype 60E   (I) 1381   (11) 99M  (11) 

Ic 100% 0% 0% 

nc 5% 100% 94% 

"B 3% 98% 100% 

The crude antigens extracted  from strains 1381,  60E and 99M gave 
inhibition patterns  that demonstrated their serotype specificity. 
The antigen extracted from strain 1381,  a group  C serotype  II 
organism,   inhibited only  the type  II system.     Strain 99,  a group  B 
serotype  II organism and  its extracted antigen  inhibited only the  type 
II  system.     Strain 60E is a group C,  serotype  II organism and its 
antigen inhibited only the type I system. 

Preliminary purification of  the serotype antigen was accomplished 
using Sepharose 4B gel  filtration chromatography   (Fig.   3).     Pretreat- 
ment of the crude antigen with RNASE eluted  the antigen activity almost 
free from nucleic  acids. 

To further  test  the  relation between protein and  inhibitory 
activity,   trypsin digestion was studied   (Table  8). 

Table 8.     Effect of  trypsin on crude antigen. 

Inhibitors % Inhibition 

Untreated  antigen 100% 

Trypsin treated antigen 3% 

Trypsin alone 0% 

The  results showed 100% inhibition of bactericidal activity by the 
untreated antigen and  elimination of almost all  this  inhibitory 
activity after trypsin treatment. 

To test the  immunogeniclty of  crude antigens,   rabbit» were 
Immunized with tne antigens  and the sera were  tested  in the 
bactericidal assay.     Not only was high titered antisera produced 
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but   the  SIT.T  dt'inonst r.it .M   tlu   •, inc   st-rotvp.    specificity obtained   in 
the  inhibition   testrs   fTahlf  y). 

Tablo  0.      ' i   Tiij   i;i' ■ r,   rihbU   ani i.'.rra pruduced 

T ^ >n I •.:   .   i H  h<i-ieriridal   test 
Rabbit   a. 

againsr   frude.   .i:it i,>'i : ^'M   (II) 60E   (I) 

99M '•' J : 520 0 

UHi . 1-120 0 

50^ releasi'  i ndui ■ :\'   .>'   r n'     f   ; .        '> n i* ricidal   assay. 

Preliminary   toxi' ity  ; uid; ir-tryunited eggs  have  shovm  that 
while  the partially pr;'..:!  .m   u-   .     r  -    fpnarose 4B chromatography 
has some toxic I ly,   .?   va .   I   '■'. i. 'i  iri   fractions eluted earlier 
from  the column.     Whether  this  -i »i; ''i.*   the  nncigen  is inherently 
toxic  or that   It.  in  contair.inataii w  i     in'i-.ixin  has yet to be determined. 

While  the  sLructural  signitic.i':t .   ■ t   the meningococcal  serotype 
antigen is not  vet  known,   it   Is b.1'. • "t'   : )  luive  a cell surface  location 
for two reasons:     firsl,   m  (K   in' .   t   -jable  organism,   the antigen is 
readily available   to hind with aun     .'•    i,  ihmonatrated by  the 
bactericidal   reart .on.     Second,  oti    r w.-i ".^rs  have reported  that  ether 
extraction  removes-:   the  uuter   layer     •'   rue   meningococcal  cell  wall 
leaving the murein   livor and  the  n^l     i   <'^c  r.v.ll   intact. 

The answer as   to  whotlicr   this  -i'-.i '.(•■   is  p irt of   the classical 
proteln-lipopolvsac char i de  i-oinpley  .i-   v.rani negative organisms  or  a 
separate cell  w.ill   protein must   n.a 1 ■   i\<    results of   further purifi- 
cation  and  analysis.     Studies   axv nov   ir   progrer.s. 

c .     Sero 1 ogical   r_.■ s r• ■•. 

(1)     Radioact i v".'  .ni'l^-^r. b inui n>j;   -t^say   £r>r antipolysaccharide 
N,  ^ nijig i i Jjljs  antin.'Iy 

With   tiie   recent   dev<-■'•^•mc-nt   ot   methods  for  preparing 
highly purified  meniv^omvi H\   polysacchai   -'e antigens  and vaccines  the 
need  for a higb'y   s.nsitlv.   and  quant Motive antibody  assay has become 
apparent.     None of   t'r.t- pres.-.-ntiy a'.ali''1 r   techniques   fulfill  both of 
these  requirements.     ThutT^,   :<  ; ar! (   <c;iv(   antigen  binding assay 
modified  from   the   t .■■•!.n i qu.     i. ■•.. r !!■,,.:   ....   ;-..fr   was  studied.     This   type 
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of   test   Is very  sensitive since  it measures  the primary  Interaction 
between antigen and  antibody. 

The present  report describes  the development and use of an antigen 
binding assay   (ABC)   for   the detection of   antipolysaccharide antibodies 
for  ^nmp   K  and   C  menlngococci. 

Methods: 

Intrinsically labeled group specific meningococcal polysaccharlde 
antigens were prepared by growing the organisms in the presence of C^ 
labeled sodium acetate in modified Frantz medium. After the cultures 
had grown, the organisms were removed by centrifugation and the super- 
natant fluid was sterilized by mllllpore filtration. The filtrate was 
both concentrated  and dialyzed over an Amicon-I'M-30 membrane. 

Gel  permeation chromatography was  used  to purify the crude antigens. 
Antigen was  applied   to  a  Sepharose AB column and was eluted with Trls- 
HC1  sodium chloride  buffer.     Fractions were  collected and  assayed  for 
both radioactivity and sialic acid content,   since  the group B and C 
polysaccharides  are polymers of sialic  acid. 

Fig.  4  illustrates a  typical elutlon pattern for both the  group  B 
and C polysaccharides.     The solid line  shows  the  radioactivity  In counts 
per minute,  whereas  the  broken line gives  the  sialic acid content as 
measured by  the  rcsorclnol  test.     The horizontal  lines at the bottom of 
the graph illustrate  the pools made from  the  fractions collected. 

The elution pattern demonstrates  two  peaks which contained both 
sialic  acid  and  radioactivity.     The first  peak   (pool A) while 
containing a  significant  amount of sialic  acid,  also contained  another 
labeled  substance which  gave  a high   13] .3%)   binding with normal  human 
sera.     Pool  c,   the  second  peak,  was   the  antigen of choice  for  further 
studies  since   it  showed a 6% or  lower reactivity with normal human 
sera and  the  highest  reactivity  (99% precipitation) with  the  Immune 
sera. 

The  specific   activity of  the  B polysaccharlde antigen was 
2,500 cpm per microgram of sialic acid;   the  C polysaccharlde,   5,100 cpm 
per microgram of  sialic acid.     These radioactive antigens have been 
found   to be  very   stable  at  40C,   giving  similar  results with control 
sera over a  period  of  six months. 

The  reaction mixture  for  the  radioactive  antigen binding assay 
consists  of  undiluted  serum,   berate buffer  and  C^  labeled polysac- 
charlde antigen.     After an incubation of   16-18 hrs.  at 40C,  one volume 
of  saturated  ammonium  sulfate was added.     A 50 percent ammonium  sulfate 
concentration  precipitates antibody and  in  this case  the antibody- 
riticen complex.     Antigen alone was not  precipitated with 50 percent 
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ainronium sulfate.     The reactants were  Incubated for 30 minutes at 40C, 
followed by centrifugation.    The collected precipitate was then washed 
once with  50 percent  ammonium sulfate and air dried.     It was  then 
dissolved   in  solubillzer and washed  into a counting vial with 
scintillation  fluid.     Samples were counted  in a Packard Tri-Carb liquid 
scintillation counter.    Controls consisted of a normal  human  serum, 
three positive  sera,   i background  and  a vial  containing antigen alone. 

The antibody  level  in the  test  serum was calculated by dividing 
the counts  per minute  in the  test  serum by  the counts per minute  in 
the antigen added  control.     The results are expressed as  the  percent 
of  the  total  antigen added  that was precipitated. 

Results and   Discusslon: 

Fig.   5  shows a  titration of  the  labeled group C antigen with sera 
from  three  adult  volunteers  Immunized with  the group C polysaccharide 
vaccine as well   as a  normal  human serum.     These sera were chosen 
because   they   represented a high,   intermediate and  low antibody 
response.     The ordinate  indicates  the amount of C polysaccharide which 
was precipitated;   the abscissa represents  the amount of antigen added 
in nanograms of  sialic  acid.     As can be  seen with the serum of 
intermediate  titer,   the antigen titration results in a sigmoid  type 
curve with plateaus  in the regions of both antigen and antibody excess, 
and with a  relatively  linear response in  the region between  the 
extremes.     The  high  titered  serum demonstrates only the plateau in  the 
region of antibody excess;   the low titered  serum shows  the antigen 
excess plateau and part of the linear portion. 

This  figure also  illustrates  that  at high antigen concentration, 
as is shown by the arrow at the right,  only very small differences in 
the percent  antigen precipitated could be demonstrated between the 
normal,   low and  mediiim sera.     By  decreasing   the antigen  concentration 
the percent  antigen bound was mathematically  increased,  and  this  enabled 
greater discimination between the lower  titered sera.     The antigen 
concentration can  be  reduced  to such a  small quantity that almost  all 
sera  tested  show an 80 percent or greater binding.    The low antigen 
concentrations were useful  for demonstrating differences  in  the percent 
of antigen precipitated with very  low titered  sera. 

The passive   liemagglutination  test,   because of  its  simplicity and 
specificity,   has  been used extensively  in our laboratory to measure 
antlpolysaccharide  antibodies.     Compairson of  HA titers and ABC of 
sera   from a   large  number of adult volunteers who received group  C 
vaccine  showed  a  very  good correlation between  the  two  tests.     A 
correlation coefficient of +0.8936 was calculated with p less  than 
0.001. 

The real  need  for an antigen binding assay was demonstrated when 
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the group  (' polysaccharide vaccine was administered  to children.    Many 
of   the   immunised    -hilciren  showed  no  detectable  change or  only a  low 
levc'l   1-.   tube  change   in group C hemagglutinatlon Citers.     Even the 
one or  two   tube  change was not  significant,  since  the hemagglutinatlon 
test varies  plus  or minus one tube  in reproducibility.     By modifying 
the antigen binding assay,   that  is,   using  less antigen,   it was 
possible  to obtain greater discrimination with  the low titered  sera. 
The antigen  binding  assay demonstrated  significant  changes  between  the 
prevacc inat ion   uu!  po'tt-v.iccination  sera in 93 percent of   the  children 
whereas only   55  percent  of  these  same children showed antibody 
Increase  when measured  bv  the passive  hemagglutinatlon  test. 

Table   10 demonstrates  the  serologlc  specificity of   the group  B 
and C antigen binding  assays using  hyperimmune rabbit sera   to eight 
of  the menlngococcal   serogroups.     Except  for a one way cross  reaction 
between   the  '     mtigen   ind  the   B sera   the   test  was  serogroup   specific. 

Table   10.     Specificity  of A.B.C.   assay. 

serum 

X precipitated antigen 

Kabbit   Ant it B* Test C* Test 

Normal 3.1 5.7 

liroup A Mgc 2.8 3.3 

(Iroup   B Mgc 92.6 23.8 

Group  C Mgc 5.4 100.0 

Groups  X,   Y z, 3.7 5.A 
29K,   1 35 Mgc 

V1'*   labi-led  polysaccharide 

Th.! sane specificity was found with sera from humans immunized 
with the group A and C polysaccharide vaccines and Individuals with 
systemic  disease caused bv  the group   B and C meningococcus   (Table 11). 

Repeated   studies  performed over a period of  four months  have 
shown  that   the  binding assay has  a  reproducibility of t5 percent. 

ConclusIons: 

The  radioactive assays  for groups  B and C polysaccharide  anti- 
bodies  have  proven  to be extremely  sensitive and highly quantitative. 
It will   he  used with  increasing  frequency  In studies of  immunity and 
vacrInatIon. 

4G6 

mmmm 



Table 11.  Specificity of A.B.C. assay, 

X precipitated antigen 

Human sera B* Test C* Test 

Group A Vaccine 

Prebleed 
4 weeks 

5.3 
5.2 

3.0 
4.3 

Group C Vaccine 

Prebleed 
4 weeks 

2.6 
2.1 

6.6 
92.9 

Group B Case 

Acute 
7 days 
10 days 

3.5 
84.0 
83.0 

4.8 
17.4 
16.6 

Group C Case . 

Acute 
7 days 
30 days 

6.2 
7.6 
7.7 

6.9 
97.0 
80.8 

*C1* labeled polysaccharide 
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(2)     S urum  i),n-t frlcldal  assay using C      labeled 
N.   iiu'nlngitidis. 

The   serum bactericidal   assay   is  an  important   tool 
in  llu'  study of   immunity  to disease  caused  by bacteria.     In  the 
menlngucoccal   research  field   the  bactericidal   assay  has been 
instrumental   in   the   study  of  natural   and   vaccine   Induced  antibodies, 
in addition,   this  assay system has  been   important,   in defining  certain 
specific   antigens   in  the bacteria,   as evidenced  by  the serotyping 
scheme which  has   been  described above. 

in  order  to  devise a more  simplified   and  efficient method  of 
measuring   bactericidal   activity a  series   of  studies were undertaken 
which  utilized   Ivsis   of  radioactive  organisms. 

Methods: 

Organisms  were  grown   in Mueller-Hinton broth containing  4   yc/ml 
of   C1"*   acetate.      Maximal   uptake  of   radioactivity  occurred  at   about 
the mid-log  phase  of   growth  and  the   resulting   specific activity 
approximated   SOOO  cpm/IO" organisms.     Then,  mid-log phase organisms 
were  contrlfuged,  washed and  suspended  in  cold Gey's salt  solution 
at  40C'.     Preliminary  experiments  showed   that   release of  radioactivity 
from stored  organisms  was minimal  under  these conditions  for  at   least 
two  hours.     Since  normal   rabbit serum used as  a source of complement 
was   in   itself   bactericidal  all  such  serum was  absorbed with a  standard 
meningococcal   sfain  for one hour at 40C.     The bactericidal  reaction 
mixture consisted of  antiserum,  complement,  radioactive organisms  and 
Gey's  sal t   solution. 

In  tlie   experiments  controls  used were  heat   inactivated  complement 
plus   serum  and  active   complement without   serum. 

The  experiments   started with   the addition of   radioactive 
organisms   to   the   reaction mixture.     Aliquots were  removed  for   testing 
at  various   time   intervals.     Milllpore  filtration was used  to  separate 
the  radioactivity  released   from killed organisms  from that  remaining 
in   1ivc organisms. 

At   the   tine  of  each sampling,   0.1 ml  of   the reaction mixture was 
placed  directly   into   scintillation  vials  as an unfiltered  control. 
Another portion  of   the  reaction mixture was  filtered  through  a 
nullipore   filter   and   0.1  ml  duplicate  aliquots of  the  filtrate were 
placed   into   scintillation vials. 

Upon  completion  of   the  sampling,   solubilizer and  scintillation 
fluid  were   added   to  each vial,  which was   then placed   in a scintillation 
counter   for  determination of   radioactivity.     We  have   found   that  with 
the   level   of   specific   activity of   the  organisms accurate counts  can be 
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obtained   In one minute. 

Results: 

The efficiency of   the  filtration method  for   recovery of  released 
radioactivity compared  very well with high speed   centrlfugation  to 
remove   the  bacteria  from   the  reaction mixture  containing  hyperimmune 
serum.     Both methods  recovered approximately 4 5  percent  of   the  total 
label.     A  large  series  of  controls   (no   Immune   sera)   resulted   in no 
greater  than  10 percent   release   In a 60 minute   incubation  period. 

To  study  the  correlation of   the  standard   bactericidal   test with 
the radioactive bactericidal   test   the  two methods were   tested 
simultaneiously on  the  same  reaction mixture. 

As  can be  seen  in  Fig.   6   the   initial  rate  of  kllliag  exceeded 
that of  release;  however,   by  60 min.   these rates were  equal.     A 
possible  explanation of   the   lag  of  net percent   release  behind  percent 
kill   is   that   the  standard  bactericidal  test measures   the viability of 
an organism after interaction with antibody and   complement,  whereas 
the new test  requires  that  some disruption of  cellular  integrity 
(lysis)  occurs  in order  to  release radioactivity.     There appears  to be 
an  Interval  in which viability  is  lost but  there  is not  as yet enough 
structural damage  to permit gross  release of radioactive  substances. 

The  radioactivity  released and  the killing  approximated each other 
at  60 min.,   therefore,   this was  the  time period  chosen  for  further 
experiments. 

Titration of an immune serum against  the homologous organisms is 
shown in Fig.   7.    At  each dilution both the radioactive counts and 
colony counts were done.     It  can be seen that  the  curves of the percent 
release and percent kill  approximate each other  very  closely.     There 
is  a statistically significant relationship with a correlation 
coefficient of 0.9933 and  a p value of <.001. 

Conclusions: 

The  radioactive bactericidal assay has been  found  to be highly 
reproducible and  to correlate  extremely well with  the  standard 
bacteiicidal  test.     The  chief advantages of  the  new  test  are  its 
freedom from multiple plating and counting of colonies of  surviving 
bacteria,  procedures w.^th  inherent errors and with opportunities  for 
contamination.     In addition,   results are available within a few hours 
of  beginning  the test.     The radioactive assay has  been used  already 
in studies of  the specificity of  cell wall protein antigens   (described 
above) with highly satisfactory results. 
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Flg.  7.    Titration of  Immune serum to compare bactericidal and 

radioactive  release  tests. 
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' ' ^     ^ J 'il'-'-x   t^gliit ination  test  lur me'; surement  of antibodies 
to monin^oc-occal  poly.sac char ides . 

ol v.iri'His int i 
and >.■ is i I v ■ '•: i 
ilft f.'t Ii'ii   ml".' 
I'llr    pri'.Sl'llt     fl'P' 
(.'lUT.l i 1 ■ 

Flu'  use  of   inert nonblolglcal   particles  as carriers 
is  ofi'crs   .is   its  prim.'v advantagf   a  stahlt;,   uniform 
i1'!.'   vi'lu'f.I o.     Latex particKs   have   het'n used   for  the 
.ur.siH'iit   nf  antibodies   in a wido   variety of diseases. 

l.siTibcs   a   test   in wliich  group   specific  meningo- 
'!'!'■   is   absorbed  onto  latex part teles   for use   in an 

inüi rert   ,ir,,' 1 uL i ual i on   I rs t    t - measure  serum  aiUibodieH. 

Materials: 

Autig.'ii..     "'ii; ii.,. ss'o. al   strains  of  group   A   (V-l),   group   B   (B-ll), 
a:M   K.t"-'!':1   '    ill)   were   previously described.     The   group  Y   (Boshard, 
U'kAlI<  d'jJA)   strain was   isolated   from the  cerebrospinal   fluid  of a 
patient   who  di'velopisl  nieningucoccal meningitis.     I'urifled  meningococcal 
po1vsaccharuies  A,   M ami   i'  were prepared  bv   the  method  of  Cotschlich. 
Antigens  •.■JI.T-  stored  as   I voph i 1 ized  powder  in  a  dessicator jar  in  the 
cold  or  as   stock   solutions   at   a  concentration of   I DO  or  250 micrograras/ 
mi   which  were   held   I ro/.en  until  used. 

Crude  poivsaccharide  antigens  were  also  used.     These were prepared 
by   suspending  a  six  hour   culture  of menlngococcl   grown on chocolate 
agar   in   Phosphate   Buffered   Saline   (PBS)  pH  7.2   +0.1   for  30 minutes 
(Mac Kar land   Ba.SD.',   Standard   >';8).     The  suspension was   then  centrifuged 
(2000   rpm)   and   the  supernatant was   filter  sterilized   (millipore   .043u) 
! o r   u.-if   as   I he  an t i gen . 

I.atex part ic les.     A  commercial   preparation  of  polystyrene  latex 
(1.x)   suspension o!   uniform  particle  size  0.81LJ   (Difco  Bacto  Latex 0.81) 
v/äs   u ,t\i    .      ' :..     ;;,; i     • i   .   irr i er. 

Methods: 

( i7, v'v 1 
g c a 11 ^ I 
fugat ion 
I a t e :■; p a 
\ griil t 
and •: i. • 
po 1 vs.ii c 
Pur i f i ed 
concent r 

il ion   of   latex   particles.     One  volume   of   latex  particles 
to  an  equal   volume of  polysaccharide  and mixed 
at   17lY,,     The  suspension was  pelleted  by centri- 

riin   for   i r-  min.,   the  supernatant   discarded,   and  the 
luted   i !X   the original volume   in   PBS,  pH 7.2   (±0.1). 
f   antigen  vs.   a  human  serum of  high  antibody  content 

..   uitihodv   content  was performed on  each  new batch of 
le   t     dftermino   the optimal  concentration   for   that antigen. 
■ .a.:.!iar idr   antigens   (serogroups   B  and   C)   had   optimal 

. i : i 

was' adde 
r i0 -in 
at   ..MOi1 

rt ides  d 
i trat ion 
>!    ! 

h iri 

Ui ins   ranging   t rom  50   to   250 micrograms/ml 

i nil 

d i s p 

i,: • i ut- i nat ion   test.      Serial   two-foid   dilutions  of 
■ra'    ( i')''o   for   10 min.)  are made   in   PBS   (pH  7.2  ±1)  using 
roj'.r  V   plates   (l.imbro  Chemical   Co.,    Inc.,   New  Haven, 
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Conn.)  and 0.025 ml.  dtluters  (Cooke Engineering Co.,   Inc.,  Alexandria, 
Va.).     To each well  is added 0.025 ml.  of  sensitized latex particles. 
The plates are  sealed,  gently rotated  to mix  the  reagents and  then 
incubated on a vibration dampening block.     The  latex A,  B and C  tests 
are incubated  for 4 hrs.  at  370C or 16 hrs.   (overnight)  at  room 
temperature.     The  Lx-Y  test is  incubated  for 16 hrs.  at  room 
temperature   (overnight).    Agglutination patterns  are read  against  a 
dark background  on a  1+ to A+ scale,   1+ being considered  positive. 
Positive and  negative  control sera are  included   in each  test. 

Immunoglobulin  characterization.     To  determine  the  immunoglobulins 
responsible  for  the Lx activity sera were  treated with 2-mercaptoethanol 
or fractionated  by  sucrose gradient ultracentrifugatlon.     The   immuno- 
globulin content  of  the  fractions was determined  in a micro-Ouchterlony 
assay using monospecific goat antihuman globulins   (Hyland  Laboratories, 
Los Angeles,   Calif.). 

Results: 

Standardization of Lx test.     In order  to standardize  the  test a 
number of variables were studied  for at  least one of the antigens. 

Effect of pH.     The following buffered  saline preparations were 
studied:    glycine  0.1M pH 1.4-3.6,  phosphate 0.15M pH 5.1-8.2,  borate 
buffer 0.1M pH 8.2-9.0.     The highest, agglutination titers  for all   four 
serogroup antigens occurred between pH 7.0 and 7.3.     Thereafter, 
phosphate buffered saline pH 7.2 ±0.1 was utilized as  the  standard. 

Washing  the  sensitized particles.     Experiments were performed 
which showed  that  agglutination of group  C sensitized particles by 
immune sera was unaffected by two buffered  saline washes.     Thus,   the 
sensitized latex particles were used without the washing steps. 

Incubation  time.     In comparative studies  il  <**$ found that  the 
patterns of  agglutination with the A,   B and  C  test were  identical 
after incubation  for 4-5 hrs.  at 370C or 16-20 hrs.   (overnight)  at 
room temperature.     The Y test,  however,   gave consistent results only 
when incubated overnight. 

Stability of  sensitized latex particles.     Once sensitized,   latex 
particles could be stored  (40C)   for many months without effect on  serum 
titers:     Group A-Lx,   2 months onlv;   groups  B and C-Lx,  8 months  or 
more;  and group Y-Lx,   2 or more ""-»nths. 

Effect of heating sera.     i>»e effect of heat  treatment of  antlsera 
was found to be  an importatu  variable only with  the Lx-A test.     When 
freshly drawn serum  from vaccinated volunteers was used,  high pre- 
vaccination titers were  frequently observed which masked antibody 
rises.     Two  subje^ i ■.  h^i high prevacclnation  titers which decreased 
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lolluwing  heat   truaLment  whereas one  showed  no   change with  heating. 
I'he  two week  post-vacciiiatlon antibody   titcrs  were  essentially 
uiiaffect eil.     The   results of  similar experiments with early and late 
sera  from pat lenrs  with   li,   C ur Y   Infections  or  C vaccination showed 
iio  cMii.-,i steiu   effects  of heat although occasional   paired  sera 
demenstrated   identical   tlter changes.     Freeze-thawing of  sera  three  or 
more  rimes  accprnp]ished   the  same effect  as  heating  at   bb0C, 

Ant ijjeii   qandard tzation.     Standardization  of   the antigens must  be 
dune  using  ln'th    i   st.-rmn with  a  high  and  one with  a   low antibody  content 

inir an occasional preparation causes a nonspecific agglutination at 
liigher dilutions which mav obliterate the enci point of the high anti- 
h.ulv serum. 

I'roperties  o_£ antigens  used  to  sensitize   latex  particles.     As 
differeiU   b.it.dies   of   antigens were   tested   in   the  latex  system  it  became 
apparent   that   some   were  much  more  satisfactory   than   others.     The  amount 
oi   pul/sai-charide  absorbed  to  the  latex was  considered a probable 
factor.     In order   to  quantltate the binding  of   antigen  to  latex a 
radioactive  group   A  po1vsaccharide was prepared  using C^ acetate.     A 
"crude" preparation  containing  240 mcg/proteln/ri1 .   and a more highly 
purified  product   contained  only 25mcg/protein/ml .     The  Jatex particles 
were  sensitized with   the  labeled polysaccharide  in  the usual manner. 
The  particles were   then  collected on a 0.45u millipore  filter,  washed 
and  dried.     The  activity  of  the latex particles  plus   filter paper, 
filtrate  anil  a   filter paper control were measured  in  a Packard Tricarb 
Scintillation  counter.     The  percent  polysaccharide bound   to latex was 
then determined. 

It   was   found   that   16  times more crude  antigen  remained bound   to 
the   latex  than  purified  antigen   (0.839% vs.   0.053^).     When  these 
antigens  were   titrated  against  an immune  serum   the  cruder antigen was 
activ,   when diluted  as  much  as  1:64  compared   to   1:8   for the purified 
ant ic   ■:. 

Sinilarlv, when different lots of serogroup A antigen taken at 
various stages of purity were tested in the same manner, the cruder 
antigens wore more  active  than the purified  antigens. 

Spec ific ity.     The   latex  agglutination   test   using meningococcal 
polvsaccharides   as   antigens   is  a highly specific   test   for detecting 
antipolysacciiaride   antibodies.     Of  21   cases  of  meningococcal  septlcemia 
or menlngiti     caused   by   serogroups  B   (5),   C   (li ) ,  or Y   (5)  organisms, 
!9  showed  antibodv   rises  only with  those  latex  particles coated with 
their  hcmologuus   serogroup  antigens.     One   case   in which Y organisms 

■.■.■er',   i ;nlated   from   CSF  showed  no antibody  rise   to any  of  the  standard 
citi.o:...   nor   in   tests   using   latex particles  sensitized with a crude 

p. 1 vsaccharide  preparation made  from  the  infecting organism.     Another 
case,   in which a  group   ii organism was  isolated   from   the blood,   showed 
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antibody  Increase to both the  B and C polysaccharldes.     In  Table  12 
are listed  results of a battery of  latex  tests performed  on  sera  from 
representative cases of group  C,  group B and  group Y disease. 

Table  12.     Specificity of  latex  test  in patients with menlngococcal 
meningitis. 

Latex   antigen 
Meningococcus Day of   

Patient isolated disease A B C Y 

GL 

SU 

WO 

1 2 3 -1 
10 «^ ] 2 3 5 

1 <1 -1 <1 <1 
7 <1 5 <1 <1 

14 <1 5 -1 <1 

1 <1 -1 <1 <1 
7 <1 --l 7 <1 

36 < i I 5 <1 

Number of reactive  tubes 

The latex test was also  found  to be group specific  in patients 
receiving  the group A or C polysaccharide vaccines.     In  Table 13 are 
shov,n results from four representative volunteers who  received 50 
microgram injections of group  C vaccine or 50 micrograms of  group A 
vaccine.     All of  the  individuals  showed an increase in  antibody titer 
within  two weeks  to the corresponding homologous polysaccharide antigen. 

Sensitivity.     The latex test  is quite sensitive as  a measure of 
group  specific menlngococcal  infection.     In a series of  27 proven cases 
of group  C disease,  24 showed antibody rises.     In the  three  remaining 
cases a high unchanging titer was  found.     Since the date of  onset of 
Illness was not known for these  three patients it  is possible  that  the 
first  serum  tested may have been obtained after  the acute  stage and 
thus  the antibody increase would  have been missed.     In  a  series of  12 
group  B cases,   11 showed  it   least a 4-fcld rise   (range  A  to  256 fold) 
within 10 days following  hospitalization.     One group B patient had a 
high unchanging  titer.     Four out  of  five cases of group  Y disease 
developed antibody rises.    The remaining case of Y disease had no 
detectable  Lx antibody against  any of  the  serogroup polysaccharldes. 

Persons who had no clinical  evidence of disease but who developed 
positive nasopharyngeal cultures   (carriers) were also  tested  for 
development  of antibodies.     Seventeen of 18 persons who  had  become 
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Table 13.     Specificity of latex agglutination test in volunteers 
receiving meningococcal polysaccharide vaccines. 

Days post 
Subject Vaccine vaccine 

Latex antigen 

CI A 0 
14 

IM ^ 0 
14 

SC C 0 
14 

HC C 0 
14 

Number of  reactive  tubes. 

2* < i <1 <1 
5 <1 <1 <1 

<1 <l <1 <1 
8 <1 <1 <1 

<1 <1 <1 <1 
<1 <1 <1 

1 <1 <1 <1 
1 <1 <1 
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group  C carriers developed  group  specific antibodies  as  did 8  out of 
10 persons who had become group Y carriers.     However,  only 2 of  2A 
Individuals who had become  carriers of group  B organisms  developed an 
increase  in antibody titer. 

Comparison of  the Lx  and  FAB  tests.     The  indirect   fluorescent 
antibody  test which uses  the whole organism fixed  onto  a  glass  slide 
as   the  antigen Is a very sensitive assay for detecting  antibodies  In 
patients  receiving  the meningococcal polysaccharlde vaccines.     When 
the   two   tests were  compared   in  23 volunteers who  received  meningococcal 
polysaccharlde vaccines   (16  group  C vaccine;   7 group  A  vaccine)  both 
tests  detected antibody    increases  in the same 17  individuals and no 
antibody rise in the  remaining  six Individuals.     Similar  results were 
obtained  in five cases   (two  serogroup  B,   three serogroup  C)  of 
meningococcal disease. 

Comparison of Lx and  HA  tests.     The Lx and HA tests using meningo- 
coccal  polysaccharides as antigens  showed 100 percent  correlation in 
patients with disease,  carriers  and vaccinated subjects   (Table 14). 

Table 14. Comparison of Lx and HA tests. 

Serogroup 
and No. of Lx pos. Lx neg. Lx pos. Lx neg. 

category subjects HA pos. HA neg. HA neg. HA pos. 

C cases 18 15 3* 0 0 

C carrier 22 20 2 0 0 

C vaccine 90 87 3 o 0 

B cases 9 8 1* 0 0 

A vaccine 50 46 4 0 0 

High unchanging  titers 

When  the same batch of polysaccharlde antigen was  used  in both 
assays mean titers were higher  in  the HA test although  the mean change 
in titer was essentially identical   (Table 15). 

477 



"able 15.  Comparison of maan tlters of Lx-A and 
HA-\ In volunteers receiving group A 
polysaccharlde vaccine. 

Days after 
v.u'i- ination 

- 

Mean titer 
indicated 

(Log 2) vs. 
antigen 

Lx-A HA-A 

0 

14 

0.18 

2.79 

2.61 

3.11 

6.00 

Moan antibody rise 2.89 

Immunoglobulins active in r.he Lx test.  So ra from a p. 
group C meningococcal disease was examined for immunoglobullns active 
in the Lx system.  Results of sucrose density centrifugatlon and 2 ME 
treatment showed all the activity to reside in the IgM moiety.  A 
second patient tested by 2 ME treatment only showed IgM activity 
exclusively also. 

Discuss ion; 

The latex agglutination test as herein described has a number of 
advantages over HA and FAB tests.  Latex particles of known size can 
be purchased and sensitized without further treatment.  The use of 
such particles should avoid the variables found in human or animal 
erythrocytes which change surface characteristics upon storage, often 
settle unpredictably and may require preabsorption of the sera to be 
tested.  Polysaccharlde sensitized latex particles retain their 
properties when stored for two months or longer.  Thus, large batches 
may bo prepared and used for long periods of time. 

Fn terms of sensitivity and specificity the latex test Is quite 
.similar to the HA test for meningococcal antibodies.  The group A and 
B HA tests and the Latex A and B tests have shown differences in anti- 
body tlters of normal human sera even when the same lot of poly- 
saccharlde was used for both assays.  However, mean titer increases 
are approximately equal in both assay systems.  The FAB test measures 
antibody against other antigens as well as the polysaccharlde of the 
menlngococcus and, therefore, this test is cross reactive among the 
various meningococcal serogroups.  In sensitivity the Lx test is equal 
to the FAB. 

The immunoglobulin responsible for Lx agglutination appears to be 
IgM in the prese..': Meningococcal assay as it has been in a number of 
other disease states. 
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A major tar tor in the l.x syslem appears t..i he t hf nature of the 

antigen preparation used.  The d.'.ta presented ..'.ove sujigest that crude 

po]ysaccliaride preparations bind to latex particles more firmly and/or 

in a greater quantity than purified ant igms 

sensitive indicator of antibody that the iiiglil 

: t hu ; provided a more 

purified materials. 

In a recent experiment using sera 1rom children who had received 

group C.  vaccine, seven individ'ials failed t.  i ■ v antihodv response by 
\h\  test and i,x-(. test using purified (. auligeii.  All seven showed 
4-tüld or greater l.x-i responses when a crude t, antigen (saline 

extract) was used.  These results were conl i niied Ls tiie verv sensitive 

rad ioImmunopreci p i tat ion test. 

Furthermore, in a series ol rj; uiuh ■■ 
group C vaccine, the mean intihodv increase 

and two week post-vaccination sera using tin 
4.08 tubes. is'liei'ea.s, the same samples test« 

polysaccharide resulted in a r5.8A tubi- mean 

ml e. I 

let ween tin 
pure :..•.-(■ 
.1^.1 . i, .w 

! i I t e r e! i c e 

' leieivecl the 

prevaccination 
ant igen was 

he cruder 

As with the more puriiiei antigens tl 
cross reactions airong the serogroups. 

rudi parations gave no 

Preliminary studies have not Implicated 

Important constituents of the l.x reaction. 
1 llet'g 111 1 c it inns  as 

Other preliminary experiments have shown the teasibility of 

sensitizing latex particles with multiple antigens (li, C and Y 
simultaneous!v).  For this test the three antigens were mixed together 

at their optimum sensitizing doses and Incubated with the latex. 

Homologous serum antibody titcrs were identical with mono- or multiple 

sensitized particles.  The A antigen, however, showed loss of 
sensitivity when added to the other polysaccharides. 

d. 'enic ■pt i hi 1 it v of 

meningi t id i s isolated from 1964 t 

i ■■, i. a ; 

ö" 1970, 

group Neisserla 

in recent months an isolate ot Neisserla meningit id is 
suspected of being penicillin-resistant was referred from an outlying 

Army hospital to the Department of Bacterial Diseases, WRAIR for 
study.  Subsequent testing proved the isolate t. be penicillin 

susceptible but prompted a study to determine if, indeed, there has 

been any decrease in penicillin susceptibility among a number of 

Isolates collected since 19b4 by this laboratorv. 
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Thirty-nine isolates of serological group C N. meningitidis were 
selected at random from lyophilized stocks as follows (Table 16). 

Table 16.  Strains used for penicillin 
sensitivity studies. 

No. of 
Year    strains        Laboratory No. 

196/.       I       35E 

1965 6      321, 381V, 60E, 95E, 
341, 411 

1966 9       701, 851, 881, 891, 921, 
941, 981, 126E, 621 

1967 1       7911 

1968 2      1901, 2531 

1969 6      690219, 690236, 690286, 
690403, 690644, 690937 

1970 14      5571, 5629, 5663, 5677, 
5736, 5835, 5843, 5928, 
6150, 6192, 6197, 6387, i  I 
6390, 705664 ' * 

Methods; 

The agar-dllutIon technique was used throughout.  Potassium 
penicillin G (Wyeth, Control No. W653904) of known potency was 
dissolved in distilled water and immediately frozen in alIquots at 
-150C.  For use an aliquot was thawed and added to sterile, cooled 
(480C) Mueller-Hlnton agar (Difco, Control No. 525687), pH adjusted 
to 7.0 before autoclaving, to give final concentrations of penicillin 
of 0.01 unlt/ml and 0.02 0.18 units/ml in 0.02 unit steps.  The 
penicillin agar was then dispensed into petri dishes, allowed to 
solidify, ind Incubate i overnight at 370C to test sterility.  Plates 
were stored at H'V anr wore used within 72 hours of preparation. 

I.vophl 1 Ized cultures of isolates to be tested were opened, 
suspended In sterile Mueller-Hlnton (M-H) broth and one plate of 
M-H asar streaked tor isolation (purity) and one for confluent growth. 
After overnight incubation at 370C in a candle Jar, pure cultures 
were further prepared for testing.  A swab moistened with M-H broth 
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was rubbed over the plate of confluent growth and Lran-;forrt>d to M-H 
broth in a 16x125 mm srrew cap culture tube.  The optical density at 
650 nm was adjusred to 1.0, uEing a M-H broth blank in a tost tube of 
the same type. Two ml. of this suspension vaa usod t'1 Inoculate a 
nephelometer flask containing lb ml. of M-H broth.  This fiask was 
shaken at approximately 165 rpm In a rotary shaker water bath at 370C 
for 2-3 hrs. or until an optical density i>f approximately 0.5 was 
obtained, using a screw cap tube of M-H broth as the hi.mk as above. 
The culture suspension was then adjusted to an optical density of 
exactly 0.5, diluted 1:100, and an aliquot pipetted into a template 
well in a Lldwell inoculum replicating apparatus.  Nine isolates and 
a control, the Oxford strain of Staphylococcus aureus, were tested 
per template.  The control was grown and diluted In exartly the same 
manner as the test cultures. 

Using the Lidwell apparatus, the nine test cultures and the 
control were transferred from the template to duplicate sets of 
plates of the varying concentrations of penicillin.  Following 
delivery, each drop was then screaked with a glass rod assembly Into 
a single line of inoculum approximately 2.5 cm long. When completed, 
each plate had two rows of five parallel lines of inoculum.  Growth 
was nearly confluent in most cases and more closely approxlir Ued the 
density usually attained by a flooding technique, for example, in 
which one strives for near confluence. 

All plates were incubated at 170C in a candle Jar for 18-2A hrs. 
before reading. 

Results: 

The  lowest concentration of  penicillin producing  complete 
Inhibition of growth was  recorded as  the minimum   Inhibitory 
concentration   (MIC.)   for each  isolate   tested.     The  values  given 
represent,   in most  instances,   the average of at   least   two  separate 
determinations.     In only one  instance did   the results of  two 
doterrolnations differ by more  than  0.02 unit.     The value.-- obtained   In 
an>   one experiment  by duplication were always   In  complete  agreement 
within   the  limits of   the   technique.     The control   strain consistently 
tad   in MtC of  0.02 units/ml   penlrlllin. 

MIC's  ranged  from 0.03 units/«!]   to 0.16  unlrs/ml   and were 
randomly distributed bv   the year-categories  shown  over   the   range 
betwewn  these values with  skewness   toward   the   lower MIC'K.     Of   the 
39   Isolates   tested,   82Z had MIC's  of  0.08 unlts/m1   or   'e<:s,   of  which 
approximately half were  obtained  In  1969-1970.     The giomotrlt  mean 
was  0.07 units/ml. 

The  relutionship  of   the  'MC  to   the year  of   tsHdiion  showed what 
eppcars   to he  ;j slight   tendency  toward  an  increase   in Mil's  from 1964- 
i>70.     T'at   aver ige  of   t^e  geometric  means   for  the   wars   1^66-1968 
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(19 Isolates) was 0.06 units/ml whereas the average of the geometric 
means for the years 1969-1970 was 0.09 units/ml. However, the 
precision of the technique, as evidenced by repeating the test on 
different days, would suggest that a 0.02 unit variation was to be 
anticipated. 

Conclusions: 

The distribution of MIC values for 39 randomly selected isolates 
of serologlcal group C N. menlngltldls collected from 1964 to 1970 
was such that there Is no clear-cut evidence of a progression toward 
decreased penicillin susceptibility.  However, there Is an Indication 
for monitoring penicillin susceptibility In menlngococcl periodically 
to detect a potential decrease. 

e.  Hemagglutlnatlon-lnhlbltlon for serogrouplng of N. menJngltldtB. 

Serogroups within the species N. menlngltldls are 
Identified on the basis of bacterial agglutination (BA) with specific 
antisera.  Although other methods, such as precipitation, have been 
used for identifying new serogroups or studying relationships among 
the serogroups the BA test has been the standard procedure used in 
most laboratories for the examination of clinical specimens. ■ 

The BA test has a number of disadvantages, among the most prominent 
being the large volume of antisera needed and the long time required 
when survey studies provide hundreds of isolates for testing. Also, 
there is often considerable cross agglutination among the various anti- 
sera, probably due to common antigens unrelated to the serogroup 
specific polysaccharides. 

With the recent development of improved methods to Isolate and 
characterize meningococcal polysaccharide antigens and antibodies it 
has been possible to develop a haptene Inhibition test (H.I.) to 
identify the serogroup of menlngococcl Isolated from clinical materials. 

Methods; 

The test is essentially the inhibition by the unknown of a battery 
of standard passive hemagglutinatlon teats. 

Antigens.  The following strains of menlngococcl from the Walter 
Reed Army Institute of Research collection were used to prepare antigens: 
Group A (A-4); group B (99M); group C (9M); group Y (13SM); group 29E 
(60M): group 135 (135III) and Slaterus* X and Z. Crude polysaccharide 
antigens were prepared by the method of Edward , and Driscoll.  This 
method utilizes milk alkali treatment of cells, followed by ethanol 
precipitation.  The portion of the precipitate which is soluble in 
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saline acts as the polysaccharlde antigen.  OpLimal sensitizing 
concentrations of each batch of antigen are determined bv checkerboard 
tltratlon against serogroup homologous imiiiune serum.  Spt-cif lei ty is 
determined using homologous and heterolü^ous anrlsera.  MIthough 
purified polysaccharldes prepared by the method of Gotschlich were 
satisfactory such preparations were only available fur serogroips A, 
B and C.  Therefore, the less purified antigens wert prepared for all 
serogroups studied. 

Erythrocytes.  Fresh, formaldehyde fixed, pyruvic aldehyde fixed, 
and formaldehyde-pyruvlc aldehyde fixed erythrocytes were ccrapared. 
Pyruvic aldehyde fixed sheep red blood cell;; (SRBC'.s) were selected 
for use because of their superior stability, sensitizing capacity and 
clarity of reaction. 

Sensitlzatlon of RBC's.  SRBC's were washed three times in 
phosphate buffered saline, pH 7.2 (PBS), and suspended to kX  v/v in 
PBS.  The cells were sensitized by mixing equal volumes of washed 4% 
cells with antigen diluted to its predetermined optimal oonrentratIon 
In PBS.  The mixture was Incubated at 370(: for one hr. and washed five 
times in PBS to remove excess antigen.  The sensirized .ells w^re then 
diluted to 0.5% in PBS containing 0.52 w/v bovine serum albumin (BSA). 
Sensitized cells were stable for at least one week when stored at 40C. 

Antisera.  Group specific rabbit antisera against whole organsism 
were prepared by the method of Evans et al.  Hemagglutinatlon titer of 
each serum was determined using methods previously described.  Kour 
units of antisera were used for the H.I. test. 

Cultures.  Meningococcal carrier surveys were performed as 
previoi  y described in Army basic trainees and laborai-ory personnel. 
The H    ective growth medium consisted of Mueiler-Hintop agar 
containing 5X  v/v chocolated, defIbrlnated sheep olood and fi mg/mi 
Linr.ocin and 25 units/ml polymixin B sulfate. 

Bacterial suspensions were prepared from positive cultures, 
her from the original plate or after one or two transfers. 

Live, fomallnlzed, ß-propiolactone Inactivated and heat killed 
cells as suspensions were investigated.  Live cell suspensions wer^ 
unsatisfactory because of the obvious hazards involved; formalin 
killed suspensions resulted In all SRBC's settling (complete 
inhibition) and ß-proplojactone killed suspem:Joiu-. resuitei' in all 
SRBC's agglutinating (no inhibition).  Therefore, heat killing was 
used.  Extraction of group specific antigen from unknown cultures 
was carried out at 5f)0C using various 'lives and various suspending 
media including physiological saiine, l'BS, HRS-BSA, and 0.3.^ w/v 
tryptlcase in physiological saline.  Best, results were obtained 
with PBS-BSA as suspenaing fluid .nnd heating at WV fir two hrs. 
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The killed suspensions were centrlfuged for 10 mln. at 3000 rpm 
in an International PR-6 centrifuge and the clear supernatants were 
used.  Such supernatants can be used Immediately or can be stored 
frozen (-20oC) for at least six months. 

The H.I, test.  0.05 ml. bacterial supernatant is mixed with 0.05 
serum (4 units) in "U" bottom microtiter plates (Linbro Chemical Co.). 
Each unknown Is tested against eight different antlsera in separate 
wells and Incubated at 370C for 30 min.  Then 0.05 ml. of sensitized 
cells (0.5Z v/v) is added, the plates are sealed with transparent 
tape, gently mixed and incubated at room temperature on a vibration 
damping platform for two hrs.  Hemagglutination patterns which are 
difficult to read at two hrs. can be Improved by further incubation 
overnight in the cold. 

A positive test is indicated by complete inhibition of 
agglutination as shown by a clear small button of cells in the bottom 
of the well surrounded by a clear supernatant.  Negative reactions are 
Indicated by any pattern of agglutination. 

Bacterial agglutination.  For the standard bacterial agglutination 
(BA) tests moderately heavy suspensions of cells in normal saline were 
made from the same cultures used for preparing suspensions for the H.I. 
test.  BA was carried out In plastic trays using one drop of suspension 
and one drop of rabbit antiserum containing four agglutinating units. 
The mixtures were shaken at room temperature for three min. and 
agglutination was read.  Agglutination was graded from ± to 4+, but 
any agglutination was considered positive. 

Results; 

A summary of the results of BA and H.I. serogrouplng on 476 
carrier strains of menlngococcl are given in Table 17. 

Table 17.  Comparison of H.I. and BA tests on 476 
meningococcal isolates. 

Results No. of strains X of total 

BA and HI 381 80.0 
agree 

HI groupable 82 17.2 
BA nongroupable 

BA and HI 13 2.8 
disagree 
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There was agreement between the two tests '' r <8j (801) of the 
strains.  Of these, 218 strains were identified -s . .specific ^ero- 
group; 163 strains were nongroupable by both rrnTlnxj.^.  Tl.c nf>p.pr^'ip- 
ables were either smooth nonagglutinable, t.uJfjpjy i>!v i Jt lr,at cd or 
rough bv : he BA scheme and nonlnhlbitor^' in ''<   '•'.!.   >a; .  Another 
set of 82 strains was identified as to serotunu;  ■. h. I. u-st rut 
could not be identified by BA.  Strains of all -er' ^roaps wer. found 
in this category. 

Disagreement between the. results of tht: two tests wero . b-,er vd 
in only 13 (2.8%) of the cultures.  Ot these str..i -i  six were non- 
groupable by BA and gave double reactions by H.i.  "■■ i . other strains 
were typable by BA and not groupable in h.l. tests    ■ ::!!■, only 
one strain was grouped differently in both absa/i.  Uais ■ n this 
strain were repeated three times.  Each rime thv 'i. • .   rest gave LII^ 

same result (serogroup B).  In one test BA was roi-.'HoJ ■■)-•   urogroup 
Y; In the other two trials the culture was .longr^i-p.ih". > . 

H.I. and bA tests were performed en 2^ r et:: :i,;.;. • ; ■;'.  ij;:,-.^ 
derived from blood or cerebrospinal fluid, l-.ru ^  uf M..';r :,ira'•■..-. bad 
been serogrouped by BA prior to lyophil! ?a . len L, K .-n .ti< 'irn ^t 
reculture four strains were multiply agglutinatoii fr. ••!• Hi\  List. 
All cultures were serogroupabJe by the H.l. rev 

Discussion; 

Haptene Inhibition is a well known sernloxlral tool for 
demonstrating similarities batween antigens and has been particularly 
valuable in studios of polysaccharide antigens derived fr'in bacteria. 
A limited H.I. system was LSOC! jeveral year« ago lr. thly laboratory 
to Identify group C menlngococci in a  large f^clc! ^-.jdy with ^toud 
results.  With the use of eiphL Ufferent polysacoluirid« liemagglutl- 
natlng systems described herein it has been leasibl)1 to develop a 
rapid, precise method for serogvojplng meningoccc> }.  THe, system 
has a number of practical advantages.  Croupln^ mtiser.i are used 
at high dilution (HA tlters are 100 fold grearet than BA liters) 
thus conserving this reagent.  Sensitised riid colls are stable for 
many months and experiments are In progress to test lyophillzed rtd 
cells.  Creator specificity and senalLlvl^y or LIIP H.T. test over the 
BA assijy is Indicated by the current results.  Finally, man cultures 
were grouped by H.I. from the initial plate whereas l-A grouping often 
requlr^d several transfers in the laboratorv. 

*"•  ^n HiElS studies of menlngruocoal polysaccliaridcs. 

(1) Reactions of group B .jn.:  ".  £ol^s.icr.lMrlilej? wit!- Influenza 
vj ruses. 

Backer~ii;r.'.  ft i:-.  known *lu.' ■ ► >■ c-rop h  polysaccharide 



vs a stalle acid (neuramlnlc acid) polymer which Is susceptible to 
enzymatic cleavage by neuramlnldases from Vibrio cholera and Clostrlc'lum 
perfrlngens.  Since Influenza viruses contain neuramlnldase an attear t 
was made to determine If an Interference by B polysaccharlde with 
Influenza virus hemagglutlnatlon could be detected. 

Two Influenza viruses were used, A2/Jap/305/57 and B/Ma8s/3/66; 
both consisted of chick allantolc fluid harvests.  Hemagglutlnatlon (HA) 
of human erythrocytes was determined by standard tltratlons.  Inhibition 
with B-l or C-pool polysaccharldes, 250 mcg/ml, was carried out by 30 
mln., 370C Incubation of virus + polysaccharlde prior to HA tltration. 
Results are shown In Table 18. 

Table 18.  Effect of polysaccharldes on 
Influenza vlrua hemagglutlnatlon. 

Virus Po iy saccharIde VI ral HA tlter 

A2 _ 1:160 

- B-l 0 
A2 B-l 1:160 

B - 1:160 

B B-l 1:160 

A2 C 1:160 

- C 0 

B C 1:160 

Under the conditions of the experiment there was no Inhibition of 
influenza HA by either the group B or C polysaccharldes. These data 
suggests that the menlngococcal polysaccharldes are different fro« the 
influenza virus HA Inhibitors found in many body fluids (which are 
cfcpscroyed by neuramlnldase) and different from the erythrocyte 
receptor sites to which Influenza virus ilnds. 

(2) Reletion of group B and C polysaccharidea with blood 
group subetancea M, N and Rh(D). 

Background.  Human M, N and Rh(D) blood group antigens 
contain slallc acid. An attempt to detect antigenic cross reaction with 
menlngococcal polysaccharldes was carried out by inhibition of 
erythrocyte agglutination by M, N and Rh antisera. 

M and N blood group donors were identified by standard techniques 
using human antl-M and antl-N antisera.  Polysaccharldes B-A and C-10, 
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250/ral, were Incubated with antlserun overnlghi at AÜC and then the 

mixtures were titrated. 

Results: 

Table 19 shows that there was no inhibition of either the M or N 
agglutination system by either the group B or C polysicrharldes. 

Table 19.  Effect of polyaaccharldes on M-N bluou group 
agglutination. 

Agglv. tinatlon titer 

Red ce 11s Polysaccharlde 1:2 1:4 1:8  1:16  1:32 

M Saline + 4 _    _ 

M h + + - 

M c + + _    .. 

N Saline + ■•- ♦    —     _ 

N B + -f ft 

N C + + +    - 

A similar experlement performed with an Kh positive donor and a 
saline antl-D antiserum showed no inhibition of the Kb system with 
mcnlngococcal polyaaccharldes B-2 and C-10. 

The experiment was performed a second time ualnf; four tin-es the 
concentration of each polysaccharlde and a one hr. 370C incubation 
followed by overnight in the cold. Again, no inhibition of M, N or 
Rh(D) agglutination was observed. 

g.  Prevalence of the various serogroups among case strains of 
N. menlngltldls submitted to WRAIR. 

The data presented below reflects a change in presentation 
from fiscal year tabulation to annual year tabulation. This change was 
made so that the data from the U. S. Army could be more easily examined 
in the context of annual reporting years utilized by otht-r governmental 
agencies. This report, therefore, encompasses the years 1969 and 1970 
and the first five months of 1971. 

During 1969 a total of 35A strains of N. meningitidis wero 
submitted by other laboratories for confirmatory and sulfüdiazine 
resistance studies. Table 20 describes the geographical source, sero- 
group and sulfadiarine resistance patterns seen among the 354 strains. 
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Table 20. Source, serogroups 
of case strains of 
to WRAIR in 1969. 

and sulfadlazlne resistance 
N. menlngltldls submitted 

Serogroup 

A J 3 C Y 

Army Area S* R+ S R S R S R Total 

I 0 0 3 2 1 65 2 0 73 

II 0 0 1 1 0 25 0 0 27 

III 1 0 4 7 2 61 2 0 77 

IV 0 0 2 5 2 25 0 0 34 

V 0 0 0 0 0 11 2 0 13 

VI 0 0 2 3 0 110 1 0 LL6 

Eur 0 0 7 0 1 6 0 0 14 

Totals 1 0 19 18 6 303 7 0 354 

X serogroup 
sulfa realst. ( )* 49% 987 t OX 

* S denotes sensitivity to 1 ug/ml sulfadlazlne or less. 

+ R denotes resistance to more than 1 ug/ml sulfadlazlne. 

Host of these strains were derived from cases of clinical meningitis 
in military recruits and a small number from military dependents and 
military personnel beyond recruit training. Of these 354 strains, 
309 (87Z) were of serogroup C and the remaining 13 percent were 
primarily of serogroups B and Y (WRAIR "Boshard"). One serogroup 
A strain, which was encountered early in 1969, was described last 
year. In 1969, the distribution of sulfadlazlne resistance among 
serogroups was not markedly different from that found in 1958; 
among group C strains sulfadlazlne resistance Increased from 96 
percent in 1966 to 98 percent In 1969; among group B strains 
sulfadlazlne resletance decreased from 54 percent in 1968 to 49 per- 
cent in 1969. 

During 1970 the routine testing of all strains for their 
sulfadlazlne resistance levels was discontinued.  A significant 
factor in this decision was that group C strains comprise the 
greatest part of all strains submitted to this laboratory since 1967 
and among these group C strains the vast majority (95 to 98Z) were 
sulfadlazlne resistant.  Tt Is apparent, therefore, that sulfadlazlne 

488 



1 

resistance has lost Its value as a routine clinical nvasurement. 
However, sulfadlazlne resistance testing will he  resumed If spot 
checks reveal a shift from resistance to sensitivity among group C 
strains or If an epideralologlc shift occurs from group C Lo other 
menlngococcal serogroups. 

As seen In Table 21, In group C strains of meningococrl again 
predominated as the cause of menlngococcal disease in th^ U. S. Army. 
Of a total of 281 strains submitted, 257 (91.5%) were group C and 
the remaining 8.5 percent comprised serogroups B, Y, 135r and a single 
group A strain. The group A strain was Isolated in Europe. 

Table 21. Source and serogroups of case strains of 
N. menlngltidls submitted to WRAIR in 1970, 

Army 
Area 135 

I 0 6 99 2 0 107 (38.1%) 

II 0 1 13 0 0 14 ( 5.0%) 

III 0 1 34 Ü 1 36 (12.8%) 

IV 0 2 15 1 0 18 ( 6.4%) 

V 0 1 50 4 u 55 (19.6%) 

VI 0 2 44 1 1 48 (17.1%) 

Eur 1 0 2 0 0 3 ( 1.1%) 

Total 1 
(0.4%) 

13 
(4.6%) 

257 
(91.5%) 

8 
(2.8%) 

2 
(0.7%) 

281 (100%) 

Table 22 shows that the proportion of group C cases has Increased 
steadily, from 13 percent In 1965 to Its 1970 level of 91.5 percent. 
In this same period group B cases have steadily declined from 86 per- 
cent to Its present level of 5 percent. 

The data on strains submitted during the first five months of 
1971, which are presented in Table 23, continue the trend established 
over the past few years. Despite the use of group C vaccine in six 
training posts during the epidemic season, no change in prevalence of 
serogroups was obvious. 
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Table 23.     Source and  serogroups  of case straLiR uf 
N.  meningltidis  submitted  to WRAIR  from 
1  January  to  30 May  1971. 

Army 
Area 

Serogroup 
To be 

identified B C Y Total 

I 1 14 2 4 21 

II 0 0 1 0 1 

III 0 8 0 5 13 

IV 2 3 3 0 8 

V 0 22 1 2 25 

VI 0 4 0 7 11 

Europe 0 0 0 0 0   • 

Total 3 51 7 18 79 

Strains  received  too  late  to complete  identification 
prior  to  30 May 1971. 
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2.     Special diagnostic bacteriology. 

A number of exceedingly complex clinical problems were 
studied by  special methods  to Identify  Infecting microorganisms.     The 
cases presented  below Illustrate how this type of specialized 
laboratory examination can contribute  to clinical care of patients. 

Case  1 

Post-partum Corynebacterlum infection   (WRAIR 115622). 

A 19 year old Negro female with sick cell trait and hemoglobin C 
developed septlcemia after giving birth  to twins.    After Initial 
improvement  the patients course began  to deteriorate.    A Corynebacterlum 
sp. was   isolated  *rom the patient's bone marrow.     The patient made a 
good  recovery on erythromycln therapy. 

WRAIR laboratory  results: 

A culture of bone marrow in  thioglycollate broth was  forwarded  to 
thlt laboratory.    Growth af a Corynebacterlum sp.  occurred after seven 
days Incubation at  370C.    No growth was obtained upon subculture to 
blood agar which was  Incubated aerobically and anaerobically.     Very 
little growth occurred  In a transfer to  thioglycollate broth..   The 
original broth was then oubcultured  to  thioglycollate agar with 
inactivated horse serum and to another  thioglycollate broth with serum. 
Both media were  incubated at  370C,   the agar plate anaerobically.    After 
several days,  sufficient growth was obtained  to do antibiotic 
sensitivities.     The culture was sensitive to erythromycln by tube 
dilution technique. 

Conment: 

Recently more attention has been given to the presence of atypical 
or transitional forms of bacteria in clinical specimens.    These 
variants may require osmotic protection and enriched media for culti- 
vation In vitro. 

In this  laboratory,  thioglycollate broth with 20Z inactivated 
horse serum and L form media are being used In addition to other 
enrichment media.    Use of these special media allowed more rapid 
growth of  this anaerobic Corynebacterlum thus allowing antibiotic 
sensitivity to be tested. 
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Case  2 

Lymphadenitis due  to Corynebacterlum acnes   (WRA1H  fi63h7i. 

A 55 year old  alcoholic irale with  recurten..   ; Ir J.T h. phlebi r if;  of 
the right leg remained  s^nnptomatic over a  thrt't'  u,,k pori.i(l despite 
standard therapy.     On examination,  fever 101°,   swollen,   tender 
inguinal lymph nodes were noted.    A biopsy cf   this  lesion was  submit ted 
for special cultures.     After  the biopsy Lhr  patient  insde  i spontaneous 
recovery without  further  therapy. 

WRAIR laboratory results; 

Tissue was minced on  trypticase I roth and was   inoculated onto  the 
following media: 

Thioglycoliate broth with horse seruni  -   3.;0C 
Heart  infusion broth with horee serum  -  :;/'<V 
Blood agar aerobifially,     anaerobical 1 v wiiii COo   at   37l C 
Chocolate agar aerohically,  anaeroblcally with LOp at  37ÜC 
Chocolate cystine  agar   (370C with 10% COo) 

After five days incubation anaercbleaJ iy,   a  j;ran pisitlve rod was 
observed on the blood agar plate.    Granular  s;rcwtli was  apparent  in  the 
thioglycoliate serum broth after 12 days at   370C.    A gram stain 
revealed gram positive short  rods and  filaments with singular branching. 
Both isolates were  identified biochemlcallv  as Corynebacterium acnes. 

Comments: 

Isolation of  the organism from the site of  infection  indicates  a 
causal  relation of  this  anaerobic organism with  the disease.     Recovery 
of  the patient without  specific  antibiotic  therapy  is  probably not 
unexpected in view of  the  r.aprophytic nature  . T   tne organism. 

Case 3 

Myeloproliferatlve disorder and  skin ulceratlons  due  to an atypical 
mycobacterium  (WRAIR M399 and  //6423). 

A  42  year old  active dutv  Lt.  Col.  had  a myeloproliterative 
disorder cf  two years  duration manifested by  anemia,  extrainedulary 
hemalopoiesls and a  fibrotic bore marrow picture.     Over  the past 
eight months he developed  Indolent,  nonpair*ul  uiaerations of both 
lower extremltieg.     Biopsy of one of  the sklr:  lesions  and bone marrow 
biopsy was cuit-ired.     Treatment with streptomycin  and  sulfametharole, 
based  upo-  s».nsltivity  studies,   resulted in  initial   Improvement of 
the legions.     However,   relapse occurred  and  combination   therapy of 
rifamnin,  ethambutol   and   isonlazld was substituted. 
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#6399 - LeK lesion  (Draddy)   2/8/71.- The same procedure and media as 
described  for Case 4 below were used with the exception that Mycoplasma 
diphasic agar was omitted.     One portion of  the original  suspension was 
refrigerated In tryptose  broth at 40C to be subcultured at a later time 
for Listeria.    After six days   incubation,  aerobically at 370C,  tiny 
transparent colonies were observed on brain heart  infusion agar and 
blood  agar.     In a gram stain of  the growth, gram positive swollen rods 
and granulated filaments with singular branching were seen.     Sub- 
cultures were made on brain heart   infusion agar and   incubated at 320C 
and 27ÜC aerobically.    After   14 days  incubation an acid-fast stain was 
prepared using  1 percent  sulfurlc acid as  the decolorizing agent and 
methylene blue as the counter  stain.     Pale staining acid-fast filaments 
with blue granules were  seen as well  as blue cross striations in large 
filaments.     This organism   is  currently being studied  as a possible 
atypical Mycobacterium. 

The refrigerated portion was subcultured after 21 days storage. 
The same pleunorphl ■ gram positive  rod was  isolated but  in addition 
a slender gram negative bipolar staining rod grew on brain heart 
infusion agar.     Both strains  grew better  if glycerol was added to the 
base medium.    On glycerol   agar,   the gram negative   rod  was very mucoid 
and nonpigmented.     In heart  infusion broth,  granular growth occurred 
with a nearly clear supernatant.     When glycerol was added viscous 
growth  concentrated at  the  bottom of  the tube with very slight 
turbidity.     The organism produced branching forms and  short filaments 
in broth.     It was biochemically  inactive and nonmotile suggesting 
Actlnobacillus but not glanders or c^lloidosis. 

#6421  - Bone marrow  (Draddy)   2/24/71.  - After 23 days  Incubation In 
heart  Infusion broth with  serum,  granular growth occurred.    This 
culture contained gram positive  rods,  beaded filaments and a few 
slender gram negative bipolar staining rods. 

The pla^morphic gram positive  roda from both  specimens were 
Inoculated onto Lowensteins  Jensen slants and  incubated  at 37 C for 
10 percent carbon dioxide.     After 16 days  the isolate  from the bone 
marrow grew as smooth butf  colored colonies.    The organism Isolated 
from the skin lesions produced   the same type colonies after one 
month  incubation.     Both were  strong catalasc producers   (680C). 

Comments; 

These two bacterial isolates are undoubtedly the cause of his 
skin lesions and possibly responsible for the bone marrow picture. 
Further studies are underway  to completely Identify  the organisms. 
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Case 4 

Regional  enteritis associated wit:, rnrvnt.ii.ir t ,rii. 
(WRAIR ^6328). 

•tl. 

A 12 vear old  bov had  ohronJc  fevt r  and  wi'i>;ht   1   ss  w'th no 
gastrointestinal  symptoms.     Lew senun alb'.inln  JII-J  aHn^mn 
mucosa on X-ray  study suggested  the dla^m'ds ^f   refj) ! 
Abdominal  exploration  revealed  etJ-ir^t-:   mcseiHcri.     i/mph 
on histology,   showed  multiple,   nonc-'iseatiii^,   crani'   nas. 

di;cd€ nal 
•ntoritls. 

ncties which. 

Laboratory    studies  -  abdominal   lvr.v£h  nodL   ',Q^tr^jvsK1): 

The  specimen was minced   In brain  h«»nr!    !..l'isi   n  Lrrtl;.     flilt)- 
glycollatc broth with  serum and  Vvcoplasma dlphis'c   i.'tr were  Inoculated. 
Blood and chocolate  agar plares were  .srrcjke.)  w't.'   I iv    susp iiislon.     All 
media were incubated  at  370C   under appmpriite    n*'!"lament<il  conditions 
for the  Isolation of  pathogenic  ora J'-.l'jms .     .\t': r  .'.'' diys  very  5.n;all 
granules were seen  in  the  thi^glycol lato  brc i,     ;. ut     "ntrcl   cubes 
were negative.     A gram Rlain reve^i..;  gram ^c   •   : ■ M-   Unlo^ocri  and 
coccobacllli.     Upon subculture  th-1 organism yrw: ■>      '.s ;i  short gram 
positive rod morphologi* ally similar to  a Cu-vne-ha'-1er^i^.     Bio- 
chemically it was  the   same as Corynehai terlutn acnes  except   tor  Its 
failure  to reduce nitrate. 

Conine nt: 

The  relntlonahip  of  the organism  Isolated   to   the patient's 
illness  i;;,  as  yet,   unclear. 

■*•    All^stigations on  Mycopl.isma   ("moll lrnt.es   and v tIJ-^defect Ive 
variants of  bacteria. 

a.     Wall-detect ive  variants ot   Tieponfr.i.i icum. 

Micrnblal  variants pocsess'iig defeetivf   (.ell  walls have 
attracted considerable  Interest  in recent  years bucause of  the 
possibility of  their having a ro.e in the pathogenesls of disease. 
The characteristics of'  s'ich mlcrobial  variants   (consistent with damage 
to or deficiency  cf cell   «all structure)   are  alieratlcns  in morphology, 
physiology,  and  cultural  charn^tcrs,   Iticluuipj:   J gran-negative,  non- 
rlgic. outer covering,   resistance  U1 penlrlL'in,  and  '-jlonial down- 
i^rcwth below the  agar  surface. 

Hie natijic f>f  the  polymorphous (H«eaae nattern   In syphilis with 
its period!,   course,   treqacn'    i-.-g^tl't  ( -  dofblfjl   results oT 
microscopic examIndtion,  and  resistance  to  tieatriert  saggested the 
possible  exl^icn'.v  of   altered ii\   roi.fal   furi'    Lo early   InvestlgfiLors. 
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Levadlcl   In  19A1  usln^  slIver-impregnation methods observed granular 
material  which he assumed  represented   Involutlonal  changes In Treponema 
pallldum  In material   iron syphilllir   lesions  of man,  rabbits and mice. 
Ustlmenko   (1963) more   recently  reported  the  production cr   "L-form»" of 
T.  pallldum  In vitro  with  the  aid of   penicillin  or   Immune sivum.    A 
study was undertaken   in   this   laboratory  to determine whether cell-wall 
defective morphological   variants of   T.   pallldum could  be produced and 
whether such variant   torms were viable. 

The organisms   employed  were  T.   pallldum,   the  Nlchol   (non- 
cultivable)   strain,   pathogenic   for  rabbits  and   carried  bv passage  In 
rabbit  testes,  and   the  non-pathogenic  T.  pallldum strains,  Kazan 2, 
Kazan  5,   Kazan 8 and   Nichols   (r.ul tlvible).     The  non-pathogenic strains 
were maintained  In a  fluid medliiin cociposod of   Bacto heart  Infusion 
broth,   Bacto yeast   extract   (1.02 w/v),   sodium   thloglycollate 
(0.076Z w/v),  magnesium  sulfate   (Ü.0K w/v),   Bacto agar   (0.1% w/v), 
sucrose  (10% w/v),   and   Inactivated  horse serum   (20% v/v).    The pH was 
adjusted  to   7.4  before   the addition of   sucrose  or  serum.     Incubation 
was at  370C  in  Brewer Jars  containing   BBl. (Jaspak,   hydrogen-carbon 
dioxide generators. 

The pathogenic  and non-pathogenic  treponemes were  Indistinguish- 
able by  light microscopy,   phase  /.ontrast and  dark   field microscopy, 
and  by various stains.     They displayed  a delicate  spiral morphology 
and measured 6-15  urn   in   length and 0.2  urn  In width.    Motlllty'varied 
in the cultivable  strains;   young organisms were  always actively motile, 
showing a rotation  around  the   longitudinal  axis,   whereas in three to 
four week-old cultures   the  treponemes were either nonmotile or 
displayed merely a  terminal  quiver.     Die pathogenic treponemes were 
actively motile  In  fresh  suspensions.     Certain ultrastructural 
differences between  pathogenic  and non-pathogenic  strains have been 
described.     The present  study confirmed  these observations on shape of 
extremities and number and  Insertion of  fibrils.     The  structure of  the 
parent organism,  examined   in detail   by electron microscopy,  provided 
the basis  for comparison of morphological  changes  In the variant 
forms. 

Colonial growth  of   treponemes  on  solid  media did not permit 
counting by  the usual   plating  technique, due   to   lack of sufficient 
size and discreteness ot   the colonies.    Estimation of  the concentration 
of viable organisms  of   the  Kazan 8 strain grown   In  the  fluid medium was 
accomplished by  the method of  maximum  likelihood estimation  (most 
probable number) as described by Cochran  (1950).     The direct 
microscopic count of  a 48 hr.   fluid culture of  the Kazan 8 strain was 
5.2 x  10° organlsms/nl,   and  the estimated concentration   (Cochran 
method) of  the same  culture after centriiugatlon  and dilution was 
2.17 x 10    organlsms/ml.     Inoculation  from  these dilutions on  to plates 
(which were  then read   for  presence or  absence  of  growth)  showed an 
estimated concentration of  2.72  x  10"4 organlsms/ml,  Indicating a close 
parallel   to  the  results   for viability   in  the   fluid  medium.     The 
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disparity  between   the  results  of   diri-   t   r ici r^i-c/.-l '   t-^   and   tlic- 
vlable units  per ml  may have  resulted   f^.'.   u"mK.    ro   -v;"'      rganiüTS 
by centrlf'jgat ion. 

Experimentb  were  piürformeü   tc  .iei/rr.ii'H-   ».."it^"  i i;-,i^ i 11 lr.   cuuld 
induce conversion of  the parent   rrcponeuus   L:  mcrpliolr.^: ra!   /arlants. 
The morphology  of  treponemos  and   round   bocJoa   in  f 1 . M  ....Ji .;,P wltti 
concentrations  of  penicillin  ranging   from  'i   t.,   10,00')   ip/t.s/nl    (./mi) 
vas  fullowcd  a^  varying  time  interval s  by r.-.e;in.s   >;'   >   ;   nouut.s,   i.iemsa 
stains,   acridine  orange,   and  electro;i  r.i-'rosi CP;       :, ...'o.ien.c     of   the 
Kazan  Ö  strain  were  grown  for  1^4   hrs.   in   Liu;':.   iinidUur  i,..;iaining 
osmotic   stabilizers   (MgSO/,,   sucrose)   and   201   ('v'vi   h..   -.    "-tru:.1.     Au 
a penicillin concentration of  0.01   i-.'nl   and   iiv;i.'' •i.!    ■.     ■!   2'-   hr. 
there were   80  percent   treponemes  af whlcli   10  ,v ivc r.l   wi-i   inctilf. 
About   20 percent  of   the culture   consisted     f   r.iund ;.'i-.'it    ii'.isi    bodies 
measuring  0.2-0.4   ,im  in diameter.     A   rev   lar^ei   , 1. ^'        ilc-  b^dim 
nieasuring  0.4-0.f:   um were  also  set'ii.      .n  4^   .:.   .10   : j .-u'l'i'. MC :    ;< •.. !d 
be  identified  and  occasional   round   r   d: 1 J    .   f    . '"      '■. .     .", n. -'l'Jr 
in  a  concentration of   0.1   y/rr.]   had   a mi/rp   i^v« :i   e'        • ;   within  ^8  hr, 
no   treponemes  or   round bodies  could   bt   Identl;;, ,.      .1').  a   C'.incentraticn 
of  10  ^/ml  of  penicillin,   there were  "nJy  20  pt-ntnt   iK.:.muLiIt:   treponemes 
and   75 percent   round  bodies  after   ?.'*  hr.   and   ,-.  m   \< re   detected  after 
A8 hr.     At  penicillin concentrations  of   100,   . /i( ,       .   IO.OOO   u/nl  nj 
organisms were   found  by wet riounts  at   24   anii     H ',. .      ■■    wiem.ia   stains 
the round  bodies were usually purple   ind  varied   in   J i •.•    iron.  0,2-0.4   um 
in diameter,   whereas   treponemes  vere  usually  dee;   pink.     Acridlne 
orange vital   stains  and fixed  smears   revoaivj   flic  Lriah!   reddish-brcwn 
fluorescence  of   R.\'A  In younger   trepunetnes  and   la somf   round bodies, 
whereas older   treponemes and  seme of   the   variant   form-:  displayed   the 
greenish   fluorescence of DNA. 

Electron microscopy of cultures  of   cht   Ka/aa t>   . r.-1.:    t'eated with 
0.01-0.1   u/rl  yf penicillin revealed   khe  prest'u     ■ r   ■ n   ,:,    vul   or 
irregular structures and ocr.a«ional   Lreponenes.     Fhe  round  bodies were 
usually surrounded by a double unit membrane.     ''<".   :yt"opldsm displayed 
a delicate  flbrlllar pattern with  scattered  di-rso  riho.i >mes.     Mo re 
round bodies  and   fewer trepontvne;   wert-  ( bse••ved   in fibure.n  containing 
higher concentrations of peniclllit». 

Negative   sta:.n.s   for electron microscopy  were   '   :u    i-i  a culture  to 
which 0.1    i/inl   of  penirlllln had  Ln-r-n   iddt-,     !':•.•;■.Jo   .OPS  »-ere   studied 
hourly  for  8  hr.   after  the  addition  oi  per,. r ;i 1 .r.     Tiriiar  preparations 
were made  of a  control  cultur>' wiLhout   ponlc: llii;.     '.!   ■    iu     the  rr?ntrol 
appeared  unaltered,   .her^as   rh».   pen'.; LI 1 in-1 reatec    a'.'i-.      .owed   that 
the  cell   wa'ls   of   oome organisms  appeared   f.-.        . n;   rnore   wo,  disruption 
of menerous   filaments.    At  6 hr    rume  crganl >r"   epp': an-.',   rng",ented. 
At  8 hr.   a  few   round  bodies  were detected,   vherea',  i:ep   ,on:( ,  were well 
preBcr^ed   In  the  control   cultures. 

"Blind"  oa'jiages were tnacie   to  determln-   •■'.)' '.'.'• 1:1    ili'n 
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treated treponemes.     A  total of  15 serial  transfers were made  from 
penicillin-treated  cultures  to fresh penicillin-containing and 
penicillin-free   fluid medium.     There was no  evidence of  growth  in 
either of  the  serial  transfers. 

Penlcillinase was  tested for  its  ability  to  inhibit or reverse 
the effect of penicillin.     It was  found  that penlcillinase in 
concentrations  of  0.1-10  u/ml added  to  a culture of Kazan 8 in fluid 
medium one-half hr.  after the addition  of penicillin  (0.01  w/ml) 
resulted  in partial   Inhibition of  the  effect  of penicillin. 

Penlclllln-gradleut  plates with wells  that contained penicillin 
in concentrations  of 0.1-10,000  .-/ml  and 20%   (v/v)  horse serum were 
investigated as means  for producing variants on solid medium.     The 
plates were  inoculated with an actively  growing  24 hr.  culture  of  the 
Kazan 8 strain.     Plates wltliuut  penicillin were used as controls and 
were  Incubated under the  same conditions.     Colonies were noted  in the 
control plates  after 48 hr.     The gradient  plates with a penicillin 
concentration of  0.01  and 01.   ../ml  showed a few scattered colonies  in 
the area furthest   from  the  trough and  plates  containing higher 
penicillin concentrations showed  no growth.     The colonies observed 
were very small  or hardly visible,  measuring 0.1-0.2 mm in diameter, 
rounded or  Irregular,   cream-colored  and glistening.    Studied by 
Dienes1  stained  preparations,   the colonies  appeared to grow centrally 
into the agar for a depth of 4-6  um.     The colonies contained 70 per- 
cent round bodies  and  30 percent  treponemes,   the latter usually at 
the periphery.     The round bodies were smaller and denser at the 
center with a granular appearance and measured 0.1-0.2 pm in diameter. 
In the paracentral portion of the colony,   the round bodies were both 
phase dense and phase pale,  measuring 0.3-0.4  um in diameter.     Some 
treponemes at  the periphery appeared  relatively well preserved whereas 
other organisms were partly fragmented.     The colonies were kept under 
observation for possible I,-phase transformation.    Dienes'  stained 
preparations were made at weekly  Intervals of  the colonies.    Block« 
excised from portions of penicillin-containing agar which had received 
broth inocular but  failed to show I,-form colony growth were passed 
after one week to agar plates containing  the same concentration of 
penicillin and  to  similar medium without  penicillin.    Growth was not 
detected  in  the  subsequent  transfers.     Agar blocks bearing colonies 
were also transferred directly  into  fresh penlclll In-free  fluid medium. 
Since growth was  not detected,   12  "blind" serial  transfers in 
penicillin-free  fluid medium were made  and each passage was subcultured 
on penicillin-containing  agar.    Growth was  not detected  in any of  the 
serial  transfers. 

When a specified concentration of penicillin was incorporated in 
the serum agar medium before pouring plates,  much the same results 
were obtained.     In plates   Incorporating  penic.'llin in concentrations 
of 0.01-10 u/ml,   a  moderate number of  very  small  colonies appeared 
after  5-7 days  of   Incubation.     The  i-olonies  were  similar  to those 
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plates  containing  0.0]   ../ml   ptnicillln.     'iit- ■ 
agar  forming central  cores  up   to 6-1.1    :.,     i tic 
found  in  plates containing  concentrci'.ions ot 
10  u/ral. 

Experiments were conducted   to detcrnl!.«   whetiiei    .lysuzyme  could 
induce  the formation of morphologlc.ij   variams  < :   tr  poremrs.     Twenty- 
four hour >:ultures  of  the*   Kazan  P  strain were  •..ir-'e-'ed   1/    cntrl- 
fugation and examined hy phase  contrast micruscop .•       The   iM-uiiux 
contained  10° organslsm per nl   of which  90 p>:r  t-nl   vt-i..-    io'i!e.     Half 
of   the  suspension was  treated  witn   lysozym    I       ( :i  ent ratlfnfi  of 
200  Mg/tnl and  the other half  used as a cunirt i   . T  viabte  counts. 
Tlie   lysozyme-treated  suspension was.     incub-:'. ed   i  i   -.8  r.r.   and   then 
passed   through at  least  flv.5  serial   trai:sfers   ic   fresh   lJuJd medium 
without   lysozyms,   hefnre  ro-expostirr"  t('   lOH   ug/r.l   of   ..'sr.^ynie.     Plates 
were   Inoculattid from each  transfer.     The  cuJ^n..     -n'.y. n^ (on vas 
treated  with  lysuzyme  throe   llin^s   (?Q()  u^hil   ■; Ut.Miy   a.v:   i'Jü   ^7. ■ ir.i 
for   the  2nd and  3rd  exp-iurcs.     The  initial   Lys^zyx^   treatc-d  culture 
In  fluid medium was  examined  by wet   nounta at   2^  aio   *h   !ir.     fhe 
suspensions contained 80 percent   treponemes of v\i.  h   "'!   percent  were 
motile.     Round  bodies,  mostly phase dense,   cumprt'iod   I'l  percent  of   the 
total  suspension.     Fxamination  of Dienes1   stained  r'. Ion; cs  revealed 
a greater number of  treponeines   f75«)  and  fewer  ruuni  bodies   (25?). 
Most  of   the  treponemes appeared  w>?ll  preserved.     Electron microscopy 
of  the  lysozyme-treated broth  suspension  showed   that   ^o^ie  treponemes 
displayed mild  to moderate damage of  the cell wall  with  disruption of 
the  filaments.    Other organismB  appeared  Intact.     The   few scattered 
variants appeared similar  to  those in penlcil lii-treat«;d  cultures and 
were  surrounded by a  single cr double  unit membrane.     Jii  some, 
portions  of  trepor.emes could  be   -..eeii blending   into  f tie  variant   iorms. 

Preparations made from the  serial  transfers   (lysozyme-free)  showed 
almost   the  same growth as  the  control   cultures.     The   no  ond   treatment 
with  lysozyme   (100 Mg/ml)  resulted  in more severe dama^  tc  the 
organisms.    Only a  few intact   treponemes wer«  found.     The variant  forms 
were  .surrounded by a  single  or double unit  membrane.     Wet   mounts  and 
Dienes'   stained preparations   showed a greater number  of   round  bodies 
(50X)  and  a lesser number of  t.reponemes   (50%).     Following  the  third 
treitnent with  lysozyne   (100  jg/ril),   there was  even greater damage to 
the  treponemef..     Wet  mounis  after  21*  hr.   showed  20 ptrcent   mostly non- 
motile  treponemes and  80 percent   round bodies.     Mated  on   to  solid 
medlr.ir colonle.'i prrw   Into  tne agar  tc  a depth or   3-6  i.m.     tlectron 
microscopy shoved more •■lUmnrous  variant   forms tnii  lewer   treponemes. 
Par>sage  into  ly.iDzyme-fret! fluio  medium did not  re&alt   in  growth. 
The pJatec  were   tnc.ibattd for  sly weeks am.  examined  at   frequent 
intervals.     L-form 1olonics were not  found.     Inltlai   treatment with 
lysozyne  vas MOI   I   •Vti  to  the  treponenje.i,   .)iit  subsequent   ivsozyme 
exposur-.   ro  the  s.iT.e  r-ulmrn  resulted   ir   irrfver.s.'ble  Jarnage  to  tin: 
organisms.     Lv*.c..'.mt-inlcced  damage-     10   the eel]   w.iJ   was  r;Ot  as 
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severe,  however,  as  that of penicillin. 

In conclusion,   it appears to be  relatively simple to produce 
certain cell-wall defective variants  of  T.  pallidum by use of 
penicillin or  lysozyme.     These variants  have characteristics 
suggestive of  spheroplasts or  transitional phase variants with poor 
ability to propagate as such.    Self-propagating  true L-phase variants 
were not produced  in this study. 

b.     Type culture collections of Molllcutes and L-phase variants 
of bacteria. 

The Joint American Type  Culture Collection  (ATCC)  and 
WRAIR collection of Molllcutes and  L-phase variants has been  in existence 
for 10 years.     The policies set up  for  this collection are firmly 
established and operating effectively.     Most depositors have cooperated 
with the ATCC  by submitting  their strains at a lower passage  level than 
those previously acquisltloned,  and  by checking sample vials after 
preservation of  their strains before  the strains are released by ATCC. 
This offers greater assurance  to both ATCC and other investigators 
regarding autheniclty and purity of  strains.    All mycoplasma strains 
in the collection   (with the possible  exception of ATCC //25298, 
Mycoplasma orale,   type 3)  are now cultivable  from the freeze-dried 
state;  this has eliminated the expentie of shipping frozen whole cultures 
in dry ice.     The notable absence of  complaints that cultures were 
contaminated at the  time of receipt  can probably be credited  to constant 
vigilance at each procedural step and  thorough sterility testing.    There 
have been complaints  that  four a itures were nonvlable out of  326 vials 
of cultures sent out from ATCC.    Vials of these four cultures were re- 
checked,  and  the colony forming units were found  to be still as high as 
at the time of  Initial processing.     Due  to the Increased number of vials 
preserved at  the  time of submission,   it has been necessary to replenish 
the seed stock of only eight strains of Mycoplasma tales and L-phase 
variants in the past year. 

The recommended medium for 65 of  the  78 strains now in the 
collection is  Bacto haart infusion broth  (pH 7.5) containing 20X  (v/v) 
horse serum  (inactivated) and  10%  (v/v)  of a 25%  (v/v)  fresh baker's 
yeast extract.     With the exception of M.  orale,  type 3,  the T-straln 
mycoplasma,  and  Thermoplasma arldophilum,   the other 62 strains will 
adapt to  the above medium.     Three swine mycoplasma strains, 
M. hyopneumonlae, M.  sulpneumonlae,   and M.  hyosynovlae  (all of which 
are considered very fastidious) have now been adapted,  after a maximum 
of five passages from their recommended broth medium,   to the above 
medium.    Adaptation  to this standard medium enables investigators  to 
employ these strains  readily In studies  that  require larger numbers of 
organisms with reliable growth habits.     This medium is not  recommended 
for  the  initial   isolation of  the more  difficult-to-grow organisms. 

The number of vials of Molllcutes and L-phase variants purchased 
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from  the ATCC has  inci-eased  by   only one  ptTceiit   this  year   (211 vials 
in 1970 and  326 vials   in 1971),   rcflt-ci.: ig the decreast of  rne  funds 
to many of  the universities and  researrli  instituLion.s  that  ordinarily 
purchase cultures.    Ninety-two vials of   i\TCC  -ul'.ure.« were i'istrlbut^d 
free of  charge  to personnel  at   WKAIR and other  rtlilary   instillations. 
Between 40 and  50 percent  of  the  total   requests   tmladlna; both 
Mollicutes c?.nd L-phase  variants were iiade   fox-   Ltralnt.  derived  from 
human origin,  suggesting  a continued active  intertst  .n  the  'signifi- 
cance of these agents  for men,     At.  least   iO neu   -train:.   Including 
Mollicutes,  L-phase variants,   and  selected parent   or  revettant 
bacterial  forms have been  received bv WRAiR and  will   be accessioned 
by the ATCC in the near  future. 

The freeze-drying  method used for preserving   the mycoplasmas at 
ATCC was recommended  to a  WRAIR menlngococcal   research  group,    A 
strain of raeningococcus propagated serially  In   tue  presence of  peni- 
cillin was nonviable after  freeze dryirg  In  tV   routine  suspending 
medium employed at WRAIR.     3y use of   12%  (w/v)   sucrose   in the special 
mycoplasma suspending medium used by ATCC,   the menlngOv-.ocr.al  strain 
was successfully preserved  by freeze-drying. 

The ATCC Virus Department   routinely tavltured   tor  the presence of 
mycoplasmas  In viral material  received  for preservation      Recommenda- 
tions as  to media, methods  for cultivation,  and  microscopic examination 
for growth were supplied by  the Mycoplasma Research  Section at WRAIR. 
Although this  is a recent  collaborative project,   the presence oi 
mycoplasmas  in tissue  cultures  of viral material   has already been 
confirmed by investigators  at both institutions.     This  project will be 
continued,  and hopefully may be expanded  to  serve   similar needs of 
virologists at WRAIR. 

A recent publication by Darlaud described   the   isolation of  a 
thermophllic,  acidophilic,   "mycoplasma-like" organism froTi a burning 
coal  refuse pile.     Because  of  the possible presence of  viable 
thcnnopbiilc organisms   in  laboratory water baths,   incubators,  and 
heated  biological material,   recognition of ah'l   familiarity with such 
organisms was deemed  valuable  to  the  ATCC and  WRAIR.     Therefore, 
studies on the appearance,   biological  properties,   and optimal methods 
for  the preservation by  freeze-dryinc; on one  such   strain,   Themoplasma 
acidophilum, ware undertaken. 

'Pia descriptions of   the. original  investigators  on  the shape and 
-.ire of  the cellr were  confirmed in  this  laboratory by phasa contrast 
examination of wet mounts  of broch cultures and.  b^' Dienes stained 
preparations of  the organism on agar blocks.     The  cells appeared as 
vacuoJ.< ved  rov^nd bodies,   r.occold holies,   ring   fcna.ö,   lysed  phase-pale 
boflles,   and  an occasional   filamentous  torr..     The  size of  the round 
fortriS varied  fron 0,2   to  3.0  um in diameter  ■■md  filamentous  forms 
meas'ne,1 4  to  10 um in  length. 
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The reported growth requirements of ^T. acldophllum were also 
confirmed. The strain was cultivated in a simple, serum-free broth 
at a pH of 2.0-3.0 and was incubated in a water bath at a temperature 
of 55-60oC. Growth was determined by opacity of the broth which 
occurred after 1-7 days of incubation. The organisms were still 
viable after 19 days of incubation. 

Attempts to cultivate colonies on a solid medium had been thwarted 
by the need for a medium that would remain solid at 60oC and at a pH of 
2.0 to 3.0. Sporadic colony formation has been reported by the 
original investigators on a medium suggested by our laboratory 
consisting of Darland's broth containing a final concentration of 
1.2 percent Oxoid lonagar No. 2 and with a final pH of 2.3. 

Methods for demonstrating purity of these unusual thermophilic, 
acldophillc cultures have also been developed. The usual media 
(thioglycollate broth containing horse serum and sheep blood agai) 
employed to test for contamination in cultures of bacteria of medical 
Importance are unsuitable for thermophilic organisms. Instead specific 
media for isolation of soil organisms, nutrient media, and T-straln 
mycoplasma media, covering a pH range of 2.0-7.8 and a temperature 
range of 37-60oC were employed to test for contaminating bacteria. The 
Thermoplasma strain did not survive in these media nor were any other 
organisms Isolated. 

This laboratory recommended to the original investigators various 
combinations of suspending media and various freeze-drying methods 
used by ATCC. Good preservation by both laboratories has been 
obtained by using a suspending medium of 12% (w/v) sucrose In double 
strength skim milk and the "batch" method of freeze-drying. A sample 
of the ATCC freeze-dried matirlal tested for viability after storage 
at room temperature for one week resulted in growth of at least IxlG* 
organisms per ml by the tube dilution method. 

c. Taxonomy of the class MolJicutas. 

The constantly expanding activity in the field of 
mycoplasmology necessitates a continual up-dating of the taxonomy of 
the class Molllcutes and a frequent reevaluatlon of the minimum 
standards for the valid description of new species. The tables that 
follow summarize the current thinking on these subjects. 

As shown in Table 24, the class Molllcutes still contains a 
single order, Mycoplasmatales, defined in terms of morphologic 
characters, including structure of the outer covering and size and 
shape of the cells. There are two families defined in terms of 
physiologic requirements, the sterol-requiring Mycoplasmataceae, and 
the sterol nonrequiring Achuleplasmataceae.  There are now three 
genera, Mycoplasma, Ac ho l^-.pj. a sma and Thermoplasma defined, for all 
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practical purposes. In terms of the same physiologic requirements used 
to distinguish families. This Is Inadequate, and the inclusion of 
certain genetic criteria is Indicated for determining generic 
constitution. Genetic characters such as genome size and G+C ratio, 
would have very real value for excluding inappropriate members from a 
genus. There are approximately 4u species recognized at present; 
these can be differentiated on the basis of biochemical activities 
such as formation of metabolic produces and use of respiratory path- 
ways and enzyme systems. Several subspecies are presently recognized 
by their differences in chemical composition.  At the infrasubspeclflc 
level, beneath the taxonomlc level regulated by the Bacteriological 
Code, are the serotypes. 

When an investigator discovers what he believes to be a new 
species of Mollicutes, and when he wisties to propose a new name, it 
is his obligation to provide adequate evidence that his organism is 
indeed distinct from all known species.  For this purpose the Sub- 
committee on the Taxonomy of Mycoplasmatales has been preparing the 
specifications or "minimum standards" for the description of new species 
and makes the recommendations that follow. As shown in Table 25, there 
should be a preliminary clonin of the strain by filtration of a broth 
culture through a 0.22 urn pore diameter membrane filter (or the smallest 
pore size the organism will pass).  Then there should he serial dilution 
of the filtrate, plating of the dilutions, and cloning for colonies. 
The clones should be cultivated in broth, and the whole procedure 
repeated two more times. At least two separate clones should be 
examined in the subsequent tests. 

To establish that the proposed new species belongs to the order 
Mycoplasmatales, it is necessary to show by electron microscopy that 
the organism lacks a rigid cell wall and that it is bounded by a single 
triple-layered membrane. As a consequence of the lack of a cell wall, 
there are other features demonstrable by routine techniques. Thus, it 
must be shown that the organism is gram-negative, forms the distinctive 
"cored" colonies on agar, and does not revert to a walled bacterium 
during five successive passages in the absence of penicillin, when 
examined macroscopically and microscopically. 

By phase contrast or darkfieid microscopy, the cells must appear 
as coccoid bodies, ring forms, or filaments some of which may branch. 
The cell size must be estimated, and at least some cells should pass 
a 0.45 urn pore diameter membrane filter.  Some species may be motile, 
but tests for motility are optional at present. 

To establish the family (Tabl« 26) to which the proposed new 
species belongs, dependence of the organise on sterol must be 
determined.  It is not sufficient to l^.il   for growth in serum-free 
media, because false positive and  false negative results may occur. 
Therefore, specific methods employing cholosferol, Tween 80 and 
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Table 25. Minimum standards for description of new species of 
Mollicutes. 

Morphologic Features used to Circumscribe 
Order Mycoplasmatales 

Preliminary; 

A. Filtration, dulution, plating, cloning of colonies. 
(Procedure repeated 3 times) 

B. At least two clones examined in all subsequent tests. 

Minimum required; 

A. Structure of outer covering. 
1. Absence of rigid cell wall. 
2. Presence of single triple-layered membrane, 

s.    Gram negative. 
b.    Colonial "down-growth" into agar. 
c    Absence of reversion to wall-containing organism. 

B. Shape of cells. 
1.    Coccold bodies,  ring forms, filaments,  some branching. 

C. Site of cells. 
1.    Less than 0.5 urn, greater than 0.1 um. 

a.    Filterable through membranes of 0.45-0.22 um pore else. 
Optional; 

D. Motlllty 
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and albumin supplements, as described by Tally and Razln (1969) and 
Razln and Tully (1970), should be used.  The optional characters may 
soon become mandatory since new thermophlllc, acldophlllc, or strictly 
anaerobic organisms have recently been described. 

Table 26. Minimum standards for description of new sp -les 
of Molllcutes. 

Physiologic Requirements used to Circumscribe 
Family Mycoplasmataceae or Acholeplasmataceae 

Minimum required Optional 

A.  Special growth factors.    H. Factors inhibiting growth. 

1.  Sterol.* C. Temperature, 

a.  Fatty acids.       D. pH. 

E. Atmospheric conditions. 

By methods of: 
Tully & Razln, 1969 
Razln & Tully, 1970 

As long as there was only one genus In each of the two families, 
there was no need to define specific criteria for genera. Now that a 
new genus, Thermoplasma, has appeared, and various proposals for 
splitting the genus Mycoplasma have been made, the Subcommittee will 
have to reconsider the criteria to be required for generic classifi- 
cation (Table 27). It is here that genetic criteria could be most 
helpful. 

To determine that a proposed species Is new and distinct from 
existing species (Table 28), the following tests are required: 
hydrolysis of urea and argioine, acid from glucose and whether by 
oxldatlve or fermentative attack (0-F test), and production of 
ccrotenolds. Although optional at present, other activities, many 
of which will probably appear in the new Sergey's Manual classifi- 
cation, are quite useful for differentiating species. These are 
acid froi? mannose and other carbohydrates, aesculln hydrclyis, 
phosphatast activity, film and spot production on selected media, 
digestion of coagulated horse serum, gelatin and casein, tetrazollum 
reduction, hemolysls and adsorption of specified erythrocytes. On 
the basis of all ehe foregoing characters a dichotomous key to the 
class Molllcutes with accompanying chart of characteristics of species 
has been prepared for use until a new edition of Bergey's Manual 
providing such information becomes available. 
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Table 27. Minimum standards for description of new species of 
Mollicutes. 

Physiologic and Genetic Factors used to Circumscribe 
genus Mycoplasma, Acholeplasma, and Thermopiasnia 

Minimum required 

A.  Physiologic (as for family) 

1. Growth factors required. 

C. 

Optional 

Physiologic (as for family), 

1. Growth inhibitors. 

2. Temperature. 

3. pH. 

U.    Atmospheric conditions. 

r.er.etlc 

5. Genome size. 

6. G+C content of DNA. 

Table 28. Minimum standards for description of new species of Mollicutes. 

Biochemical Activities used to Circumscribe 
Species 

Minimum required Optional 

A. Urea hydrolysis. 

B. Arginine hydrolysis. 

C. Acid from glucose. 

D. 0-F test (glucose). 

E. Carotenoid production. 

F. Acid from mannose. 

G. Acid from other carbohydrates. 

H. Aesculln hydrolysis. 

I. Phoaphatase activity. 

J. Film and spot production 
on horse serum and egg yolk media. 

K. Proteolysls of coagulated horse serum, 
casein, and gelatin. 

L.  Tetrarolium reduction 
aerobically and anaeroblcalJy. 

M.  Hemolysls cf .3h<?ep and guinea pig RBC. 

N. Adsorption of guinea pig RBC. 
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Finer distinctions at the subspecies level are optional at present, 
and are based on more complicated tests, polyacrylamide gel patterns 
and nucleic acid horaologles (Table 29). 

Table 29. Minimum standards for description of new species of 
Mollicutes. 

Chemical Composition used to Circumscribe Subspecies 

Minimum required Optional 

A. Electrophoretic patterns of cell proteins. 

B. Nucleic acid homologles. 

Whereas ionunologic characters are too specific to be of use in 
classifying organisms into groups that constitute the higher taxonomlc 
ranks covered by the Bacteriological Code, Immunologie characters are 
indlspensible for identification of Individual organisms. As shown In 
Table 30, the minimum standards require serologic comparison, if not 
with all species, at least with all species that have the sane habitat 
and biological characters. To do this at least two serologic tests 
must be used, one with high specificity and high sensitivity, such as 
growth Inhibition, and another with broader specificity and lesser 
sensitivity, such ss complement fixation. 

Table 30. Minimum standards for description of new species of 
Mollicutes. 

Tests for Antigenic Relstedness used to Circumscribe Serotype 

Minimum required Optional 

A. Growth inhibition 
or metabolic inhibition. 

B. Complement fixation or 
double immunodiffusion. 

D. Fluroescent antibody 
{direct or indirect). 

E. Agglutination 
(direct or indirect). 

C.  Comparison with all named 
species having same 
habitat and same 
biological characters. 

F. Comparison with all namss 
species in Mycoplasmatales. 
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These guidelines, with modifications as needed, should prevent 
the proposal of new species names for nsv Isolates thac are, in fact, 
members of taxonomlcally recognized species. 
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Project 3A061102B71(J COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00, Communicable Diseases and Immunology 

Work Unit 170, Militarily important diseases transmissible between 
animals and man 

Investigators. 
Principal: A. D. Alexander, Ph.D. 
Associate: M. Rogul, Ph.D., L. Evans, B.S., J. Brendle, B.S. 

Description. 

Studies are conducted on basic biological characteristics 
(e.g., strain differences in genetic, chemical, physical and serologic 
properties, disease and immunity mechanisms) which bear on development 
of suitable diagnostic, treatment and control measures. Current efforts 
are on agents of leptospirosis. 

Progress. 

1. Genetic Characteristics of Leptospira. 

In previous studies (Annual Report 1969-1970, ref. 1) leptospiras 
within and between the pathogenic and saprophytic "complexes" could 
be separated into distinct genetic groups on the basis of DNA compo- 
sition and annealing tests. The genetic grouping appeared to be 
related to cross-imnunity, pathogenicity and other biological charac- 
teristics of leptospiras. Additional studies were done to clarify the 
"partial" genetic relatedness observed within groups of both pathogenic 
and saprophytic complexes. When the results of agar column studies 
which were performed in 2 X SSC (SSC=0.15M NaCl and 0.015M Na citrate) 
were compared with the results from filter annealing tests (3 and 
6 X SSC) it appeared that comparatively more DNA annealed with an 
increase in salt concentration. Tests were performed to determine 
whether this was caused by increased retention of the DNA on the 
filters or if the increase was directly related to the effect of salt 
on DNA annealing, secondly whether increases in DNA annealing were 
linear and thirdly to determine the characteristics of the additional 
DNA annealed. 

The annealing of homologous DNA from pathogenic reference strain 
of bataviae was perofrmed in 2, 3 and 6 X SSC at 60, 65 and 70C. 
Figure 1 shows that 55C is the incubation temperature of choice. At 
this temperature the temperature midpoints (Tm) and total amounts of 
DNA considered to be specifically annealed were at their highest 
estimation.  This incubatidi temperature was used for the rest of the 
study. This figure and TAble 1 show that high salt concentration does 
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increase the total amount of DNA annealed, thdt tins I N'A ha:: tc have 
some generic specificity in common with the reference uHA  ("Proteus 
mirabilis DNA does not) and that the high salt concentxation obviously 
increases the binding of a species of DNA that i:. characterized by 
low thermal elution. Therefore it was shown that high salt concentration 
actually increased DNA annealing rather than a special effect of 
membrane filters. The comparative annealing was not Linear. 

The identity of the lower peak was unknown to us.  It was hypo- 
thesized that it might be an artifact of our assay method, such as 
an accumulation of DNA that would have eluted at lower temperatures 
without the peaking effect.  Perhaps these were small DNA fragments or 
some other kind of low stability binding capacity, such as high 
concentrations of adenine and thymine.  There is the possibility 
of a phage or episome being demonstrated or a phylogenetic divergence 
of bases which is best demonstrated at high sa2t concentration. 
There is also the possibility of a direct effect of salt on the DNA 
such as unfolding or hydration which allows greater interaction 
among the strands.  In order to obviate artifacts of the ägar column 
annealing technique, elutions of DNA from bataviae:'7icterohommorhageae 
(RGA) (* = radioactive, sheared and denatured DNA) were collected 
at 1 degree intervals starting at 34C. The initial DNA elutions 
occurred at 420 in 2 X SSC, HOC in 3 X SSC and 37C in 6 X SSC. This 
suggested that thermally labile bonds might be involved but since 
the shapes of the elution profile peaked ä the same points it was 
assumed that adenine-thymine bonds had a minimal involvement.  In 
this annealing of two strains which are serologically heterologous, 
yet apparently very similar genetically,the lower peak was still 
present.  If this is a phage or episome, it is contained in both strains, 

The annealing of DNA from heterologous strains did not increase 
our understanding of the lower peak.  When radioactive bataviae* 
fragments were reacted with DNA from strains javanica and Mi'iexa (CDC) 
(2 different genetic groups) only relatively heat labile peaks were 
demonstrable (Fig. 2). Their relatedness to the thermolabile bataviae 
peak has not been investigated as yet. Even though the total "specific" 
counts retained increased with high salt concentration, the Tm's at 
each concentration remained about the same. This suggested that 
either more potentially active DNA was made available tor the reaction 
cr else our estimation of Tm's is not accurate enough tc reflect the 
differences involved. 

When the biflexa group strain patoc DNA was investigate! there 
was little if any thermolabile DNA demonstrated in the homologous 
annealing reaction (Fig. 3).  We therefore concluded that the bataviae 
strain has at leaKt two species of DNA within eich jell.  Figure 3 
also showed that the amount of relatively thermostable DNA Increased 
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with increased salt concentration.    The Tm's remained about the 
same.    In the heterologous reaction of patoc*/CDC the Tm's were 
quite similar at each salt concentration,  but the relative horoologies 
definitely increased.     Figure U depicts an expanded thermal elution 
of patoc*/CDC.     It is obvious that a specific reaction of low thermal 
stability occurred.    As in the homologous bataviae*/bataviae profile, 
elutions at low temperatures showed a slight increase in the formation 
of low heat stable structures* high salt concentrations.    However, 
it is obvious that overall DNA reactions were increased. 

Our genetic grouping of the leptospiras  is still the same as 
that reported in the previous annual report. 

2.    Preservation of Leptospiras. 

Observations on the effect of storage  in a liquid nitrogen 
refrigerator on the viability and virulence of leptospiras were 
projected for a 5 year observation period.     These studies, now 
completed, were initiated to find a more economical and less time 
consuming method to maintain the large number of leptospiral serotype 
strains needed for operation of a leptospirosis reference laboratory. 
Heretofore,  several hundred stock cultures were labouriously maintained 
by periodic transfers at 3 to 6 month intervals. 

The preparation studied was an eight-day-old culture of serotype 
canicola, strain Moulton, to which glycerol was added to final 10% 
concentration.    The preparation was distributed in "cryules" then 
rapidly frozen to -130C at the rate of 60C per minute.    "Cryules" 
were stored in the vapor portion of liquid nitrogen refrigerator. 
Tests were done on thawed, pooled cultures  from 12 "cryules."    The 
pooled culture was serially diluted by half-log increments with 
Stuart's basal medium to lo    .    Dilutions were inoculated intra- 
peritoneally each into 10 weanling hamsters using a 0.5 ml dose. 
The concentration of viable organism was determined by direct micro- 
scopic counts with the use of Petroff-Hauser counting chamber and 
also by cultural tests in Fletcher's medium.    A summary of 
findings of periodic examinations over the 5 year observation period 
is shown (Table 2).    One day    after freezing the viability and virulence 
of the culture decreased 1 to 2 logs but thereafter over 5 years of 
storage there were no further changes.    The differences in counts 
and virulence titers at various test times may be attributable to 
one or more of the following factors:    differance in relative disease 
susceptibility of hamsters used at different times; difference in 
susceptibility of hamsters used at different times; difference in 
growth-promoting properties of various lots of media, variations 
inherent in procedures used to thaw cultures,  operator variations. 

Two different  groups of  leptospiral cultures kept  in liquid 
nitrogen refrigeration were examined for viability.     Strains in both 
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groups were rapidly frozen  in vapor portion of  Jicui^  nitrogen refrig- 
erator and 10% glycerol was used  as  the cryoprotective  agent.     The 
first  group  comprised 61  strains which w-.re ^row.i  in Stuart's inedium 
and had been stored for 37  months  at   tine  '>!   'xamindt ion.     Cne a^inule 
was opened for each strain.     Leptospiras  were recovered  from  D3 
strains; four were contaminated and H were nonviable.     The nonviable 
strains  initially had poor growth when processes.     The second group 
of 27  strains were grown  in a tween-BO albumin rr.edium and had  been 
frozen approximately 1 month previously.     All except or 2  strain were 
recovered.     The exceptional strain was contaminated. 

3.    New Serological Leptospirosis Finding. 

The following new information was obtained or   affirr.ed  from 
tests  on cultures or sera  submitted  fror, various  parts  of  thf   world. 

1. The reactions of  a total of  50  selected  iiptospirosis positive 
sera from human beings, livestock and -io^s  ir !-gyp*  were afflrrr.e'J by 
conventional microscop'.c agglutination tests.    The  sera  were  cbrainea 
by NAMRU-3  in Cairo during the  course of ö  sero-epi ier.ological study. 
The  findings affirmed that  leptospirosis  is enzcotic  in  Egypt. 

2. Two strains were  submitted  fror, Rctzi  Institute,   Iran.     One 
isolated from Apodemus sylvaticus was  identified tc  bt  a rrenber 
of the  hebdomadis group;  the second was c grippotyphosa  serotype 
isolated from Mus musculus. 

3. Five strains recovered from human patients in New Zealand 
were identified to be members of the hebdoroadis i'2 strains) ha Hum 
(2 strains) and pornona (1  strain) groups. 

U.     A strain isolated from cattle in Tasmania wa->   identified 
to be  serotype hardjo. 

5.     Serotype icterohaemorrhagiae was  identifiec to be the 
etiologic agent of a ca^e  of human leptospirosis  in Ecuador. 

Summary and Conclusions. 

1.     Genetic heterogenicity within and between pathrgenic  and 
saprophytic leptospiras was  further defined by PNA  annealing  tests. 
It was demonstrated that  the total amounts of  lepto^pira]   DNA .strands 
which annealed to each other increased with high salt   concentration. 
This is especially evident  with  certain relatively heat   labile 
homologous DNA's and in heterologous  DNA duplexes.     The   results 
indicated that strain bataviae  contained at  ".east  two  species   of 
DNA,  whereas  strain patoc  seems  to have only one.     The  use of  high 
salt  concentrations during  DNA  annealing and the  resulting profiles 
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magnify homologies that are small but real.    This method provides 
another reasonable approach to the search for phage and episomes 
among the spirochetes. 

2. It has now been demonstrated that the viability and virulence 
of stock cultures of Leptospir« can be maintained by storage in liquid 
nitrogen refrigerator.    This would obviate the need for laborious 
maintenance of cultures by regular transfers. 

3. Serologie check tests have served to affirm the existence of 
enzootic foci of leptospirosis in Egypt.    New hest-serotype relation- 
ships ware established from test findings on specimens submitted 
from various countries. 
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Table 2 
Observations over a 5 year period on the viability and virulence 

of a culture of serotype canlcola after freezing 
and storage In liquid nitrogen vapor 

Time of Examination 
After Freezing and 
Storage 

Microscopic 
count per ml 

Viable 
Count 
per ml by 
Culture 

LD 50 
Hamsters 

LD* 
Hamsters 

Pre-treatment 
(control) 1.25  X 108-8 io'-e io"7-25 IO"? ^ 

1 day 8.12  X 107,0 IO6-1 -5.9 
10 IO"6'5 

1 month 1.12  X 107,0 io6-0 io-u-u io"6'0 

7 months 1.1U X  107,0 io6'25 IO"5'3 io"5'5 

1 year 1.5 X  IQ7'0 io"-6 io-''9 -5.5 
10 

2 years 2.0  X 107,0 io6-0 io"6'25 io"6'0 

•♦ years 8.6 X 106,0 io5'9 
1o-5-7 -6.0 

10 

5 years 
6.0 

8.0 X 10 io6-1 io"6"0 io"6-5 

♦Lowest dose producing death. 
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Sanford Herman, PhD; Patricia L 
Arthur White, PhD; Doria Dubois 
Groffinger 

Altieri, BS; 
MS; Albert 

Description. 

This work unit is concerned with the development of 
manufacturing methods for the production of new effective 
vaccines for military use, and with the modification of 
existing biological products to increase effectiveness 
and reduce reactivity, to afford greater stability, and 
to minimize logistic requirements. 

Progress. 

1.     Meningococcal   Polysaccharides . 

During   this   period  studies  have  been  carried  out 
on  the  development   of  pilot   scale  methods   for  the  prepa- 
ration  of purified  high  molecular weight   polysaccharides 
derived  from Neisseria meningitides,   group   B,   for use   in 
the  immunization   of nan  against meningococcal  meningitis. 

a. A lot of group B polysacch 
prepared from an eight hour culture of N 
strain B-ll, by the procedures developed 
tory for the preparation of groups A and 
vaccines (Annual Report, 1969). The res 
B material had the characteristics of th 
saccharide previously described (1), and 
weight was in the range of the molecular 
groups A and C polysaccharides which pro 
genie in man. However, unlike the A and 
the group B product failed to «licit an 
response  in  humans. 
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b.     Additional   studies  were   directed  towards   the 
preparation   of higher  molecular weight   forms   of  the  group 
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B specific polysaccharide, on the assumption that the 
larger molecular species are immunogenic.  Close exami- 
nation of the characteristics of cultures of strain 
B-ll in the modified Watson § Scherp medium showed that, 
as the incubation time was extended from 6 to 14 hours, 
the yield of polysaccharide increased and the pH of the 
culture dropped from 6.3 to 5.15, as shown in Table I. 

TABLE I 

Effect of Incubation Time on Final pH of Culture 
and Yield of Group B Polysaccharide 

Incubation T ime F inal pH Yield of Final 
(Hours) of Culture 

6.3 

Product (mgs/liter) 

6 3.4 
8 5.5 11.5 

10 5.25 18.5 
12 5.15 33.5 
14 5.15 35.2 

Cultures of strain B-ll were grown in 15 liter 
volumes of modified Watson § Scherp medium in 20 lifer 
carboys on a reciprocal shaker, incubated at 360C. 

The molecular weights of the purified poly- 
saccharides obtained from the cultures harvested at each 
of the designated time periods were determined by gel 
filtration on Sephadex G-200.  In each instance, the 
average molecular weight was greater than 100,000, the 
minimum considtreä to be acceptable for the groups A and 
C polysaccharides.  However, as the incubation time in- 
creased the ratio of the larger molecular weight com- 
ponents to the smaller components decreased.  Thus there 
appeared to be a relationship between the pH of the 
culture and the amount of larger molecular weight com- 
ponent present in the culture, suggesting that exposure 
to acid conditions results in the degradation of the 
polysaccharide molecule.  Consequently, studies were . 
carried out on methods for altering the pH cycle during 
the growth of the B-ll culture. 

c.  Preliminary studies showed that increasing the 
phosphate content of the medium two- and four-fold pre- 
vents the pH of the culture from dropping below pH 6.0, 
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and results in the stabilization of the pH at about 6.5 
after 14-16 hours incubation.  Other experiments demon- 
strated that a 300% increase in the casamino acids concen- 
tration and an 80% decrease in the dextrose concentration 
of the medium resulted in a rise in the final pri, after 
16 hours incubation, to 7.8.  When these modified media 
were used on a pilot-scale level (15 liters of medium per 
20 liter carboy), the following results were obtained: 

TABLE II 

Effect of Modified Media on Final pH of Culture and Yield 
of Group B Polysaccharide after 16 Hours Incubation 

Medium 

2X Phosphatea 

4X Phosphateb 

3X CA+0.2X Dextrose0 

F inal pH 
of Cult ure 

6 5 
6 6 
7 8 

Yield of Final 
P ,ro ouct (mgs/liter) 

50.5 
25.5 
11.6 

Phosphate content of medium of Watson 5 Scherp increased 
2 fold. 

''Phosphate content of medium of Watson § Scherp increased 
4 fold. 

cCasamino acids content of medium of Watson 6 Scherp in- 
creased 3 fold, and dextrose content decreased to 1/5 of 
original concentration. 

As shown in Table II, cultivation of the B-Il 
strain of N, meningitidis in a medium with an increased 
phosphate content, or with an increased casamino acids and 
reduced dextrose content, resulted in a reversal of the 
usually observed pH cycle (Table I).  In addition, marked 
differences in the yield of purified polysaccharide were 
obtained, with significantly reduced yields from the more 
alkaline culture fluids, even though the growth of the 
organism was enhanced under alkaline conditions. 

Molecular weights of the purified polysaccharides 
obtained from the three cultures were determined by gel 
filtration on Sephadex G-200.  The results indicated that 
the average molecular weights of the polysaccharides pro- 
duced in the 2X and 4X phosphate media were equivalent to 
that of the group C polysaccharide which proved to be 
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immunogenic for man, and the average molecular weight of 
the poiysaccharide produced in the 3X casamino acids - 
0.2X dextrose medium was significantly larger.  According- 
ly, each of these purified poiysaccharide preparations 
were processed to vaccines suitable for human use.  How- 
ever, they also failed to elicit an immunogenic response. 

d.  Current studies are directed toward the develop- 
ment of new methods for processing the group B material, 
and examination of less highly purified poiysaccharide 
preparations.  It is postulated that the B poiysaccharide 
may require an additional component, which is removed or 
destroyed during current processing procedures, in order 
to manifest immunogenicity. 

2.  Viral Antigens and Vaccines. 

Studies on modifications of 
methods for the production of viral an 
have continued during this period.  Pr 
employing Eastern Equine Encephalomyel 
chick embryo fibroblast cell cultures 
have demonstrated that greater yields 
(HA) and complement fixing (CF) antige 
more potent vaccines were obtained whe 
grown in suspension cultures of chick 
than in monolayers in stationary or ro 
Report, 1970).  Consequently, a series 
were carried out to determine whether 
culture method can be applied to other 
viruses of interest to the military fo 
high titered infectious virus and vira 
preparation of potent vaccines. 

usual tissue culture 
tigens and vaccines 
evious investigations, 
itis (EEE) virus in 
as a model system, 
of hemagglutinating 
ns and significantly 
n the EEE virus was 
embryo cells rather 
Her bottles (Annual 
of experiments 

the suspension 
arthropod-borne 

r the production of 
1 antigens, and the 

cells (CEC) 
strain 168, 
fluids were 
results of t 
virus, HA an 
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1 
TABLE III 

Comparison of Infectivity liters, HA and CF liters of CHIK 
Virus Strain 168 on Chick Embryo Cell Suspension 

Cultures and Green Monkey Kidney Cell 
Mbnolayer Cultures 

Cell System 

CEC Suspension 
GMKC Monolayer 

Infectivity 
liter* 

11 
1. 

HA 
Titer 

10,240 
64 

CF 
Titer 

128 
8 

Log,« suckling-mouse ICLD50 per ml 50 

It is apparent that significantly higher yields 
of infective virus and HA and CF antigens are obtailed in 
suspension cultures of primary chick embryo cells. 
Furthermore, the HA and CF antigenic activities were 
stable for at least 8 months when stored at 4 C. 

b.  An inactivated CHIK vaccine was prepared 
by the addition of formalin to the culture fluids of in- 
fected chick embryo cell suspension cultures, employing 
the procedure previously used in this laboratory for the 
preparation of inactivated EEE vaccine of tissue culture 
origin (3)   The potency of this experimental vaccine 
was compared with that of a reference CHIK vaccine pre- 
pared from virus propagated in GMKC (2).  The results are 
summarized in Table IV. 

529 

L 



TABLE IV 

Comparison of Formalin-inactivated CHIK Vaccines Prepared 
in CEC Suspension Cultures and in GMKC 

Mbnolayer Cultures 

Preparation 

CEC Suspension 

Vaccine 
Dilution 

1/3 
1/9 
1/27 
1/81 

ponse to Challenge EDgg 
Surv/Total      (ml) 

12/13 
16/17 
7/14 
0/14 

0.044 

GMKC Monolayer Undil 
1/3 
1/9 

17/18 
14/17 
2/16 

0.197 

Calculated by the method of Probit Analysis; Finney, D. J 
19S2.  Statistical methods in biological assay.  Hafner 
Publ. Co., N. Y. 

These results show that the vaccine prepared 
from virus propagated in CEC suspension cultures was 
approximately 4 times as potent as that prepared from the 
virus propagated in GMKC. 

Studies on the serologic responses elicited by 
these 2 vaccines are currently in progress. 

3.  Q Fever. 

a.  In earlier studies on the use of the con- 
tinuous flow zonal centrifuge for the preparation of 
purified Q fever vaccines (Annual Reports, 1969, 1970), 
vaccines were prepared from a supplemental inactivated 
rickettsial yolk sac membrane suspension that had been 
associated with a former project (1963) and stored at 
4 C since that time.  With this aged material, one part 
of Genetron was sufficient for the extraction of 10 parts 
of the crude yolk sac membrane suspension, yielding an 
extract which was satisfactory for passage through the 
orifices of the continuous flow zonal centrifuge.  When 
freshly prepared inactivated yolk sac membrane suspensions 
were processed in this manner, howe.er, difficulty was 
encountered in passing the extract through the continuous 
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flow zonal rotor.  In order to obtain satisfactory ex- 
tracts it was found necessary to increase the volume of 
Genetron used to 2.5 parts per 10 parts of yolk sac 
membrane suspension.  Studies were therefore carried out 
to determine the effect of this increased Genetron 
requirement on the yield of purified rickettsial antigen. 

b. Five liters of fresh 
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TABLE V 

Comparative Assays on Vaccines with Equivalent 
Antigen Content (CF Titer » 8) 

Vaccine Nitrogen 
(mg/ml) 

Protein 
(mg/ml) 

Lipid 
(mg/ml) 

Genetron-Zonal 
(2.5 parts Gen.) 

Genetron-Zonal 
(1 part Gen.) 

Reference 
(Ether-extracted) 

Oil 

Oil 

,013 

.063 

.042 

.187 

055 

.078 

.560 

Both Genetron-Zonal vaccines were similar in 
nitrogen, protein and lipid content, indicating that the 
larger volume of Genetron used in the extraction of the 
freshly prepared yolk sac membrane suspension did not 
adversely affect the product.  When compared with the 
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ether-extracted reference vaccine, the Genetron-Zonal 
vaccine is significantly lower in protein and lipid con- 
tent. 

c.  Additional studies have demonstrated that 
the method described above is also applicable to the pre- 
paration of a purified phase 1 Q fever vaccine from 
freshly harvested yolk sac membrane suspensions. 

4.  Formalin Inactivation of Bacterial and Viral 
Suspensions. 

a. The use of formalin for the inactivation 
of bacterial, rickettsial and viral suspensions during 
the preparation of vaccines has been a common procedure 
for many years.  The presence of some residual free 
formalin in the final product of a fluid preparation, 
although causing a slight stinging sensation when in- 
jected into the tissues, is generally considered to be 
an advantage because of its preservative action.  However, 
in freeze-dried biologicals, the presence of free formalin 
during the freeze-drying procedure can have a deleter- 
ious effect on the antigen(s).  Consequently, it has been 
common procedure in this laboratory, as well as in other 
biological laboratories, to neutralize the free formalin 
in the preparation prior to freeze-drying.  This is • 
generally accomplished by titrating the free formalin 
content of the preparation by the NIH method, and adding 
sufficient sodium bisulfite to just neutralize the 
formalin present.  Since one mole of formaldehyde combines 
chemically with one mole of sodium bisulfite, the amount 
of bisulfite required for neutralization varies linearly 
with the volume and concentration of formalin. 

b. Addition of an excess of bisulfite is un- 
desirable because of toxic effects.  Consequently, the 
titration of free formalin must be accurately performed 
immediately prior to neutralization.  However, in the 
case of some of the biological materials studied in this 
laboratory, the situation appears to be complicated by 
the reversible combination of formaldehyde with some 
constituent of the preparation.  The results obtained 
with formalin-inactivated Vibrio cholerae, Inaba sub- 
strain, suspensions are given in Table VI. 
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TABLE VI 

Neutralization of Formalin in V. cholerae 
(Inaba) Suspensions 

% Formalin 
Added 

% Free Formalin (by Titration) 
Before Neutral. 

(a) 
After Neutral!* 

(b) 

Total % 
Formalin 
(a)+(b) 

0.1 0.08S 0.025 0.110 
0.2 .158 .053 .211 
0.3 .204 .082 .286 

Titration performed 48 hours after addition of formalin. 
It it 
Titration performed after sufficient sodium bisulfite 
added to completely neutralize the free formalin content 
given in column (a). 

These results indicate that, when sodium bisul- 
fite is added to neutralize all of the free formalin 
present, some or all of the bound formalin is released 
and becomes available as free formalin.  Therefore, in 
this suspension, to completely neutralize the "free" 
formalin, sufficient bisulfite-must be added to neutralize 
all of the formalin originally added. 

c.  Additional studies are being carried out 
with these and other biological suspensions to elucidate 
this problem. . 
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Description. 

This task is concerned with the mechanisms and patterns of immune 
responses. In vitro and _in vlvc methods are used to study host response 
to antigens. In vitro studies involve the development, improvement, and 
evaluation of procedures for detection of host antibodies. The studies 
also entail isolation, purification and Identification of antigens by 
chemical and serological methods. In vivo studies Include:  (l) Inves- 
tigations on the ability of antigens to stimulate serologlcally 
detectable antibodies, (2) cellular level Immune response to microbial 
infection, and (J) production of specific antlsera by Infection and/or 
experimental antigens or antigen fractions. Antigens that show a high 
level of serological sensitivity and specificity are evaluated for 
immunogenlcity. 

Progress. 

1. Soluble antigen fluorescent antibody (SAFA) tests for sero- 
diagnosis of infectious diseases. Details of the development and pro- 
gressive technical Improvements of the SAFA technlc have been presented 
In previous reports on this Work Unit. The procedure continues to show 
considerable promise for the serodlagnosis of a variety of Infectious 
diseases. Two technical Improvements were introduced during the present 
reporting period. One was Increasing the fixation period for the M. 
tuberculosis antigens from 10 to JO minutes, .and the other, use of"a 
BSA control for each serum examined for M. tuberculosis antibodies. The 
latter proved to be particularly important because certain sera, for 
reasons unknown at this time, showed a high level of nonspecific reac- 
tivity with the BSA control disc. Retrospective analysis of these sera 
revealed that this nonspecific reactivity made the results of the test 
equivocal. Therefore It was Imperative that sera with these properties 
be identified and the results Interpreted accordingly. 

B. Simian tuberculosis. The  need for a reliable Immunodlagnostlc 
test for early detection of simian tuberculosis has long been recognized. 
Results of initial investigations on experimentally infected monkeys 
suggested that the SAFA procedure using antigens derived from M. 
tuberculosis might fulfill this need (see previous report on this Work 
Unit). It was observed that the SAFA test was superior to the standard 
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tuberculin test for earl;, detection of infect irr.; rv f rfy di'i fhe SAFA 
test show greater specif ioiiy, it consisten1':,',' became react.v; earlier 
{lk  - 7^ days) in infection thar did the tubercuiin reac'ion. 

In these studies, the experimentally infected animals were chal- 
lenged with a large number of orpanisr.s (5C00 viable tubercle bacilli) 
to assure infection and permit investigations on 'be mechanisms of 
natural transmission. However, the incidence of transmission ti the 
cagemate controls was exceedingly low; cross infection recurred in unly 
k  of the control animals. This suggested that airborne •ransrnission 
may be considerably less than had been previu^lv siirr-iaed.  It waa 
believed that the unexpectedly low rate of transmission in these studies 
was due primarily to the design and scrupulous cleaning of ti.e cages, 
which prevented contamination of the food with arinft and feces of the 
infected animals that regularly shed viable tubercle bacilli in their 
excreta. Nevertheless, these studies did not provide an pp .rtunity to 
evaluate the diagnostic tests in animals receiving a minimum infective 
dose, such as that which would be involved In most naturally acquired 
infections. 

This deficiency was remedied in subsequent studies en monkeys 
challenged with intratracheally administered greded doses, ranging in 
log increments from 5000 to 5 viable tubercle bacilli. Thus, k  groups 
consisting of 6 monkeys each were inoculated respectively with 5000, 
500, 50, and 5 viable organisms, rlach inoculated monkey had a'cage- 
mate control. 

These latter studies have just been concluded and w^re accomplished 
in collaboration with investigators in the Industrial Health and Safety 
Directorate, Fort Detrick, ana the Division of Veterinary f'edicine, 
WMIR. At specified intervals following administration cf the inoculum, 
anterior-posterior and lateral radiographs, intradermal ■tuberculin tests 
performed both intrapalpebrally and on the abdomen, gastric lavages, and 
SAFA tests using 5 M. tuberculosis antigens ("A" protein, "C" protein 
and polysaccharide) were performed on each inoculated and control monkey 
Observations were made at weekly intervals during the first U-week post- 
exposure period, bi-weekly for the succeeding 5 months, and at monthly 
interval.", thereafter. Complete necropsies were performed on the monkeys 
that died during the course of the study, and :r\  "hose that were 
sacrificed at the conclusion f the investigations one year after 
initiation of the study. Regardless of whether an animal expired or was 
sacrificed, efforts were made tc demonstrate the presence of tubercle 
bacilli. RepresenLative samples of tissues were triturated and cultured 
on appropriate media. Ctner portions of the tissues were processed for 
lustopathologi ral examination. 

It is noteworthy that all of the incculoted monkeys, even those 
receiving only t' viable tubercle bacilli, became infected,  H.wever, 
the most striking feature of the stu'i; vnu  'no extremel.v ni^.'r rate of 
transmission to the iragemato controls; 1~ jf the ?•   controls became 
infected.  Since it was postulated that the : v  rate ' :' ''-ar.nr.issi^n 
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observed  In the earlier study was due in part  to the regular scrupulous 
cleaning of the cages,   it  was .leclded to test this hypothesis in the 
latter study by cleaning the cages at monthly rather than bi-weekly 
intervals.    Other than this,  the procedures for the care and handling of 
the animals were  the  same as those employed in the previous study.     The 
high rate of transmission that, occurred in the latter study shows that 
good housekeeping practices are an essential factor in controlling out- 
breaks of tuberculosis  in lunhuman primate colonies. 

The various diagnostic tests employed in the most recent study were 
evaluated in terms of sensitivity and specificity.    The results are 
summarized in Table  1.     Sensitivity denotes the ability of a test to 
detect individuals with  infection,  and can be expressed as the number 
of infected individuals giving positive reactions in the test, divided 
by the total number  infected, and multiplying by 100.    Specificity,  on 
the other hand,   is  the ability of the test to classify as negative 
those individuals  that are not infected.     This can be expressed as the 
number of noninfected  individuals that are negative in the test, 
divided by the total number of noninfected subjects,  and multiplying 
the quotient by 100.    A total of k& monkeys was used in these studies. 
Of this group,  kl became  infected either by artificial inoculation or by 
exposure to an inoculated animal.    Seven of the controi.s remainod unin- 
fected.     In each case,   infection was confirmed or excluded by culture 
and histopathologic methods. 

The SAFA test rated very high with respect  to sensitivity and 
specificity.    Its  sensitivity was 95.1^,  detecting 39 of the kl infect- 
ed monkeys.    Its specificity was 100$; all 7 noninfected animals were 
non-reactive in the test.    The   intrapalpebral tuberculin test was less 
effective from both standpoints.    It showed a sensitivity of 75.6^, 
detecting 31 of the kl infected animals.    Additionally,  its specificity 
was very low; 5 of the 7 noninfected animals converted during the 
observation period.     The tuberculin test performed on the abdomen had 
the lowest sensitivity of all of the diagnostic procedures employed 
(59.8$),  detecting only 2k of the kl infected monkeys.    Its specificity 
(85.7^) was somewhat better than that of the palpebral tuberculin test, 
but still was less than that observed in the other diagnostic tests. 
X-rays showed a sensitivity of 95.1^ and specificity of 100$ whereas the 
gastric iavages were 92.7% sensitive and 100$ specific. 

It was recognized that some of the animals included in the group 
just evaluated received an unusually heavy challenge  (500-5000 viable 
organisms), and that the response of such animals could be different 
from that characteristic of naturally acquired infections.    This could 
influence the overall results.    Therefore,  a similar evaluation was 
conducted on the cagemate controls  in whom the  infections were acquired 
by exposure to an experimentally infected animal.    These results are 
summarized in Table 2. 
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Table 1 

Evaluation of Results With All Monkeys of Study 
(Total = 1+8; Infected = Ul; Noninfected = 7) 

SATA 

Sensitivity    =    95.ll   (pos.  59/Ul infected) 
Specificity    =      100$    (neg.   7/7 noninfected) 

ID? 

Sensitivity    =    75.6$    (pos.  31/1+1 infected) 
Specificity    =    57.1$    (neg.   U/7 noninfected) 

IDA 

Sensitivity    =    59-8$    (pos.   2k/hl infected) 
Specificity    =    85.7$    (neg.   6/7 noninfected) 

X-ray 

Sensitivity = 95.1$ (pos. 39/1+l infected) 
Specificity -  100$ (neg. 7/7 noninfected) 

Gastric Lavage 

Sensitivity = 92.7$ (pos. 38/Ul infected) 
Specificity =  100$ (neg. 7/7 noninfected) 
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Table 2 

Evaluation of Results With'Cagemate Controls 
(Total = 2k; Infected = 18; Noninfected = 6) 

SAFA 

Sensitivity =  100^ (pos. l8/l8 infected) 
Specificity =  100^ (neg. 6/6 noninfected) 

IDP 

Sensitivity   =   88.9^    ^pos.  I6/18 infected) 
Specificity   =   50.0^    (neg. 3/6 noninfected) 

IDA 

Sensitivity   =   77.8^   /pos.  ik/lQ infected) 
Specificity   =   83.3^    (neg.  5/6 noninfected) 

X-ray 

Sensitivity = 9k.k%    fpos. 17/l8 infected) 
Specificity =  100^ (neg. 6/6 noninfected) 

Gastric Lavage 

Sensitivity = 88.9^ (pos. l6/l8 infected) 
Specificity =  100^ (neg. 6/6 noninfected) 
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This group was compoüCid of Ch tnunkty^;   !i! 1"-CK,VA>:   int'ccled &nri ( 
remained noninrocted.    Wit),  these animalf. with n;.■ .ij'».i. iy acquired   inl'ec- 
tions,  the sensitivity as we;.! as  Ll,e tiin.ci :'i ci t,,   ;•;'  tl.c riAK/-   Les1   war 
100^.     The  intrapalpebrai   tuberculin  le.-   showefi h  Sfinsili vi t'   d' 'Stt.fi, 
but again its specilluity was  I'uw, only ;, u';'.    As Lei'1 vv,  the sei.si tivH.; 
of the tubercvlin test performed on the abdomen wa;    lewer  (''7V."i')  than 
that exhibited by any of the other diagnostic prouo lureü.    Hc-wcver,   its 
specificity  (83.3^) again was better  than the.4' of  l>if' pu'p-M'H.l  test. 
X-rays detected all but 1 of the  infected animais,   and   U     f '.KO  JH 
infected monkeys were identified  by gastric  lav-ve.     :•  t;    /.   the  latter 
procedures showed a specificity  uf  100^. 

Thus  in  studies to date,   the SAFA test has  shcwi.    : rs: iorm/le 
promise for '•.he early diagnosis of simian tubercul   sis.     It   Is more 
sensitive and more specific than the  conventioiia]   intraden^al   tuberculin 
tests conducted intrapalpebrally or on the abdomen,   and   ia a',   least as 
good as serial radiographs or gastric lavages f';r detect ini.' animals with 
active disease.    Experience thus  far suggests  that   a reactivt.  SAFA  test 
is highly indicative of current  or recent  active tubercuiosis.    Appar- 
ently,   sub-clinical infections do not elicit pr.'ducticn of CAFA-reactive 
antibodies,  at least to detectable levels.    Moreover,   .r.  contrast to the 
tuberculin test,  conversion of the SAFA test  in tiic  absence of active 
disease has not been observed.     It is believed that  incorporation of the 
SAFA test with the procedures used for routine screening and monitoring, 
and the application of more rigid housekeeping standards  for the care of 
the animals,  could appreciably reduce the risks of serious outbreaks of 
tuberculosis  in non-human primate colonies. 

The practice of performing SAFA tests for tuberculosis on ail non- 
human primates during their quarantine period at the WRAIR has  been 
continued.    A total of 9^3 non-human primate sera  (':":r   monkeys,  6 chim- 
panzees, end 10 baboons) wero examined during this rep. ''l.irg period. 
All of the chimpanzee and baboon sera were nonreactive   in  the  SAFA tests. 
However, 5 of the monkeys reacted with one or more of the antigens 
employed.    Two reacted o. nv with  "A" protein antigen,  one with the 
polysaccharide, and two with both antigens.    These  animals were immedi- 
ately isolated for further observation.    Repeated intrapalpebrai 
tuberculin tests were uniformly negative, but all of  the monkeys ulti- 
mately expired.    One of the animals appeared to have advanced dissemi- 
nated tubercuiosis,  but the other monkeys showed no gross evidence of 
the disease.     Unfortunately;  detailed necropsies were not performed. 
Therefore,  the failure to observe lesions   in th"  letter monkeys does net 
necessarily mean that they did not have tuberculosis.     To overcome this 
deficiency in the future,  previsions are being made   to perform detailed 
necropsies.  Including cultural and histopathological examinations, on all 
animals  that are isolated because of reactivity in either  the 3AFA or 
tuberculin tests.    Use of the SAFA test for routine  screening and 
monitoring for tuberculosis  in the non-human prirr.ate  colon./ is  being 
continued. 
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b.    Human tuberculosis.     In view of the encouraging results and 
apparent potential of the SAFA test  for detection of simian tuberculosis, 
investigations have been  initiated  to determine  the value of the proce- 
dure  for the serudiagncjia of human tuberculosis.    These studies are 
being conducted in collaboration with investigators from the Department 
of Epidemiology, WRAIR,  and from the Tuberculosis Service,  Fltzslmons 
General Hospital.    The major objectives of these investigations are: 
1) To determine  the sensitivity and  specificity of the SAFA test for the 
diagnosis of human tuberculosis;  2) To compare the SAFA test results 
with those obtained by other diagnostic technics (e.jj.   hypersensitivity, 
radiology,  cultures,  etc.);  and 5) To evaluate the SAFA test as an 
indicator of therapeutic  response. 

Three groups of patients are being studied.    These  include: 
Group I - All patients admitted to the Tuberculosis Service of 
Fltzslmons General Hospital during the 12-month period.     Included in 
this group will be skin test converters who are managed as outpatients. 
Patients must be followed for a minimum of 6 consecutive months to be 
included in the final evaluation.    Group II - Patients randomly selected 
from the non-tuberculosis chest disease service at the Hospital. 
Group III - All persons skin tested for tuberculosis in the Fltzslmons 
Immunization Clinic during the study period. 

The standard clinical evaluation normally performed on all admis- 
sions to the Tuberculosis Service will provide the following information 
on patients in Group I:    TBC smear and culture, X-ray studies,-M.  tuber- 
culosis and fungal skin testing, protein and immune globulin electro- 
phoresis,   and fungal CF studies.     In following each patient   in this 
Group,  culture results, X-ray findings, extent of disease,   level of 
clinical activity, and chemotherapy for each month of hospitalization 
will be recorded. 

For patients in Group II,  the diagnostic evaluetions will include 
the majority of studies performed on the individuals in Group I.    Those 
in whom the diagnosis of tuberculosis is made will be admitted to * 
Group I. 

For Group III, histories of prior slcln testing, type of skin test 
currently employed (TTT, Mcoo-Vac), and the results of the test will be 
recorded. Similarly, the results of repeat tests in those found to be 
positive will be recorded.    Converters will be admitted to Group I. 

i 
All sera collected for examination in the SAFA tests will be 

coded and stored at -60C'C until tested.    Specimens will be collected . ■ 
according to the following schedules: 

« 
Group I - An admission specimen  (pre-treatment) will be obtained 
from each patient and at monthly intervals thereafter,   for a maxl- < 
mum of 12 months.    Efforts will be made to obtain an 18-month • 
specimen from the patients who are SAFA positive at the  12-month j 
period. 
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Group il - An admission and discharge  apüci;:ei;  n1.   i   .)••    :';i'ii"l 
Crom eacli palien'1   in  this Group, 

Group III - A specimen will  be obtained at   Iho   rimo  the .skin  test 
is  applied.    Additionally,  a specimen will  b<;  cf.l lect f.'d  i'r.im  tnose 
individuals not akin  tested because of a historv     1' prior skin  t(;st 
sensitivity. 

At  the conclusion of the studies,   the data will   bo analyzed na 
follows: 

1. Analysis will be made to determine the  relative sensitivity 
and specificity of the SAFA tests,  tuberculin tests  and radiographs 
for detection of human tuberculosis. 

2. Analysis will be made  to determine which of the employed 
diagnostic tests became positive earliest   in the course of Li.«.1 

disease,  and which of the SAFA antigens was  superior  for eurlv 

detection and for monitoring therapy. 

3. By analyzing the  results obtained in Groups  II and III,  deter- 
mine the incidence and magnitude of nonspecific SAFA reactions in 
patients with non-tuberculous pulmonary disease  or without an. 
pulmonary disease.     Some of these  individuals  obviously will be 
tuberculin positive, % 

k.    Determine whether there is a correlation of the SAFA test titers 
with clinical and radiological response to therapy in Group I 
patients. 

To complement the foregoing investigations,   arrangements haw been 
made to obtain a representative number of sera (at   least ^0) from non- 
tuberculous patients with sarcoidosis.     These sera will be f-x-'lined  In 
SAFA tests with the M.   tuberculosis antigens  to provide add!"    mal infor- 
mation concerning the  specificity of the Serologie procedures. 

The data obtained in these  investigations will be evaluated and 
discussed in subsequent reports on tnis Work Unit. 

c.    Echinococcosis.     Initial studies on th.   suitability uf the SAFA 
procedure for the serodiagnosis of echinocooei ;   j   in  sheep,  degs,and 
humans were concluded during the  present  re^    ■ ing period.     These  inves- 
tigations were cenducted  in collaboration v    ;.  Dr.   ,J.   F.  Williams, 
Centro Panamericano de Zoonosis, Ramos Mev    i,  Argentina,     Preliminary 
results  of these studies were sumraar""-A  m the previous  report  on this 
Work Unit.    Hyda'   d fluid  from the ,v.s*    ^f an infected sheep served as 
antigen for the SAFA,  indirect  hemasfcwt inattcn  (XjIA)  and Latex aggluti- 
nation  (LA)  tests performed   ^r      04«   preliminary  studies.     None  of the 
procedures were  satisfactory '-V.e serodiagnosis    0' hyustid disease  in 
sheep because of ä "nigh  lev*-    > ■" nonspecific fluorescence  inherent  in 
the 3AFA tes'.o,  :-.n1  th--  '»r.-*» number of nunspeci.'io   reactions  obtained 
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with the IHA and LA teats.     Moreover, the IHA and LA  testa failed to 
detect antibodies in the majority of experimentally or naturally Irfected 
dogs.     The SAB'A test,  however,   showed some promise  for the serodiagnosis 
of canine echinococcosis;  among a total of 11+9 infected dogs,  115 (77%) 
reacted in the SAFA teat,   and no false positive reactions were observed 
in any of the parasite-free  inbred beagles that were  tested.    This high 
level of specificity,  however,  waa not observed in teats on sera from 
mongrel street doga residing  in pounds located in Buenos Aires or 
Washington, D.C.    Although these  latter animals did not harbor any 
species of Echinococcus,   they were  infected with a variety of other 
helmintha and 30% reacted   in the SAFA teat with hydatid fluid antigen. 
The SAFA test was the most  specific of the immunodiagnostic procedures 
evaluated for the diagnosis  of human echinococcosis;  no false positive 
reactions were observed.     However,   the SAFA test was  somewhat deficient 
in sensitivity; 61% of the   infected  individuals reacted in the SAFA test 
whereas 73% reacted in the IHA,  86% in the LA,  and 9^% in the immuno- 
electrophoresia teat.    The  IHA and LA testa,  however,   showed consider- 
able nonspecific reactivity  in  the noninfected controls. 

It waa obvioua that serodiagnostic teata for echinococcosia required 
further improvement.    This was particularly true with regard to the 
serodiagnosis of ovine and canine infections.    Gore,  et al^-'-/ recently 
reported that antigena extracted from scoleces of E.   granulös is were 
superior to those obtained  from hydatid fluids for detection of human 
hydatidosis.    The present  studies were continued to determine whether 
the use of acolex antigen would improve tjie specificity and sensitivity 
of the tests for nonhuman echinococcosis, particularly ovine and canine 
infections.    Although we have not received the clinical histories on all 
of the animals studied,   it was apparent that the scolex antigen was 
superior to the hydatid fluid antigen for testing sheep and dog aera. 
SAFA teats with the acolex antigen  showed a much  lower level of non- 
specific fluorescence,  gave  fewer positive reactions,   ana missed very 
few experimentally infected animals that were detected with the less 
specific hydatid antigen. 

Shortly after the conclusion of these studies. Dr. Williams 
resigned from CEPANZO to accept a poaition at the Michigan State Univer- 
sity.     Thia has precluded complete analysis of results of the necropsy 
and parasitological examina+ions.    However,  these data ahould be avail- 
able  in the near future,  and details of the concluding phase of these 
investigations will be presented in the following report on this Work 
Unit. 

2.     Serodiagnosis of American trypanotiomiasis   (Chagas'  disease). 
In the previous report on this Work Unit,  it was noted that the Depart- 
ment  of Serology, WRAIR,  was participating in a critical evaluation of 
Trypanosoma cruzi antigens  being conducted by a PAHO Study Group or 
Chagas' Diseaae Antigens.     The principal objective of this Study Group 
was  to select a standard antigen for universal use  in   the aerodiagnosis 
of Chagas'  disease,  and for reference  in evaluating new antigens and 
methods.    Three of the original 8 candidate antigena  showed excessive 
nonspecific reactivity  in tests with non-chagasic  sera and were 
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eliminated from further .'onüllera1. S-JI a;: ''■■  .;■ 
noteworthy that 2 of the latter, giving '■ i-* (v/ 
were being widely employed for routlii»; s -v   ;' a, 
strongly advocated by a number of influ^n'. ja i 
America; apparently they were very irepress«.".! w 
obtained with these antigens and had ennvoniejr 
specificity of the products. It is believed 4: 
deficiency is a major contribution of the Stud; 

r !  at.' i r'.'i:.     II    . r. 
.' pi'&i tivf   reac t i tms . 
j  Hii'i   ' i.e! r  use 

.•';st; .-^   r;j   in ::^ul!i 
;.  'he ;. gli serum ' 11 ers 
;,'  a ,r  i ie.-i  :; Lud i es  on   ' he 
t  'lern ins. -at i nn of  ■'.his 
ilroup, 

During the present reporting per:;:! the  oix part icipai ing labora- 
tories evaluated the remaining '3 canaidat" antigf-nc  for sensinlvity  in 
quantitative tests with sera frcr:  documented canes of Chagas'  '•unease. 
Critical review of these data revea-.ed  thai, 2 o(' the antigens,,  one  of 
which was the purified protein antigen submitted by  the Department  of 
Serology, WRAIR, were superior to the others.     The Group therefore 
recommended that these two antigens  be more extenni'vcly evaluated   for 
nonspecific reactivity,  srjeclfic reactivity,   reproducibiilty,   ai.;i 
stability.    New lots of each now are being prepared  for •his purpose. 
Ultimately,  one of  the two will be designated   the Standard AM ige:;  and 
recommended for general use  in routine sarodiagnosis. 

5.    Development and improve nem ■ro:Gglc methods and reajer 
Efforts to further improve Serologie methods and reagents rfere 
during the present reporting period.   . 

r.uec 

a.    A new method for critical evaluation  of antigen ntahi ii ■ y.     The 
conventional method for evaluating antigen stubliity is to periodically 
test the product with a standard reference  serum and observe whether  the 
antibody titer decreases during storage of the antigen.    The  results 
obtained by this method, however,  often are obfuscate an] difficult  to 
interpret because of the Titer fluctuations   that occur as a result  of 
the varied stability of complement   (C)  m teats ennductdu on different 
days.    Therefore,  the investigator must make  an intuitive gucsa con- 
cerning whether variations observed in  tho  repeated assays are signifi- 
cant. 

This problem can be eliminated by employing the new methodology 
developed for critical  evaluation of antigens.     These methods are based 
on the linear relationships between tt.e amounts of immune complexes 
formed and the amounts cf C'  fixed,  and are  presented  in detail in the 
previous report, on this Work. Unit.     It ws     noted   in the earlier report 
that variations of leactivity due  U ieterioraticr oan be eliminated 
by expressing the  results  in terms        the  Inaex of Reactive Capacity 
(l.R.C.) of the antigen  in question.     The  I.KG.   is  the ratio 
antigen titer and  the serum titer (i 

the 
/T-.) and the rationale for 1-   vV 

its use  is given in  the previous report.     The  efficacy of this procedure 
for evaluating antigen stability is  illustrated by the data presented In 
Table 5,    which summarises the results of peri idir assays on a T.   cruzi 
antigen conducted during ■.   l?-month period   ■-:'  si o'.'ige.    As was expected, 
the numerical values  of the artigen and soro-.  oio..■.■■.■;  fluciuated consid- 
erably ia  the assays  conducted  on different   day;-,     g *o'Ver,    he 

545 



Table 3 

Evaluation of Antigen Stability 

in Terms of Index of Specific Reactivity (l.R.C.) 

Antigen Complement 
Titers l.R.C. 

Time Antigen Serum (Titer Ratio, 
Months Serum No. Lot No. Lot No. (TA) (Ts) VTs) 

0 G 7856 A F72 »+700 Ilk 1+1.2 
2 G 7856 A F75 UlJO 100 1+1.3 
k G 7856 A F77 1^850 118 Ul.l 
6 G 7856 A F80 5100 123 1+1.5 
8 G 7856 A F82 1+050 98 1+1.3 

10 G 7856 A F85 5700 00 1+1.1 
12 G 7856 A F86 k500 109 1+1.3 
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antigen/serum titer ratios, _i._e.  the  I.R.C.  va'Ju';:,,  r'-.ulii^ri  cons 1.ant., 
indicating that the specific reactivity  of  Ui    aj,; icen (-'ad  not  changed 
during the period of storage.    It 1 ;  noteworthy "rrr,  tliln r.'.et.^odoiogy 
may be employed with any antigen-antibudy systen: inni   fixes  compljment. 

b,    A modified complement fixation proccdur« tests  on dog sera. 
It ^as noted in the previous report on this Work Unit, that dog sera 
frequently became ant-.complementary during the heat   i.niu.'-ivation  (56CC 
for 30 min) required to destroy the native complemen' .    This problem 
was overcome by decomplementing the sera by absorption with   immune com- 
plex (sensitized sheep erythrocyte stromata),   'Jinn avoiding the 
requirement  for heat inactivation. 

Methods developed for preparing the  stromata and for decomplement- 
ing the serum were presented in detail in the earlier report.     Further 
improvements of technic were  introduced during the present reporting 
period.    The first innovation was designed  to improve the efficacy r..' 
the decomplementation procedure.    It was observed   ihat  shaking the 
serum-sensitized stromata mixture during the ear1,,- stages of absorption 
significantly improved the effectiveness of decomplementat ion.     There- 
fore, the present technic for decomplementat ion consists of shaking the 
mixture on a mechanical shaker for  15 minutes at room temperature, and 
then allowing the tubes to remain at room temperature for an additional 
^5 minutes without shaking.    With this procedure,  residual   complement 
levels rarely are sufficient to influence the results of the diagnostic 
complement  fixation tests;  to date we have encountered only one absorbed 
serum that gave greater than % hemolysis in the controls for detection 
of residual C '. 

The other technical modification pertained to improvement  of the 
procedures  for removing the sensitized stromata from the serum following 
decomplementation.    During the course of continued studies,   it was noted 
that certain fresh sera were anticomplementary following absorption with 
the sensitized stromata.    Since these  sera had teen carefully collected 
and processed,   it was believed that  this probably was  indicative  of 
incomplete removal   of the sensitized stromata following decomplementa- 
tion.    Subsequent studies revealea that  this yas the case;   it was 
observed that the anti-complementary activity could be removed by high 
iipeed centrifugation of the absorbed serum.    The procedure for removing 
the sensitized stromata therefore was modified as follows:    Following 
the absorption reaction, the serum-sensitized stromata mixture was 
centrifuged at 50C for 20 min at  1000 rcf,  and the supernatant   serum 
removed from the button of sedimented stromata.    The absorbed  serum then 
was recentrifuged at 55,000 rcf for 3^ rnin to remove *ne minute particles 
of stromata that remained in the initial supernate.    The de complemented 
serum then was used without further treatment   in the diagnostic  comple- 
ment fixation tests.    Recent studies or:  sera from dogs that -were artifi- 
cially immunized with canine herpes vaccine revealed that the   foregoing 
treatment did not remove the specific  complement  fixing antibodies. 
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In contrast to the earlier initial studies, it was observed that 
heat-inactivation of the decomplemented sera usually did not produce the 
anticomplementary activity generally encountered with heat-inactivated 
unabaorbed sera. These unexpected findings may provide a basis for 
characterizing the component(s) responsible for the anticomplementary 
activity of the latter.  Studies along these lines are in progress, and 
include investigations on the effects of absorption with unsensitized 
erythrocyte stromata, absorption with untreated (intact) erythrocytea, 
and absorption with erythrocytes stabilized by pretreatment with pyruvic 
or other aldehyde. In addition, the efficacy of the modified complement 
fixation test for evaluating the quality of canine herpes vaccines is 
being investigated. Details of the results of thes» studies will be 
presented in the following report on this Work Unit. 

c. Preservation of Treponema pallidum in the frozen state. A 
method for preserving T. pallidum in the frozen state was developed and 
reported in detail in the previous report on this Work Unit. The 
efficacy of this procedure for prolonged storage of treponemes was 
further evaluated during the present reporting period. For this evalua- 
tion, a glycerolized T. pallidum suspension containing 200 treponemes/hdf 
with 98^ motility, was divided in 1-ml aliquants, shell-frozen, and 
stored at -70CC according to the prescribed procedures. At monthly 
intervals a sample was thawed, counted, checked for mobility, and the 
infectivity determined by intratesticular inoculation into a rabbit. 
The most recent observations were made following storage for IJ months. 
The sample thawed at this time contained 200 treponemes/l'df (the same 
as the original suspension) with 92^ motility; the latter represented 
only a 6% decline from that of the original material, Intratesticular 
inoculation of the suspension into a rabbit produced a typical orchltis. 
Seven days after inoculation, the rabbit was sacrificed and the trepo- 
nemes were harvested by the procedures normally used for obtaining 
antigen for the TPI test. The harvest contained kO  treponemes/hdf and 
98^ were motile. Moreover, this harvest gave valid results when used 
as antigen in routine TPI tests. Although the trepcneme count in this 
harvest was approximately one-half that normally obtained from rabbits 
sacrificed 7 days after receiving a fresh inoculum, succeeding passages 
produced harvests with treponeme concentrations in the normal range 
(80-120 organisms/hdf). These studies have shown that T. pallidum pre- 
served by these methods may be stored for more them one year without 
significant loss of motility or infectivity. Storage in this manner 
assures the availability of a satisfactory inoculum at all times and 
provides insurance against loss of the strain due to inability to obtain 
satisfactory rabbits (often a problem in early spring) or to unavoidable 
accidents to the infected animals. 

d. Evaluation of the micro-hemagglutination test (MHA-TP) for 
syphilis. In 1966, Tomizawa and Kasamatsiu^) reported development of a 
new hemagglutination test for the serodiagnosis of syphilis. These 
investigators employed a sonicate of virulent T. pallidum (Nichols strain) 
adsorbed on formalinized sheep cells as the antigen in their tests, and 
as in the FTA-ABS test, treated the serum with a sonicate of the 

548 

wmm 



avirulent Reiter trepcneme tc bleck ar.y '"reponemn p^  up ar.T,;b. dies that 
micht be present. These investigators ilso obaefVt."i thai tim  sensitized 
sheep cells could be lyophilized, and tni: led to ihr.  development of a 
test "kit"' that was produced comroerciail.v and vide] 7 '-.sed in .japan.  It 
was generally believed that the heraagglutination test 'ave results 
comparable to those obtained with the FTA-AB3 tear. 

More recently, investigators at the VDRL, CDC, adapted t.v'e proce- 
dure to the Microtiter system and reported that it could be performed 
manually or by automation.WJM Since the reagents for the manual and 
automated microhemagg-utinatiun tests now are available through an 
American distributor, It was deemed important to obtain firs* hand infor- 
mation concerning the advantages and limitations of the procedure. Thrs 
was accomplished by performing parallel MHA-TP, TPI, FTA-ABS and CMF 
tests on a group of 70 sera submitted to this laboratory for ^.reponpmal 
antibody tests, and comparing the results. The findings are summarized 
in Table k. 

Although the microhemagglutination (MHA-TP) test obviously was 
superior to the cardiolipin microfJooculatiun (CM?) test, the procedure 
showed some deficiencies in specificity and sensitivity.  Six of the 
non-syphilitic sera in the group reacted in the MHA-IT test.    Admittedly, 
the magnitude of these reactions was not great (1+ or 2+). Nevertheless, 
these tests would have been considered positive according to the criteria 
prescribed for Interpreting the results. On the other hand, 5 of the 
primary syphilitic sera failed to react in tbe MHA-TP test, In tests on 
sera in other categories, the hemagglutination test compared favorably 
with the TPI and PTA-ABS tests. The MHA-TP test gave strong reactions 
with the 12 sera from individuals with late syphilis and reacteci with 
only 1 of the 6 sera from biologic false positive reactor.i. 

On the basis of these findings, it is apparent that the MHA-TP test 
cannot replace the TPI or FTA-ABS test for definitive diagnosis of 
syphilis. However, it may warrant some considerat ion as a possible 
substitute'for the CMP test in certain situations, but even this applica- 
tion may be limited because of the considerably greater cost of reagents 
for the MHA-TP test. 

e. Preservation of coirplement in the liquid state. Commercially 
prepared lyophilized guinea .pig -jomplemant (C ) generally is marketed in 
J-7 (nl volumes, and frequent:..;; this exceeds the amount required for CF 
tests conducted on a given day  Since the rehydrated C is quite labile 
unless stored at -60oC, the portion not used on the day of rehydration 
usually must be discarded. Thia results in a considerable waste that is 
of particular concern when lota of the reagent that are certified to be 
free from various viral and ricKettsial antibodies are involved. The 
latter are difficult to obtair «.id are considerably more expensive than 
the C' that is used in general diagnostic serology. 
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Table k 

TPI, FTA-ABS, MHA-TP, and CMF tests* on 
70 sera submitted for treponemal antibody tests 

Number of reactors and nonreactors in indicated test 
TPI FTA-ABS MHA-TP CMP 

Reactive 33 38 U2 33 

Nonreactive 27 32 28 37 

NSI** 10 

*Tests identified as: 
TPI   ■ T. pallidum Immobilization. 
FTA-ABS ■ Fluorescent Treponemal Antibody-Absorbed. 
MHA-TP ■ Microhemagglutlnation - T. pallidum. ° 
CMF   ■ Cardiolipin Microflocculätion. 

*«NSI ■ Nonspecific Immobilization (invalidating results), 
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Studies were  initiated  to deterr.ine wiir' 
overcome by use of Richardson's  solution!5)  M 

solution is  composed of u  ric acid,  s diu-:.  I 
in a saturated sodium cMl.rLde soluti'-.n;  s-.4i 
bactcristatic ar^nt.     Seme  adjustment  of th^ 
trat ions  of the  component 3 was -necessary tn  i 
serum mixture to the proper range  (pH 6.0-fa.', 
that    he two solutions described  bv Richards 
single reagent and an appropriate  amcunt  adde 
of the modified Richardson's solution and pre 
preservation of C   are given  in detail  ii   T-l 
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To evaluate the stability of C' preserved i, 
Richardson's solution, a pool of fresh guinea pi 
the solution according t. the prescribed pr c-: iuv.-j;, 
aliquants, and stored at j0C At approximately ween 
sample was titrated for her.iolytio activity. In tidii 
of the C under conditions obtainirg in iiugnii^ir C 
mined by preparing standardized ^-ur. i'. C' fror:; tie ; 
the controls immediately and after overnight storage 
of this evaluation are sunjr.arized  in Table  ' . 

-.f-.-n  wa?  Ci." 
,   ii .-jpf f.S'.-n 
s: ■■  interva ! 
; Lii n, 
yv   tes 

.t.t; 

sRi 

I:: nt. 
'. n  . 
r- a 
'a;, ; 

, i .- . t 

Th.< is 

Coiaparison of the titers of the non-preser/erf C  und  th«. .rved 
C  titrated on day 0 revealed that  the addition <'' the RichardS'T's 
solution resulted  in a slight   loss of hemolytic activity      An additionfil 
minor reduction of liter was noted  in the presorved C  after storage  fo» 
1 week.     However,  no further  loss of hemolytic activity was nct'?d   1ur;ng 
the succeeding seven week? cf storage.    Although  the   inltiai   loss of 
activity observed with the preserved C   obviously  is r.o+  desirabl?,   it 
is noteworthy that  the reduction of titer is not    f sufficieni   magnitude 
to preclude use of the product  in diagnostic CF tests;   in a number of 
subsequent evaluations of different   lots     f fr^.d: and   lyophilized  guinea 
pig sera (C),  titers of the preserved products  üf'f- st   rn,-'.   "' r  'vo 

months  always exceeded 500 C'H^O,   the mintrui;   ^ev-i  cv r.;;l ■■.•re<:  Hcceptabto 
for the product  used for preparing the standardized C"   em; '^yeri   in 
diagnostic CF tests. 

The stability of the preserved C  under Ccndititns obtaining in the 
aiagnostic CF tests al.3o was  Investigated.     At eacl  '.d-servat ion period, 
a solution containing 5 C'H5O/0.3 t:'   was prepared by 'he r tandurd proce- 
dures.     Two sets of l-unit  controls were prepared from  the standardised 
C';  the hemolytic activity -d" one  set  was  cnecked  imne !ia*'j"./,   and  that 
of the other se'   after overnight   incubation '>*   ■> f ,     [l\e.   rei-'jits >f these 
studies B1.SO a:-? summarized in   "able b.     In to.  instance did   '.'.■:■ per cent 
hemolvsls of the overnight control differ ay m. *•" « 
the   initial control,     TheJ« results are comparable 
obtained with non-preserved C".    Thus  it   is appare; 
soluticn dce.B not  ua/TSely affect   the ..♦abi;.,'y   ., 
n  si ic CT  tests. 
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Table 5 

Preservation of Complement in Modified 
Richardson's Solution 

Molified Richardson's Solution 

Borax (NagBi^OylOHgO)               O.Oh  M 1.55 gm 

Boric acid (H5BO5)                0.08 M O.U9 gm 

Sorbitol (CgHiljOg)                0.29 M 5.28 gm 

Sodium azide (NaN,)               0.06 M O.39 gm 

Dissolve the above components in saturated NaCl solution and q.s. 
to 100 ml with the saturated salt solution. 

Note: It is imperative that only Reagent Grade quality chemicals 
be used for preparing the solution. U.S.P. Grade is unsatisfactory. 

Preservation of Coarplement 

Combine 8 parts of serum (complement) with 2 parts of Richardson's 
solution. Mix and store at 5-50C in a stoppered tube. Complement pre- 
served and stored in this manner will maintain its hemolytic activity for J 
a number of months. 

Use of Preserved C in CF Tests 

For use in CF tests, dilute 1.0 volume of the preserved C with 
7.0 volumes of distilled water. Ulis will restore the isotoniclty of 
the solution and will represent a 1:10 dilution of the original serum. 
It should be noted that the diluted C exhibits the fame lability 
shown by unpreserved serum and must be handled accordingly. 
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Table 6 

Stability of complement preserved in modified 
Richardson's solution and stored at 3DC. 

C lot 62670 
Days of 
storage 

Titer 
(C'HSO/ml) 

1-1 
(per 

Initia 

unit 
cem 

1 

controls* 
hemolysis) 

Overnight [yC) 

Non-preserved 1250 U9 UO 

0 988 Ug 58 

7 823 1,5 uc 

Ik 869 52 U5 

22 857 US i^O 

28 811 50 U5 

56 886 55 UU 

k2 832 U6 38 

50 81.3 51 uu 

60 820 ue 59 

♦Pre^ured from 5-unit C1 standardized for use in 
diagnostic CF tests. 
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Studies were conducted to determine whether the Richardson's 
solution in any way influenced the specific reactivity of diagnostic 
complement fixation tests.  Standardized 5-unit C' waa prepared from 
non-preserved C and fr^ C that had been preserved with the 
Richardson's solution.  Each was used in parallel tests on a group of 
sera from patients with CJiagaa' disease. Without exception, the titers 
obtained with the two complements were identical.  In view of the fore- 
going studies, it is apparent that Richardson's solution is an effective 
preservative for C'.  It permits storage of the reagent for as long as 
two months in the liquid state, and can be safely used to avoid undue 
waste of this critical reagent. 

f. Evaluation of the complement fixation test for malaria. 
Methods for effective separation of malaria parasites from host erythro- 
cytes and for isolation of specific complement fixing antigens from the 
parasite harvests were leveloped in another work unit assigned to the 
Department of Serology, WRAIR. Details of these procedures have been 
published.^ »'' During the present reporting period, the complement 
fixation (CF), indirect fluorescent antibody (IFA) and indirect 
hemagglutinat ion (lllA) tests were compared in examinations of sera from 
62 soldiers that developed clinical malaria after return to CONUS. With 
the exception of 1 Individual with falciparum malaria, all of these 
patients had parasltologlcally proven vivax malaria. These studies were 
conducted In collaboration wlti investigators from the Parasitology 
Section, Center for Dlseasi' Control. 

In each case, sera were collected when clinical symptoms appeared 
and then at regular intervals for 1 year. Antigens from P. knowlesi 
(for detection of vivax antibodies) and from P. falciparum were used In 
the CF tests. P. falciparum and P. vivax served as antigens In the IFA ; 
tests.  The IHA procedure utilized a crude extract of P. Imowlesl for 
sensltlzatlon of the red cells. The sera were grouped In H categories 
based on the time after appearance of clinical symptoms that the speci- 
mens were drawn. These groups were composed of sers collected O-IJ 
days, 15-58 days, 7 months, and 1 year after onset of disease. The 
results of these studies are summarized in Table 7. 

It Is noteworthy that the CF and IFA tests were equally effective 
for early detection of antibodies. With the group of sera collected 
0-13 days after the onset f syraptums, 87%  reacted In the CF test and 
89^6 were positive In the IFA test.  In tests on the sera In the 15-58 
day category, the IFA was slightly more sensitive, detecting 98^ of 
the cases whereas the CF reacted with 93^. Results obtained with the 
sera collected 7 months after the onset of disease suggested that 
following cure the CF test may revert to negativity before the ITA test; 
&*% of this group were sercnegative in the CF test whereas hj^, remained 
positive In the IFA test. However, examination of the results obtained 
with sera collected 1 year after radical cure revealed that this was not 
the case. The frequency of reactions was essentially the same In both 
tests, 2hi  with the CF and .'t'*, with the D'A. 
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Table 7 

Results of CF, IFA, and IHA tests on sera 
from returnees developing malaria within CONUi 

Time after 
onset 

Complement Fixation Tests 
Negative Positive 

No.      % No. 

0-13 days 
15 - 58 days 
7 months 
1 year 

7 
k 

39 
28 

13 
7 

6k 
76 

U6 

22 
9 

«7 
93 
je 
24 

Time after 
onset 

Indirect Fluorescent Antibody Tests 
Negative  '""" ""     Positive 

No.    ■ % No. ■   % 

0-13 days 
15 - 58 days 
7 months 
1 year 

6 
1 

33 
28 

11 
2 
53 
7h 

^7 
57 
29 
10 

89 
98 
hi 
26 

Time after 
onset 

Indirect Hemagglutinatior Tests 
Negative Positive 

No.      % No.      % 

0-13 days 
15 - 58 days 
7 months 
1 year 

10 
5 

11 
9 

19 
9 

18 
26 

r.3 
51 
2'j 

81 
91 
«2 
7U 
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Review of the results obtained with the IHA tests revealed certain 
inherent deficiencies of this procedure. The IIIA was less sensitive than 
the CF or IFA tests for early detection of infection; the IHA test was 
positive on only 01%  of the sera collected Ü-15 days after onset of 
clinical symptoms. Moreover, reactivity following radical cure persisted 
much longer in the IHA test than in the CF or IFA tests. With the sera 
collected 1 year after treatment, 7^ remained positive in the IHA test. 
These comparative studies are being continued in tests on a large number 
of sera from a group of Californians that acquired vivax malaria by 
sharing needles. 

The recent acquisition of a strain of P. vivax that produces 5-10$ 
parasitemias in intact Aotus monkeys for the first time has provided 
P. vivax parasites in quantities sufficient for preparing complement 
fixing antigen. This antigen is böing included in the evaluation now 
in progress. Since the majority of these subjects have not traveled or 
resided in a malaria endemic area, and thus havie not been exposed to 
P. falciparum, these studies pre vide an unusual opportunity to compare 
the efficacy of the knowlesi arJ vivax CF antigens for detecting vivax 
antibodies, and for studying the crosa reactions between falciparum 
antigens and vivax antibodies in the CF and IFA procedures. Results of 
these Investigations will be reported in detail in the next report on 
this Work Unit. 

g. Evaluation of complement fixation and fluorescent antibody 
tests for anti-nuclear antibodies.For years, complement fixation (CF) 
and fluorescent antibody tests (FAT) have been used to detect anti- 
nuolear ar.tibodies that are produced In many collagen-vascular diseases, 
especially systemic lupus erythematosus (SLE). However, reports of 
critical evaluations and comparisons of the two procedures are essen- 
tially nonexistent. In view of this lack of definitive Information, 
selection of one procedure over the other usually has been based solely 
on the personal preferences of the individual responsible for performing 
the tests. 

During thf present reporting period, a collaborative study was 
Initiated »4th investigators in the Clinical laboratory, WRGH, to 
evaluate ' ue  relative specificity and sensitivity of the two procedures 
and to correlate the findings with the clinical data on each patient. 
The 17k  sera evaluated in these studies were selected from those 
submitted to the Clinical Laboratory for FAT examination for anti-nuclear 
antibodies.  Portions of each were forwarded to the Department of 
S- rology, WRAIR, for CF tests.  The FAT performed in the Clinical Labo- 
i<*tory was an indirect fluorescent antibody procedure employing calf 
•hymus nuclei as antigen.  The CF tests performed by the Department of 
aerology utilized a nucleo-protein extract of calf thyraus as antigen. 
Both tests were performed independently without knowledge of the results 
)btained in the other laboratory. 
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A total of l62 patients were evaluated in thpse studies.  Thirty- 
nine reacted in the FAT whereas only l6 pave reactions in tl.e CF test. 
Among the 10 of the group that reacted ir. Itn tests, "' :.ai a clinical 
diagnosis of SLE.  The exception ^as a patio:/. '.-.■:•:■ chronic active 
hepatitis and was believed to have had a variety f "autoantibodies" at. 
high titer. It is noteworthy that all patients with active SLE reacted 
in Loth tests. However, these individuals unifornly Decame seronegative 
in the CF test following cortico steroid therapy. This Latter phenomenon 
was not observed with the FAT. 

Although the data from these studies leave '■-.an,; questions stiii 
unanswered, certain generalizations can be made. 11 appears that the CF 
test had considerable pathogr.omic value for appraising the clinical statu 
in SLE and acute liver disease, but Is of little or no  value foi the 
diagnosis cf other collagen-vascular diseases or rheumatic disorders. 
The FAT, on the other hand, appears to reac in a much broader spectrum 
of collagen-vascular diseases and often is posltl/e in 'as^s of -hcuma- 
toid arthritis and scleroderma. 

The group of patients that reacted in the FAT bu1 presented no 
other evidence of collagen-vascular disease Is of special interest. It 
is suggested that long-term longitudinal studies on tr.is group would be 
worthwhile to determine whether this unexplained reactivity in the FAT 
is Indicative of occult collagen-vascular or rheumatic disease that 
ultimately will exascerbate at some future t^me. Unfortunately, ether 
priorities do not permit a study of this nature a+ the present" time. 

Summary and Conclusions. 

1. The soluble antigen fluorescent antibody (SAFA) procedure 
continues to show excellent potential for the üerodiagnosis of a variety 
of Infectious diseases.  Recent innovations of methodology have further 
Improved the sensitivity and specificity of the procedure. 

a. Studies on the use of tne SAFA teat for the serodiagnosia of 
tuberculosis have been continued. In investigations on monkeys infected 
with graded doses of M. tuberculosis and those acquiring the disease by 
exposure to an inoculated animal, the SAFA test was superior to tuber- 
culin tests conducted intrapalpebrally or on the abdomen. Trie SAFA test 
detected 39 of the Ul infected animals whereas the ir.trapalpebral tuber- 
culin test detected 31 of the infected monkeys and the tuberculin test 
performed on the abdomen was positive In only '2U  of the group. In con- 
trast to the palpebral tuberculin test that showed conversion in 3 of 
the 7 unlnfected controls» no false positive reactions werf obtained 
with the SAFA test. Use of the SAFA test for screening and monitoring 
tuberculosis in the animals of the. nonhuman prlmste colongy at WRAIh Is 
being continued. 

Comprehensive investigat ions on the potential .f the SAFA test for 
the serodlagnosis of human tuberc;losiü have been initiated. The 
principa] ob.iectives of these studies are 10 letermin« \re  specificity 
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and sensitivity of the SAFA test for the diagnosis of human tuberculosis, 
to compare the SAFA test results with those obtained by other diagnostic 
technics, and to evaluate the SAFA test as an indicator of therapeutic 
response. 

b. Studies on the suitability of the SAFA test for the serodiagno- 
sis of canine, ovine and human echinococcosis were continued. Use of a 
fraction from E. granulös!s scoleces rather than hydatid fluid as antigpn 
markedly improved the specificity and sensitivity of the tests, particu- 
larly when dog and sheep sera were examined, 

2. Critical evaluation of antigens for the serodiagnos^s of 
American trypanosomiasis (Chagas' disease) was continued. Two of the 
original 8 antigens remain candidates for consideration as the standard 
reference antigen. These 2 antigens are being more extensively evaluated 
for nonspecific reactivity, specific reactivity, reproducibility end 
stability. 

3. Efforts to further improve serologic methods and reagents were 
continued during the present reporting period. 

a. The new quantitatively standardized complement fixation proce- 
dure was shown to provide an excellent method for critically evaluating 
antigen stability. With this procedure, the specific reactivity can be 
expressed independently from the influence of complement deterioration, 
thus eliminating the confusion caused by titer fluctuations normally 
encountered in tests conducted on different days. This is accompliflhed 
by expressing the specific reactivity as the ratio of the antigen and 
serum titers. 

b. The modified complement fixation procedure for tests on dog 
sera was further improved. Decomplementation of the serum by absorption 
with immune complex (sensitized erythrocyte stromata) continued to be 
the method of choice for avoiding the requirement for heat inactivation. 
It was observed that shaking the serum-sensitized stromata mixture 
improved the efficacy of absorption. Also, high speed centrifugation 
was necessary to completely remove the stromata following absorption. 
The absorbed sera were not anticomplementary, and teats on sera from 
dogs artificially immunized with canine herpes vaccine revealed that 
this treatment did not remove the specific complement fixing antibodies. 

c. Studies on the preservation of T. pallldum in the frozen state 
were continued. Glycerolized suspensions of the organisms showed 
essentially no loss of motilily or infectivity after storage at -700C 
for 15 months. Storage in this manner assures the constant availability 
of a satisfactory inoculum for preparing antigen for the TPI and FTA-ABS 
tests for syphilis. 

d. A new microhemagglutination teat for syphilis was evaluated. 
Parallel microhemagglutination, cardioliptn slide flocculation, TPI and 
FTA-ABS tests were performed on 70 sera submitted for treponeraal antibody 
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tests, and the results were compared. Although the microiierna^glut Lna- 
tion test was superior to the standard cardiolipin test, tl," procedure 
showed some deficiencies in specificity and sensitivity. Jix of the 
nonsyphilitic sera reacted in the microhenafglutlnaticn test, and 3 of 
the primary syphilitic sera Tailed to react.  Or. th*. other .'.and, the 
test gave strong reactions with the 12 sera from Individuals with late 
syphilis and reacted with only 1 of the 6 sera fron; biologic false posi- 
tive reactors. It was concluded that the tnicroherriagglutination test in 
certain situations might serve as a substitute for the cardiolipin test, 
but could not replace the TPI or FTA-ABS test for definitive diagnosis 
of syphilis. 

e. A procedure for the preservation and storage o*" complement in 
the liquid state was developed and evaluated. Guinea pig serum could 
be stored at 30C for 2 months with only a modest lors of hemolytic 
activity. The preserved complement was shewn to be satisfactory for use 
in diagnostic CF tests and its stability under condition;-, obtaining in 
the diagnostic tests was comparable to that of untreated complement . 
The procedure can be used to avoid undue waste of a critical reagent. 

f. The complement fixation (Cf) test for -alaria was evaluated in 
tests on sera from a group of servicemen who experienced clinical malaria 
after return to CONUS. The results were compared with those obtained in 
indirect fluorescent antibody (IFA) and indirect hemagglutination (IHA) 
tests. The CF and IFA tests were equally effective in detecting anti- 
bodies in the sera collected 0-15 (lays after the onset of symptoms.  The 
IFA, however, gave a slightly higher number of reactions with the group 
of sera collected 3 weeks after onset.  The CF test showed more rever- 
sions to negative than did the IFA test on sera collected 7 months after 
treatment. However, the number of reactors in the CF and IFA tests was 
essentially the same with the sera collected 1 year after radical cure. 
The IHA test was less effective than the CF or IFA tests for early detec- 
tion of antibodies, but once developed, antibodies reactive in the IHA 
test persisted for a much longer period than those reactive in the CF 
and IFA test.  The studies are being continued on sera from a group of 
sera from individuals who acquired vivax malaria by sharing needles. 

g. The complement fixation and fluorescent, antibody tests for 
anti-nuclear antibodies were evaluated on sera from patients with a 
provisional diagnosis of collagen-vascular disease or rheumatoid dis- 
order. The complement fixation test proved to have considerable 
pathognomic value for appraising the clinical state in 3LE and acute 
liver disease, but was of little or no value for the diagnosis of other 
collagen-vascular diseases or rheumatic disorders. On the other hand, 
the fluorescent antibody teat appeared to react in a much broader 
spectrum of collagen-vascular diseases and often was positive in cases 
of rheumatoid arthritis and s^leroderma. 
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