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~~~~~~~IC*TISN OP TillS PASCIII.. ~~~~

~~~~~ ~~~~~~~ ~~~~~~~phi In PlI~I~j )ssIls as a nsosalay.r or In suap.nhlon oultor es. ‘~~~~~s~

Irmdi~~ d eels asem to ~~~~~ rapid rtckettslal prollfez*U.on. Solubllhzat&on ~
after f~sss~~ and thawing and by so at$o aid Ti1ton X-l00 trea tment was
uasd~~J.alats .~4whl. for ohancterlidion and *u’th.r purification.

~~ I .. s~~~1i~~~osisty ass ntana
in sirs from pdiu~~ with trench fovir was •valeated with soluble antigens. This
test dstsetsd antibodies In sirs from known cases that were negative to other
serological tests. Ha~sovsr, there Is an antigen that elves reacts with other
rIcks~~Ia which appear. to be a 1~ o~M~y.aoclmz4d. antigen. This IIpopcly.aochsrtd4
seems to be r elated ssrclogiosfly to scrub typbis antigen.

~~-*~-.sts~’J ~pascwd calls as will as Isolated .sa*~Ies need In the sba&es
were f in d aid exam~~ed by d~~tiea miorosoopy to monitor Si itzuetsre of the
organism aid Si host cell as will as some of the Isolated aid putifled sample..
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Summary

This stedy Is directed towanis the isolation of itokettatal antigens and
detection of antibodies. Stock supplies of OIUham, Kato and Karp strains
of Risk~~~Ia tiutsmeamuahi were propagated In embryonsted chick eggs and
used for Infecting oultored cells. Infected McCoy cell extracts containing
soluble antigen as well as Infected yolk sacs were Inoculated Into guinea pigs
to produce antisera. However the yield of antibody was low aid only do-
tectoble by fluorescent antibody techniques. More recently progress was
made In growing B. teutsagamusbi In BBKpj cells as a monolayer or In sus-
pension oultores. Irradiated cull seem to eoh iw~e rapid ztcksttsIsl pro-
liferatlon . SolubIllastlon after freezing and tl*wthg and by sonicatlon aid
Triton X-lOO treatment was used to isolate soluble antigen for character-
lastics and hirther purification.

An enzyme Immuncs.say t..t to detect antibodies to Rocballm.se quin-
tans In sara from patients with trench fever was
gens. This t..t detected antibodies In sirs from ~~~wn oasis that were
negative to ~~ er serological t its. ~~eev.r, there I. an adigea that cross
reacts with other ricketisla which appears to be a l~,opolyuoohardie anti-
gen. This llpopolyssocharlde seems to be related seroloØoally to scrub

• In these stodles Infected cells as will as I.olatsd samples need In the
stodles were fixed and .zamlned by elsotren inlorrosoopy to monitor Si
structore of the organism aid Si host cell as well as some of Si Isolated
aid purified samples.

Fozeward

This Asmal Report covers sbniles adsr’.kas or In progress on stekettalal
dI~~~ses and sapported by Si US Army Medical *e.ssrsb sad Development

J~~~. Command. These imdsz’tsklngs are a oodiw’~~’i* if an ongoing project which

‘ 
boa bias dir.cted towards Si Isolation aid parifloalon of rtokmItsIal antigens
aid the detection of r1c~~ ts1sI antibodies ci soi~~ Wims aid trench ibm.

In raising antibodies, withdrawing antisera, aid performing loutelty tests
Si II,sa’iga~.r. adhered to the “Guide for Laborstory Allimal Facilities aid
~~~~~~~

“ as promelgated by the C~s~aIftse aa tbs Gills for Laborstory Animal,
Remeroes, $alionsl Academy of ScIences-Reticent Bsssaroh C~~~fl.



Personnel: The changes which have occurred dsrtng the past year have
• been marked and most of these have been detailed In the various letter. sod

reports that we have mhde to this granting agency. Since July 1, 1978 Dr. J.
WI111a~ Vinson Pm. bees retired from active academic duties In the Depart-
ment of Microbiology. However, be was still retained and on salary until
Jaomiy 1, 1977. He still frequently visited the laboratory aid helped us by
advising us on many aspects of rlcketlstal cultivation and related serological
studies. Thzrthg Si comIng year, he has agreed to coctIa2e his Interest In
our work and will collaborate with us In some aspects of the proposed studies.

Dr. Jack Whitesoarver who shared the major daily responsibility of
managing hIs program In rioketislal studies has resigned his research associate
position to take on en adinlnlatrati,e poet at NIH on June 20, 1977. ifs loss
to the program put th. present study In a precarious position but fortunately,
Dr. A. Bruce MaoDo~~ld who was already a Professional Assistant on this
Pe~~ roh Contr act became available and Interested In-taldo g on a major
responsibility in this pr~ject lfl the relatively short period of just over two
months, Dr. MacDonald and his research assistant have made rather remark-
able strides In Si cultivation as well as purification of antigens from Rickettsla
~~~~~~~~~~ Some of these early result. are elaborated in various parts of
thIijI~~OUL The enthusiasm aid vigor of Dr. MacDonald’s approach to the
riokoitalal antigen pro blem seems to be showing considerable promi se. Since
Dr. Madlloisid will be Si primary person to be Involved In the execution of a
major portion of this proposal, It Is appropriate that he Is the other principal
Ii~~~~stor. The background and closely parallel study that Dr. MacDonald
has and Is doW with oblamydla seems to fit In very well with the proposed
rtabi’IW.l studies. Ilsay of the same teobolquss can be tre ferred directly
to Si present work aid so far these teohelques seem to be Idea lly suited for
Sisi s~~Ies. ~~Dr . Re and Dr. Vlnson oostinn e their close collaboratio n In their ultra-
st.~~~z*l ~~~Iss —

~ the current ooflaboratlce of Si ultrastructursi a lysls
of Si dokeltelal cultures has aglin proven to be a valuable and oou~jUmenta ry
ebiek as Si 1J~m4IfloMI0s. prdllibraSca, aid control of o ii vliIa~~ on by
biotods, oupooplasma and viruses.

In Si past m~~~ thu, has bean s major administrative o~~~~s In the
Depar~~unt of I6eiobiology. Prefoseor Roger I.. Mehaig has gives up the
halrma and Dr. Jan Cemy has accepted the noting ohalrm . Dr.

Ce~~ has bsailOy iidsr sed the oo~~~~ 11.1 ci Si present dsdies and will
suppaat Sc aeth*ss with allocation of adequate upese aid fesmies. The Dean
of Si Reheat of P~~ic Health, Dr. Reward ifid has also be esnsiltsti

IW~ cugo~~ proj.ct. With these ibesMi. aid,as.sds, ft 1st
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~pdds aepests if these s~~~ s. Far the present Ilma Si g.~~ te ~~~~~atuesd
— Si Eupsr~~sil at Aldsmy, Si~Ird Wadisal ~~~ eL



Research Pro gress: Duri ng the cours e of this grant per tod a nmiiher
of unfores een changes In person nel In the profession al and research assla-
tent gi~ ip baa take n place. In spite of these events ft Is felt that we have
made considera ble progress on this contract.

In the early period of the current year, Dr. Michael Hdfllngdale corn-
pleted his program of work on the antigens of Ricketisla ~~j-~~~~~ An
enzyme Immunoassay (ELISA) test for detect ing antibodies to B. aulntsna
In sera from patients with trench fever and fUrther evaluated, using the
soluble anti gen prev iously described. The test proved highly senstive aid
detected antibodies In several sera from known trench fever case. that were
negative In other serological tests. However, some sera from other
rickettilal Infections also reacted. Nine of 9 scrub typinis sera were positive,
as were several epidemic aid endemic typhea sera, and a single Rocky
Mountain spotted fever serum. The cross-reacting antigen appeared not
to be oytoPIa~mIc protein bit a cell envelope lipopolysaccharide (LPS)
iMlgen. This confirms the results of oowitez1mninnoelectropbOresls (CIE)
where cross reaction using solubfllzed cell envelope antigens occurred bit
no cross reactions occurred with soluble antigen. It Is likely that the absence

cross of the soluble antlgen ln ClE corn ares to ELI& Is due b
the lower sensitivity ci the CIE test and the small amoun ts of LPS In Si
soluble anti gen released by acoloation (as reported eaiiiei~ that are reactive
only ln ELiSA. - .

Duri ng this program, LPS baa been demonstrated In B. cuintana by
various procedures, It Is the first observation of rlckettslal LPS. It appears
serologically related to a sImfl iy component In $. ~~at&i.1muahI (scrub
typims). The possibility exists In addition that eWitalal 120 Is similar,
If not Identical, In all species. Numerous serat~~ csl tests have been described,
InObelI1l( pssslve hernaggiutination, latex agglutionation, rudloimmunapre-
cipitation, CIE and ELlA. Each test difler. In sensitivity, specificity and ease
of operation, with CIE being the most suitable for day-to-day use, par ticularly
for large ruwher. of sere. Other antigens of!.  ~~~~ have been Invest-
igated aid described. It Is felt Sit these results are of considerable use aid
application to Si other rlckettslal species aid for the elucidation of rtckettslal
pathogenelolty. The owl m~aky  e~~er1ments w~~ Ro&~ 1hn.en onIn~ a were
oon &~ed. At two-weekly Int.r~aIs, Si Infected monkeys are bled and the blood
screened for ricketisamia --~~~ se~~~ a~~body.

Stock sappllss of (~tfl’,~~~ Lato and Karp str~’~~ of scrub typlms were made
• ; by serial propagation In six day .mbsyuaat.d chicken eggs. Freshly harvested

scrub ~ phas Infected yolk sac was homogenised --~ used at a 10% concentratIon
to I~~ ot cell cultures. Yore, BT~~, tick, and KaCoy cells were Infected and
all cell lines sepported iiakettslal growth. H~~~ver, McCoy cells provided the

• best results with a4+ Infection In 3 days. This cell system was used to pic-

pagats scrub lyphas for Mus~~tu at olshle ant igen prepsatles.



Guinea pigs were used to raise antisera against the yolk sac grown scrub
typhus. The antigen was prepared by solub(llzlng with sonlcatlon followed by
centiliUgation. The soluble s~nUgen was Inoculated In guinea pIg foot pads with
Freunds complete adjuvant. The antisera acquired by this method was of such
a low titer that no preolpftln bands could be observed on !nixra~znodIflUsIon
plates. However, fluorescent antibody (PA) techniques Indicated a low level
of antibo dy directed toward the scrub typhus rickett ala. After consulting with
Ms. Marilyn Boneman, we Inoculated guinea pigs Intra-cerebrally with the
yolk sac grown antigen and collected antisera in 28 days.

To eliminate preolpitin bands associated with yolk sac components,
soluble antigen was prepared from scrub typhus agent grown In McCoy cells.
The host cell was lysed by freezing and thawing; the resultant material was
souloated In the presence of 1% v/v Triton X -IOO and partially clarified by
centrilUgation. The sopezuatant was concentrated 3-fold by dialysis against
ethlene glyool. The final soluble antigen provided no detectable piecipitin
lines against the 28 day antisera. However, PA demonstrated antibody directed
to scrub ilckeftsla even though at low titers. The soluble antigen was placed
on an aory)amlde gel eleotrcphoi~etlc system along with sciubillrad McCoy cells
for a control. (~ ly parallel bands were detected, Indicating our riokeitsial
antigen Is at a very low level. Therefore , we are now woitingat Increasing the
concentration of rlokettalal antigen. (~ir first approach I. to double the amount
of Infected IloCcy cell monolayer. and partially clarify the rlckettsla by density
gradient c.ntrllUptiou according to Cbtjeski and Palmer personal communi-
cation) using potassium taitrate aid glycerol.

We will net be able to proceed with the two dimensional Immunoelectro-
phore sla until we observe precipitin bands In the Immunodiffuslon plates. Pro-
o~~tUn b.nite are dependent on adequate levels of antigen and precipitating anti-
body. We do plan to look at proteins of the various antigen preparations In an
effort to describe ztokettslal specific protein bands by aciylamlde gel eleotro-
phoresis. if we are successfUl In doing this, lsoelectrtc focusing can be em-
ployed to fUrther resolve scrub typhus proteins.

Throng~~~t tkls psrtod we have made routine fixations for electron micro-
scepy of scrub typims microorgnnhsms gorwu In the McCoy oells and In some of
Si chick yolk sacs from Infected embryos. Thin sections of embedded material
were .~~mi~~d to confirm the Glemaa stained smear. for the frequency and
Intracellular 1ooal1a~tInn of the riokettala. A series of electron mlcrogrspke
of ~~. ~~~~gsmushi In Infected cells baa been made.

Altar the active assistance aid collaboration of Dr. Mac1~ neld was arra nged
for Si present stoi*y, we have made much progress In ow aim to grow z1okettsla
aid IsGiate antigens. Concurrent with tile e~ ,rt , electron microscopy has been
folly utilized to “~oidtor and dir ect these efforts . Samples of many I~~ ctsd
cultur.d cells, as well as pellets, i ’ ’~”g after extraction of the soluble an-
tigens were ~~~Mh1~d In thin sections by transmission electron Inicieseopy.
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We have found that R. tsutsugamu~bl grows moderately well In BHK,~
cells whether grown as a monolayer or In suspension culture s. The pre loua
woit on McCoy cells where these same rloketta iae could be grown In great
a1,i,vI~~~e was discontinued because of the prese noe of numerous mycoplasma
and C type vim, particles normally present In this cell line. These were
observed by electron microscopy.

an attempt to Induce rapid proliferation and larger numbers of
rlckettsiae, BHK21 cells were Irradiated wIth 5,000 R from a cobalt source
prior to Inoculation with ~~. tsutaugantushl. This radiation Inhibits cell
division and proliferation of the BHK~ cells hat does not kill them. Further-
more, this treaiment does not seem to cause mait ed ultr astr uothrsl changes
In Si cultured cells hat Irregular shaped nucleI and multinucleated cells were
common. Ifl these Irradiated cells the rickett sla grew In great abundance
within days compared to the weeks required for a lower concentrat ion of
rickettelae. The actual determi nation of the ultraetructhral features of the
Infection and proliferation of ~~ teutsugamushi In Sise Ir radia ted cells remains
to be determined bat some prelim inary observations on their distribution and
characterIstIcs have been observed.
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