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~potenti al of the brown dog tick Rhi p ic,~p,,ha 1 us sangu i neus as a reservo i r of
Ehrl ichia can is was investigated. R. sangu ineu s adults harbored and
efficiently transmitted E. canis to susceptible dogs for as long as 155
days after detachment as engorged nymphs from a dog experiencing acute

4 
eh rl ich iosis. Two modifications of the original tissue culture tc-cnnique
for the propagation of E. canis were developed to study the effect of serum
and macrophages from infected dogs on grcwth and development of E. can is
and to provide continuous production of large quantities of E. can i s antigen .
A combination of chemotherapy and serologic monitoring of disease was fcu~d
to be a useful method for field con trol of tro pi ca l can ine pancytopen ia.
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I. ~~ A’AL D L ’ i f V ~

From its inception some 6 year: ago , the project was pr ~n5l. . —er i o; i~ od

toward acquiring hoowledge needed for’ the developmen t of cwr ikr oI  r:~Ta ur~e:

for canine ehrlichiosis and babesiosis . The project was conducted as a

collaborative venture between this station and the Division of Vet :rin~ir”j

Nedicine , Walter Reed Army Institute of Research and its overseas acti- .’fties

in Thailand arid Malaysia. These collaborative efforts ha’;e elucidated many

aspects of the epidemiolo~~r , pathogenesis , and irrrrunolog~’ of canine r lichLo:is.

In addiofon , valuable irifor~mation wan obtained on s a r c i c e c i :  of c

babes icsis arid understanding of the effect of dual infections with L rlichin

canis arid Babesia canis.

Some of the more specific accomplishments in ehrlichiosis have bann :

(1) Develccmenz of a method for in vitro cultivatfon of the causative a.gent ;

( 2) dev~1omocn: of a sero coofo test for cHtacti :n of ehrlichios i.: urr:er f ield

corsiiticris ; :laman~:ation of the test has haloed detenoine the incidence and

ae~’ise cc~ zrol reasures ror e rlicnios~ s in cant o_n areas o~erseas and in t-’e

U . S . ;  ( 3)  definition of ultrastroctural characteristics arid mode of devej onroen:

of L . cam:: in t ue  ecranc hosts; (~~
) cv::ence my r~.eans or r :i:cocti-;e

tracers to_c t . ‘T occ\m ’ :  ni_ a in m. — .Lro:o:Oen d:f: 15 the r :nu~ c o: in-

creased pL o_ H : .~. teu I f .:: ::iioh be .ln:; :rL t hf n  a f . w  dH s J ~~~CG Infect ion ;

(
~

) : . ; _ ~n~~~ ~~~~~ ~:‘L: ; . n : . i  T o w , the . is i:i:e a~- s:t o~ conine dOA L c.hi’:sis,

:‘ c.iccs e::nor .fjro -~rit.iL im.o _ i.~n: in oJf~:, cat:, ,u:s r :o_ r’an

ii. V. VAr :OH or r . . . T H H R  ~~ s~~r~;::~
( ‘ o H .‘o:. J .  [no_ s :1 , 05 . 01 intO 1 r r a i H L c  1 T . :I:’ ’’  t Ian c,’ j I C  ~

- . 1 .  ct’ ‘ i_a

in Ironic.i ] Canine IT c t c ’ ’entd ( T . ~’) .
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Parlcytop :n : T1 , ~.u ’~ ic~i lar ly t1c\ ’ : d . y y L c ’~’. T1 1 i . I , in ( [ t ~ cclvn :: . Y . H i :.: hman—

(e ( . o i c  -:u.n :festation of TCP. An eariLor study of t h i ’ ;  r~. : ip  sa ow,

active tracers has shown that severe iciuction in platelet pc4puJ. stion is due

to increased destruction of these cells ; however , the underlying mechanism

was not determined . It is well-established that sensitization of lymphocytes

in an animal infected with intracellular parasites may occur within 2 to 3

days after exposure to the agent . The study conducted during the past year

of support has examined the irr~nunologic basis of pancytoperiia in TOP. This

first report derrcnstrates the existence of rrionocytotoxic effect c;~er tod by

lymphoc ,rtes from a dog infected with E. canis. To avoid his cc::1..at LU i li ty

effects , the study was conducted in an autologous system with lyurd iccytes

(ef fect or  cells) and moriocytes ( target cells) being d~ oio_ :J In .~::: Un’ 5~~~-O

artinal .

Monocytes were prepared and cult icced ac:oc.rdir ;f, to the j n:thc.J previs :Stp

described in this laboratoryJ The cells were cultivated for 7 to 10 days

prior to use. Opt imal conditions for labeling monocytes with ~~~~~~~~~ ~~~

6established . Monocytes (20 — 30 x 10 ) were nscubct.oi with  20 ’J Hi of Cr

in RPLtI medium at 370 C for 1 hour . The cells were i_ ri::hcJ 3 Lb: .~ to l a ro Vo

excess label .

Autologous i’y’55HC:ytt~5 were separated on Fi coil— [i ,’~’. i 1:~.~ k ” T 1  : ~~~~~ The

c~ t ft~i 1 e f I  C t n I  c’elHt i:~~’t cell r ’ . .i~ H Va: : dot  ‘rmin . ’ ,[ [17 st e  ,‘ h .  [ .  e f f e c t

of v ary i n g  the concentra t ion of .1 y , lp fte :ytes re  [ ,~ti’,e to . ‘r ‘ . 2 ,0 i .S l’O t

P mi t :e Lie 100 ,m : n r . , ’lo .., to 3. r m n T:y t e  ._ i : .  i_ .’,~~’ ; nm ’’ . t t f l f ’. T . :,1, ci

i , P. B. 1’. . ,  R i  rt ic , t . ., i i ’  o : n I I , 10 P., ,n:t PH di • 1,. H :  - .

: n ia : I n  vi t o Clil [ Va t inn of LV ’ ’ C a ’i i j L  i i\: ’ I , _ T h i
C I ~S i J V i  1r  ~~ ( i / ) l i t  ‘~~io 

—

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the cytoto>:icity test. Triplicate cultures of Iabei”.t :‘:ve’ ,e. ’:, .u’J lyro; hn—

cytes at oL’ t iJrial ratios were incubated at 370 C for 18 h.~ur’:. fJ : er ’ eantr’i—

fugation the radioact ivity in the supernatant fluid was counted and e -rpnessed

as a pereentage of the ee~ ected total release. Thus , % specific cycoto:-:icity

(51Cr release) 100 ~ 
51-Cr released by test—sporit eneous release The effecttotal release—spon L aneous release

of immune serum was studied by adding varying dilutions of anti-E. canis serum

to opt imal rr~ nocyte-lymphocyte mixtures .

Table 1 summarizes the result s on release of 51-Cr from n’onocytes foils,,;-

ing intera~~ ion with lympho~~~ es ~~~m dogs with TCP . The base line at 0 day

was 5.5 % release . Following infection with E. caroLs, lycirhocytes became

cytotoxic to autologous monocytes . The earliest day of testing was day 10

after in±ocoion ~nich coincided with maximal cytotoxicity by lym;:hcoyt’o: of

dog 2135. ~~g 2136 showed the hi~~est cytotoxicit’j at day 15, and dog 7 at

day 31 after infection . Figure 1 shows the :-doc:i:: of the ::onoc~gcotcs.ic

response in dcgs 2135 and 2135. The effect of various concentrations of anti—

ehrilchia ancibcdies on monocytotoxicity of lymphocytes from dogs with TOP

was exammrlo_ . There was no sa~ eificarit efrect of to_so antibodres (with or

‘Iii thout c:cmlaroent) on monocytotoxicity (Table 2 ) .  The degree of rcr nocyt o—

toxici ty  was d irectly urcoertional to the cenoonuranion of ~‘gmhcco T te :~ relative

:o rncncctTes in:fca: Lng nest ijmiune ly::oh:cy:os ~.;‘ere offorcons of c ,rootoxicit~.’

(T:ble 3) .

The rmci :cytoto:~:ic effect  beT ci , : 11 0 _ nt  t ’ ,’c~~oo_ t l a nj I m n I’: T : ~~v ’ .: ::i t i e

‘:o’,’t : :‘~::r~ in that hi :: 1:’ons~7tws :~c ~ect: do : L~ a: RH th~ ~hiv~~ ’

in uhrnc:b ’ ’:,’te  ceo_ v (Pig. 2, Tab Le t~ )~ H; dc ’H ’’~~ff P: ’.’H: ? :L.2: i ca

, cyt rcoxic i t ’ /  ::ec:’oanc’t.

• _-t~~ ___ ._~L~~tttg~~~_~ ~~~~~~~~~~ -~~
• °
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It wa.; concluded that dogs with m a t e IOU’ showed [‘~rr: ph:cyLi—:a ’d .boteU ;:nn’i—

cytotoxicity within an autologous sysc ri. This i:c.n:::yt:stnxic ~ffeot subsided

with clinical remission of TCP. Cytc’toxicity apjTiars  to be antibody 00 c on-

plement independen t and proportional to monocyte-lymuhocyte r a t i o .

Obj ective 2. IrrTrLln e Responses in Horses and Cogs Following Infections with

Ehrlichia ~~~~ and ~~ir1ichia canis, respectively .

A. [teasuremen t of hurr.oraj and cell-mediated jjnourie r ’o_nonses in ponies

Lnrocte’~ with thnuichi a equiP

The urmun e response of 6 ponies to experimental infection with

~ crilibis eaui was studied with respect to cellular and his’noral act ivity .

Primary incmthat ion of ponies with blood derived from acutely infected

ponies crod’sced clinical ehrlichiosis between 5 and 8 days . Inoculation

with ccrc vslesoent blood or cog_n hcrnogeno_es of ponies recovered from

the ::u:: disease faliad to induce disease (Figs . 3 , ~) .  Only ponies

sbn;in g sigrs ci ehriichiosis upon primeiy inoculation with E. equi

o _ n  and long—lasting Lodarect rluoresc-ont antibooy ( iFA ) titers

an.: oali-o:~:iated (~~‘1I ) respc~~ es as measured by the peripheral blood

r rmc::an (L’ fI) cost. Cell-mediated irmcun e responses fell to

a b ane l ine ( gre iriccufLation) level by aporoxisnately day 150 . Th~ IFA

t w ~~o_ ~~~~ ~i_ lj nigh in the i_r’ L~ pen irI or co:~ ’-n ~tann C’ ililr~~

~~ of ~ 1hich r e e  0 ~~~~~~~ ~ f i ~ ~i .- i ~r

~~ c _ —
~~~t ~te ~~

— ,~~l i i c  f H to L o_ C i t l _  1 ~ l o_ ~iS T h L S

_nt~ than  folLow Lug cli ~:ciaj HirL !’Ji’i con L . ,  g n l i o .  becc’ce ceo. —

t~~” : . ’d t: d;a1L,an .c 1 H oj ia :  i ar ; by , t  st a t e  of at  ‘r i f e

H I ’  :i , r ’ ::ant ‘:f h i _ - c  r~ 1. i’d ‘ H L—:rrsii  ~n o t  i:m’ncm : r . ’a~ .~~~~ a i: 0 ’ ;  i : :

:; ith __lOin ] “‘~~~~~ :~j_~3 ,  



‘it :ei’’e da r : u; sh apHa us and 5 beog Lu ’s of both sexes wer~ e> :T:nro:en—

tally infected with Ebri lehi: canis cri.i th .~J.r co il—medi a LCd ar’s] h’on’or il

icr.un’:’ responses to this orga~tism were studied during an obser’ii_ itio ct

period of 120 day: . It was found that 58.33% of toe German shepherd: net

positive LflI test results using blood leukocytes while bO % of bea~ les

became positive . Five out of the 12 Genran shepherd s develc~ ea severe

chronic TCP and had lower CMI responses than dogs with the n’cnsevere

disease (Table 5) .  Both breeds of dogs developed high IFA titers to E.

canis. Treatment ci infected dogs with untilymphocyt e serum (ALS) di~

not result in detectable harm ful or beneficial effects (Fi gs. 5 , 6 , 7)

in either breed of dog in the course of infection. However , some too_ni-

tory fI’:ctuation of platelet counts was noted follcwing treamcent. The

beagle end some German shepherds mounted a strong Gil resp roe  against

canes. :~ is c’:;gestod that this cellular resoc_ne ccntrinutes to

orote:ti:n agaLns’n severe chronic TOP. Data did not suggrot that E. caroLs

maiecni:n induces a state of iimnunosuppression to other antigens , i . e . ,

2 , L_2ini:rodil000ben:one ( DI’fCB ) and Old Thbercuiin (Or ) . A specific

fraction was e::oracted by colusri chrornat cgrachy f-arm m edia in odich

sensi:f’: ri lymohocytes were act ivated by co_ if , ~n ace] its obi l i~ to

~ ‘,s:e :LLg’racion was 0 e.,o:;’stc’e i_ed (I’i:,. 8)

tH-::tive_3. Fio;t—P.aras ite—Vector R~letionsh ip in Ffcr liohiaai:

It~’o~lo:rmt of ~~~~~~~~~~ 
in th tie]-, fcw r’:e ni~ dna in

( ‘ . ‘~‘t a trm as pects of the 0 n’-r ’do :To’c t of TTm Li i , H  :,oc u; in  l h i v : a e d ’ ; ml :::

‘n s:r’vh t .i~~s t ich: ;; ece stuti .:’] . It was [tend di ; :  in ’ d’aciii:, nf l.

: ‘o_ t ’:O n~~ phs ~as o des ribi. :, H not .:l ’2 , :: : L : , ‘ ‘ L  ii: ::: n ‘ va it O t

~r ’ s .urco, ;sfu,l infer ’,t~ c mn of 0og: wi~i: :‘ar a t ’  it  . 1 i b. ; .  5 cm

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -.--.-~~ ~~~- ---
~~~~~~~~~~~ - - ~~~~~~~
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unclear Oma thee tick f e ” h o g  11:0  cid000 the r m rcu’en or altea’ :’] thai

virulence or elu’lichiae within tick tissues . The pimo n cmnem :n nay be

similan to rickettsial “reactivation” whereby feeding by carri er ticks

stimulates the transformation of av irulent R. r iokattsii  OH anions into

virulent forms .

Ehrlichia caroLs organisms were detected by ict ’am ’ ut It m a  ascent micros-

copy in the ruidg’ot and horrocytes and by electron ciOa’,:;e :’f’,’ in the midgut

and salivary glands (Figs. 9 , 10 , 11, 12) of partial ly Oh r~~ ” 1 aJni t

tichs whIch had been infected as larvae and nymmhs . Ct ’grmlnac: were not

cbserved in the ovary . Intracytoplasmmic inclusions contained 1 to 80

elementary bodies, each surrounded by 2 distinct rnes] ranes . Infection

of the midgut and salivary gland sea confirmed by injecting L’au cyenate:

of these tissues into susceptible dogs (Fig. 13). Staining of gut smears

of :erm±afLty engooge’J adul t tichs 5’; fl :c:n-:caln-cc’::ju ;:te’n anti-LI c_ni:

was found to be a reliable indicator or the mntcctirn .

F mbiotlc rickettsiee (Figs~ lu , 15) rrorpinof:gicai,lv distinct from

ehrlih”mia were re_nd in tick ovaries. Dana derived in the present study

supm :rm earlier findings that transovarial tick tr_nsndisi:’n does riot

coc’er lam E. CeO~~O .  In epiderniologicci L Loa m: , til e via_n: that  carrrer

dogs r main ’the principal source of E. cani: in nature . 1k :oa~’er’, r~~c_nc

st in: in cur ;‘ir’neto~/ 0_nonatrated H -Ic t:’ :m.:m:r: Ici t o  . ‘,

rtt cr:c: (] Y~~5 only .

B. Coc.::a ” ‘wan i n f o : : -  Lou,: in th H. c_nib clot B. c mi: .

i t  woo U c ’m t  t l i~ t c .n_nor’ent LH ’:t ions  of E. -:usnis _n 1 H .  o H  a

were :: mrH d by more severe ‘;i ; :m.  t han t:h ’roi T’ , ’n..’ ”  I in d ~ys .H i _ c .

wi th ‘j’. t . :,i ti ,~:nt
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Ob~e:t in’~; 1m . Control of Canine Di,x ’tithire: Ls n i  H , H : :  i ’ ’~i:; in ‘ b m ± i L o u ,

Lahi_cysi:, c~ ci the U.S. , and Public I lo virim ken:’, 0 ~ ul t i io . ;ci to

C ilaborativo x’ -�searoh studi ,53 eent io t’a :  by ;~n rf 
i_ arcing indirect

fluorescent antibody tests for  canine et”c’licniosi: mi babesiosi: ccnta ’buced

to the epidamiolo~~ and control of outbrea1cs of these diseases . U . S .  Army

units involved in collaborative effort s arar

1. i’tecfie’rl Component SEATO Laboratory , Ban e]-zok , Thailand , c/a L’i”I L’ i . ’ : C .

Davi’to.:n , Jr.

in. an epizoot ic of canine ehrlichios is anon; 316 mailin.ex ~; di_ g u

(Pakch:ng area) , 161 serologically positive cases were id_nti~ ico t.

Fifty~f:ur of these dogs exhibited clinical signs of the disease. Other

sorofo bic studies ci chrlicniosis among dogs in widely ~e~ar~t~d

rena_na or soaicano suggest that tu~ cascar a 15 eric_nrc in

The e:iz:otic is bein g controlled by the elimination of tint::, serologic

iciecrific_nion and treatment of carriers with 30 ira tetracycline per

~xaon: b ody waicht oar day for li~ f~;;~ , and by continuous daily :‘regtiy—

lactic atmini:t_nt ion of 3 mg tetracycline coo no_nd body weight per boy .

of ~c_nl ro_ea:rre: urmoed :-soel’ogic r ?nission on two—

or the ceo_is :‘ o ’tou; ch~ met : ‘: 1: .

Los I , Th~ t b  ant concocted rel o It ic ix min,~ [i so  of rn~ e

one lot  ‘ - :o. m s :ph 2rd Jr
~

rn vat ::: in~, to tar U.S .  i~~r F’orce unit

-on .: I .so. ‘dii ci_ it ,m: in the coerce-s of rHo ratien to

OhIuu,,, , m -mi _ i l i n c r u; r’ , is t r r ru ’ drt 1i ’:omoi _ t dc’~;: rot I’~ n i _ i - h t i a r a ’.;

1 i t  a n t  -wa m a 1 15 j i  it .‘ P ii

t o ,  f t  are i v i t ’ r mm v .
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2. i’I-i-Jicai ita:ear ’:h t h b t , t eeda Levi ’;: ~~J i gI . O i , a / I  t iC t o i ’; :h C .

t t ~:~~~ai~n t\arcy dog wing — Puleda , J coo ‘ , I I  p H , ‘ ‘ t m - a c  ref L i t e r 7

instulij t icr::, rai d civilian dop: L ore L a m  sore n-H ~~ ‘ ;  cc m ania a:

babesia an t ibodies . A~eng 130 ci i_g ; , 23 bara ,i .~ , e : 1  2 t i c  L i n t ’, a :

were detected . Anemia noticed in these dogs was anr ir”e:m:Iy doe to bob -am-

sis . Another 112 san ple: of mcii military and ~eiico dogs received by

way of i telaysia revealed 26 ehrlichia reactors . Epidaniologlo so_die:

aim-ac at esnebli:hie’ig the incidence of ehrlichiosi: and b eboalosis in

i-taLc mi.a is being continued .

Eno’iog the last decade , bab’esiosis has been reoeguized to of I

h i_nan heL-oc: an’S cause severe disease and fatality . Thus far , 114 c~a3es

o f th e oticoese ha’;e been retorted . A n rrbcr of cases of ncn .grccific

fever among miUtar~’ and civilian personnel no . e also been reported in

t o :  LTC I’m-roll . Exantoartion for :obeo’L a  an: inemL’es of 213

human ocra icon than country revealed 15 tosi:i’;e samples . These sara

ori;in_ned from cccii olanter s , a rtaterriai-ccr’d blood study , L . U . O .

cmrnt-a Io:nital , and the Buki: Lao ‘ on; anna .  Future plan: of this ~‘mogrwaT.

are ‘n o corer -wit to isolate batoasia a r-wi t h e  b Lact of :m rof:g ia :iily nsoinive

pat i-~_ns air ing animals mach an Lao ~ -ro am di;~~.

3. Di ’r : io: of r
~~~

t O
O~~~~

7 Co_ Loin :, ‘.. :- A II R , c/ : Jf ~~ Ha-mood H . id ‘ : bom a r .

F :en’he,nso:m taco c - ac’ ,‘ :  m e  a : :a ’ t rot or of tb:: ,d: ’ a: c— ai

wa-- c a n o e :  wiwor ris a; u’ell as the I o m n o , . r r i _ 1  i e : c ’ea t ipmt : r  ccl c-wilt mid :::: 10

au--i 5 : -  - ‘ a ‘ :o - : r; ’ t ~~’~ of c- ; i h m  bl ,o mci 1 i: , ’ m : a ~ euco,~ :: i t f r: ’’ c o t

c iv il i an  ‘t : ~:: in the U . L .  The i m o t ,;t :t r / c :-ormdu:t c’.i in the IS.

the  past y m i r  cuoc:cte i ,_n r : 1 n t w i . h  of H r c ~’,i  h i  afro Or-i wi’, : 1 w ,  Li Pr

Tn e l .cur ;l :ltla , : O f 5~ 14 :1 ‘r , a . 1 114 - rn - ’ ’ :ere ’c’naicclly 0 ’oiti’ -~

A
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for etartichiosis. [tore than 2 dec o of i t - n o u a ’,n a r e  u r ’ a . i t H  ri a

Phoenix anim a l hospital for varyirm o degrees at ep istaxis and other

clinical signs of chrlichiosis .

A military dog buy ing team from Ucicklend ALL purchased 514 bog: t ao_c

the Phoenix area for military use and shipment to KadJna AEB , Chinawa .

Serologic examination of 12~ dogs from Lackland revealed 21 positive;

11 of these reactors were amrong dogs purchased fran the Phoenix area.

The study of canine ehrlichiosis epizootic Era the Phoenix area and ins

relevance to the purchase of military dogs is being continued .

Lm~ Division of Experimental Pathology , c/c LTC Paul K. fiildebran-dt .

Autopsies for histopathologic and electron microscopic examinatian

of tissue lesions in horses infected with Ecolichia eaui were terforraaeci

at tons station by researeners from the Diviston of Experimental PatncLogr

at .Zlf-l tm- . Examinetoon of these tissues is now in progress.

Ac oitional cases of canine ehrlichiosis were id-ontified serotogicodly

in the following states ; Arizona , 5; California , 1; Florida , 5; Georgia ,

10; iLlinois , 3; Nais e , 1: Massachusetts , 2; Ohio, 2; Texas , 5, cs-ad

Virg irma ; . 1.

u:. ct: ;cLa3:iL3

:; into the ttr.uoopathologic basis of -ear Ly nano ;t w:-::a io in TCP

a - - ‘ ‘ a  dod the :  <:ut ivotod lymphocytes from an infected -,nimal eaar ’t a sot a t — : , 1:

e:fntc: on annologous mcma :’:’rt-ra. The um iJ-r:o ’lying r:ath,aoi:,n could b e _ n  to . caL:;—

aead ’:-,i ra ~a o_ cmno alteret inn of i n f e ct r m t  ant ~~o_ i_~~, : c ’ - a n : . :’ . , ‘ “ :-: i

n - ocr -s to be or rib ot ,’ m mml aam:.t:1: n-ant i t ;  :o’:adent . S Lu IL-  wi ~‘n ‘ ‘-os cac:aorn

m c c c  t i g et i o n  of the vu: iLl : i -;.:is ar’a’ at a imril,lr b::,:som ma a - 
I m o o  sara::

- ] t f ’ : t t i f l g  L ,nj i  O t ; j ’ i O , t b ’  1 - t n i o t i  0 ot u h i ’ t m  saw-c to  ‘ a . :~~~ : , m t m . :
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- most pronounced patho— physiologic leo L_n in th m,s ni:;~nc;e.

Cell-mediated irirnunity was demonstrated in horses and dogs infected wi th

E. egul and E . conic, respectively . A recovery from the acute phase of in-

fection in horses is followed by sterile protective irrrnun ity , while in dogs

this irrrnunity depends upon persistence of the organism in “carrier cLogs .”

Study of the development of E . canis in Rhioic ’odmclus sara gomn a’s: ticks

revealed the presence of the organism in the midgut arid henocytes by immune-

fluorescence microscopy and in the midgut and salivary glands by electron

microscopy . It was found that prior feeding of E. a nnie-infected nymphs was

necessary for successful infection of dogs with rnaiernted ticks . The pheno-

ar-anon reseiroles the “reactivation’t principle whereby feeding by carrier tichs

stionsiates the transfon-ration of aviru lent R. rickettsii into virulent forms .

The organism was not detected in the ovaries of Lufe’rtcd ticks ruling out

transo-;ariel tick infections and suggesting that carrier dog: recoin the

principal sc ar-ca of E. caroLs in nature .

Collaborative research studies with the U.S. Arrrj t’:edical Research Unit

a : the hPdi La , Thaildrad , and Malaysia have resulted in the development of

effective means for re’-oigrition and control of canine iahrlicniosis and

b.aoesio:io - : ‘ninootics in the U .S.  and abroad .

a’ ” ::,_ I .  -

h-n il:, Co::’C : H.,  J r . ,  L’o: ;cLl , Un—rU U., Run ;tl:, CL c,trn:, ,mr:d Johnson.

~‘-nthonv J. : h- ::-;a im,’:nt r l ly ;:J :c’:’i L:J.ecc- ion of i1” -U~~ 
Cto , and omi’ nun

ttrirr-c:’os a- ; i th  Enril ‘ c m i .  Etio l -;tic ~
‘-a, rum : of I ~aaa ’

i’-ri J V t P-os , 3-~ (1) , 1)75: : — ~ S .

lto- i r -h , i’o : , , tL t  D . ,  ‘itced I , m a ’ : , ‘. t ’i  m i t e r , Rit e , m3y :-r1’; , C. S., an t I: ti :’ ,

i’t Hc’-’my : I- ,- h UrL-au in ,t~ 1: 1 of , 1 , - :1-;: St r a i t  c L  FI r: id~~-t c a l m,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T: :,. ~~’ r, ar ’c,,. .~~’ - ’ - ” ’ - — - - - - ---~~ — ~--
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th e Ca:aetiva Agent of ~~~~~~ ~~rlicJaL-n: is ( ‘ i r ’~, U: al Can ieee !tco~~ot .ommia )

JAL’J IA, 166 (2 ) , 1975: 172— 17 14 .

Smith , Ronald D . ,  Ristic , Miodrag , Huxsoll , David H . ,  and Baylor , P~ichard A. :

Platelet }Kin etics in Canine Ehr ,tichiosis : Eviderice for Increased Platelet

Destru ction as the Cause of Thrcirfucytopenia. infect C L-rmun. , 11 ( s ) ,

1975: 1216— 1221.

Weisiger , Rita i t . ,  Ristic , I-Liodrag , and Huxsoll , David L . :  Kinetics of

Antibody Response to Enrlichia cari is Assayed by the Ind irect Fluorescent

Antibody Method . Am J Vet Res , 36 ( 5 ) , 1975: 689~ 6 9 4 . 

~~~~~~~~~~ ~~~~~~
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Table 1.  Release 51* Cr from monoc ytes fo l lowing in te roc t i on  w i t h  ly mpho-

cytes from dogs wi th TCP w i t h in  auto logous system .

Days Post i n f e c t i o n

Dog. No Test System Acute Phase Chronic Phase

0 10 15 31 40 45 53

2135 Lymphocytes alone 5~5* 75.0 46.0 33.5 25 .3  2 2.0 12 .1

Lymphocytes & heat-
i n a c t i v a t e d  i m m u n e
serum 0 80.0 42.5 50.0 40 22.0 35.0

Lymphocytes & fresh
in ’j im une serum
( complement) 3 .5  76.5 43.0 48 .5 38.0 35.0 36.4

2136 Lymphocytes alone 0 .5 45 .6  81.5 64.0 53.0 36.0 40.0

Lymp hocy tes  2~ heat-
i r a c t i v a t e d  i m m u n e
serum 1 .0 44.0  73.0 75.0 5 5.0 34.5  41 .6

Lymphocytes & fresh
imimi une serum
( comp l ement) 2 .0  48.0 7 9 .5  80.0 49 .6 40.0 42.0

7 Lymphocytes alone 0 66.0 55.0 77.0 3 1 . 5  30.0 45 .5

Ly mp hocytes & hea t
inac t i v ~ ted i m m u n e
serum 0 49.0 54.5 78.0 36.0 29.5 41 .0

Lymp hocytes & fresh
i r m mune  serum
(com p l ement) 0 62.0 52.0 64.5 3,3 .0 29.0 50.0

*percent 51 Cr re lease  a vera g e o f 3 s am p les .
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T o b le  2. E f f e c t  of serum d i l u t i on  on r e l eese of 51 Cr i ron monoc yto’s upon

i n t e r c r c t i ’m ~i ith immune ‘ a c u t e  p h a s e ’ lymphocytes w i t h i n  a uto log oos system .

Dog 2135 Scr u r ’ i  D i lu t ion

Source of Serum 1.5 1:20 1:40 1 :200 1:800

Autologous 68.0* 64.5 70.0 69.3 69.0

Isologou ~ 74.0 71.3 67 .0 73.0 68.6

No serum 72 . 5  foi 6 69 .0 70.0 71 .0

*percen t 51 Cr rel ease avera ge of 3 sam p le s.
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Table 3. Effect of target cell - effecto r cell ratio on cytoto xicity

measure d by 51 Cr rele ase.

Ra t io Do q No .
M onocyte - Lymp hocyte 2136 2135
(target ce ll) (Effector cel l)

1 :1 95 * 12 .0

1:10 10 .0 7 .0

1:20 16.8 19.5

1:40 30.0 26.0

1:60 55.0 45 .5

~~:80 78 .0  65.0

1: 100 80.5 75.0

1:200 80.0 77 .5

* pe rc ent ~~Cr re lease.

- : ~~~~~~~~~~ 
-
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Ta b le 4 . Temporal relationship between results of monocyte cytoto xicity

test  and th rom b ocy te coun ts .

Dog No.

2136 2135

Day s Pos t- Percent 51 Cr Pla telet Percent 51 Cr P l a te le t
In fection Release Counts Release Counts

0 .5 359 ,000 5.5 400 ,000

10 45.6 135 ,000 75.0 260 ,000

1 5 81.5 72 ,000 4 6 . 0  29 ,000

31 64.0  47 ,000 33.5 23 ,000

40 5 3 . 0  29 ,000 25 .3 250 ,000

45 36.0 33 ,000 22.0 300 ,000

53 40.0 250,000 1 2.1 296 ,000
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Table 5. Results of the leukocyte mi gration inhibition (LMI ) test in German

shepherd dogs infected with E hr l ich i a can i s.

Dog No. Cl in ica l  Maximum Day After
Disease % LMI I n f e cti on

115 Nonsevere 75.0 51

1 1 7 N onsevere 56.60 53

118 Severe 31.6 0 52

120 N onsevere 31.1 0 21

123 N onsevere 25.0 54

56 Severe 26.0 79

59 N onsevere 76.0 26

Mean ~ LM I for nonse vere — 52.7 .

- 
Mean ~ L~t I for severe - 28.8 .

J
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FI G.  6 .  Le ’ 4 kocyte  m igrat ion inh ib i t i on  tes t , indi rect  f 1uo ro ~cen t
asatico d~ ( IFA ) t i t e r , and thromboc y te co u n ts  for e r - - i n  s h e , H - ’ -J tot
b .  118 th a t  had severe chronic TCP. The e f f ec t  of t re i~ ’ - ’ ent ‘n ith
anti  lynp h o c y t e seru m (ALS ) is ~tonn . ate th - i t th’a thro -’bec , to
coun ts for  t h e  dog were be 1o’ ~ 5O , O0O/ c:~rn 60 d 3 ’/ o po st in fec t i on  and
that it was not in fluenced by t ren toent wi to ALS.
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ant looc y ( I FA )  t i ter , and thrombocyte counts for be ag le do t No. 77
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thr omoo cyt osis.

-



Fi qur e 8

— 
I I I I I

PART I AL C H A R A C T E R I Z A T I O N  OF
M I G R A T I O N  I N H I B I T I O N  FACTOR
THROUGH SE P H A DEX C - 100

0.o— -

FRACT I ON I

- 0.6 —
IL!

BOVINE SERUM

, , ; 

‘: 

- 

A L B U M I N

\ \ FRACTION 2 I

O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 
_ _ _ _

5 10 15 20 25 30 35 40 45 -

- . TUBE N U M 3 E R  -

FIG.  8. Par t i a l  cha r a c te r i za t i on  of m i o r a t ion  in n i b i t io n  t a : t o r  (~~IF)
m o o  ~ Eh r l i c h ia  c a n is - in fec ted  beag le dogs t rt ro urh s~~no idn,< t -1CO .
hig r at ion inhibition factor was eluted at about the sa~e l ’~v-~1 as
b o v i n e  se rum a l bu m i n ( 3 S A ) .  -
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