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I .  GENERAL INF ORMA T ION

Severe losses and prolonged morbidity effects which tick-borne ehrl i-

chiosis and babesiosis cause to the U.S. Army dogs prompted initiation of

this project. Thus , initially the project was strictly problem oriented

I - toward acquiring knowl edge needed for the development of control measures

‘ 
for these diseases . Valuable research findings were made which provided

for specific recognition of these diseases in the field and for monitor-

ing the effects of chemotherapeutic and prophylactic measures . Implemen-

tation of control measures is being conducted in close collaboration

with the Division of Veterinary Resources and the Division of Pathology ,

Walter Reed Army Institute of Research and its overseas Medical Research

Units in Kuala Lumpur , Malaysia , and Bangkok , Thailand. During the past

1 year , an additional request for collaborative assistance was received

from the U.S. Air Force by way of the Walter Reed Army Institute of

I Research. As of November 17, 1976, 528 sera (representing more than

I 
2,000 serolog ic tests) from dogs assigned to protect various U.S. Air

Force bases in Southeast Asia and elsewhere were examined for evidence

of exposure to ehrlichia.

As research on the 2 diseases progressed , it became apparent that

I the pathogenesis of canine ehrlich iosis , particularly the syndrome

I 
termed tropical canine pancytopenia (TCP), was imunopathologic in nature .

Cell-mediated and humoral responses related to infection with Ehrlichia

I canis have been revealed , and their properties described . These findings

may provide information on the occurrence and mechanism of similar

I ininunopathologic manifestations associated with various infectious and

non—infectious diseases of man and animals in which thrombocytopenia

is a prominent pathologic manifestation .

‘ I
- ~~~-~~~~~~~~--- —-:
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II. SCOPE OF RESEARCH PRIOR TO 1976

A. ~~~nts Used i n the Stu~~
Ehr lichia canis is a type species for a group of small pleo-

morphic rickettsias found predominantly in circulating monocytes of

infected dogs. The organism is naturally transmitted by ticks and

causes canine ehrlichiosis characterized by fever, anorex ia , leuko-

penia , and thrombocytopenia. A syndrome typified by the occurrence

of epistaxis in dogs infected with E. canis was termed tropical

canine pancytopenia (TCP).1 The etiologic agent was fi rst recognized

in tick-infested dogs in Al geria.2 A peculiar strain of E. canis

which predominantly invades circulating neutrophi ls and eosinophils3

rather than monocytes which are commonly affected has been isolated

recently in the U.S. Both strains form inclusions (morulae) in host

cells. This latter strain resembles , and may be identical with ,

Ehrlichia
~~~

j, the etiologic agent of equine ehrlichiosis. Infection

‘ 
of horses with E. equi is manifested by fever, anorexia , stiffness

and edema of the limbs , and thrombocytopenia. The agent is found in

the cytoplasm of neutrophils and eosinophils and is easily detectable

in these cells at the time of acute infection . The taxonomic classi-
8

fication of E. ~ j~j  has not been clearly defined , however , it has been

1 . Huxsol l , 0. L. and Hildebrandt , P. K. Tropical Canine Pancytopenia
(Ehrlichiosis). In: R. W. Kirk (Editor), Current Veterinary Therapy , V.
Small Anima l Pract. W. B. Saunders Co., Philadelphia PA pp. 369-371.

2. Donatien , A. and Lestoquard , F. Existence in Algeri e d’ une Rickettsia
du chien . Bull. Soc. Pathol . Exot., 28 (1935): 418-419.

3. Ewing, S. A. and Philip , C. B. Ehrlic hia-like Rickettsiosis in Dogs in
Oklahom a and Its Relationship to Neoricketts ia helminthoeca . Am. J.
Vet. Res., 27 (1966): 67-69.

- —~~~~~ — — ~~~~~~~~~~~~~~
-
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proposed that the organism should be grouped with the agents of the

genus Ehrlich ia , Order Ricketts iales .4 The ability of the agent to

infect a variety of animal species , including dogs , distinguishes

it from other previously described ehrlich ial agents , i .e., Ehr lichia

card s, characterized as having a narrow host range .5

Two strains of canine babesia were used for immunosero logic

studies in collaboration with various U.S. Army and Air Force corn-

ponents.6 These are Babesia canis , a domestic and a European strain ,

and Babesia~~~bsoni , isolated by the U.S. Army Medical component

SEATO Laboratory, Bangkok , Thailand .

B. Irnunologic Studies

Development in our laboratory of a method for in vitro cultivation

of Ehrlichia canis , the causative agent of TCP , provided a means for

production of antigens needed in studies of the immune response in

f 
infecced dogs .7 In an effort to achieve urgently needed diagnostic

procedures for TCP, the antigen generated in cel l culture was success-

fully appl i ed to development of an indirect fluorescent antibody (IFA)

Stannard , A. A., Gribble , D. H. and Smith , R. S. Equine Ehr lichiosis: A
Disease with Similarities to Tick-borne Fever and Bovine Petechial Fever.
Vet . Rec., 84 (1969): 149-150.

5. Lewis, G. E. Jr., Huxsoll , 0. L., Ristic , M. and Johnson , A. J.
Experimentally Induced Infection of Dogs, Cats , and Nonhuman Primates with
Ehrlichia ~~~~ Etiologic Agent of Equine Ehr lichiosis. Am. J. Vet . Res.,

~~fl ~’7~ : 8~-88.

6. Ristic , H., Lykins , J. D., Smith , A. R., Huxsol l , D. L. and Groves , M. G.
Babesia canis and Bahesia ~ibson i: Soluble and Corpuscular Antigens
Isolated from Blood of Dogs . Exp. Parasit., 30 (1971): 385-392.

7. Nyirtdo , M. B. A., Rjstic , M., Huxsoll , D. L. and Smith , A. R. Tropical
Canine Pancytopenia: In vitro Cultivation of the Causative Agent -

Ehrlichia can is. Am. J. Vet. Res., 32 (1971): 1651-1658 .

H

-8———~ ~~~~~~~~~~ ~~~~~~ 
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test for diagnosis of the disease .8 The test provided an accurate

I and sensitive means for laboratory and field studies of TCP. Dy

use of this diagnostic method , the disease was detected in many parts

of the U.S., South America , and Southeast Asia. Three major practical

applications of the IFA test have been : (1) the isolation and iden-

tification of E. canis from various geographic regions; (2) detection

I of TCP-free dogs for safe return to the U.S. from Southeast Asia ,

- and (3) monitoring the effect of chemotherapeutic procedures being

tested as mass control measures .

A similar test was developed for diagnosis of equine ehrlichiosis

caused by Ehrlichia equi .9 The antigen used in the latter test was

isolated from equine buffy coat leukocytes collected during the acute

phase of the experimentally -induced disease. Serologic cross-reaction

between E. canis and E. ~~~ was established using the IFA method.

Anti gens of the 2 organisms were used in the detection and measure-

ment of cell-mediated immunity (CMI) in dogs and horses infected

I with E. canis and E. ~~~~ respectively. Twelve German shepherd dogs

I and 5 beagles were experimentall y infected with E. canis and their

cell-mediated and humoral responses studied over a 120-day period .

( 
Fifty percent of the German shepherd dogs and 80% of the beagles

— .1 were designated as positive in the leukocyte mi grat ion inhibition

I (LMI) test using peripheral blood . All dogs developed hig h titers

1 8. Ristic , H., Huxsoll , D. L., Weisiger , R. H., Flildebrandt , P. K. and
I Nyindo , M. B. A. Serological Diagnosis of Tropical Canine Pancytopenia

by Indirect Immunofluorescence. Infect. Ininun., 6 (1972): 226-231 .

1 9. Nyindo , H. B. A. Immune Responses to Ehrlic hi a card s and Ehr lichia e~ui
in Experimentally Infected Dogs and Po~Th~. HTD thesis , University of
Il linoi s, Champaign-Urb ana , IL (1975).

— ~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _  a~.-— - - - — . a s- -
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in the IFA test. Treatment of infected dogs with anti-canine lympho-

cyte serum (ALS) did not alter the course of infection in beagle or

German shepherd dogs . Data derived from the use of 2,4-Dinitro-

chlorobenzene (DNCB) and Old Tuberculin (OT) did not produce con-

clusive evidence that infection with E. canis alters the preinfection

level of a state of immunocompetence.9

C. Immun~pat~~~~ jc Stud ies

The pathogenesis of thrombocytopenia , a consistent pathologic

manifestation of infections caused by E. canis , has been studied but

the mechanism has not been clearly defined . On the basis of the

finding of hypergammaglobulinemi a and plasmacytosis , an immunopatho-

logic mechanism of thrombocytopenia in TCP was proposed .10 In a

recently completed study , lymphocytes from dogs infected with E.

canis were shown to exert a cytotoxic effect on autologous monocytes

using 51Cr labeled target cel1s .~ The 7 dogs were tested for autolo-

gous cell-mediated mortocytotoxicity prior to inoculation and a pre-

inoculation base line of 0 to 5.5% was established . Between day 10

I 

and 15 post inoculation (P1), cytotoxicity reached a peak (79%) and

gradually declined , showing 12 to 34% values at 60 days P1. A

I direct relationship between cell-mediated monocytotoxicity and throm-

— 
bocyte count was demonstrated ; the greatest degree of cytotoxicity

I coincided with low platelet counts during the acute phase of disease.

I 10. Buhles , W. C. Jr., Huxsol l , D. L. and Ristic , H. Tropical Canine
Pancytopen -ia: Clinica l , Hematologic , and Serologic Response of Dogs
to Ehrlich ia canis Infection , TCLY-a cycli ne Therapy , and Challenge

I Inoculation . The J. of Infect . Dis., 130 (1974): 357-367.

11 . Kakoma , I., Car son , C. A., Ristic , M ., Huxso ll , 0. L., Stephenson ,

I 
E. H. and Nyindo , H. B. A. Autologous Lymphocyte Mediated Monocyto-

I toxicity in Tropical Canine Pancytopenia. In press , Am. 3. Vet. Res.
(1976).

I I 
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _  
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I 

Maximum cytotoxicity preceded the l owest platelet counts by 1 to 2

days . By 45 days P1 , designated as th e onset of the chronic phase

of disease , platelet counts began to increase whil e monocytotoxi-

city fluctuated at a low level . Monocytotoxicity declined during

I the chronic phase , but persisted at a significant level of 35%.

The effect of various dilutions of immune serum on cytotoxicity

was studied . Addition of immune serum resulted in min ima l enhance-

ment of monocytotoxicity . The cytotoxic effect was directly dependent

on the concentration of effector -~lls , being optima l at an effector

cell-target cell ratio of 100:1. The degree of cytotoxicity was

not significantl y affected by treatment of the lymphocytes with anti-

canine i mmunoglobu lin and complement.

I

I
I
I
I
I

I

‘

I

ç
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III. REPORT OF RESEARCH COMPLETED DURING THE YEAR 1976

A. A Platelet M~~ ration Inhibit ion Test for Canine Ehrl i ch iosi s :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
to indirect

fluorescent anti body test.

1. Introduction

Severe thrombocytopenia is a major part of the pancytopenia in

canine ehrlichios is. Platelet survival time is shortened presum-

ably due to excessive platelet destruction .12 The disease induces

both cellular ~ and humoral8 responses and it has been proposed

that the immune response may cause pathologic changes)°

Recently a platelet migration inhibitio n (PHI) test13 was developed

to measure antiplatelet antibody in human idiopat hic thrornbocyto-

penia. The present study was devised to investigate the applica-

bility of this techni que to the detection of antiplatelet activity

in canine ehrl ichiosis and to compare the kinetics of this response

to that of the specific antibody detectable by the IFA test.

2. Materials and Metho d s

Collection of_~~~~~~m les : Serum samples were col lected from

9 adult beagle dogs known to be free from ehr lichiosis for use

in the determination of the base line for the PHI activity .

Four of the dogs were each inoculated with 10 ml of whole blood

from a dog chronica ily infected with C. canis. Two dogs were

— also inoculated with 10 ml of normal dog blood to serve as

12. Smith , R. 0., Ristic , H., Huxsoll , 0. L. and Baylor , R. A. Pla telet
Kinetics in Canine Ehrlichios s: Evidence for Increased Platelet
Destruction as the Cause of Thrombocytopenia. Infect. Immun ., 11 (1975):
1216-1221 .

i ~ . D ’;-;~~~ ny , R . J . I ( ‘( ‘f l t ’~~~ I D. r . ~~~~~ P•-,t (‘fl , 1~. H . P1 el et ~!i gr~i tjoii
Jr ~~HHtj on :  A ~~-I ;-~~ ho~ for UaLr-~ ~on o~ ~I I tC1 .~ t An ti t iJ i~~-.. jil uod ,

~ 46 (197.6): 741-747.

1’  _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _
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8

control s of possible anti-blood group and anti -histocompatibility

response. Fol lowing inoculation , platelet levels were monitored

and serum was separated , divided into 0.5 ml ~‘~quots , inactiva-

ted at 56 C for 30 minutes and stored at - 65 C until used .

Serum samples from dogs naturally infected with C. cards were

also tested.

~~~~~~~~~~~~~~~~~~~ A modification of the procecure

described by Duquesnoy13 was used . Twenty ml of blood was

drawn in 2 ml of 20% sod i um citrate solution . The blood was

centri fuged at 400 to 500 g for 10 minutes in siliconized poly-

carbonate tubes at room temperature . The upper three-fourths of

the platelet-rich (PRP) layer was removed and centri~uged at

1000 g for 10 minutes . The platelet pellet was resuspended in

0.] ml of supernate designated platelet poor plasma (PPP). The

remaining PPP was inactivated at 56 C for 30 minutes and clarified

by centrifugation at 7000 g for 30 minutes . In all the experi-

ments , one dog was used as a standard source of platelets . Plate-

lets collected from this donor dog did not react with preinfection

serums of dogs used in the experiments.

Platelet migration inhibition test. Medium 13 was prepared by -

mixing 3 parts of Eagle ’s minimum essential medium (MEM)a with 2

parts of autologous PPP and 200 units of penicillin .streptomycin.b

f Two-tenths of 1 ml of inactivated test serum was added to 0.2 ml

of a suspension of platelets containing 1 to 2 x 108 platelets.

~~~~~~~~~~~~

- • - - - - ---—-—------ --

~~

- - - - - - 

8Gibco , Grand Island , NY .
b international Scientific Industries , Gary , IL.

I
- .- - .
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1~~~~ 9

per ml. The mixture was incubated at room temperature for 1 hour.

Microcapil lary tubes (25)) were filled with platelet -serum mix-

ture and heat sealed . After centrifugation at 1 ,000 g for 3

minutes , the capillary tubes were cut just above the interface

between packed platelets and supernatant solution . The closed

end of the stumps was embedded into silicone-grease in the center

of a 25 mm cover slip which served as the floor of the migration

chamber.C The migration chambers were closed with a second cover

slip adhered by silicone-grease. The space between the 2 cover

slips was filled with the medium and the entry portals sealed

with hot paraffin wax. All tests were carri ed out in triplicate

and each chamber contained at least 3 stumps . The chambers were

incubated at 37 C for 16 hours . The areas of migration was

measured using a light microscope with a calibrated ocular micro-

meter at 4X magnification . The mean percent of migration inhibi-

r tion relative to the area migrated by platelets incubated with
- normal dog serum in autologous serum was calculated for each

I 
test serum .

Indirect fluorescent antibody_(IFA) test was carried out as

I described earlier.8

I 

Scanning el ect ron nii c rqs cgp )~~~rj_ppr~p~j and in~j~~ted

p~~~1et~. Normal dog platelets were incubated with inhibitory

I serum for 1 hour at room temperature. A control port i on of the

same preparation of platelets was similarl y incubated with normal

- 
CPhysical plant , University of Illinois , Urbana , IL .

- I
- I  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-— - - ——
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dog serum. A small drop of preparation was placed on a cover

glass and mixed with a drop of phosphate buffered saline (PBS).

The cover slip was then fixed with 4% gluteraldehyde and washed

w i t h  PBS for at least 15 minutes. The adherent cells were then

dehydrated by successively covering them with 10, 25, 50, 75, 85,

95% ethyl alcohol and finally dehydrated twice in absolute alcohol .

Each dehydration stage took 5 to 10 minutes. Cells were critically

dried in a Samdri PVT_d d apparatus (1 to 2 x 10~ torr) directly

from the 100% ethanol . The cover glasses ~iith dried cells were

attached to stubs with the cells uppermost and given a coating

of approximately 300 ~ gold in a Dentori DV-503 vacuum evaporatord

and viewed in a Hitachi - S 500e scanning electron microscope

at 20 KV and 200 tilt.

3. Results

The typical migration inhibition pattern is shown in Fig. 1

(a and b) comparing cells exposed to normal preinfection serum

and to post infection serum obtained from the same dog in the

acute phase of ehrl ichiosis. In some cases inhib ition

as high as 99.8% was obtained .

In Fi g. 2 (a and b), the appearance of norma l and inhibited

platelets revealed by scanning electron microscopy are shown .

Uninhibited plates show numerous pseudopod formation whereas in-

hibited platelets are generally rounded and smooth and occasionall y

dOenton Vacuum Inc., Cherry Hill Industrial Center , Cherry Hill , NY .

eHitachi Co., Japan.

- -~:-~ 
-
~~

- - ,
-- -. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~



I
fl

show evidence of membrane damage and apparent shrinkage and loss

of intracellular contents .

In Table 1 (a) the kinetics of the platelet migration inhi-

bition (PHI) factor is compared with the development of the

specific anti-C . canis antibody demonstrated by the IFA test in

German shepherd dogs infected by inoculation of carrier blood .

At 21 days after infection , dogs CS 20 and CS 19 were negative

in the IFA test yet showed PMI activities of 94% and 98 .8%, res-

pectively. Thereafter activities in both the IFA and PHI tests

were in evidence. Table 1 (b) shows the relationship of the IFA

to the PHI test performed on sera from dogs naturally infected

with C. canis. These dogs represent ehrlichiosis cases identified

in and outside the U.S. In most of the samples tested , the PHI

was positive when the IFA was positive . There was no direct

relationship as to the titer of the tests . Serum samples (81-li ,

78-8) had hi gh PHI values but IFA titers of 1:320 whereas some

samples with high IFA titers (1:1280 ) (#51-8 , 78-5 , 72-10) had

low PM! values . None of the dogs inoculated with normal dog

blood showed PMI or IFA response beyond the established base line

of 0 to 15% for PHI test and 1:10 serum dilution for the IFA test.

— Finally, randomly selected C. canis-free dogs were also tested

and shown to be negativ e in both tests (Table 1 (c).

Fig. 3 shows the relationship between thrombocyte count and

percent PHI activity in beagle dogs . Platelet counts began to

decline in both dogs when high migration inhibition activity

was demonstrab le. In Fig. 4 the kinetic relationship between

the 1FA and PHI tests in a beagle dog is shown . By day 10 a PHI

~~~~ 
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of 34.5% was measured but the lEA titer was only 1:10 . Peak

migration inhibition of 45.5 was measured on day 45. The high-

est IFA titer of 1:1280 was attained at approximately the same

time . Thereafter, the 2 activities began to fluctuate but had

not returned to base line values by day 70 (the last day of the

experiment).

Fig. 5 shows a general relationship between platelet level ,

lEA titer and PMI percent in one of the experimentally infected

beagle dogs . An early activity of the PHI is evident. Both

lEA and PHI attained maximum levels between 40 to 45 days post

infection .

B. Prel imi na h acterization of P1 atel et ~j~~~tion Inhibi tion Factor(s).

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Serum from a dog positive in the

PM! test was dialyzed against 0.15 H sodium chloride for 24 hours .

Two ml of the dialyzed sampl e was applied on a 2.5 x 80 cm G-200

column equilibrate d with 0.1 H Tris-Hcl buffer containing 0.15 H

sodium chloride. The column was eluted with the same buffer at the

rate of 16 ml per hour. Optical density was monitored at 280 oH.

Distinct peaks (I, II, III) rich in 1gM , IgG , and albumi n ,

respecti vely, were demonstrated and corresponding fractions

were pooled (Fig. 6).

Results of the PM! Test on G-200 Fractions of Normal and Immune Sera.

The peaks were concentrated by pervaporation and reconstituted in

norma l dog serum. The reconstituted peaks were tested in the PHI

[ 
test. The greatest degree of PHI (67%) was observed in the IgG peak

fol l owed by 31% of the 1gM peak. Only 10.5% inhibition was observed

— .- T?~~~ ~~ ~~~~~~~~~~~~~ - - — ~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ ~~~~~ - 
_ __ 
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in the albumin-r ich peak. Parallel studies using fractions of norma l

dog serum gave 3 to 11.5% inh ibition in the IgG-rich peak but the

1gM and albumin peaks were negative .

1. Discussion

The study described under A and B has demonstrated that

dogs infected with Ehrlichia canis synthesize humoral factor(s)

directed against normal canine platelets and detectable by a

PHI test. The activity coincided with the severe phase of throm—

bocytopenia but remained at high levels even during the chronic

phase of the disease. The antibody measurable by lEA does not

seem to be directly associated with protection h4 and may contri-

bute to the pathogenesis of the disease since it relates to main-

tenance of the long-term carrier stage .14 The present study shows

that PM! precedes the IFA response and may perhaps be one of the

earliest events in platelet injury . An early appearance of PHI

activity in IFA-negative samples from known infected dogs indicates

that synthesis of specific antibodies and/or factors reactive in

these tests proceeds at different time sequences . Preliminar y

unpublished studies have shown that norma l canine platelets can total-

ly absorb the factor(s) responsible for PM! activit y without

r affecting the lEA titer. Thus the 2 act iv i t ies apparently possess

different immunolog ic specificities . Both IFA and PHI act ivity

14. Weisi ger, R. 71., Rist ic , H. and Huxsol l, D. L. Kinetics of Antibody
Response to Ehr lichia canis Assayed by the Indirect Fluorescent Antibody
Method . Am. J. Vet. Res . 36 (1975): 689-694.

— I
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arose in response to infection with E . canis since dogs inocu-

lated with blood from ehrlichia-free dogs failed to induce

either response .

Platelet mi gration is a genuine physiolog ic phenomenon dis-

tinct from simple diffusion and Brownian movement 15 and provides

a good index of platelet function . Inhibition of platelet migra-

tion in vivo could have important pathogenic effects . An exces-

sive sequestration of platelets in the vasculature and prematu re

destruction by the reticuloendothelial system are among the

various elements contributing to throm bocytopenia. 16 Migration

inhibition would interfere with the exit of the platelets from

sites of synthesis and would also facil i tate adherence of plate-

lets to the emidothe lium in a manner analogous to the thronibo-

cytopenia associated wit h Rocky Mountain spotted fever . ’7 Results

of the SEM showed that the anti-platelet factor induces prominent

surface changes on platelets and thus may render them more vul-

nerable to direct destruction by the reticuloendothelia l system.

Although the in vivo applicat ions of the platelet migration

assay are speculative , the present findings strongly suggest

that the pathogenesis of canine ehrlichiosis has an immunolog ic

P component in which platelets may be damaged directly.

15. Lowenhaupt , R. W. , Miller , M. A. and Glueck , H. I. Platelet Migration
and Chemnotax is Demonstrated in yitro . Thromb . Res . 3 (1973) : 477-480 .

16. Wilkins , R. J., Hurwitz , A. I. and Dodds-Laffin , W . J. Immunologically
Mediated Thron ibocytopenia in the Dog. JAV MA , 163 (1973): 879-882 .

17. Hand , W. L. , Miller , J. B., Reinarz , J. A. and Stamford , J. P. Rocky
Mountain Spotted Fever. Arch . Intern . Med . 125 (1970): 879-882.
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The evidence of humora l and cell-mediated immune responses

directed to platelets and monocytes in dogs infected with E.

canis may explain the mechanism of the thrombocytopenia and

leukopenia which are the most profound hematologic manifestations

associated with pathogenesis of canine ehrlichiosis. The finding

may relate to the pathogenesis and mechanism of diseases of man

such as idiopathic thrombocytopenic purpura and thrombocytopenias

accompanying various protozoan and rickettsial diseases , i.e.,

malaria , trypanosomiasis , babesiasis , dengue hemorrhagic fever ,

Rock Mountain spotted fever. Canine ehrlichiosis may prove to

be a suitable experimental model for exploration of infectious

and noninfectious thrombocytopenias occurring in man and animals .

I

I
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Fig. 1 (a). Typical pattern of mi gration of uninhib ited platelets

when incubated with preinfection serum .
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Fig. 1 (b). Migration pattern of platelets inhibited by serum

I from a dog with acute ehriichiosis.
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Table 1 (a). Anti-platelet effect in serum of German shepherd dogs with
experimental ehrlichiosi s and its relationship with specif ic antibody
(needle inoculation).

Dog # CS 20 Dog // CS 19

Days Post- lEA PMI % lEA PHI %
Infection Titer

0 N 0 N 0

14 N 22 N 0
21 N 94 N 98.8
23 1:80 99.8 1:40 32 .5
35 1:160 99 .8 1 :40 98.6
42 1:320 72 1:160 95.6
51 1:160 NT 1:160 54.0
69 1:320 47.6 1:80 NT

90 1:160 67 1:80 NT

Table 1 (b). Relationship between anti-platelet effect and lEA in serum
from naturally infected dogs .

Dog # IFA Titer PHI %
51 1:1280 29.4
51-15 1:1280 80.0
78-8 1:320 85.8
78-5 1:1280 31.5
51-3 1:1280 48.3
81-11 1:320 52.6
72-10 1:1280 18.1
78-6 1:1280 63.2

Table 1 Cc). Anti-platelet effect and IFA titer in randoml y selected
E h r l i c h i a -  free dogs .

19 N S

21 N 3

A 5 2  N 8
iT 67 N 2

N ~ti~iI 
- Nt ~bt~t~~ted .

*First serial serum dilution used in the test was 1:10.
**Undiluted serum is used in the PHI test .

I
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C. Isol ogous and Auto1oy~us Lymj~~cyte Mediated i-Platelet cytotox i~~~y.

1. Introduct ion

it has been suggested 12 that during canine ehrlich iosis the

platelet may be a target cell of the immune response. In human

idiopathic thrombocytopenia , a disease with immunopatho logic

manifestations similar to those of canine ehrlichiosis , cellular

immunity to autologous platelets was demonstrated (Wybran and

Fudenberg , cited if Ref. 11). During canine ehrlichoisis , auto-

reactive lymphocytes directed to nonocytes are generated 11 and it

was suggested that similar auto-reactivity may injure platelets.

The present study investigated the presence of auto-reactive

and iso-reactive effector mechanisms directed against platelets

in canine ehrlichios is.

2. Materials and_Methods

Animals. Ehrlichia cani s-free beagle dogs between the ages of

9 months and 1 year were used . Four dogs were injected by intra-

venous inoculation of 10 ml of blood from an E. canis-carrier

dog. A dog whose platelets were shown not to react with pre-

infection lymphocytes or serum from dogs used in the experiment

was chosen as the platelet donor throughout the experiment .

Pr~paration and labelin g of p1 atej ets (target cells). Platelets

were prepared by differential centrifugation of citrated whole canine

blood as described in Section A . The platel et pellet was resuspended

in 0.1 ml of platelet poor plasma (PPP) and labeled with 51Cr. A plate-

let pellet obtained from 20 ml of blood was fi rst resuspended in 3 ml

— -=--= - -  - -—-—- — - —— ~~~~ UW~M-~~~ -~~~~~~~~~~ 4.- ~~~~ ~~~ -
- — — - — --
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of PPP and the platelets counted in a heniucytometer. The platelets

were resuspended in 0.1 ml of PPP. Fift een ml of a Ringer citra t~-

dextrose solution (7 parts Ringer ’ s solution , 2 parts of a 3.12%

trisodium citrate dihydrate , 1 part of a 5% dextrose) were added

to the platelet suspension . After 10 minutes at room tempe rature

the platelets were pelleted again at 1000 g for 5 minutes. Approxi-

mately 100 to 200 ~Ci of 
51Cr in isotonic saline was added . The

mixture was incubated at room temperature for 30 minutes . The

excess label was washed off with Ringer-citra te-dextrose by centri—

fugation at 1000 g for 5 minutes. After 3 washes , the platelet

pellet was resuspended in PPP.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Autologous lympho-

cytes were prepared as previousl y described~ using a ficoll-hypaque

gradient . Briefly, whole blood anticoagulated with l0~ EDTA was

diluted 1:2 in Hank ’s balanced salt solution (HE3SS) medium and 22

ml layered on a 15 ml of ficoll-hypaque. After centrifugation at

1000 g for 1 hour at 4 C , the leukocyte layer was removed and re-
- . 

suspended in 20 ml of RPMI 1640 medium . The cells were then washed

3 times in RPMI 1640, counted , and their viabilit y assessed by the

trypan blue dye exclusion method . Generally 95% of cells were
- d !  viable. 

-

Prej~ ration of serum . Whole blood was allowed to coagulate at

room temperature for 1 to 2 hours and transferred to 4 C for at

least 30 minutes. Serum was separated by centrifuy ation at 400 to

L ( 
500 g at room temperature . Serum was col l ected weekly throug hout

~~~~ 
______________ _ _ _ _ _ _ _
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the experiment. The serum was inact ivated at 56 C for 1/2 hour

and then clarif ied at 7000 g for 20 minutes.

The indirect fluorescent ant ibo~~kIFA) test was performed as

described earlier. 8

The cytotoxicity test. Preliminary studies established a

target cell:effector cell ratio of 1:2 as being optimal . Labeled

platelets were distributed into siliconized tubes and effector cells

and serum added . A group of tubes received lymphocytes alone while

another group of tubes received lymphocytes and serum . A third

group of tubes received target cells without any effector system .

The final volume was adjusted to 1 ml with RPt4I 1640 medium . The

mi xture was incubated at 37 C for 6 hours at the end of which period

the tubes were centrifuged at 1000 g for 10 minutes . The supernatant

fluid was assayed for radioactivity . The radioactivity in the super-

natant fluid from target cells without the effector system represented

spontaneous release. The pellet from these target cells was lysed

by freezing and thawing 3 times . The radioactivity in this pellet

was designated total release. All tests were set up in tri plicate .

Percent specific 51Cr release was calculated from the formula:

Specific 51Cr release = 
51Cr release from test-spontaneous rel ease

— 100% release - spontaneous release

• 3. Results

Table 1 shows the relationship between platelet count and anti-

platelet cytotoxicity in isologous and autologous systems . The

platelet count began to decrease 15 days post infection and started

to recover by the 29th day . The lowest platelet level was reached

on day 22 post infection . Isologous platelet cytotoxicity induced

~
t
~~:: i 

observed 5 days post infect ion, and
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was highest on day 29 . Whe n immune serum was incorporated in the

effector system , cytotoxicity was also demonstrable on day 5.

I 
Between day 29 and day 50 post infection , the presence of serum

appeared to enhance the degree of cytotoxicity mediated by lympho-

I cytes .

I 

No valuable data were obtained from the autologous system

since platelet yield was too low and the cells tended to clump

during the acute phase of the disease.

Table 2 shows the relationshi p between isologous platelet

cytotoxicity and the IFA titers . Reactions in the 2 tests appeared

at approximately the same time post infection (day 5). Platelet

cytotoxicity reached its peak by day 29, whereas the hig hest IFA

titer recorded was on day 43 post infection .

4. Discussion

The role of direct inniunologic injury to isologous platelets

was demonstrated . Platelet damage by lymphocytes in the absence of

serum predominated in the acute phase of disease and preceded the

development of throinbocytopenia. Thus , early lymphocyte activation

against platelet antigens may contribute to the pathogenesis of

thrombocytopenia in canine ehrlich iosis via an antibody-independent

pathway similar to the one proposed for monocytotoxicity J1 The

role of antibody dependent damage to platelets was unclear since

• most of the activity was demonstrated during the recovery phase of

the disease and persisted throughout the period of study . There
• 

was no clear relationsh ip between the IFA titer and the severity

of the disease . The antibody demonstrated by the IFA coincided

: 1  
~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ --.-
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w ith the platelet cytotoxicity in contrast to the pla telet

migration inhibition activity whic h preceded th e IFA response

in most cases (Section A ) .-
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Table 1. Rel~itionship between platelet count , and platelet cytotox icity ,a
isolo gous and autologous systems (dog II 510).

- - -  
1so1 o~ous S~~~e 

- 
Autol~ gous System

DAYS PILT L~’m~hocytés tyrnphocytes Lymphocytes
P1 x l03/mm 3 Only and Serum and Serum

0 360 12.9% 5.6% 0
5 375 25.2% 10.2% 2

15 325 32.0% 16.4% -*

22 150 30.0% 20.8% 13
29 210 36.0% 45.6% 0*

36 296 29.5% 39 .5% -*

43 300 22.3% 34.5% -*

50 320 10.0% 28 .7% 4.4
57 326 19.6 ND --

aExpressed as percent specific 51Cr release from the labeled platelets . 
—

ND = not done.
*Autologous cytotoxicity was complicated by low platelet yield and tendency

to clump during the acute phase of the disease.
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Table 2. Relationshi p between platelet cytotoxicity a and the indirect

I 

in~munof 1uoriscent antibody test (dog 11 510) .

- 
I soloqous System 

-1 Days 1.ymp h6c~ytes Lym~hocytes IFA Titer
P1 Only and Serum

I 0 12 .9% 5.6% 0
5 25.2% 10.2% 1:10

15 32,0% 16.4% 1:320
22 30.0% 20.8% ND
29 36.0% 45.6% 1:640
36 29 .5% 39.5% 1:640
43 22.3% 34.5% 1:2560

50 10.0% 28.7% ND
57 19.5% ND 1:1280

aExpressed as percent specific 51Cr release from the labeled platelets.

ND = not done.
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I 
D. The Effect of Serum ~~~~~~~~~ 

Derived from E. can i s -  I n f e c t e d

Dogs on the in vitro Growth and Develo p . t t h e P~~~~~J~
.

1. Estobl ishmen~~~f a anine M nu iear Pha~ocytic cell

I 

Tissue Culture Technique.

The canire mononuclear phagoc ytic cell (Cf’~PC) in vitro

cultivation technique develo ped by Nyindo et a1 7 and la ter  m o d i f i e d

by Huxsol 1 and Heinelt (unpublished) has been established , fu r the r

I modified , and refined in our latoratory . This CMPC system now

- provided for the continuous and reliable production of large quanti-

ties of E. canis antigen suitable for use in the WA test for the

detection of anti-E. canis antibodies .

Our CMPC culture techni que employes the use of 6 nomal dogs as

donors for CMPC ’s and autologous serum with which to supplement the

cells. Dogs are fasted for 12 hours before bleeding Lu reduce serwi ;

lipid levels. Approximately 300 ml of blood is collected from each

dog every 4 to 6 weeks. Serum harvested from the whole blood is

fi l tered first through a .45 p then a .20 p filter. Serum is

divided into 10 ml aliquots and stored in sterile vials at - 20 C.

Every 3 to 4 weeks , 40 ml of whole blood from each of 2 dogs

is collected in a 60 ml plastic syringe containing 10 ,000 units of

Na heparin U.S.P. and 20 ml of 2 .5% dextran (MW 500,000). Syringes

are inverted (needle end upward), placed in a flask clamp , attached

to a ring stand , and allowed to remain in this position for 45

I 

minutes to 1 hour . A 5-ml ali quot of the leukocyte-rich supernate

is then expelled from the syringe into 1 each of 6 to 8, 25 cm2

I

± 1
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t issue culture f l asks. * These f lasks are placed in a dry 35 C

incubator for 48 hours. After incubation , the supernate of each

f l a s k  is poure d off , the remaining at tached cells are washed

twice with HBSS and fed with 5 to 7 ml ofMEM Eagle with Earle ’s

BSS** contain ing 16.5% autologous serum and .8% L_glutam ine ***

(200 nM solution). The autologous serum is heated at 56 C for

30 minutes before adding to the culture . Every 2 to 4 days

thereaf ter , the supernate in each flask is discarde d and rep laced

with fresh media , serum and L—gluta m ine .

Seven to 10 days after planting, depending upon s p read ing,

growth , and number of CMPC ’s per flask , each flask is in oculated

with 1 ml of supernate flui d from E. canis-infected cultures. The

infectious inoculum is collected from a flask inocula ted 7 to 10

days earlier . In this manner 2 isolants of E. canis have been

maintained in our laboratory for 33 (WRAIR) and 14 (Ill.) passages .

The supernate used as inoculum usually consists of approximately

1 ,000 to 5,000 cells of which 59 to 95% contain at least one morula

of E. canis. Every 2 to 4 days thereafter , the inoculated flasks

are fed as described above . The percent cells in the supernatant

of the inoculated flasks containin g 1 or more morulae of E. canis

are monitored da il y after the 4th post inoculation day . One ml of

supernate is collected from 2 of the 6 to 8 flasks and cells

deposited by cen irifugation on a l2-w ;~ c i rcular glass cover slip

situated at the bottom of a cylindrical vial 14 mm in diameter.

—- - —-— - — - ------ — — - -- .- - - —- .- — - - - - -- — - -- - -

*Falcon 3012 tissue culture fl ask , Oxnard , CA.} **Microbiolog ical Associat es , Bethesda , MD.
***Microbiological Asso ciates , Bethesda , MD.
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ihe vi~ 1 is centri ~ucj ed at 60() g [o 1G i i n u t ~ s t ’ 4 ~~ Iiir ci rj

the cell ular content of the su perna to onto the Cover  slip.

The cover slip is removed , fixed in a~sol’~t~ ne~hanol ,

Giemsa stained , mount ed on a gicis s sli d e and ex am irii~d to deL~r- - ne

the percent cel l s conta i n i n g  1 or more n~orulae of E. cariis.

Between 7 to 12 days after inocula tion , when the majori ty of

attache d cells in each flask have “roun ded up ” and 50 to 80~ of

the cells in the supernate contain at least 1 niorula of E. canis ,

the attached and supernatant cells in each flask are harvested by

the metho d of Ny indo et al .7 Approximately 27 canin e sera can be

screened with the infected cells harvested from 1 ;sk.

The mod ifications and refinements described above have allowed

for the increased accuracy , timely reporting, and e ff i c i en t screen-

ing of more than 1740, and titering of another 230, canine sera .

This technique has provided for the production of anti gen within

the same and only laboratory performing the IFA test for canine

ehrlichiosis.

2. j u r ~~~~~~~~~~ n~~~ J the Growth_and

The closed , air-ti ght technique mod ified in ot.r laboratory for -

the production of E. canis anti gen did not allow for the sequential

evaluation of via ble attached CMPC ’s. Therefore an addit i onal and

different technique ~ias needed .

A screw-cap Lei ghton tube technique was initially evaluated but

was found insuff icient due to the tendency of culture me dia to

turn basic in pH (very toxic to CMPC ’s) within 12 to 24 hours after

T planting. This technique was not appraise d in a CO2 in cubator ,

- .-‘—-— —--.-—.-- ~~~~ -
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with loosened tube caps , for fear of bacterial , fungal or viral

• contamination of the antibiotic-free CI1PC cultu res , Three 24 well

t i ssue cul ture plates were evaluated , Into each 16 mm well was

placed a circular 13 cm g las cover slip . One to 2 ml of leuko-

cyte-rich supernatant was added to each well . A series of experi-

ments were subsequently performed to evaluate the usefulness of

such a technique for the cultur ing, stainin g, and sequen t ial oh-

servation of E. canis-infected CMPC ’s ma intained under a variety

of conditions such as in the presence of normal or £. canis

immune serum , immune serum fractions , norma l and immune CMPC ’s.

Canine mononuclear phagocytic cells attached , sprea d , and

matured satisfactorily in the 24 wel l tissue culture pl ate techni que

when maintained in a 5~ CO2 forced air incubator at 37 C . Bac-

terial and fungal contamination of cultures was rarely a signifi-

cant problem . Of the 3 plates evaluated , Falcon ,* Lilnbro ,** and

Costar,*** the Costar plate was found to be the most useful in

our laboratory . The Costar plate technique has since been used

in conjunction with flask-grown CMPC ’s to evaluate the effect of

normal and immune (anti-E. canis) serum on the growth and develop-

ment of E. canis in nnrmal and carrier CMPC systems .
3. Inves~~~ation of the Effec t of mune and N Serum on

the Growth of E. canis within CMPC ’s Derived from Carrier and

~9rmajDO~~.

*Falcon 3008 multiwell. Oxnard , CA.

**Ljmbro , multi-dish dispo-trays , Chemical Co.. Inc., Haniden , CT.

***Costar, 3524 tissue culture cluster , Cambridge , MA.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J~ - - 
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Ex periments using flask and t issue culture plate techniqu es

were condu cted to evaluate the effect of both immune and/or normal

serum on the growth of E. canis within CMPC ’s derived from both

carrier and norma l animals. Figures listed in Table 1 for experi-

nient # 1 represent the mean of 6 groups of CMPC cultures derived

from 5 separate norma l dogs . Six flasks per group were inoculated

7 to 10 days af ter ~lant ing with 1 ml of E. canis-infected supernate

per flask . In each experiment listed in Tables 1 - 4, except where

indicated differently, the fi gures l isted under the days pos t ino-

culation % cells infected were arrived at as follows : Where values

for only 1 day are listed , and where values are listed for more

than 1 day , the last day ’s values only were determined by suspending

attached cells in the supernatant and subsequently counting the

total number of cells in the supernatant per 300 cells , conta in i ng

1 or more morulae of E. canis . The method used was the same as

that descri bed in the previous section for monitoring infected

cultures . In the experiments where values are listed for more

than 1 day, the determinations were made from the cells in 1 ml

of supernatant per flask.

Numerous attempts were made to produce and subsequ ently freeze

and store a “standard inoculum ” of cell-free E. canis. Various

methods of harvesting, centrifu cjation, and freeze-thaw techniques

were employed. After ma ny attempts at produc ing and freezing a stan-

dard inoculu i:i with highly varia ble results , this effort was temporarily

abandoned. Greatly reduced viability and loss of infectivity were con-

sisten t problems . Inoculum used for experiment #8, Table 3, was

I 
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twice frozen at - 20 C and thawed at 37 C imniedia’~ely be fore use.

However , in subs~equent experiments (not l is ted in this report)

the aliquoted frozen inocu lum showed a great loss of infectivity.

Experiments 2 and 5, Table 1 , were prepare d to determine if

morulae of E. canis could be detected in cells collected from 2

proven carrier dogs . The term carrier dog is used rather than

immune dog because such dogs were proven by subinoculation tech-

niques to be carriers of E. canis. However , it was not proven

that these dogs were in-aiune to E. canis. The carrier dogs had

been infected by ticks 6 to 12 nionths befo re their use in this

study . Sera from each dog exhibited an IFA E. canis specific

I titer greater than 1:2560.

I 

Experiments 3 and 4 of the same table were designed to evaluate
- 

the effect of immune serum on the growth of E. canis in normal

mononuclear phagocytic cells; to determine if cells from carrier

dogs could be infected with E. canis , and to ascertain what in-

I fluence normal and immune s might have on the ability of carrier

i cells to become infected with , and support the growth of , C. canis .

In experiments 1 , 3, and 4, the inoculum was added to each

( 
culture and the culture fed within 5 minutes w i t h  med ia  conta in ing -

16.5% norma l or immune serum . The carrier cells used in groups

1 2 and 3 of experiment 4 were derived from one carrier dog and the

— cells used in groups 4 and 5 from a second carrier.

Experiments 6 and 7, Table 2, were conducted to evalua te the

I 
necessity of allowing E. canis inoculum to adsorb to cultured cells

for 1 to 2 hours prior to the addition of immune serum . The growth

I of C. can is in normal and carrier cell s in the presence of normal

- I
- - 
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or immune serum were re-evaluated . The cells used iii groups 4

to 6 and 7 and 8 were from 2 different carrier dogs .

I Experiments 8-9, Table 3, were designed to determine the effect

I 
of incubating the inoculum with various dilutions of immune serum

on the growth of C. canis in normal CMPC ’s . Since the inoculum

I for all of the experiments contained cell bound as well as cel l

free C. canis , the adsorption time for experiment 9 and subsequent

I experiments was extended to 2 days . This prolonged adsorption

time would allow the ehrlic hiae released from any inoculum cells

which may have been trapped in the culture to be exposed to the

serum in wh ich the inoculum was incubated. The 10 or 30 minute

incu bation period prior to inoculation would , of course , expose

the cell free ehr lichiae to the indicate d serum prior to inoculation .

Experiment 9 also represents the first attempt to estimate the

number of E. canis infected cells per inoculant introduced into

each flask in each group.

Experiments 10 and li in Table 4 were performed to conipa r

the effect of fresh vs. heated immune and norma l serum , when incu-

bated with inoculum prior to a 2-day adsorption , on the growth of

E. canis in both norma l and carrier macrophayes .

r The objectives of experiment 12 were the same as those of 11

with the exception that the cultured cells were collected from

carrier dogs (2). Cells from a normal dog served as a control on

r inocu lum infectivity .

4. Results

The consistency with which normal CMPC ’ s, maintained in norma l

serum , could he infected with and support the growth of U. cani s

- 1

~~~~~~~~~~~~~ ~~
—

~~
-- -

~
-— - - --—‘----- - 

- 
- - -



I
39

was esta blished in the 6 groups of flasks usr’d in experimen t 1

(Tabl e 1).

Morulae of C . canis were not detected in non-inoculated cells

derived from carrier dogs in experiments 2 and S (Table 1).

The continual presence of immune serum before and after inocu—

lat ion of normal cultures resulted in a noticeably l ower percent ,

as compared to normal cell-norma l serum system , of infected cells

in experiment 3. Growth of C. canis in carrier cells ranged from

23% in those cells continuously in the presence of normal serum to

nondetectable levels in those exposed to only autologous immune

serum .

Experiment 4 revealed a somewhat similar suppression effect

of immune serum , as shown in experiment 3, on the growth of C. canis

in carrier-derived cells. However , the p resence of immune serum

did not completely retard the growth of C . canis in carrier cells.

In experiment 6, normal cel ~s maintained in immune serum , after

a 1-hour adsorption period , expressed a 55% infection rate at 10

days as compa red to an 85% rate in cells maintained in normal

serum (Table 2).

In experiment 7, the presence of immune serum before and/or

after inoculation of cells again proved to retard the growth of

C. canis in norma l cells. Cells derived from each of 2 carrier

dogs and continuously exposed to autologous immune serum showed a

very low percentate , 4 to 7%. Carrier cells , from both dogs ,

raised and maintained in norma l serum exhibited a higher percentage ,

19 and 20~, of C. canis infected cells.

p
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J 
The effect of various dilution -, of ii~ iurio serum and prolonged

serum- inoculu~t adsor pti on t imes on the qrowth of C . canis in

I normal CMPC ’ s were exp lored in experime nts 8 and 9 (Tabl e 3). The

24 well t issue culture plate technique was used in ex periment 8.

I Data from both experiments clearly revealed an increased percent

I 
of infected cells with sequential dilutions of immune serum .

Data from experiments 10 - 12 are presented in Table 4. Experi-

ment 10 was employed to reveal the effect of fresh rather than

- heated immune serum on the growth of E. can is in normal cells.

The percent cells containin g inorulae of C. canis clearly increased

in direct correlation with decreasing concentrations of immune

serum.

The effect of fresh or heat inactivated immune and normal serum

on the growth of C. can is in mononuc lear phagocytic cell culture de-

rived from carrier and normal dogs is shown (Table 4 ) .  The presence

of fresh immune serum seemed to more effectively suppress the

numbers of infected cells as shown by 51% heated serum vs. 28~

fresh serum infection rate. The presence of immune serum either

as 10% or as 100% of the total serum volume (16.5%) in the inoculum

resulted in a l owered percent of E. canis infected cells when corn-

pared to cells within the same experiment exposed only to norma l

serum.

The last experiment , # 12, in this study was designed to incor-

porate all of the adaptations made in the previous experiments

I into a single experiment in which the effect of immune vs. norma l

I serum could be evaluated in cel l cultures derived from carrier

dogn . Carrier cells in continuous contact with only immune serum

I
— ~~~~~~~~~~~~ ~ — —.- 
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and inoculated with inoculu m incubat ed with i uii~une serum did nut

exhibit E. canis at any of the 4 periods of evaluatio n . However ,

carrier cells maintained in normal serum exhibited 31 to 42~
parasit emias. Normal cells raised and maintained in normal serum

$ had a 73% final cell infection rate.

S. Summary and Comments

Several definite and repeatable but not unexpected patterns

have become evident. Canine mononuclear phagocytic cells collected

from E. can is carrier dogs and supplemented with autologous immune

serum are substantially resistant to infection by, and/or intra-

cellular growth of , C. can is .

Canine mononuclear phagocytic cells derived from normal dogs

and supplemented with autologous serum are hi ghly suscept ib le to

infection by C. canis . hia  can i s readily multiplies within

such a system and destroys the monolayer within 7 to 14 days of

i noculation .

Cells of normal dogs , supplemented with heated or fresh whole

immune serum , resist infection to a greater degree than do normal

cell-normal serum systems but they demonstrate a greater percent

of infected cells than occurs in systems composed of carrier cells

and normal serum .

These experiments were carried out in part during a time when

—
p our laboratory was establishing, adapting, and modif ying the pre-

viously described tissue culture systems . Therefore , it was not

[ always pos sible , as is reflected in the data , to have an ident ical

number of either free ehrlichia or infected cells in the inoculum

—
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I 
used for each experiment. It must also h~ kep t in m i nd that each

group of cells used for each experiment ex pressed some degree of

individual variation as to the number of cells per flask , as well

as rate of spreading and apparent metabolic activity . Comparisons

are thus best made only within a single experiment .

I

I
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Table 1. Effect of inI;nAIie and norma l serum on the growth of Ehrl icliia can is
in CMPC ’ s derived from ca rrier 0 and norma l dogs . ~~~~~~~~~~ 

-

I Exp. System Inoculuw d Adsorption Maintenance Days Post Inoculation
No . Cells b Serumc 

~ Cells Time-M m . Serum % Cells Infected
Infected 7 10 14 18 21

I N N 7 3 5 N ~~~~~~~~~~~ 73 87

2 C I Not Inoculated I 0 0 0
C N Not Inoculated N 0 0 0

N N 75 5 N 82

N N 75 5 I 51

N 1 75 5 1 37

3 C I 75 5 I 0

C N 75 5 N 23

C N 75 5 1 1

N N 70 5 N 68 
- _____

C N 70 5 N 27

4 C 1 70 5 I 4

C N 70 5 N 11

C I 70 5 I 3

C I Not Inoculated N 0 0

C N Not Inoculated 1 0 0
- aDogs proven by subinocu lation of whole blood to be carriers of E. canis.

bCells derived from norm al = N , or carrier - C dogs.

C5erum harvested from norma l = N, or carrier dogs. Carrier dog serum considered

to be immune due to C. can i s specific lEA titer greater than 1:2 ,560.

.. 
dinoculum w~s 1 ml of supernate of an C. canis-infected macrophage culture .

- eValues for experiment 1 are the mean of 6 groups of 5-6 flasks per group.

r
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Table 2. Effect of i rrinu ne and normal serum on the growth of Ehrlichia ca n is
in CMPC ’s derived from c a r r i e r 0 and normal do gs . 

- - .  -

Exp. System Inoculum d Adsorption Maintenance Days Post Inoculation
No. Cells b Serurnc ~ Cells Time-Hr. Time % Cells Infected

Infected 7 10

N N 13 1 N 85
6 N N 13 1 I 55

N N 68 2 N 64
N 1 68 2 N 18

N 1 68 2 I 18

C I 68 2 1 5

C I 68 2 N 4

C N 68 2 N 19

C I 68 2 I 7

C N 68 2 N 20

aDogs proven by subinoculation of whole blood to be carriers of C. ca nis .
bCells derived from normal = N , or carrier = C dogs.
cSerum harvested from normal = N, or carrier dogs. Carrier dog serum considered

to be immune due to C. can is specific IFA titer greater than 1:2 ,560.
d inocuium was 1 ml of supernate of an C. canis-infected macrophage culture .
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E . A St udy of the Br wn Dog Tick , Rhipic halu’ san~u i n e u s , as an

Efficie nt Reservoir of Ehrlich ia canis .

1. Introduc tion

The bro~rn dog tick , Rhip icephalus sanquineus , ~as first incrimi-

nated as a vector of E. canis (R. can is) by Donatien and Lestoquar d .2

They infected susceptible dogs by inoculation with crushed R.

~~~g~ineus ticks harvested from dogs with acute canine ehrlichiosis.

Th2 brown dog tick has since been recognized as a vector of E. canis.

Transmiss ion of F. c an i s  by ticks occurs tra n-stadi all y but not

transovariall y.18 Information pertaining to the lon gevity of F.

j  

canis in the developmental stages of R. sar~~ j~ ys and the efficiency

of this tick in transmitting the organism after prolonged periods of

fasting is unavailable. Thus , the importance of the unfed , E. canis-

infected brown dog tick as an efficient natural reservoir of F. canis

remains to be determined .

2. Materials and Methods

Eight mixed breed dogs , 10 months to 3 years of age , were used .

Each dog had been vaccinated against canine distemper , infectious

canine hepatitis , and leptospirosis within 1 year of use . Hematolog ic

values of all dogs were with in the normal ranges for the age and sex

of each individua l animal and each was seronegative for E. canis

antibodies. Ticks were infected by allowing them to engorge on dogs

in the acute phase of ehrlic hiosis using the screw-cap capsule

18. Groves , r I. G .,  Dennis , G. L., Amyx , H. L. and Muxsoll , D. L. Transmissi on
of Ehrl i chid canis to Dogs by Ticks (Rhip icep hci l us sanguineus). Am. J.

— 
Vet . kes. 36 (~i 7-940.
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I 
method .19 The Illinois isolat e of E. cani ’~ wa~-. use d.

19

Infected doqs were examined daily. Th -o ;~ iocyte  and t otal l euko-

I cyte counts were made , rectal tempe rature was recorded , and Giemsa-

stained peri phera l b lood buffy coat smears were exa m ined every 2 to

1 3 days for 120 days and bi-week ly thereafter. Canine ehr lichiosis

I was confi rmed by the observation of F. can i s  morulae within mono-

n u c l e a r  ce l l s  of a hu f f y coa t smear , a rectal temper a ture  39 .2 C

or hi gher , severe thrombocytopenia and a positive IFAT for E. can is

antibodies .

3. Tick dissection . Viscera were dissected from infected ticks and

- stored in Ea g le ’s MEM that contained 20% dog serum , accor d i n g to

the the method of Snii th .2°

4. ~~~er i mental desj~~. Approximately 1 50 noninfected larvae were fed

on a dog in the acute phase of canine ehrl ichiosis. After the larvae

had engorged and detached they were allowed to moult to nymphs. The

nymphs were fed on a second dog that had acute canine ehrlichiosis ,

col lected after detaching and allowed to moult to adults (Table 1).

The day of detachment of the last nymph was designated day 0. On

days 44 , 59 , 65, 92 , and 155 post detachment , 1 5 female and 9 male

unen gorged adults were selected from the pool of unfed adults and

allowe d to engorge on a normal dog (Table 1). After 4 days of

feeding, 6 partiall y engorged adults , 3 females and 3 males , were

19. Smith , I~. D., Small , E., Weisiger , R., Byerly, C . S. and Ristic , hI.
Isol ation in Ill inois of a Foreign Strain of Ehr li chia can is , the
Caus ative Agent of CAni ne Ehrlichiosi s (Tropical Canine Pancytopen ia) .
JAVMA , 166 (1975): 172-174.

20. Smith , R. D., Sells , D. H., Stephenson , E. H., Ri stic, M. and Huxsoll , 0. L.

I Deve1u~ r~- rm t of Ehr lich ia canis , Cau sativc - A gent of Canine Ehr lichiosis in
the T i et : Rhi p icep hiius san9u neus and its Di f fe rentiat ion from Sy~ihiotic
Ric ket t s i~ . ~: ~-L Ve f. Rec . 3 7 ( l976): 119-126.

— 
~~~~~ _ _,_~~ - - -~~ —~~~ — --- - - 
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removed from dog 1/101 (day l~~ ti cks). The ticks were dissected ,

and the pooled viscera intravenously inoculated into dog ~l9 .

5. R e s u l t s

The 5 dogs that had been fed upon by E.  canis-infected adult

ticks developed acute canine ehrlichiosis (Table 1) and the relative

degree of severity of disease produced was essentially identical .

The incubation period ranged from 10 to 15 days , with a mean of

12 .6 days . Cli n ical signs of ehrlichiosis were observed with dog

#19 , t-ihich t~ias inoculated with infected tick viscera , on day 11

post inocula t ion .

6. Discussion

Results of the experiment conclusivel y demonst ra ted the poten-

tial of R . sançjuineus as a si gnificant and possi bly a principal

natura l reservoir of virulent F. canis. This organism was success-

fully transm itted during the feeding of infected adults upon suscep-

tible dogs at 44 , 59 , 65 , 92 , and for as long as 155 days after

the ticks , as engorged nymphs , had detached from an acutely infected

dog . The 1 55-day feeding exhausted our infected adult tick pool ,

therefore , we were unable to evaluate the infect ivity of ticks

maintained beyond 155 days . However , the longevit y of unfed R.
— 

A san~~ineus adul ts is reported to range from 158 to 568 days.21

A minima l longevity of only 155 days would , in most moderate

climates , afford an obvious mode for both the vector and pathogen

J 21. U.S. Departi :ent of Agricultu re/Agricultura l Research Service. Manua l
on Livestock Ticks (1966): 72-74.

~~~~~~~ ,i2 .7 ~~~~ 4 ~~~~ . _ --



I

50

to over-winter and thus infest and infect ne.i non—resistant canine

hosts in th -~ follow ing spring.

Our data is not inconsis tent with that of Price 22 who identified

virul ent R. ricket tsij in unfed adult Dermacentor variables vectors

( for over 8 months , and that of MacLeod 23 who reported the existence

of v irulent E. phag~~ytopj~jJa in adult ticks 14 months after

their ini tial infection .

Of all har d t icks , R. san gui neus is proba bly the most wi de ly

- d istributed hard tick species in the worl d . In add it ion to its

habi tat , this t ick has the ability to survive and thrive in the

oftr~n low-moisture environment of its preferred habitat , kennels

and hom es. ~~jpicephalus sanguineus is the only species of hard

tick in the Unit ed States that has developed a well-defined resis-

tance to some acaric ides .24 ’25

Thus the brown tick by virtue of its longevity , preferred

habitat , princi pal host , polyphagia , adaptibil ity , resistance to

acaricides , and effici ency of transstadial transm ission possesses

the biological properties necessary to mai ntain stabl e environ-

mental foci of F. canis , even when suscepti ble and/or carrier

22 . Price , W . H. The Epidemiology of Rocky Mountain Spotted Fever. II.
Studies on the Biolo gical Mechan ism Ricket tsia ricketts ii. Am. J. Hyg .
60 (1954): 292-319.

23 . MacLeod , J. Studies in Tick-Borne Fever of Sheep. II. Experiments
on Transmission and Distribution of the Disease. Parasitol . 28 (1936):
320-329.

24. Graham , 0. H. and Harris , R. L. Recent Developm ’~miV in the Control of

‘ 
Some Arthropods of Public health and Veterinary Importance. Livestock

~ Insects. Bu ll. Entomol. Soc. Amer. 1? (1966): 319-325.

25. Nelson , V . A. Human Parasitism by the Brown Dog Tick. J. Econ . Entomol
62 (1969): 719-720.

____________ — -
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animals are ab~-e r m t from the im ~”n( (Ii ate rnv i r i r m e n t  for prolonged

periods of ti r :ie . It would S’~~m ; i r (d iblc~ tha t becduse of the pro-

longed residence in the b rown doq tick , E. cariis , possi bly other

r ickettsi ae 26 could surv i ve for ex tended pe ri od s , perhaps years ,

within an envir onment in which all dogs were prop hylactically

treated with tetracycline. The importance of R. sangu ineu s in

he ep idem i olo gy and epizoot iolo gy of canine ehrli chios i s i s

stren gt hene d by our demonstratin g tha t this vector can serve as

an efficient reservoir of F. canis.

I

..
~I

I 26. Burgdorf er , W ., Sexton , D. J., Gerloff , R . K., Anacker , R. L.,
Phil i p, R . 1 . and Thomas , L. A. Rhi,picephalus san eus: Vector
of a New Spotted Fever Group Rickiitsia in the United States.
Infect. Imnmun . 12 (1975): 705-210.
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of [hr l ich ios is .

1. Introduction

Morulae of E. canis are readibly demonstrable in the mononuclear

cells of Giemsa-stained peripheral blood huffy coat smears prepared

from dogs experiencin g acute canine ehrlichiosis. However , mo r ulae

of ehrlic hia are rarely observed in similar preparations from dogs

recovered from the acute disease. Recovered dogs have been shown ,

by means o-f subinoculation of moderate amounts of whole peripheral

blood , to remain carriers of virulent E. canis organisms for pro-

longed periods of time . These same carriers usually possess

moderate to very high IFA test titers for specific anti-ehrl ich ial

anti bodies. Although dogs recovered from acute disease have re-

peatedly and consistently been shown by artificial means (mechanical

subinoculation of whole blood) to harbor virulent F. canis , the

ability of a carrier dog to serve as an efficient reservoir of

significant numbers of virulent F. canis for engorging ticks has

not been established .

2. Objective

To determi ne the potential of the F. canis carrier dog as an

efficient reservoir of ehrl ichiae for engorging R. p~~ neus nymphs.

3. Mater ials and Methods

Nine (same as in Section C through and including tick dissection).

4. E~jerJ~~nta~~~~s.l ~~
Dog // 101 was used as the feeding source for 4 groups of 50

each uninfocted , unengorged 13. san~~ineus nym phs . One group 0

h 
_ _— - - -~~~~~~~~~~~ -----~~~ T ~~~--~~~ -~~~~~

___ ._~~~~~~ ~~~~~~~ 
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I 50 nymphs each was fed for 5 days starting 1 5, 25. and 41 days ,

respectively, after the dog was first exposed to E. canis-

I infected R. ~~j~ uineus ticks. A fourth group of 50 nymphs was

I 
allowed to feed for 10 days commencing 70 days post exposure .

After each group had fed, the nymphs were allowed to moult to

i 
adults.

Twenty female and 12 male ticks were selected from the group

of ticks which commenced feeding on dog #101 , at 15 days post

exposure , and allowed to engorge on dog #260 (Table 1). Twenty

female and 12 male ticks were selected from each of the other 3

groups of ticks that had fed on dog 1/101. Each of these groups

was allowed to engorge on a separate dog (Table 1). Four days

after the adult ticks had attached , a total of 8 female and 6

male partially engorged ticks were removed from each of the

following dogs: #260, #289 #247, and #248. All ticks from each

dog were dissected and the viscera were pooled and injected

intravenously into a susceptible dog (Table 1). Ticks remaining

on each dog were allowed to complete engorgement and detach.

Approximately 60 to 80 days after the ticks had detached , dogs

#280, #247, and #248 were inoculated intravenously with 10 ml of

F. canis-infected blood from dog #101 . Ten ml of blood from dog

#101 also was given intravenously to dogs #270, #103, and #250

70 days post i noculation of tick viscera .

4. Results

I Of the adult ticks that had engorged on nymphs on dog #101 ,

I only those ticks that fed while the dog was in the acute phase

of ehrlich iosis were capable of transmitting ehrlichiae (Table 1).

- ~~~~~~~~~---- - - - - —_--~~ - --~~~~—- — —  ~~~~ --~~~- ~~~~~~~~~~~~~~~~~~~ 
—- -- - -- _____________
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~ 1
Dog #260 developed acute canine ehr lic hiosis , as did dnq ‘~?~~‘J

I that was inoculated with pooled viscera from the s d r le  group ~f

i 
ticks that had partiall y engorged on dog #260. Each of the

dogs that did not develop clinical signs of ehrlichiosi s remair ”-~d

I seronegative from F. canis antibodies. Subsequent challeng e of

the seronegative dogs with 10 ml of whole blood from dog #101

I resulted in each dog developing acute ehrlichiosis Indicating

that each was susceptible to infection (Table 1).

5. Discussion

Results of this experiment indicate that a dog chronically

infected with F. canis may not be an efficient and continuous

reservo ir of F. canis for engorging R. ~~~~~~~~~ nymphs. Only

those ticks which engorged while dog #101 was parasitemic and

experiencing acute ehrlichiosis , transmitted F. canis in a

quantity and/or quality sufficient to produce acute disease in

a susceptible canine host.

The removal of partially engorged adult ticks , the dissection

of their viscera and its injection into susceptible dogs was

carried out in an attempt to determine if adults which had en-

gorged during the previous instar upon a chronicall y infected

dog were harboring virulent F. canis organisms . It was speculated

I that such ticks may have acquired F. canis during engorgement on

- carrier dog #101 but were unable tu subsequently transmit the

disease. The results of viscera l injections were identical to

f those obtained from the dogs on which a port i on of the ticks from

each group were allowed to complete engoryement . The only dog

I that developed acute canine ehrlichios is or a pos itive IFA test

_ -  --- — - —~
- -_
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-
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titer was dog #250. This dog was inoculated with the viscera

of a portion of the tick group which engorged on dog /101 during

the period of acute canine ehrli chiosis , day 15-20, while morulae

of F. canis were readily observable in periphera l blood buffy

coat preparations.

Donatien and Lestoquard2 demonstrated by crushed tick inocula-

tion that R. sanguineus can harbor F. canis after engorging on

a dog with acute canine ehrlichiosis. They suggested that trans-

stadial as well as transovarial transmission of F. cariis occurred

in the brown dog tick. The efficiency of this tick as a vector ,

after engorging in a previous instar on a dog parasitemic with

F. canis has since been established . Transstadial transmission

has been reported by Groves ’8 and Smith~° The previous report

of Ewing and Philip. 27 Groves et a1 18 questioned the occurrence

of transovar ial transmission of F. canis in R. ~~~~~~~~~
Similarl y, transstadial but not transovarial transmission was

demonstrated in Ixodis ricinus tick vectors of F. ~~ g~çy~ophi lia ,

the causative agent of bovine and ovine tick-borne -fever.23’28’29

If , indeed , ehrlichial agents are not transmitted transovarial ly

from an infected female to her progeny, then , as has been sugges-

ted by some investigator s , the chronically infected dog would

seem the likely environmental reservoir for F. ca nis. However ,

27. Ewing, S. A., Philip, C. 13. Ehrlichi Et- Like Rickettsiosis in Dogs in
Oklaho via and itc Rela~ioi ship t~14~~~fckettsia helminthoeca . Am. j.
Vet . Res. 36 (1966): 937-940.

28. MacLeod , J. and Gordon , W. S. Studies in Tick-Borne Fever of Sheep.
I. Transmission by the Tick , ~I_xp~e~ ricinus with a Description of
the Disease Produced . Purasitol . 25 (l93i ~): 273-283.

29. Tuomi , J . Stndies in Epidemiology of Bovine Tick-Borne lever in
Finl and t~ ’l a Clinical Descri pt i on of Field Case s . Ann . Ex p. Finn . 44f Supp . 6(1~ C (i): 1—62 .

—~~ -~~~-~~~- - - -—‘— - • — — -
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I In vi ~‘-i of our exp~rinienta ] re~;ii 1 ts , the i~ orL~nce of the chron i -

cally infected dog as an eflicient reservoir from which viru l ent

ehrlich iae in a quantity and/or of a quality sufficient to produce

disease may be drawn by natura l tick feeding, rather than by ex-

peri i~iental mechanical transmission of whole blood , is questioned .

I The existence of virulent F. canis organisms wi thin peripheral

i blood of dog #101 wel l after the remission of acute canine erhli-

chiosis , and after complet i on of engorgerl ent by the day 75-80

ticks , was established by challenging dogs #11 , #13, #280, #247,

#248, #270 , #103 and #250, each with 10 ml of fresh whole blood

collected from dog #101 . Each of these 8 dogs developed acute

ehrlichiosis within 2 weeks of challenge . We have since trans-

mitted F. canis from dog #101 by subinoculation on 2 separate

occasions. The possibility exists that the quantity of viru l ent

E. canis organisms present in the peripheral blood of a dog re-

covered from acute ehrlichiosis may fluctuate considerably.

Howev er, if such a phenomena exists , it seems unlikely that we,

on 3 consecutive occasions (days 25-29, 41-45, and 75—80),

selected peri ods of low parasitemi a to feed unengorged nymphs on

dog #101 . Possibly low numbers of ehrlichia and the presence

of F. canis specific antibodies in peripheral blood ingested by

ticks engorging on a chronically infected dog prevent infection

of feeding ticks . These same factors may also inhibit survival

within the ticks , or eventual transmiss ion by the ticks , of

E. canis.
I

I
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I 
C. structura l and 13j olo Ic Prore of Ehrli chia equi .

I 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ When the buffy coat

I 
from horses in the acute phase of infection was stained by

the Giemsa method , organisms occurring freely or as components

I of inclusion bodies were frequently found in the cytoplasm of

neutroph -ils and eosinophi ls. They appeared ova l to rod shaped

I and stained dark blue to purple. The organisms were detected

by the electron microscope technique within membrane -lined

vacuoles in the cytoplasm of neutrophils and eosinophils.

Individual organisms were bound by 2 distinct membranes with

the outer membrane, or cell wall , appearing rippled .

The inner cytoplasmic membrane appeared adherent to el ectron-

dense and lucid cytoplasmic constituents. The organisms varied

in size from 0.2 m to 1.5 m but the internal structure remained

similar. Static evidence of various stages or organismal

division by binary fission was frequently in evidence.

EhrIichia ~qui differed from classic rickettsiae in that the

latter are usually more rod shaped and do not occur within mem-

brane-lined vacuoles . It differs also from the organisms of

the genus Chiamydia on the grounds that the developmental cycle

consisting of elementary and intermediate bodies typical of the

I members of this genus was not in evidence. Static evidence of

the organism entering or leaving host cells was not observed .

It seems likely, however , that the entrance was by a phagocytic

process and the exit of the organisms probably occurred as a

result of rupture of vacuoles after the membrane of the vacuole

I and plasma membrane of the cell came in close apposition as has

;T I 
_ _  _ _ _ _ _ _  _ _ _  _ _ _ _
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been shown with other intracellular agents . It is concluded

that morpholo gic characteristics of E. OcLUi were consistent

with agents of the genus ~~~U~~ia- (see reprint by Sells ci al.).

2. ~~~~~ane

Experimental inoculatio ns with E. 
~~~ 

were attempted in

cats , dogs , nonhuman primates , rats , mice, guinea pigs , hamsters

and rabbits. The evidence of infection was based upon detection

of morulae in the eosinophils and neutrophils of inoculated

animals. Infected animals frequently showed accompanying

hematol ogic signs of infection . Experimental infections were

demonstrated in cats, dogs, and subhuma n primates .

Morulae were observed in eosinophil s of 1 of 3 cats inoculated

with E. equi—infected canine blood . The organism was seen 7 and

8 days after i noculation.

Evidence of infection was produced in 11 of 17 beagle dogs

and 3 of 6 German shepherd dogs inoculated with E. ~ p~ -infected

canine blood . Intraneutrophilic and intraeosinophilic moru lae

were detected 7 to 16 days after inoculation and persisted 1 to

4 days .

Six nonhuman primates (5 rhesus macaques and 1 baboon) were

-- successfully infected with E. equi. All infected animals demon-

strated rnorulae in their peripheral neutrophils 3 to 7 days

after infection. Three rhesus macaques had pyrexia , increased

sedimentation rate, and mild anemia. These abnormalities re-

~ I turned to normal one week after the disappearance of rnorulae.

The susceptibilit y of nonhuman primates to infection with E. eq~i

indicated the zoonotic potential of this agent .
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3. R~spor L~~

I3oth huinoral- and cell-mediated irignune responses in ponies

infected with E. e~ui have been studied . An indirect fluorescent

antibody (lEA ) test was used for detection and t itration of anti-
bodies to E. ~~~~ In all respects the test was similar to the

IFA test for canine infections wi th E. canis .8 The antigen for

E. eq~f, however , was not derived from cell cultures but rather

from the blood of ponies during the acute phase of the disease.

The anti gen was prepared by applying buffy coat cells infected

with E. eq~j onto a microscope slide.

For measurem ent of CMI responses , peri pheral blood leukocytes

were used as a source of sensitized lymphocytes in the LMI test.

The anti gen for the test was prepared by freezing and thawing 5

times in a dry ice-alcohol bath preparation of infected leukocytes

c½ rived from ponies during the time of acute infection.

After priiini ry inoculation of 8 ponies with blood from another

pony in the acute phase of infection , the animals developed signs

of equine ehrlichiosis characterized by fever (107 F), anorexia ,

stiffness of legs , and marked thrombocytopenia. During the acute

phase of infection , E. ~q~j was demonstrated by the Giemsa and

lEA staining methods in the cytoplasm of neutrophils and eosino-

phils. All 8 infected ponies became positive in the lEA and

LMI tests by the 3rd week . In pony No. 31 , antibody response

reached a titer of 1:640 on day 25. On day 75 the titer was

P 1:280. There was a sudden drop of this titer after day 75 but

again an increase was noted by day 225. The initial LMI response

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I 
was 5O~ at approx i mately 3 weeks after infection and gradu-~lly

declined thereafter .

I To ascertain whether pony No. 31 was a carrier of E. ~~~~

the animal was euthanized and homogenates of blood , liver ) spleen ,

I and bone marrow were injected into 2 susceptible ponies. The

I 
latter animals failed to develop ehrlichiosis. They did , however ,

develop a transitory low titer lEA and LMJ response. These

( animals developed a typical form of the disease when challenged

with the blood of a pony in the acute phase of infection .

The data indicated that primary inoculation with blood of

acutely infected ponies lead to clinical disease , and the re-

covered animals developed a state of apparently sterile protective

immunity . Furthermore , the infection could not be transmitted by

i noculation of blood and organ homogenates from recovered ponies

or those which were subjected to systemi c treatment with tetracy-

cline. In view of the fact that the organism was transmitted only

during the acute phase of the disease , this finding raises the

question regarding the mode of natural transmissio n of E. ~~~~

— 
~~~~~~~ 
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II. collabora tive Studies with U.S. Ar y Force Cni :po1 -~nt’,.

Collaborative studies with scient ists of various U.S. /~.rriy and Air

Force installations on the control of canine ~hr1ichio s is and bahos i osis

by chemo therapy consisted of joint planning of exper iments and conduc-

ting serologic tests to monitor the progress of control measures .

1. U.S. A rmy Medical Research Unit , Kuala_Lumpur , Malaysia , d o  LTC

David L. Huxsol l .

Prophylactic use of_tetracycline against t pic al canine pancytopenia

in muli ta~~j~~s in Malaysia - Results of a 4-year study .

Introduction

Tropical can i ne pancyto p~n ia (TCP), wh ich has cause d serious

losses in military dog units , was f irst observed in Southeast Asia

in 1963 in British milita ry dogs i n Si ngapore (Wi lk ins et a l.  ~30

Th~ disease , characterized by fever , hemorrhage , edema , severe

pancytopeni-~, and hi gh mortality , was subseque ntly diagnosed in

both military and privately owned dogs in Singapore and Malays i a

(Spence et al., 31 MacVean , 196832). Trop ical canine pancyto-

penia firs t appeared in this unit in 1964 when a severe outbreak which

occurred over a 2-year period accounted for the death of numerous

military dogs. An epizootic of TCP occurred in U.S. military dogs

in Vietnam in 1968 and 1969 (Walker et al., 1970) and caused the

30. Wilkins , J. H., Bowden , R. S. T. and Wilkinson , G. 1. Vet. Rec., 81
(1967): 57-58.

31. Spence , J. 8., Gia;u , C. H. and Theis , J. H. Vet . Rec., 81 (1967): 328-
329.

32. MacVean , D. W. Ma l aysian Kennel Review , 66 (1968).

~~ 1 
33. Walker , J. S., Rundquist , J. 0., Taylor , R., W ilson , B. L ., Andrews , M. R.,

Barck , J., Hoyqe , A. L. Jr., Huxso ll , 0. L., Hild ebrandt, P. K. and
Minis. R. M. JAVF-IA , 157 (1970): 43-55 .

— -~~~~~~~~~~ .~~~~~~~~- —--—----.- --- - •— - — 
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death of approximately 21)0 dogs (Huxsoll et al.).34 Outb reak s of

the disease ~- ‘ere often associated with heavy tick infestati ons

(MacVean ,32 Walker et al.,33 Nims et al. 35).

The establishment of Ehr lichia canis as the causal organism of

TCP followed detailed studies by an American team at the Walter

Reed A rmy Institute of Research (Huxsoll et al.)36 and in the United

Kingdom by Seamer and Snape37 at Porton . In subsequent studies the

therapeutic and prophylactic value of broad spectrum antibiotics in

- treating and controlling this disease was demonstrated (Arnyx et al., 38

Seamer and Snape 39); E. canis grown in a cell culture system for the

fi rst time (rlyindo et a1 .)~
0 an in~nunofluorescence test for serolo-

gical diagnosis of TCP was developed (Ristic et al.)41 and f~i~~p~ia1us

sa~~uineu s was shown to be an efficient vector of E. canis (Groves

et al.).42

34. Huxsoll , D. L., Amyx , H. L., Hemelt , I. E., Ilildebrandt , P. K., Nims , R. M.
and Gochenour , W. S. Jr. Exp. Parasitol ., 31 (1972): 53-59.

35. Nims , R. M ., Ferguson , J. A., Walker , J. S., Hildebrandt , P. K., Huxso ll ,
0. L., Reardon , M. J., Varl ey, J. E., Kolaja , C. J., Watson , W. T.,
Shroyer, E. L., Elwel l , P. A. and Vaeura , G. W. JAVMA , 158 (1971): 53-63.

36. Huxsoll , D. L., Hildebrandt , P. K., Minis , R. M., Fer~juson , J. S. and
Walker , J. S. Vet . Rec., 85 (1969): 587.

37. Seamer, J. and Snape , T. Vet. Rec., 86 (1970): 375.

38. Amyx , H. L., Hixso ll , 0. L., Zeiler , D. C. and I-1ildebr~ndt , P. K. JAVMA ,
159 (1971): 1428-1432.

39. Seamer, J. and Snape , T. Res. Vet . Sci., 13 (1972): 307-314.

40. Nyindo , M.B.A.. Ristic , M., Huxsoll , D. L. and Smith , A. R. Am. 3. Vet.
Res., 32 (1971): 1651-1658 .

41. Ristic , M., Huxsol l , 0. L., Weisiger , R. M ., Hildebrandt , P. K. and Nyindo ,
M.B.A. Infect. Immun ., 6 (1972): 226-231.

42. Groves , M. C., Dennis , C. L., Amyx , H. L. and Huxsoll , 0. L. A m . J. Vet .
Res., 36 (1975): 937-940.
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Research m - -~spons i h i li t ic  a d thods

The present communication reports on the prophylactic use of

tetra cycline hydrochloride to con trol TCP in a military dog unit in

Pulada , Mn laysia, over a perio d of 4 years . Responsible investigator

was British Major A. C. Wilder , MRCVS and the work was conducted in

collaboration with the U.S. Army Medical Unit , Kuala Lum pur , Ma l aysia .

The unit consisted of approximately 60 Labradors acquired from the

Unite d King dom , the United States and New Zealand. The tasks of the

dogs necessitated their being in a jungle environment for both train-

ing and operations. Ticks were controlled by hand removal as part

of the d a i l y  grooming r o u t i n e  and by dipping every 14 days in SEVIN
*

- carbary l insecticide. The dipp ing solution was prepared by m ixin q

SEVIN 85 with water at the rate of 1 pound of active ingredient per

100 gal. water. Th~s same solution was used to spray the permanent ,

j concrete kennels which were used to house the dogs at base camp. The

grass around the kennels was kept cut short . However , it must be

I appreciated that in this l ocation absolute tick control was extremely

I 
difficult in working dogs , particularly those which were often used

in lengthy training and operational exercises.

Following the report of Amyx et al.38 which showed that dogs

given tetracycline hydrochloride orally at a daily rate of 3 mg/lb

I body weight were refractory to infection with E. can is , a decision

i 
was made in 1972 to give each dog in the unit 1 250-mg capsule of

tetracycline hycrochloride in its daily feed .

*Union Carbide , Salinas , CA ) .

I
I

— ~~~~~~~~~~ 
— —

~~
— — - - 

- - — - — - - — - - -  —-— - — —
.

— —: 
-- 

~~~~~~~~~~~~~~~~~~~~~~~~ 
- — - - , — - - -  —

~~~
-- - —ii--— - -- -—



I ’

1 66

I 
Results -

Since 1972 there has been no clinica l evidence of infection i n

I the unit. In addition , no untoward side effects from continuous

administration of tetracycline have been observed , and no im pairment

I of training or working capabilities of the dogs has occurred .

I 
During the past 2 years a breeding program has been developed .

Dogs in the breeding program are also given tetracycline prophy-

lactica ll y. There has been no impairment in conception , gestation ,

parturition , lactation , litter size or litter health.

Sera collected in 1972 from 22 dogs were tested in our laboratory

for antibodies to E. canis by the indirect immunofluorescence (IFA )

test. Antibody was demonstrated in 7 (32%) of the sera. Since

E. canis has been shown to produce infections which persist in un-

treated dogs for many years (Ewing and Buckner ,43 and Groves et al 42)

one can assume that many , if not all , of the dogs serolog ically

posit ive in 1972 were indeed infected despite a lack of overt

clinical signs . These findings also provided evidence that the

organism was endemic in the areas in which the dogs were trained

and utilized.

Serological studies on all dogs in the unit in November , 1974,

showed that sera of only 2 dogs contained demonstrable antibody to

E. canis and in both instances the titers were low (1:20). In

follow-up studies in March , July and September , 1976, all dogs ,

including the 2 dogs which had demonstrable antibody in 1974, we re

I found serologically negative on each of the 3 consecutive bleedings .

t 

( 43. Ewing, S. A. and Buckner , R. C. Vet . Med . Small Anim . Clin ., 60 (1965)
152-155.

I
* 

_ _ _
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,ne!1ts 
- -

Results of this study confi rm the origi nm i I ir m ding at the

Veterinary Divisio n , Wa l ter Reed Army Institute of Research , that

tetracycline can be used to aid in the control of ehrli chio sis in

military dogs . They also show that serologic mon itoring by the IFA

test can serve as an effective indicator of the progress of such a

disease control program .

Since vaccines for E. canis are not available and control of

ticks is extremely difficult in environments in which military dogs

are often utilized , the prophylactic use of an antibiotic appears to

be the only practical means at present for controlling the infection

in a highly endemic area . The above study is the longest of its

kind thus far conducted .

b. Serolog ic recogni t ion and clinica l effects of b~~~~ipsis in dogs of

the Malaysian military forces.

Clinical problem

• In late 1972 and early 1973 a problem began developing in dogs

0-f the Malaysian military forces. The dogs were trained and main-

tai ned at the Jungle Warfare School in Pulada. These dogs were

assigned duties which would take them temporarily to areas as far as

East Malaysia and the Thailand-Mala ysia border , but they were returned

to Pulada between assignments . The total population at Pulada fluc-

tuated but was generally in the area of 50 dogs. With only a couple

of exceptions the dogs were all of the Labrador breed .

The problem first surfaced because of the appa rent loss of

stami na that some dogs exhibited during the rigorous training

exercises. A few dogs were found unable to complete the exercises.

11 
_ _  

_ _ _ _ _ _ _ _ _ _ _
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On several occasions pale mucous membranes were noted , and packed

cell volumes were found to be low in some dogs indicating a hemato-

log ical cause of the problem. Carmi n e babes iosis and/or ehrlichi osis

v~re suspected but stained blood films did not reveal the presence

of the causative agents .

~~~~~~~~~~~~~~ 

and hemato logic findings

A serological survey using IFA tests for babesiosis and elirlichiosis

was performed on 14 November 1974 and at that time 8 of 43 samples

• submitted were positive for Babesia and 2 were positive for

Ehrli chia. In March , 1975, an additional serological survey was

performed on 45 dogs with 5 being found positive for Babesia and 2

for Ehrlich-ia. In August , 1975, an additional serological survey was

performed on 25 dogs that were suspected either because of clinical

observations or from the handlers ’ observations on stamina loss.

Twelve of these dogs were found serologica lly positive for Babesia

and none had demonstrable antibody to Ehr lichia .

Also in August , 1975, blood was drawn from £ dogs exhibiting both

lack of stamina and low packed cell volume . The heparinized blood

was brought back to the Institute for Medical Research , Kuala Lumpur ,

under refrigeration , and each specimen was inoculated IV into a sero-

logically negative dog. Two of the 5 inoculated dogs (~/5 and #39)

developed clinical signs of babesiosis with decreased packed cell

volume (PCV) and hemoglobin (Hb). The PCV dropped to 17% on dog #5

and to 12% on dog #39, but then ruse to above 30% by the end of October .

Babesia gibsoni organisms were identified in Giemsa stained blood

fi lms from these 2 dogs . Four of the 5 inoculate d dogs developed

antibody to Babesia as indicated in Table I.

I
~~~~-,a~~~~ —-~ - -~~~:---— - --- w-—~~ —-- — - -—-
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I 
Add-i t lonal hema tolog ical ari d serological examni nations we re p~-rr-

fornmed on all available dogs at Pulada in Mar-ch , 1976 , July . 1976 ,

I and September , 1976. These findings , as well as those of previous

group bleedings , are given in Table 2.

I It should be noted that the August , 197 5, bleeding was performed

i 
only on dogs having some evidence of loss of stami na and probably is

not a true reflection of the total population. Additional ly, it

I 
should be kept in mind that during this period of time many dogs

were treated with Phenamidine (0.3 mg/kg, S.Q.), Dimi nazene acetate

(Berenil) (3.5 to 7.0 mg/kg, IM) or Metromidazole (Flagyl ) (200 tug!

day, orally). Treatment was instituted primarily when dogs appeared

to have lost stamina based on their performance in training exercises.

The treatment presumably has had some effect on both the cl i nical

appearance and the PCV levels.

Babesia gibsoni has been reported previously in Malaysia and it

apparently is a rather common infection as evidenced by the recent

observations that 6 of 16 serum samples from randomly selectei

young dogs were serologically positive for Babesia.

Comments

From the above observations it would appear that Babesia ~jbsoni

infection is extremely difficult to diagnose solely on blood films .

Repeated attempts to identify the organisms on smears from the

Pulada dogs have met with failure , yet, passage of blood from S of

the same Pulada dogs into S normal healthy dogs resulted in serolo-

gical conversion in 4 of these dogs and clinical signs with denionstra-

tion of organisms on blood films in 2 dogs . The clinical history ,

hematological findings and serological evidence should all be combined

I to aid In diagnosis.

~ 
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Babesiosis may go undetected in dogs not subjected to the strcss

of exerci se . It became evident in military dogs at Pulada only after

personnel extremely fam iliar wi th the physical capabilities of each

dog detected a decrease in expected performance levels during rigorous

training exercises. The importance of the disease in military dogs is

obvious as it relates directly to their duty performance. In pet dogs

the disease may go unnoticed , especially if not detected during the

acute phase or if the acute phase is not severe . Therefore, Ba besia

~ibsoni may be highly endemi c in an area and yet he seldom diagnosed .

2. Division of Vete r-in~ry Resources ,_WR AI R , W AMC : eterinar~~c~~~s o f

the U. S. Ai r Force; Medica ent SEATO Laborato~y,~~~ngkok ,

Thailand , c/o LTC Edward H. S~~phen son

LTC Stephenson is serving as coordinator of all domestic and over-

seas programs in which this laboratory participates . During the past

year, more than 900 sera of dogs from the U.S. were examined for E.

canis antibodies for the IFA test . Two smaller outbreaks of ehrl i-

chiosis were diagnosed in Florida and Georgia. One of the reports

describing canine ehrlichiosis in Florida 44 stated , “The cases presen-

ted in this report illustrate the importance of including canine

ehrlichiosis (tropical canine pancytopenia) in the differential

diagnosis wherever anemia , leukopenia , and thrombocytopenia are

seen .” The use of the IFA test has prompted awareness of ehrlichiosis

among practicing veteri narians with the disease having been recognized

in nearly all states where the vector tick exists.

[ The study of a large epizootic of c i ’~~ .a ehrlichiosis in the

Phoenix , Arizona area , under the direction of LTC Stephenson has

44. Harper , B. E. Vet. lied. Small Anim. Clin., (1975): 1153-1157 .
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been completed. The purposes of this study were to (1) define the

extent of the epizootic of cani tie ehr lichio sis that occurred around

Phoenix , (2) evaluate the number of clinical vs sub-clinical infec-

tions , (3) isolate the causative strain of E. canis ass ociated

with the epizootic , and (4) delineate an enzootic area from which

purchase of dogs for military use may be m a de only after appro priate

evaluation.

Antibodies to E. canis were detected by the lEA test in serums

from 40 of 339 dogs (12%). The incidence rate was hi ghest in

German shepherd dogs (21%) as compared to 8% in the remaining breeds .

A significant difference in disease rates between sexes was not ob-

served . Dogs 12 weeks to 13 years of age were seropositive. The

causative agent was isolated by inocula tion of whole blood from a

sero—positive dog into a susceptible German sheph erd dog.

Detailed results of the IFA test among all breeds of dogs studied

with differential diagnosis between German shepherd and non-German

shepherd dogs representing working groups are given in Tables 3 and 4.

Results of the study by Davidson et al (reprint enclosed) describing

use of tetracycline and the lEA test to monitor chemnotherapeutic

effects during an epizootic involving 316 dogs has been completed.

On the basis of clinical and henmatologic observations and results of

the IFA tes t, the authors of the above paper concluded that canine

ehrlichios is is endemi c throughout Thailand , and that E. canis is

probably wi dely distribut ed through the canine population , frequently

in a clinically silent form. These data suggest a need for special

preventive and therapeutic measures to be taken with pet and working

dog populations in Thailand to control ehrlichiosis.

— — —
~~
-.— -
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I The following is the list of A ir Force bases fr~:~i which canine

sera for dia gnosis of ehrlich io~.is by the IFA Lest were received :

I Clark , Kadena , Osan , Aderson , Lackland , Davis , Mat han , f3lyth ev ille ,

I 
Yokota and Udoru . A total of 561 sera of in dividual dogs were

screened for anti-E . canis and/or antibody titers determined .

I Seventy-two of these sera (128%) were positive for E. canis.

3. Div sion of Path~~~qy~~WRM R,_WR N~1C , c/o LTC Paul K. Hildebrandt .

Definition of ultrastructura l features of Ehr lichia eq~ii ~-ias

deemed necessary to further characterize it and compa re it morpho-

logically with E. canis and other rickettsial agents. Ehrl i chia

equi is the only antigenic relative of E . canis thus far found .

Moreover, E. eqç~ may ha ve zoonotic potential in that experimental

infections with it were induced in several animal species including

monkeys. In a collaborative study with the Division of Pathology

we have studied microscopic and u1trastructt~ral features of E. ~~~~
Detailed descri ption of the results of this study are found in the

enclosed reprintof a paper by Sells et al.

t I- I
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Table 1. Results of IFA test for Babesia on dogs inoculated with the blood
from 5 suspecte d field cases of babe~iosis.

Date Dog #5 Dog #37 Dog #39 Dog 1140 Dog 1141 

8/ 18/75 N N N N N
9/10/75 p N P p N

9/17/75 p N P P N

9/24/75 p N P p N

10/1/75 p N P P p

10/9/75 p N P p p

10/15/75 p N P p p

Table 2. Hematologic and serologic examination of dogs in Pulada for
[ evidence of babesiosis.

Date No. Exami ned PCV Below 35% No. Positive for Babesia

11/74 43 0 8 (18.6%) 
— _____

1 3/75 45 7 (15.6%) 5 (11.1%)
8/75 25 12 (44.0%) 9 (36.0%)

1 3/76 52 13 (25.0%) 10 (19.4%)
7/76 49 7 (14.3%) 5 (10 .2%)

1 9/76 48 2 (4.1%) 11 (22.9%)

I

II
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I Table 3. Ehr lichia canis antibodies revealed by the IFI\ test in serums from
dogs in the Phoenix , Arizona vicinity .

I Breed Group Suspect Non-suspect Total
Ehrlic h iosis * Ehrlichiosis **

Hound 3/11+ (27.3)++ 2/29 (6.9) 5/40 (12.5)

I 

Non—sporting 1/2 (50.0) 0/4 (0.0) 1/6 (16.7)

Sporting 5/13 (38.5) 0/55 (0.0) 5/68 ( 7.4)

f Terrier 2/12 (16.7) 1/19 (5.3) 3/31 ( 9.7)
Toy 0/4 ( 0.0) 2/21 (9.5) 2/25 ( 8.0)

Working 15/62 (24.2) 7/100 (7.0) 22/162 (13.6)

Mix , unknown orig in 0/1 ( 0.0) 2/6 (33.3) 2/7 (28.6)

Total 26/105 (24.8) 14/234 (6.0) 40/339 (11.8)

Table 4. Ehrlichia canis antibodies revea l ed by the IFA test in serums from

working dogs in the Phoenix , Arizona vicinity .

Working group less 1/21+ ( 4.8)++ 0/40 ( 0.0) 1/61 C 1.6)
German shepherd and
German shepherd mix

- German §hepherd and 14/41 (34.1) 7/60 (11.7) 21/101 (20.8)
German shepherd mix

Total working group 15/62 (24.2) 7/100 ( 7.0) 22/162 (13.6)

*Serums obtained from dogs that had experienced 1 or more episodes of
epistaxis or had other signs consistent with canine ehrlich iosis.

**Serums obtained from dogs without a medical history that suggested
ehrlichial infection .

I +Number serolog ically positive/total tested .

++Percent serologically positive .

r i
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I 
IV . SUMMARY OF PROGRES S DURING THE YEA R 1976

• A . Immunopatholo~ic Studies on Ehrlichios is

I A platelet migration inhibition (PMI) test was dev elope d

for detection of serum antip latelet activity in exper imentally and

I naturally induced canine ehr lichiosis. Maximum inhibition of

platelet migration was caused by serum collected during the acute

phase of t he disease. Detectable quantities of PMI factor(s) in

the serum preceded the appearance of specif ic antibody demonstrable

by t he IFA test and may be one of the earliest events leading to

pancytopenia. In most cases , samples positive in the lEA test

were also positive in the PMI test . No correla tion was eficent

betwee n the IFA titer and the degree of PMI. Inoculat i on of dogs

with normal canine blood did not induce PMI or lEA act ivi ty .

Fractionation of norma l preinfection and post infection serum by

the gel fil tration technique (Sephadex G-200) showed the greatest

degree of PMI (67%) in the IgG peak followed by 31% in the 1gM

peak. Only 10.5% inhibition was observed in the albumin rich peak.

Normal and preinfection sera showed 3 to 11.5% inh i bition in the

IgG-rich peak and no inhibitory activity in the 1gM and albumin

peaks. Preliminary studies showed that most of the PMI activity
— 

7’ can be absorbed by incubating serum with norma l canine platelets

at 22 C for 1 hour.

Examination by scanning electron microsco py (SEM) of platelets

treated with normal serum and serum having inhibitory activity re-

I vealed that uninhibited platelets possess numerous pseudopod forma-

I 
tions whereas inhibited pl atelets are generall y rounded , smooth ,

and occasionally have membrane damage and apparent shrinkage and

~1 I
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loss of intracellular contents. It was concluded that the PMI

factor (s) interfe re with mi qratiar i by inhibiting pseudopod formation .

At the cellular level of i mniunopatholog ic studies , a tes t was

developed showing that lymphocytes of dogs infected with E. canis

exert a cytotoxic activity on 51cr labeled pla telets. This activity

was most pronounced during the acute phase of the disease. The

addition of serum appeared to enhance the cytotoxic activity in some

cases . Unlike platele t migra ti on inhi b ition effect , the cy totoxic

activity commenc ed at approximately the same time as immune response

detectable by the IFA test.

B. Exam nation of Immune Res~ponses to E . can is

To study the effect of serum and macrophages from infected dogs

on growth and developmen t of E. canis , 2 modifications of the ori g inal

tissue culture technique were developed. In the first modification ,

which provides for continuous production of large quantities of E.

can is antigen , canine mononuclear pha gocytic cells were cultured

with autologous serum used in the cul ture medium . The step

eliminated histoco mpatibil ity effects between cells and sera

of various dogs and allowed ifficient examination of more than

1350, and titerin g of another 130, canine sera . In the second

mod ification , a well-cul ture plate techni que was developed which pro-

vided for sequential observation of E. canis-infected canine mononu-

clea r phagocytic cells iucuhated under a variety of conditions to

include the presence of norma l or immune serum , fractions of immune

serum , and normal and immune canine mononu clear phagocytic cells.

By use of this technique , the followin g in v i t r o  an ti-F. canis immune

I 
- - - - - - _ _ _ _ _ _ _
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$ effects were revealed: (1) Canine mononucle ar phagocyt ic cells

derived from E. canis— free dogs and supplemented with autologous

serum are hi ghly susceptible to infection with the organism; (2)

canine mononuclear phagocytic ce l ls  derived from E. carris—carrier

dogs and supplemented with autologous immune serum are substantially

resistant to infection by, and/or intracellular growth of , [. cariis;

(3) canine mononuclea r phagocytic cells derived from E. canis-free

dogs , supp lemented with heated or fresh whole immune serum , res i sted

infection to a greater degree than did normal cell-normal serum

systems , however , they demonstrated a greater percent of infected

cells than systems composed of carrier cells and normal serum . Thus

immune anti-E. canis systems as revealed by an in vitro method and

I cited in order of maximum to l owest activity a r :  immune cells-

I 
immune serum; immune cells-norma l serum ; normal cells-i n~nune serum ,

and normal cells-normal serum.

I C. og T i ck s

Ehrlichia canis.

I The potential of the ~~ wn dog tick , Rhi p ice phalus sangu i neus

I 
as an efficient reservoir of E. canis was investigated . Unengorqed

R . sanguineus adults harbored and efficiently transmitted E. canis

I to susceptible dogs for as long as 155 days after detachment as en-

gorged nymphs from a dog experiencing acute ehrl ichiosis. The 155-

day feeding exhausted our infected adult tick poo1 , therefor e , we

were una ble to evaluate the infectivity main tained beyond 155 days.

The longevit y of unfed R. san~u ineus adults is reported to last up

to 568 day s. The minimal lon qevity of only 155 days as shown in our

study woul d , in most modera te clima t es , a iford an obvious mode for

- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-r • —
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I 
both the vec tor and pathogen to over-winter  and thus inle t new non-

resistant can ine hosts in the spring. The importance of R. sangu-mneus

5 in the epizootiology of canine ehrlichi osis is further strengthened

by the study .

I D. Some Ultrastructura l and Biolo gical Characteristics of Ehrlichia e~~ii .

S 

Ehrlich ia ~~~~ the only rickettsia in North America found to be

anti genically related to E. canis (1975 report), has been studied and

some of i ts , morpholo g ic , infectious , and immunolo g ic pro per t ies com-

pared with those of E . canis. Unlike E. ca nis , the organisms occurs
I

freely or as-a component of inclusion bodies in the cytop lasm of

neutro phils and eosin ophils. Individual organisms were bound by 2

distinc t membranes wi th the outer membrane , or cell wall , appear i ng

ri ppled . Experimental host range of E. ~~ui includes horses , dogs ,

- 

cats and non-human primates. The susceptibility of nonhuman primates

indicates the zotmotic potential of E. eq~i. Unlike canine infections

with E. canis , horses recovered from primary infection with E. en~j

developed a state of apparently sterile protective immunit y. We were

unable to infect susceptible horses with blood and organ homogenates

from horses fol l owing their recovery from the acute phase of the

disease.

E. Collabor ati ye Studies with the U.S. ~~~~ and Air Force Components .

Collaborative studies with scientists of various U.S. Army and

Air Force installations on the control of canine ehr lichi osis and

babesiosis by chemotherapy consisted of joint plannin g of experiments

I and conducting serologic tests to monitor the progress of control

measures.

-— 
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In Mala ysia , U.S . Army Medical Res earch Unit , Kua la Lumpur , a

4—year study on prophylactic use of tetrdcyclin e against tropi cal

canine pancytopenia in military dogs of that country was completed.

In 1972 when the experiment started , 32% of the dogs had titer

for E. can is; in 1974 , the percent positive dogs was reduced to lOt ,

while in 1976 all dogs were negative for E. canis antibodies .

Prolonged use of tetracycline did not cause im pairment of concep-

tion , gestation , parturition , lactation , litter size or litter

health of experimental dogs . The etiology of chronic anemia and

lack of stamina among dogs (Labrador breed ) of the Malaysian

military forces was determined to be babesiosis caused by B~~~s ia

gibson i. Clinically suspect cases were serologica lly positive

for babesiosis and inoculation of blood ftom these animals into

susceptible dogs showed that these sero--positive dogs are active

babesia carriers.

Examination of sera of 561 dogs , belonging to 10 different

Air Force bases, 72, or 12.8%, were found positive for E. canis

antibodies . Serologic testing was designed to identify diseased

dogs prior to relocation ; secondly, disease control programs

using continuous chemotherapy was initiated and monitored through

serologic testin g to determine the progress of such a program .

In the U.S., increased awareness of canine ehrlichiosis has

been made by detecting serological ly positive dogs in maiiy states

in which the vector tick is known to exist. The study of a large

epizootic of ehr lichiosis among dogs in Phoenix , Arizona area

~ i 
has been com pleted . Antibodies to F. canis were detected in

serums from 40 of 339 dogs (12%). The incidence rate was hi ghest

- I
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in Gennan shepherd dogs (21%) as compar ed to 8% in the re rn~iiu in g

breeds. Dogs 12 weeks to 13 years of age were sero-positive .

The causative agent was isolated by inoculation of whole blood

from a sero-posit ive dog into a susceptible German shepherd dog .

I Since earlier purchases of dogs for military use were made from

this area , it is recommended that future purchase be made only

S after careful serolog ic , hematologic and clinical examination of

respective dogs.

1- I
1 

_ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _  

_ _ _ _

-.- — — ~~ -~-- -_~~~~
-- —

~~~~~~~ _ _
_ .—-— ~~~~~~~ — —-—- _-..~—,x~~~~

_
~~~ 

— 
~~~~


