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In conducting the research described in this report, the

investigators adhered to the "Guide for Laboratory Animal Facilities

and Care," as promulgated by the Committee on the Guide for Labora-

tory Animal Resources, National Academy of Sciences - National

Research Council.
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I. SUMMARY OF PROGRESS DURING 1977

Answers to 3 research objectives have been sought during the

previous year of support. These objectives were (A) the effect of

low level tetracycline treatment initiated during the early phase

of infection with Ehrlichia canis on the outcome of the disease,

(B) definition and characterization of the function and specificity

of humoral factors related to target cell injury in canine ehrlichio-

sis, (C) assessment of the effect of nonspecific immunopotentiation

on protection against E. canis infection in the German shepherd dog/
A. The effect of low level tetracycline treatment initiated during

the early phase of infection with E. canis on the outcome of the

disease.

Earlier studies showed that an oral continuous administration

of tetracycline can be used therapeutically and prophylactically

to control canine ehrlichiosis. A combination of such treatment

with the use of indirect fluorescent antibody (IFA) test to

monitor immune responses has produced excellent disease control

results among military dogs in endemic areas. Based upon these

earlier studies, several well-controlled experiments have been

initiated by the U.S. Army Medical Unit in Kuala Lumpur, Malaysia,

in collaboration with this laboratory to determine more exactly

the effect of such treatment initiated during the various phases

of the disease. The ultimate goal of these investigations is to

develop a standard operational procedure (SOP) for control of
'.1

ehrlichiosis in military dogs in endemic areas.

Experiments conducted during the past year were concerned

with application of low level tetracycline (3 mg/lb/day), starting

iI ~ m m nnn an mulu nn/ mmnn l l I I
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at 7 and 14 days after infection and continuinq for 30 days. The

treatmert was successful regardless of the time (7 or 14 days

after infection) when administration of tetracycline was initiated.

Signs of the disease in dogs started on tetracycline 14 days

post-inoculation disappeared rapidly after treatment was initia-

ted. Results based on subinoculation of blood from infected to

normal dogs during and after treatment showed that the treatment

cleared all dogs of infection. Dogs cleared of infection, however,

showed no protective immunity upon reinfection. Strong but transi-

tory antibody responses were noted in all infected dogs regardless

of when tetracycline therapy was initiated. Dogs which were re-

infected at 60 days after tetracycline treatment was discontinued,

redeveloped antibody titers to E. canis. At 6 weeks after reinfec-

tion, the antibody titers, however, did not exceed titers measured

in these animals as a result of the primary infection.

The isolation of E. canis from a dog in Negri Sembilan,

Peninsular Malaysia, afforded an opportunity to study properties

of the local strain. Mixed breeds of adult dogs were inoculated

intravenously with this E. canis isolant. Inoculated dogs develo-

ped signs of the disease which included fever, weight loss, lym-

phodenopathy, corneal opacity, and pancytopenia. Of 3 dogs that

died during the course of the study, one died with severe pancy-

topenia 78 days post-inoculation, and hemorrhagic lesions ,were

, prominant in numerous organs. All inoculated dogs developed

strong antibody titers to antigen prepared from a U.S. isolant

of E. canis, indicating cross-serologic relationship between 2

isolants.

II
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During the past year, 873 sera of dogs belonging primarily

to the U.S. Armed Forces were examined for antibodies to E.

canis by the IFA test; a total of 278 of these dogs were positive.

Serologic examination for babesiosis using the IFA test was

made on 214 dogs belonging to the U.S. Armed Forces and allied

armies. A total of 151 of these dogs were positive.

B. Definition and characterization of the function and specifi-

city of humoral factors related to target cell injury in canine

ehrlichiosis.

Previous studies have implicated immunologic mechanisms in

the pathogenesis of thrombocytopenia associated with canine

ehrlichiosis. The Progress Report of 1976 described the presence

of the platelet migration inhibition factor (PMIF) in the serum

of dogs infected with E. canis. The presence and concentration

of the PMIF was measured by the platelet migration inhibition

test (PMIT).

Preliminary studies initiated in 1976 aimed at determining

the nature and properties of the PMIF were continued during 1977.

It was established that PMIF was contained in the 7S serum frac-

tion purified by gel filtration and ion-exchange chromatography.

Electrophoretic properties in immunoelectrophoresis and poly-

acrylamide gel electrophoresis tests and gel diffusion studies

indicated that this was an IgG molecule. The fraction was resis-

tant to 2-mercaptoethanol. Fractions isolated from normal or E.

canis infected dogs were immunochemically identical, indicating

that the inhibitor was not an E. canis antigen or a protein moiety

I u m nln
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synthesized de viovo but an immunoglobulin with measurable speci-

ficity for platelet membrane antigen, probably having some patho-

genic implications. Chicken erythrocytes coated with platelet

antigen and labelled with 51Cr were specifically lysed by PMIF,

thereby demonstrating the antigen-antibody nature of the reaction

between platelets and PMIF.

Failure of the purified fraction to cause any in vivo effect

is puzzling, however, it may be speculated that in vivo homeo-

static mechanisms interferred with the expression of the PMI

activity measurable under highly controlled and optimized in

vitro conditions.

C. Immunopotentiation of dogs against tropical canine pancytopenia

(canine ehrlichiosis) by means of inoculation with Bacille

Calmette Guerin (BCG).

Preliminary studies have shown that German shepherd dogs

which developed a non-severe syndrome of tropical canine pancy-

topenia (TCP) had responded to a higher degree in the leukocyte

migration inhibition (LMI) test for cell mediated immunity (CMI)

to E. canis than similar dogs which demonstrated a severe form

of the disease.

It was postulated that immunologic competence of the cellular

type plays a decisi've role regarding the clinical outcome of TCP

in German shepherd dogs. Three experiments were conducted to

evaluate CMI responses in dogs inoculated with BCG and E,

canis administered singly or in combination.

In the first experiment, German shepherd dogs were inoculated

intramuscularly with a live E. 3 and LM' nd blast transformation

I4
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(BT) tests were performed on a weekly basis; protein purified

derivative (PPD) was used as antigen of choice to measure immune

responses to BCG. These tests were useful in detecting the

ability of dogs to respond to BCG.

In the second experiment, dogs were infected with E. canis.

LMI and BT rests were performed on a weekly basis using cell

culture-derived E. canis antigen. One of the 2 dogs failed to

respond in either of the 2 tests for CMI. This animal died of

the disease. The second dog responded in the LMI but not in the

BT test. This dog developed a mild disease and recovered.

In the third experiment, animals were first inoculated with

BCG and 7 days later infected with E. canis. Tests for CMI

were performed on a weekly basis, using PPD and E. canis antigens,

respectively. In this group, one dog responded to PPD in LMI

but not in the BT test. This animal, however, failed to respond

.n either test to E. canis antigen. The dog developed a severe

disease syndrome. The second dog of this group responded in

LMI but not in BT tests to both PPD and E. canis antigens.

This dog developed a mild form of the disease.

Results of the above studies suggest that German shepherd

dogs able to generate CMI responses to E. canis are more likely

to overcome the severe syndrome of TCP than those which fail to

do so. The study needs to be repeated on a greater number of

dogs to produce statistically significant results.I
I
I
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A peculiar aspect of TCP is that blood macrophages, and

apparently other lymphatic plements, are affected by invasion,

growth and development of E. canis. Thus, it is possible that

the sequence of host cell-parasite interaction may bring about

an impairment of the function of the immune system in general,

which would result in a failure of infected dogs to mount a de-

tectable CMI response. It is possible that use of E. canis of

lower virulence would minimize this impairment of lymphatic

function and enable infected dogs to respond more readily to

CMI stimulation.

II. DETAILED PROGRESS REPORT

Research accomplished under Objective I

A. Tetracycline Treatment

Results of tetracycline treatment started 7 days post-

infection with E. canis are given in Table 1. Five dogs were

inoculated intravenously with blood from an acutely infected E.

canis carrier on April 12, 1977. Seven days post-inoculation

each dog began receiving daily tetracycline treatment, adminis-

tered in dosages of 3 mg/ml body weight, for a period of 30 days.

Serum samples were obtained from each dog at approximate 7-day

intervals from April 5, 1977 to June 23, 1977 for subsequent

examination by the IFA test.

Preinoculation serum samples, obtained April 5, were negative

for antl-E. canis antibodies in the IFA test. Within 21 days post-

inoculation and 7 days after onset of tetracycline treatment, all

dogs demonstrated a serologic conversion. In 4 of the 5 dogs

Im
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examined, antibody response was transitory. Antibody was detec-

ted in serum taken May 3 from dogs 87, 118, 129, and 130 and May

9 from dog 130. Dog 79 experienced a prolonged antibody response

beginning 14 days post-inoculation. Although antibody persisted

for 34 days, the antibody titer steadily declined from a high

of 1:160 to 1:10 (Fig. 1). With the exception of dog 79, anti-

body was not detected in serum of any other animal collected

following cessation of tetracycline treatment.

Verification of E. canis infection in dogs 79, 87, 118, 129,

and 130 and the ability of these dogs to transmit the infection

was determined by subinoculations of whole blood from treated

dogs into susceptible dogs 3, 6, 28, and 68 days post-infection.

Four of the 5 dogs subinoculated April 15 and all of the

dogs subinoculated April 19 developed clinical symptoms

of E. canis and became serologically positive for anti-

bodies to the disease. Dogs subinoculated May 10, during the

course of tetracycline treatment, and June 18, following termina-

tion of treatment, did not develop clinical symptoms nor did they

produce detectable antibody to the disease agent.

The results of tetracycline treatment started 14 days post-

infection with E. canis are given in Table 2. The experimental

method followed varies from that desc;ribed for Table 1 in only

2 regards: tetracycline treatment was initiated 14 rather than

7 days post-inoculation and dogs were rechallenged 53 days after

termination of treatment.

All dogs were serologically negative for anti-E. canis

antibody prior to inoculation. Following inoculation, antibody
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response occurred 7 days earlier in these dogs than in the

dogs included in the previous experiment. Dog 88 became sero-

logically positive 7 days post-inoculation, dogs 117, 119, and

131 within 14 days and dog 95 within 21 days. In contrast to

the generally transitory response noted in Table 1, all dogs

maintained a serologic response for at least 28 days and in one

instance for as long as 49 days. During a brief periodbegin-

ing June 13 and extending to June 20, no antibody was detected

in serum from any of the dogs. However, low titer antibody was

again detected in 4 out of 5 dogs 78 days post-inoculation and

34 days following termination of tetracycline treatment.

Prior to termination of tetracycline treatment, antibody

titers began to decline. Four days following end of treatment,

titers increased slightly, then continued to decline. Fourteen

days after reinfection, titers increased sharply and remained

high during the remainder of the study (Fig. 2, 3).

Consistent with the results observed in experiment 1, blood

taken from these dogs 21 days after onset of tetracycline treat-

ment and 28 days after the initiation of treatment was not

infectious when subinoculated into normal dogs.

B. Serology Performed on Military Dogs for U.S. Armed Forces.

During the past year, 878 sera of dogs belonging primarily

to the U.S. Armed Forces were examined for antibodies to E. canis

by the IFA test; a total of 278 of these dogs were positive.

Serologic examination for babesiosis using the IFA test was

made on 214 dogs belonging to the U.S. Armed Forces and allied

armies. A total of 151 of these dogs were positive.

Serologic studies conducted in cooperation with the U.S. Army

Medical Research Unit, Malaysia, are given in Table 3.

____________________
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Table 3. Serologic studies conducted in cooperation with the U.S. Army

Medical Research Unit, Malaysia.

Study No. Sera No. Sera No. Sera
Screened Positive Titered

Evaluation of occurrence 195 132
of Babesia canis in the
Malaysian dog population

Evaluation of Malaysian
E. canis isolate -
sera tested for:

B. canis 19 19 --

E. canis 19 19 19

Effect of prophylactic
tetracycline on E. canis
infections 357 138 75

I
I
t

I
I
I
I
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C. Study of Malaysian Ehrlichia 
canis Isolant.

In the 1960's canine ehrlichiosis with hemorrhagic manifes-

tations accounted for the death of numerous military and pri-

vately owned dogs in Singapore1 ,2 and Malaysia, 3 however, few

studies of the disease in this country have been reported. The

isolation of E. canis from a dog in Negri Sembilan, Peninsular

Malaysia, afforded an opportunity to study the disease in experi-

mentally infected, mixed breed dogs.

Materials and Methods

The isolate of E. cailis used in this study was obtained from

a pet bulldog in Seremban, Negri Sembilan. The dog had been

sick, and during routine hematological examination, organisms

were seen in mononuclear cells in Giemsa-stained blood smears.

Using a syringe wetted with heparin containing 20,000 U.S.P.

units per ml, 15 ml of blood were collected from the dog. The

blood was transported to Kuala Lumpur on wet ice and was ino-

culated intravenously into a laboratory dog. The organism was

maintained by serial passage in dogs.

The 9 dogs in the study were mixed breed, adult dogs weighing

25 to 40 pounds. With the exception of the dog inoculated with

blood from the original case, each dog was inoculated intrave,

nously with 10 ml of whole blood collected in ethylene diamine

tetracetic acid (EDTA) from a dog acutely ill with the infection.

Of 7 infected dogs studied, 4 were inoculated with blood from

the third passage and one each with blood from the original

case, first passage and second passage. Two dogs were used as
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uninfected controls and were examined in the same manner as

the infected dogs.

Clinical and hematologic examinations were made throughQut

the study and sera were collected monthly for examination in

the IFA test.

Resul ts

Although some dogs had rectal temperatures of 1030 F or

greater as early as 9 days post-inoculation, all dogs were

febrile at 12 days. Pyrexia persisted for approximiately 2 weeks.

Thereafter, the mean temperature returned to near normal.

The thrombocyte count dropped sharply from over 300,000/nn 3

at time of inoculation to below 40,000/mm 3 by day 12. The mean

thrombocyte count remained under 100,000/mm 3 throughout most of

the experimental period. On numerous occasions thrombocyte

counts of 5,000/mm3 or less were recorded.

The hematocrit fell to below 30% by day 12 post-inoculation,

remained constant near 30% through day 72 post inoculation, and

then gradually increased to above 40% at approximately 120 days

post-inoculation. The lowest hematocrit recorded was one value

of 10% on day 77 post-inoculation in a dog which succumbed to

the disease. Hemoglobin levels followed the same pattern as

that of the hematocrit.

The white cell count dropped from a mean of 18,000/m 3 on

day of inoculation to a low of 6100/mm 3 on day 97. Repetitive

white cell counts of less than 5,000/mm3 were recorded for 2

dogs 56-72 days post-inoculation.

Erythrocyte sedimentation rates (ESR) rose rapidly from a
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mean of 2.33 mm/hr at time of inoculation to 34.57 mm/hr at 12

days post-inoculation. Six of the 7 dogs had an ESR of at least

40 mm/hr sometime during the experimental period. One dog

maintained an ESR of 5 mm/hr or below except for day 19 when it

reached 23 mm/hr. One dog which died with severe hemorrhagic

lesions at 78 days post-inoculation had marked pancytopenia at

time of death.

Weight loss of 5 to 7 pounds was noted in each dog with a

gradual return to normal in surviving dogs. Swelling of pre-

scapular and popliteal lymph nodes was observed as early as 3

weeks post-inoculation in 3 dogs and persisted for several months.

Corneal opacity was observed in 2 dogs. In one dog corneal

opacity became evident 3 weeks post-inoculation and persisted

throughout the observation period. In the other dog corneal

opacity appeared 6 weeks post-infection and persisted for 30 days.

Epistaxis, which is commonly seen in Alsatian dogs infected

with E. canis, was not seen in thesedogs; however, 2 dogs devel-

oped cutaneous petechial and ecchymotic hemorrhages at days 46

and 55 post-inoculation. The hemorrhages were most noticeable

around the shoulders, neck, flanks and abdomen. The hemorrhages

on 1 dog disappeared within 3 weeks after they were first noticed.

The other dog died approximately 3 weeks after the hemorrhages

were first seen and the hemorrhages were still prominent at the

time of death. A necropsy examination on this dog revealed a

generalized hemorrhagic condition. Hemorrhages were seen in the

skin and subcutaneous tissues, mammary glands, lymph nodes, lungs,



18

heart, gastrointestinal tract, urinary bladder and pleura. The

dog that recovered from the hemorrhagic condition later developed

severe ascites and ventral abdominal and peripheral subcutaneous

edema which was first noticed at day 120 post-inoculation. This

condition progressed until the dog died on day 170. At necropsy

approximately 1500 ml of pale yellow, slightly opaque fluid was

removed from the abdominal cavity.

In addition to the 2 dogs described above that died at 78

and 170 days post-inoculation, one other dog died 38 days fol-

lowing infection. The only significant finding in this dog was

ascites. A fourth dog became extremely emaciated and was killed

82 days post-inoculation. Gross necropsy examination of the

latter dog revealed no significant lesions.

The uninfected dogs showed no signs of disease and hematolo-

gical values remained unchanged.

Serological examination of sera collected at monthly intervals

from experimentally infected dogs revealed that antibodies to E.

canis were present one month post-inoculation and throughout the

experimental period or until death. Antibody titers varied from

1:640 to 1:1280.

Morulae of E. canis in mononuclear cells in Giemsa stained

blood smears were seen on occasion but were generally very diffi-

cult to find.

Summary

Mixed breed, adult dogs were inoculated intravenously with

Ehrlichia canis isolated from a dog in Peninsular Malaysia.

Signs of disease included fever, weight loss, lymphadenopathy,
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corneal opacity, and pancytopenia. Of 3 dogs that died during

the course of the study, one died with severe pancytopenia 78

days post-inoculation, and hemorrhagic lesions were prominent

in numerouis organs. All inoculated dogs developed strong antibody

titers to E. canis. Since the test used an E. canis isolant from

f the U.S., it is evident that the Malaysian and the latter isolant

are serologically closely related.
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Research accomplished 
under Objective 

2

A. Immunopatnologic Features of Canine Enrlic!iiosis, or

Tropical Canine Pancytopenia (TCP).

1. General Information

A. Previous and Current inmunopathologic Findi ng. Previous

studies 1'2'3'4 have implicated immunologic mechanisms in

the pathogenesis of the thrombocytopenia associated with

canine ehrlichiosis. It was also demonstrated that during

the course of the disease, platelet survival time was shor-

tened, presumably due to increased platelet destruction.
3

The work reported here is concerned with the in vivo and

in vitro characterization of the platelet migration inhi-

bition factor (PMIF) measured by the platelet migration

inhibition test (PMIT).3 It was demonstrated that the

factor was an immunoglobulin predominantly of the IgG

class. The factor was found in highest concentration

during the acute phase of the disease. Absorption studies

using normal platelets, normal monocytes and monocytes in-

fected with Ehrlichia canis established that the PMIF was

distinct from the specific anti-Ehrlichia canis antibody

measured in the IFA test. Using a cytotoxicity assay based

on the 5 1Cr-release from chicken erythrocytes to which

platelet extracts had been chemically coupled, it was shown

that the interaction between PMIF and the platelet membrane

,; was a genuine antigen-antibody reaction. In vivo studies

remained inconclusive, presumably due to complex homeostatic

mechanisms interferring with the inhibitory activity

demonstrable under highly controlled in vitro conditions.

. . . . . . .
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b. Canine ehrlichiosis, or tropical canine pncytopenia (TCP)

is an arthropod-borne disease of the canidae. It presents

a variety of individual and breed-related symptomatology

ranging from mild to severe. Typically, there is a pancy-

topenia mainly affecting the platelets. In adult dogs,

the mild form is common whereas puppies suffer a more

severe disease.5 More recently Buhles et al.I divided

the disease into different phases. The acute phase occurs

in all breeds during the first 2 to 4 weeks of infec-

tion and is characterized by mild signs and transient

pancytopenia. In beagles (which exemplify breed resis-

tance) the disease progresses into a stable mild chronic

state. German shepherds (which exemplify breed suscep-

tibility) tend to have severe pancytopenia, hemorrhage

and peripheral edema due to secondary infection. This

form of the disease has been termed severe chronic and

is often terminal due to excessive bleeding.6

The pathogenesis of the pancytopenia has received ex-

tensive attention but remains poorly understood. Burghen

et al.4 suggested that the hypergammaglobulinemia may be

related to a state of hypersensitivity related to an auto-

immune process induced by the infection. This hypothesis

has been supported by Hildebrpuidt et al.8 and Ristic et al. 9

It has been suggested 7 that anti-Ehrlichia antibody

may contribute to the pathogenesis of the disease, particu-

larly in relation to maintenance of the carrier state.

Thrombokinetic studies by Smith et al. 3 and radioisotope
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studies on the bone marrow by Buhles et al. have implica-

ted depression or malfunction of the bone marrow precursor

cells as the primary disorder leading to thrombocytopenia.

Thrombocytopenia may also be the result of excessive

platelet destruction, perhaps related in part to the immune

response.

The purpose of the present investigation is to further

examine the nature of one of the effector mechanisms direc-

ted against platelets as target cells in canine ehrlichlosls.

B. Characterization of the Humoral Factors Related to Platelet

Injury in TCP

1. Studies on the specificity of PMIF. Differentiation of

anti-E. canis activity from anti-host cell histocompati-

bility antigen activity. Comparative kinetic studies were

carried out to examine the PMIF response in needle-infected

dogs compared with dogs infected by tick transmission.

2. Tick-transmission of ehrlichiosis. A beagle dog shown to

be free of ehrlichiosis was infected by needle inoculation

of 10 ml of blood from an E. canis carrier dog. During

the acute phase of the disease, as determined by platelet

counts, 200 normal Rhipicephalus sanguineus nymphs were

introduced into tick capsules placed on the dog's neck.

The nymphs became replete after 7 days, were removed and

kept in a tick incubatora under controlled conditions of

temperature and humidity where they were allowed to moult

Into adults.

aprecision Scientific Corporation, New York, NY.
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Tick capsules were i1V, ad jr a noriial doq. Twenty

infected adult male and 20 feru!i LicL&3 ,e re fad on the

dog for 7 days. Platelet counts, percen-. , atelet migra-

tion inhibition (PMI) and indirect fluorescent atnibody

I (IFA) titers were dcterrniue weevl,/ tnry-ucho t the 4-week

surveillance period.

3. Induction of ehrlichiosi-, t red iICUat;:,, 0 dog

shown to be free from ehrllchiosis was i, ,:92ted intra-

venously with 10 ml of anticoagnIated ;oo p,.rt of 20%

sodium citrate to 20 parts hlood) frc.-i an F crn__

carrier dog. Platelet counts, P>"i activity Lnd IFA

titers were monitorect weekly for 5, days. _, z.ontrol for

I anti-blood group response, 1% nor--al dog ,,as 1no7'.,lated in-

travenously with 10 ri! of whoI,- nonral do- b~cn, in 20%

sodium citrate as articoaqglant..

4. Preparation of platelet,. T 2 iethco J;23-Cribed For use

with canine platelets is a inodification of the technique

of Duquesnoy et al. 10  Tven ty ml of blood was drawn in 2 ml

of 20% sodium citrate solution. The blood was centrifuged

at 400 to 500 g for 10 minutes in siliccnized polycarbonate

tubes at room temperature. The upper 3/4 of the platelet-

rich plasma (PRP) layer wa; removed and centrifuged at

1000 g for 10 minutes. The platelet pellet wa; res Jspended

in 0.1 ml of supernate designated plaelet poor plasma (PPP).

The remaining PPP was inactivated at 56' C for ')I minutes

and lipids removed by centrifugation at 7000 g for 30 minu-

I tes. One normal dog was used as a standard source of

I
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platelets which, in all cases, were determined nonreactive

with preinfection serum collected from experimental dogs.

5. Platelet migration inhibition (P,1i) test. A medium lo was

prepared by mixing 3 parts of MEM with 2 parts of autolo-

gous PPP and 200 units of penicillin-streptmyc'n. Two-

tenths of a nil of inactivated test serum was added to 0.2

ml of a suspension of platelets containing I to 2 x 108

platelets per ml. The mixture vas incubate-! at room tem-

perature for 1 hour, Micro-capillary tubes (25, ) were

filled with the platelet-serum suspensior and -jt sealed.

After centrifugation at 1000 g for 3 nire, the capillary

tubes were cut just above the int~rfaccu betwe-n, packed

platelets and supernatant solution. 1le Irlsed end of the

stumps were embedded into silicone-grease in the center of

a 25 mm cover slip which served as the floor of the migra-

tion chamber.b The migration. chambers were closed with a

second cover slip adhered by the silicone- rease. The

space between the 2 cover slips were filled with the medium

and the entry portals sealed with hot paraffin wax. All

tests were carried out in triplicate and each chamber con-

tained at least 3 stumps. The chambers were incubated at

370 C for 16 hours. The areas of migration were measured

using a light microscope with a calibrated ocular micro-

meter at 40 x magnification. The mean percent migration was

buniversity of Illinois, Urbana, IL.
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calculated relative to the decjree of inhibition induced

1by preinoculation serum.

I 6. Absorption procedure. Serum ,liquots (0.5 ml) were mixed

with 2 x 106 platelets in a pellet to avoid dilution

effect. The mixture was incubated at 370 C for 1 hour

and centrifuged at 450 x g for . minutes to separate the

I serum. The serum was diluted 1:10 in phnsphate buffered

saline (PBS) before IFA or PMI tests were performed. For

absorptions using monocyte cultures, normal and infected

I monocytes were cultured as cecried by lyindo et al.I

Serum aliquots (0.5 ml) were incubated with 2 x 106

monocytes at 370 C for 1 hour and centrifuged at 450 g

for 5 minutes.

The IFA test was performed as previously described.9

7. Identification of serum fraction with PlI activit-, using

molecular sieve chromatolraphy. Sephadex G-200 was equi-

librated in 0.1 M Tris-HCI buffer for 24 hours. After

equilibration and calibration for 19S (1gM) 7s (IgG) and

5-6S (albumin), 2 ml sample fractions were applied to a

100 x 2.5 cm column. The absorbance was monitored and re-

corded at 280 nm using a VA-5 automatic UV monitor-recorder.C

Tubes related to each peak were pooled and tne eluate dia-

lyzed against 0.15 M NaCl to restore isotcnicity. The

.- fractions representing each peak were then concentrated

by lyophilization to the original ,ampL volame "2 ml)

and tested in the PMI test for activity.

CInternational Scientific Co., New York, NY.
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8. Purification of 1gG. The PMI activi-y eemed to be associated

with the IgG fraction of serum collected from dogs in the acute

stage of ehrlichiosis. The method of Steinbuch and Audran
12

for IgG purification was then used with subsequent sepa,-ation of

molecular sub-species by anion exchange chromatography. One-

hundred ml of serum was mixed with 200 ml of 0.96M acetate

buffer pH 4.0. Caprylic acid (6,8 g) was added dropwise with

vigorous stirring for 1 hour. The mixture was then centrifuged

at 700 g for 10 minutes. The precipitate was discarded and the

supernatant further purified on dn anion exchange coiumn equi-

librated with 0.01 M phosphate buffer. A 25 x 2.5 cm Sephadex

A-50 column was used and samples containing 100 Pc of protein

were applied and eluted with 0.01 M phosphate buffer. The

fractions were tested in the PMI test for inhibition activity.

9. Immunoelectrophoresis. A modification of the technique of

Scheidegger 1 3 was used to determine the pxri ty of fractions ob-

tained from molecular sieve and ion exchange chromatography.

One percent agarose was prepared in tris-barbital high-resolu-

tion bufferd diluted in water (75 Darts water to 25 parts

buffer). The electrophoresis chamberd was filled with undiluted

buffer. Slides were precoated with a thin layer of agarose and

covered with 4 ml of agarose. Wells were cut and filled with

fractionated sample, electrophoresis wds carried out at 300 volts

(constant voltage) for 1 1/2 hours, and troughs were filled with

serum from rabbits hyperinmunized against canine serum components.

Slides were allowed to incubate in humidity chambers overnight.

Slides were examined before and after staining with Coomasie blue.

dGelman Instruemtn Corp., Ann Arbor, MI.
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g 10. Polyacrylamide gel electrophoresis of chromatoqraphic fractions

associated with PMI activity. A 30% solution of polyacrylamide

was prepared by adding 30 gm of acrylamidee to 100 ml of dis-

tilled water. The solution was filtered through a Whatman #1

I filter and stored at 40 C.

A gel was prepared by mixing 15 ml of 30% acrylamide eel, 8.4

ml of 2.0 M Tris-HCl buffer pH 8.8 and 20.85 ml of distilled

water. To this mixture 0.3 ml of ammonium persulfate (APS)

(100 mg/ml) and 12.5 lambda of N', N', N'-tetramethylenethylene-

I diamine (TEMED) was added. The stacking gel was prepared by

g mixing 2 ml of 30% acrylamide, 1.9 ml of distilled water, 2 ml

of Tris-HCl buffer, 20 lambda of APS, 10 lambda TEMED and 5 ml

.1 of 1% agarose. Sample buffer was prepared by rmixing 2 ml of

Tris-HCl buffer and 2 ml of 20% sucarose and 0.5 ml of bromo-

1 phenol blue. Ten lambda of chromatographic sample with proven

PMI activity was mixed with 1t lamibda of sample buffer and care-

fully layered into the sample wells. Samples from normal dogs

eluting in the same region were similarly analyzed. The chambers

were filled with Tris-Hcl buffer. Stacking was performed at

room temperature at 20 mA at constant voltage and further elec-

trophoresis was carried out at 40 C at Lhe rate of 50 mA constant

voltage. Electrophoresis was continued until the bromophenol

blue indicator reached the bottom of the slab.

The gel slab was removed and stained in Coomasie blue (0.2%

Coomasie brilliant blue, 50% methanol, 7% acetic acid).

eBio-Rad Laboratories, Richmond, CA.
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_ Destaining was accomplished in 10, acetic acid. A denatured

sample was prepared in the same manner with the addition of 0.25%

I 2-mercaptoethanol (2-ME), and 012% sodium dodecyl sulfate to

the sample. Gel slabs were scanned at 540 nM on an 'Jrtec

scanner.
f

11. Demonstration of binding properties of platelet migration inhibi-
51

tion factor. Cytotoxicity measurement usin 5Cr release assay.

The method of Voigtmann et al. was used with slight modifica-

tion to prepare soluble antigen from canine platelets. Platelets

from citrated canine blood were separated as described above.

To a suspension of 1 x 109 platelets in 1 ml of PPP vias added 5

ml of 0.3 M KCI solution. After gentle shaking, the mixture was

incubated at 560 C for 1 hour. The suspension was agitated

every 15 minutes. The lysate was then f-I tere' through a Whatmann

#1 filter, divided into 0.2 ml aliquots, stored at -20" C until

Irequired for use. The protein concentration was adjusted to

10 mg/ml before use.

Chicken erythrocytes were collected from aduit white Leghorn

fowls. Five ml of blood was collected in a test tube containing

sodium oxalate as anti-coagulant. ]he cells were extensively

washed with PBS and finally resuspended in RPMI 1640 to 2 x 108

cells per ml.

The procedure of Johnson et al 15 was used to couple the

I .- platelet antigen (PAG) to chicken erythrocytes. To 0.3 ml of

PAG solution containing a total of 3 mg of protein was added

f Ortec Corporation, New York, NY.

I
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108 erythrocytes in 0.1 ml. One m l of O.1% I-ethyl-3

(3-diethylamiinopropyl) carbodiimide hydrochloride in PBS was

added. The mixture was left at room temperature for 1 hour

with shaking every 15 minutes. The cells were washed 3 times

in 1% heat-inactivated rabbit serum. The coated cells were

resuspended in 1% normal rabbit serum to a concentration of

2 x 108 cells per ml.

The technique of Perlmann and Perlmann 16 was used to label

the antigen-coated erythrocytes with 5lCr and cytotoxicity test

was carried out as described above for the monocytotoxicity test.

The activities of PMIF were also assayed in the indirect

hemagglutination (IHA) and hemolytic tests by a micro technique.

Purified PMIF was resuspended in PBS at a concentration of 10

mg/ml. Dilutions of PMIF in 0.025 ml were added to each well.

An equal volume of PAG-coated chicken erythrocytes was added

and the mixture was incubated at room temperature for I hour

before reading the hemagglutination pattern. The end point of

the hemagglutination was recorded as the highest dilution showing

a distinct button of cells. After the reading, 0.025 m, of

guinea pig complement was added and incubation continued for

30 minutes. The hemolytic titer was scored as the highest dilu-

tion of reactant that lysed 50% of a sLandard suspension of

erythrocytes (2 x 106 per well).

12. In vivo testing of the effect of platelet migration inhibition

jfactor. Serum collected from a dog during the acute stage of

ehrlichiosis was separated by column chromatography using

1
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Sephadex G-200. Each fraction was tested in the PMI test for

evidence of anti-platelet activity. A control preparation was

made from preinoculation serum collected from, the sdme dog.

The fractions were analyzed at 280 nm and concentration deter-

mined. Two dogs were inoculated intravenously with 22.2 gm and

31.2 gm, respectively, of the fraction which had the most PMI

activity. Two control dogs were inoculated with 36.65 gm and

100 gm, respectively, prepared from preinoculation dog serum.

The dose of the inhibitor was computed such that the concentra-

tions of normal serum proteins were elevated 10'0% in an effort

to artificially induce hypergammaglobulinemia. Platelet levels

were monitored every hour for the first: 5 hours. Platelet counts

were also determined at 12, 24 and 48 hours post-inoculation and

thereafter every 2 days for 2 weeks.

C, Results

Gel-filtration and ion-exchange chromatography demonstrated that

the platelet migration inhibitor resided in the IgG fraction of in-

hibitory serum. This was confirmed by immunoelectrophoresis (Fig. 1)

and polyacrylamide gel electrophoresis of whole serum and isolated

IgG fractions (Fig. 2,3). There was no detectable difference in

electrophoretic mobility or number of protein bands between fractions

isolated from normal dog serum and those obtained from immune serum

(Fig. 4.5). Antiserum prepared against inhibitory canine serum failed

to reveal any abnormal component in serum of infected dogs causing

inhibition of migration of normal platelets.

Chicken erythrocytes coated with inhibitory IgG were positive

Ie
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in the hemagglutination test and in the 51Cr release assay for cel-

lular damage. The reaction was specific for platelet antigen

(Table 1) and the inhibitor was 2-ME resistant.

Absorption of inhibitory serum with normal platelets removed

inhibitory activity but did not affect the IFA titer (Table 2a).

Conversely, absorption of the same serum with E. canis infected mono-

cytes removed the IFA activity without a significant effect on the

PMIT (Table 26). Incubation of inhibitory serum with normal mono-

cytes did not affect either of the reactions.

A dog infected by ticks infected with E. caniz developed sig-

nificant levels of PMIF between 5 and 9 days post-infection and the

activity persisted until day 32 post-infection (PI) (Table 3). The

onset of inhibitory activity coincided with diminishing levels of

platelet count. The control dog inoculated vith isologous normal

canine blood maintained normal platelet counts and showed only base

line levels of PMI activity.

D. Summary and Discussion

An investigation was conducted to determine the nature of the

platelet migration inhibition factor (PMIF) associated with tropical

canine pancytopenia (TCP). The PMIF was contained in the 7S fraction

purified by gel filtration and ion-exchange chromatography. Electro-

phoretic properties in immunoelectrophoresis and polyacrylamide

gel electrophoresis confirmed that this was an IgG molecule. Further,

it was shown that the fraction was resistant to 2-mercaptoethaol.

Fractions isolated from normal or E. canis-infected dogs were immuno-

chemically identical, indicating that the inhibitor was not an

I6
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E. canis antigen or a protein moiety synthesized de novo but an

immunoglobulin with measurable specificity for platelet membrane

antigen and probably having some pathogenic implications.

Using a cytotoxicity assay based upon the 5]Cr-release from

chicken erythrocytes to which platelet extracts had been chemically

coupled, it was shown that the interaction between PMIF and the

platelet membrane was a genuine antigen-antibody reaction.

The failure of the purified fraction to cause any in vivo

effect is puzzling. However, it may be speculated that in vivo

homeostatic mechanisms interferred with the expression of the PMI

activity measurable under highly controlled and optimized in vitro

conditions.

I
I
I

Ii
II



I

A 33

Table 1. 5 1Cr release assay, hemagglutination (HA), and hemolytic (HL)

tests of PMIF on chicken erythrocytes coated with solubilized

Iplatelet antigen.

51Cr % HA NO HL + HA NO HL + UE

Effector released 2-MEa 2-ME 2-ME 2-ME

Normal dog IgG NO Cb 7.6 0 0 0 0 0

Normal dog IgG + C 8.1 + + + 0 0

Immune dog IgG NO C 10.24 4 0 0 0 0

Immune dog IgG + C 44.1 + 1:4* 1:2 1:8 0i
a = 2-mercaptoethanol

I b = complement

* = highest dilution of 100 mg/ml solution giving a positive reaction.

+ or + = weak or strong positive with undiluted test material.

UE = uncoated chicken erythrocytes.

I
I
I
I
I

J.I
I
I
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Table 2a. Results of the effect of absorption of IFA and PMIT positive

g Idog serum, with normal canine platelets at room temperature.

i Test Before Absorption After Absorption

IFA 1:32 0a 1:320

PMIT 6 0%b 14.5%

aMean IFA titer. Each sample was absorbed in triplicate aliquots.

bMean percent platelet migration inhibition activity relative to normal

preinoculation dog serum.

I'
!

,I

Table 2b. Effect of absorption* of I7A and PMIT positive dog serum with

$ normal and E. canis infected canine monocytes.

Test Normal Canine Monocytes E. canis
Infected Canine Monocytes

Before After Before After
Absorption Absorption Absorption Absorption

IFA 1:320 1:320 1:320 1:40

PMIT 60% 54.3% 60% 59.1%

*Results are expressed as means of triplicate absorptions on the sample.

I
I
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Table 3. Development of PMIF, in relation to platelet levels in dog #150

(tick-infected with E. canis), and dog #132 inoculated with

10 ml of normal canine blood.

Dog #150 Dog #132
DAYS PITLT PMI FA PTLT PMI IFA
PI x10- 3  xl - 3

0 320 5 0 289 6.2 0

3 298 7.5 0 300 5.9 0

5 321 15 0 292 .NO 0

9 300 36 1:20 280 7.2 0

12 240 27 1:20 283 6.8 0

14 270 22 1:80 290 5.5 0

25 280 ND 1:60 321 6.4 0

29 340 40 1:640 297 5.6 0

32 314 19.5 1:640 283 5.5 0
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Table 4. Platelet levels x 103 per mm3 in dogs inoculated with platelet

migration inhibitor and those inoculated with pre-inoculation

IgG preparation.

Inoculum

Immune IgG Normal IgG

Dog No. 654 50 661 B6

Time PI

10 hrs 257 295 432 397

0 247 310 419 390

1 238 342 382 417

2 251 321 392 430

3 260 290 411 427

4 279 352 451 386

5 245 286 429 400

2 days 231 300 407 421

4 281 336 410 459

6 270 314 423 383

8 261 349 398 371

10 245 309 381 428

12 233 298 420 4o3

14 250 270 394 417

i
I
!
I
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Figure 1. Immunoelectrophoretic pattern of:

(1) whole normal canine serum

(2) whole immune canine serum

(3) isolated platelet inhibitor both IgG, and IgG2 were evident

(4) whole immune canine serum

I
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Figure 2. Polyacrylamide SDS slab-gel electrophoresis of normal canine

IgG (ND), and immune canine IgG (ID).
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Figure 3. Polyacrylamide slab gel electrophoresis under non-denaturing

I conditions.

Left: Normal canine IgG (ND) and immune canine IgG (ID)
gRight: Whole normal canine serum (ND)

Whole immune canine serum (ID)
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Figure 4. A densitometric scannine at 540 nM of non-denaturing poly-

acrylamide gel electrophoresis runs:

Top: whole normal canine serum

Bottom: immune whole canine serum
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Figure 5. A densitometric scanning at 540 nM of SDS polyacrylamide

gel electrophoresis runs:
Top: normal canine IgG

Bottom: immune canine IgG
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Research accomplished under Objective 3

A. Cell-Mediated Immunity and Protection i T

German shepherd dogs experimentally infectcd w',4r , > hia canis

developed a severe hemorrhagic syndrome bit ' r;;en'iai ly infected

beagles did not.1  It was shown2 thit chron;cal Iv ill, Cermin ,.hepherd

dogs developed marked thrombocytopeni3, teu-,eria, a_- w1 as hemor-

rhages and peripheral edema and at necrp., tney showed as 'e inter-

nal hemorrhages, evidence of secondary bacterial infections :vi

generalized perivascular plasmacytosis.

Hypergammaglobulinemia 3 and specific antibody for E. c, - :~ave

been demonstrated. It was suggested 4 that CMI mechanisms riay ;lay an

important role in the prevention of thre diseva- i since arii:nm'is t ht

showed a higher degree of CMI response as demnstratec ,

cyte migration inhibition test developed a mild form ot TCP. Tnjs it

was postulated that immunologic competence of che cpe uJar type plays

a decisive role with reference to the clinicil outcome of TCP in

German shepherd dogs.

Three experiments were conducted to evaluate CMI responses in

dogs inoculated with BCG and E. canis administered singly or in combi-

nation.

Six German shepherd dogs were used. in the first experiment 2

dogs received BCG only; 2 dogs of the sec.-,d experiment were infected

with E. canis; and the 2 dogs of the tOird experiment were first ino-

culated with BCG and 7 days later infected with E. canis. Cell

mediated immune responses were monitored by use of the leukocyte

migration inhibition (LMI) and the lymphocyte transformation (LT) tests.

Results of these tests were correlated with clini(-al and hematologic

findings.
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i B. Materials and Methods Used for Potentiation d Measurement of

i Cellular Immunity to E. canis

1. Experimental Animals

Adult Ehrlichia-free German sheprrd dons from 1 lo 6 years

of age were used in the experiments. All dogs we;re -,pt in

I environment controlled rooms. -he ani, i--.. ere .revicusly vac-

e cinated against distemper, hepatitis, ieptospirosis and rabies.

Before use, each dog was examined -linically and worrned.

2. Antigens

Ehrlichia canis antigen (E. car.is Acj) drived r(;n.i monocyte

I cell culture was prepared by freezing-4na\winr techYi '*:,es for use

in the tests for CMI.

Normal dog leukocyte antigen (NDL Ag) was proJucoJ' 4n the

,I same way as E. canis Ag from uninfected culitures.

Protein purified derivative antigen (PPO) was ottained from

I a commercial source in lyophilized form. After recunstitution

with sterile distilled water, aliquots of various concentrations

were made and kept at - 700 C until used.

3. Organisms

Bacille Calmette Guerine (BCC) was obtained from the University

of Illinois Medical Center* in lyophilized form. It was used

immediately after reconstitution following the recommended dose

fcr vaccination.

4. Parameters

Temperature, hematocrit and sedimentation rates were recorded

at intervals. Determinations of red blood cell, white blood cell

and platelet counts were also made. Weekly serum samples were

obtained for the IFA technique.

I *Lot IL 74 (S) 73; U of I., 903 West Adams St., Chicano, IL 60607.
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5. Leukocyte migration inhibition te-st.

I For leukocyte migration inhibition iost (L,1 1), 25 ml of

blood was collected from the jugular ve_*n into a 30 m! sterile

disposable syringe that contained 2.5 ml of 20,", Na citrate sterile

l solution as anti-coagulant. The blo:c! was transferred ,o a 50 ml

sterile siliconized plastic tube r-ortalnin 1- ml of a sterile

9% Ficoll-50% Hypaque solution (28-i1; parts) a,;d centrifuged at

400 g for 80 minutes at 40 C. The niddle layer that contained

I most of the white cell elements was decanted and mixeu with Hank's

I balanced salt solution (HBSS) pH 7.2 and centrifuged twice at 700 g

for 30 minutes at 40 C.

The leukoc pellet was resuspend..I in 0.3 ml of PVFYI 1540

medium pH 7.2 and trypan blue stain for cell viability ard concen-

I tration of cells was made. One-tentm t- he ml of the desired

I cell concentration was mixed with te .o:'e voljme of either RPMI

1640 medium, E. canis Ag dilution, or PPD 1L optimal concentration.

I The cell suspensions were incubated at Y C for 30 minutes,

then distributed in capillary tubes. Capillary tubes were centri-

Ifuged at 400 g for 10 minutes at room temperature, cut slightly

Ibelow the cell pellet-medium interphase and placed in sets of 3

in specially designed migration chambers. I-ligration chambers

were filled with adequate concentrations of either RPMI 1640 media,

E. canis Ag dilution or PPD in RPMI 1640 medium, incubated at 380 C

for 12-18 hours and area of migration was read in a graduated

ocular.

I

I
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6. Blast transformation tests.

Blood was drained by venipuncture frfm the jugular vein into

a 50 ml sterile disposable syringe; 2.9 Na citrate sterile solution

was used as anticoagulant at a rate of I rAl of anticoa]ulant per

10 ml of whole blood. The blood was irmeciateiy transferred to

i a 50 ml sterile glass tube which waz rolled cver its axis for 5-10

minutes at 380 C. Twenty-five ml of blood was trcnferr ,d to 50

ml sterile siliconized plastic tubes that cortainE.1 15 rl, of a

solution made of 9% Ficoll-50% Hypaque (28-10 parWs). Tunes were

centrifuged at 400 g for 85 minutes at 4' C; the wmiddle layer was

carefully removed and transferred to - 56 mi sterile siU'.n-ed

plastic tube, mixed with HBSS and centri ruged twic,_ a" IC') q for

30 minutes at 4' C; the pellet was resuspendeu in i0 r!-1 of RPMI

1640 medium, supplemented with l0, normal d,9 serum rev'cusly

inactivated at 560 C for 30 minutes. Trypan blue .tin fcr cell

viability and concentration was performed ard cell suspension

adjusted to 5 x 106 cells/ml. One ml of cell suspension was then

transferred to culture tubes. Different sets of tubes'were treated

with E. canis Ag dilution, PP0 dilution, NDL Ag dilution, concavalin

A and one test remained as untreated control. Cell uspensions

were incubated at 380 C, 5% CO2 in humid environment for 96 hours;

all cultures were made in triplicate Five-tenths PCi of 2-14C

hymidine was added to each tube and incubated for 18 additional

hours. Cell suspensions were centrifuged at lO'UO y for 60 minutes

at 4' C, washed with physiological saline solution, precipitated

with 10% trichloracetic acid solution, centrifuged at 1000 g for

20 minutes at 4 C and supernatant was discarded. lwo ml of ice

cold pure methanol was added to each tube and centrifuged again
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at 1000 g for 20 minutes at 4' C and supernatant was discarded.

Tubes were allowed to dry overnight at 38" C.

Five-tenths ml of nuclear Chicago solubilizer wis added to

each tube and incubated at 500 C for 2 hours. Liqu'- scintilla-

tion cocktail (16.0 gms PPO per galloi or toulene) was added to

each tube, shaken and transferred to disposabir liquid scintil-

lation vials, placed in counter at least 24 hours before counting.

Results are reported as leukocyte stimulation inde:

C. Results

Experiment 1. Figure I shows the response to LNI ',.s of dog GS

#3 inoculated with BCG on day 0; by day 10 there k,.as a detectable

response; on day 38, reached the highest level at 57 inhibition.

Table I shows response of dog GS #3 in the blast transforrnation

test, to a mitogen (concavalin A) and PPD sptecific antigen with

detectable response to BCG on day 7 afLer inoculation being the

highest index of leukocyte stimulation on day 63 after inoculation.

Figure 2 shows the percentage of migration-inhibition of dog GS

#8 which was inoculated with BCG on day 0 with a detectable res-

ponse on day 3 and the highest on day 24. Table 2 includes the

results of blast transformation test using PPD as antigen expressed

as leukocyte stimulation index, being the highest on day 28.

Experiment 2. The response of dog GS -5 is shown in LMIT is

i shown in Figure 3. It is noticeable that the percentage did not

pass over the base line previous to inoculation. In fact, the

animal died on day 55 after showing apathy and emaciation during

the last week of life. Three days before death the animal

developed epistaxis. Table 3 shows the index of stimulation of

I
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the same dog when examined in the bl;)st transformation test. Dog

GS #6 showed a slightly higher LMIT response over base line by

day 4, the highest on day 46 after inoculation (Fig. 4).

Data from the blast transformation test of dog GS #6 are

presented in Table 4.

Experiment 3. In this experiment, 2 dogs were inoculated with

BCG intrawuscularly and exposed 7 days later with E. canis.

Figure 5 Thows the results of the 1M.T to tcth antigens, PPD and

E. canis, used in testing dog GS #7. In this test, the earliest

response above base line for PPD was on day 38, - 'he highest on

day 66. With regard to E. canis, the firi resp,ns% c..r he base

line was detected on day 52 after innvulation with BCG 4:,th day

after infection with E. canis) and t we i e-,t or A , 6 (59th day

after E. canis exposure). Table b *,r te irices obtained it

the blast transformation test for do G" U. Result of dog GS #10

for the LMI test are expressed i,, tjr ,., in whi,t activity for PPD

is first demonstrated on day it0 d#' 'nulation wiTh BCG and the

highest response on day 38 after ;i,c r) with BCG. Responses for

E. canis Ag never went over base line. In Tbl, 6. indices for

blast transformation for dog GS Ilo are pni sente',

D. Discussion and Summary

The leukocyte migration inhibition tLMI), as well as blast

transformation (BT) tests, represent useful tools in detection of

'.1 in vitro activity related to cell-mediated iimmune (CMI) mechanisms.

Their advantage is that animals are not sensitized previous to

inoculation as in the case of delayed cutaneous hypersenisitivity.
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At the time the experiments were designed, published informa-

tion on detection of CMI in dogs was insufficient, thus a functional

I test to demonstrate such responses was developed. Bacille Calmette

Guerin (BCG) was chosen as a sensitizing agent due to its known

ability to stimulate delayed-type hypersensitive (DTH) reactions.

Protein purified derivative (PPD), originally produced for skin

reactivity tests, has been widely used as antigen of choice in

I many in vitro tests for CMI and therefore was chosen for this

experimental design. The availability of these immunogens and

I specific antigens also accounted for their use in the previously

*described experiments.

I Results obtained in the bltst transformation tests w'-re to

demonstrate the ability of sensitized lymphocytes to re_-t at a

particular moment to a specific antigen. The differences in the

indices measured are considered within expected limits of reaction.

A positive reaction or ability to respond was estimated, based

upon base line information rather thani figures alone. Since the

experiments were designed to evaluate responses on a weekly basis,

early detections were not intended unless they were part of the

protocol. The expression of indices in the BT test for concavalin

A (Con-A) was used as a point of comparison for the specific

response to a particular antigen as well as an assessing tool for

the test system. The BCG dose at the moment of inoculation was

the one recommended by the producer as standard vaccination for

human beings. The route of inoculation for BCG was deeply intra-

muscular. Induration at the inoculation site was detected after

I
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24 hours; redness and sore skin developed in one of the dogs

I (GS #3) by 48 hours. Lesions healed within 2 weeks by repeated

cleaning with sterile physiological saline. No other substances

were applied to the skin lesions. The characteristic .f BCG for

recruiting lymphocytes in the regional lymph node before they can

exert any systemic action may explain the fashion in which LMI

Itest reactions developed; with the highest level of activity

i between 3-5 weeks, then decreasing by 6 to 7 weeks post-inoculation.

The size and extent of lesions developed in dog GS "3 may account

for a faster and more extensive systemic infecticn that led to

detection of activity after 70 days post-inoculation.

Failure of dogs GS #5 and #6 to respond in the BT test may be

interpreted as follows: Macrophages are needed for a normal in-

duction of lymphocyte blast transformation. In CP, monocytes

(blood macrophages) are the host cell for parasitic activity

exerted by E. canis. It is possible that lymphocyte-macrophage

interaction may be impaired but this phenomenon has not been

measured. The indices for detection of specific T-cell mitogenic

activity induced by Con A dropped after inoculation with E. canis.

This may be an indication that lymphocyte transformation is sup-

pressed. In the case of dog GS #5, this immunosuppression may

have led to the death of the animal. In the case of dogs GS #5

and #6, a decrease in the index of blast transformation is noticed

2 weeks post-inoculation. The latter animal recovered after ex-

periencing a mild form of the disease. It is possible that in the

time between inoculation and impairment or suppression of the
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immune system, som.n T-cells were sensitized. Aithough they were

not able to show activity in the BT test, they showed a tendency

to react in the LMI test. This was not the case for dog GS #5

since activity detected by this test never exceeded the predeter-

mined base line.

Dogs inoculated with BCG and E. canis were able to react to

a mitogen (Con A) in the BT test for a longer period of time than

dogs that had been inoculated with E. canis alone. Dog GS #10

reacted as long as 3 weeks post-inoculation (PI) and dog GS #7

as long as 5 weeks PI. This phenomenon may be assumed to be

caused by potentiation by BCG. Dog GS #7 was able to react to

PPD at the beginning and end of the experiment, which possibly

indicates that between inoculation and infection, a sufficient

population of T-cells were sensitized. With respect to dog GS

#10, no activity to PPD was detected, probably due to the same

phenomenon that occurred in dogs SS #5 and #6. Although apparently

both dogs (GS #7 and #10) had an active immune system, reactivity

for E. canis antigen was not detected, possibly because macrophage-

lymphocyte interaction did not occur.

In the LMI test the response of GS #7 was of increasing acti-

vity throughout the experiment. Therefore, suppression of macro-

phage activity, if present, might not have affected sensitized

cells. Dog GS #10 was able to react with PPD, probably because

sensitization did occur, but also showed a transient type of res-

ponse. Dog GS # 10 showed no detectable activity for E. canis,

as in the case of dog GS #5 yet it survived, indicating that when

II
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animals are immunocompetent, they may overcome the disease and

recover. Final conclusions can be made regarding immunopoten-

tiation with BCG using an experimental animal population of

adequate size.
I

I

I



I Table 1. 59

Blast transformation test, Dog GS #3, inoculated with BCG (9.m)I
Day Con A PPD

0 2.08* 1.31

7 18.24 4.08

14 8.25 2.22
21 1.54 1.57

28 3.58 2.31

35 29.76 6.21
g 42 89.30 5.48

49 9.82 3.74
56 15.01 1.54
63 8.05 13.25

1 70 13.75 9.31

*Leukocyte stimulation index = mean treated culLures (triplicates)
mean control cultures (triplicate s

I

II
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Table 2. Blast transformation test. Cog GS P0, inoculated with BCG (9.m).

Day Con A PPD
-21 10.11* 1.72
.0 1.61 I .02

.7 .14 0.81

14 1.22 0.66

21 5.84 1.02

28 19.33 4.09

36 6.07 1.61

43 3.45 2.46

63 2.71 0.80

71 1.50 0.57

*LSI mean treated cultures (triplicates)
mean control calves (triplicates)

.11



61

Table 3. Blast transformation test. Dog GS # 5, inoculated with

Ehrlichia canis (sc).

Day Con A E. Lanis

-14 8.66* 1.41
+ 7 2.06 0.97

14 1.14 0.99

21 0.86 0.70

28 1.12 1.14

35 0.89 1.10

42 1.29 0.94
49 0.90 0.92

55 dead

LSI = mean treated cultures (triplicates)
mean treated cultures (triplicates)

I
!
I
I
I
I
I

I

...... .. . . ... .. .. . ... . ......
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Table 4. Blast transformation test. Dog GS #b, inocualted with Ehrlichia

canis (sc).

Day Con A E. canis

-7 17.0* 1.02

0 33.92 2.06
+8 39.10 1.30

15 45.09 1.35
35 1.25 1.30

43 1.40 0.56

I 49 1.39 1.14

I *LSI mean treated cultures (triplicates)
mean control cultures (triplicates)

i

(

I
I

I
I
I

I
!
I
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Table 5. Blast transformation test. Dog GS #7, inoculated with BCG

(i.m.) and Ehrlichia canis (sc).

g. Con A PPD E. canis
-7 38.46* 2.00 1.52

0 24.66 1.56 1.97
+7 6.53 1.24 0.82

14 18.09 6.06 1.21

21 3.74 1.43 0.25

28 14.03 2.24 1.55

35 3.14 5.09 1.23

42 0.98 1.23 1.03

49 0.88 0.88 0.87
56 0.87 0.75 0.85

63 6.57 3.47 0.81

70 29.28 26.53 1.61

*LSI = mean treated cultures (triplicates)
mean control cultures (triplicates)
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Table 6. Blast transformation test. Dog GS 1 iO, inoculated with BCG

I (i.m.) and Ehrlichia canis (sc).

Day Con A PPD E. canis

-7 21.13* 1.69 2.27

7 -9.32 0.73 0.81

I 14 11.78 1.30 1.62

21 4.27 1.59 0.90

28 0.98 0.98 0.80

35 9.94 0.77 0.99

42 4.48 1.61 1.48

49 1.90 1.08 0.99

56 1.27 0.72 0.83
63 2.45 1.35 1.36

1 73 6.01 1.41 2.93

*LSI mean treated cultures (triplicate)

mean control culture (triplicates)

f

I
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I Figure 2
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I
Figure 3
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1Figure 4
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j Figure 5
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I
Figure 5I
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