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CHAPTER I 

INTRODUCTION 

Literature Review 

The isolation of the bacterium Bruce! Ia ovis was first recorded in 

1953, the organism having been recovered from domestic sheep in New 

Zealand and Australia. I ' 2 Subsequently, natural infection of sheep with 

B. ovis has been reported from most h . . t . 3 ' 4 All s eep-ra1s1ng coun r1es. as-

pects of the disease in sheep have been thoroughly studied and sheep re-

main the only species reported to sustain natural infection with B. ovis. 

There are few pub! ished results of studies of this organism in other 

animal species. Attempts to experimentally establish~· ovis infection 

in rabbits, guinea pigs, and mice were largely unsuccessful, although 

direct intratesticular inoculation of rats resulted in disease of the 

t t . I I t th t d b B · · 4 es 1c es ana ogous o a cause y . ov1s 1n rams. Male goats ex-

perimental ly inoculated with B. ovis developed only a transient infect-

t . 5 
I On. 

The predominant feature of the disease in sheep is infection of the 

genital tract of rams wi.th resultant lesions in and around the epidid-

ymides. Initial epididymitis leads to extravasation of spermatozoa 

which stimulate a peritubular granulomatous reaction and sometimes ad

hesions between the overlaying layers of the tunica vaginal is. 6- 9 

These granulomatous lesions, often containing spermatocoeles, occur pre-

dominantly at the tai I of the epididymis, less frequently at the 
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epididymal head and usually develop to a size which is palpable through 

6-9 the scrotal wal I. The lesions are more commonly unilateral but may be 

bi lateral. 1' a, 9 Following experimental infection of rams palpable les

ions developed in 6 to 7 weeks. IO, 1 1 

9 14 palpable lesions. ' 

Not all infected rams develop 

The infection and resulting lesions lead to a decrease in the number 

and the mot iIi ty of spermatozoa, and a majority of those which are produc-

. 10 13 ed are morphologically abnormal. ' Consequently, an infected ram may 

have markedly lowered ferti I ity or may even be completely infertile. 

The ultimate and most important effect of Brucella ovis infection in 

sheep is lowered lambing percentage resulting from impaired ram ferti I ity. 

Most semen samples from infected rams contain the B. avis organisms 

and many of these rams continue to produce infected semen for up to 4 

14 years. 

Investigations of the disease in field flock situations have indi-

cated that natural infection of rams occurs under two sets of circumstan-

ces. One mechanism occurs when rams. are with ewes during the breeding 

season and another operates when rams only are kept together. Under 

natural field conditions, repeated serological testing of rams run with 

a flock of ewes during the breeding season indicated rapid spread of in

fection from infected rams to previously uninfected rams. 15 During the 

breeding season the ewe's vagina may act as a temporary reservoir of in-

fection, clean rams acquiring infection by serving a ewe already mated by 

an infected ram earlier in the same estrus. 11 ' 12 ' 16 Experimentally, 

the disease has been produced in rams by application of semen from an in-

fected ram to the glans penis of a non-infected ram and also by insti I la-

5 17 tion of B. ovis suspension into the prepuce. ' 
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When not with ewes, transmission does occur from infected to uninfect-

. 't t' 12, 18, 19 ed rams 1n cohabl a 1on. Sodomy among rams has been incriminat-

ed as the method of transmission. 

produced ex peri menta I I y by recta I 

Typical disease in a ram has also been 

insti I lation of a B. ovis suspension. 5 

In ewes a low incidence of natural infection following mating with 

. . I . t t . I 2, 20 infected rams IS the typ1ca reported s1 ua 1on. The incidence of 

ewe infection was also low following experimental inoculation of ewes at 

. 21-24 
mating time or dur1ng pregnancy. Clinical maifiestations of infec-

tion in ewes are various degrees of placentitis with abortion in late 

. 12 21-24 
pregnancy or b1rth of weak lambs. ' In some cases, apparently 

normal lambs may be produced by an infected ewe. In the non-pregnant 

. . . t 21' 22 
ewe the 1nfect1on does not appear to pers1s . 

In epidemiologic studies,~· avis has been observed to survive for 

12 
several months in infected material on pasture. Neither clean rams 

nor clean ewes, however, became infected when grazed in a field recently 

. b t. B . 12 contaminated by ewes a or 1ng due 1·o _. ov1~. This was despite the 

findings that the fetal membranes, aborted fetuses, uterine discharge, 

and udder secretions from infected ewes contain many~- avis organisms 

and that experimentally, ewes and rams have become infected following 

. t I . I . I t . I 2 ' 25 e 1 her ora or 1 nteranasa 1 nocu a 1 on. 

Additionally, ~· avis has been isolated from the kidneys and urine 

f . f t 6, 12 o 1n ec ed rams. Therefore infected rams' urine could be a source 

of B. avis contamination of the environment. 

Experimentally, rams have been infected by many different routes. 

The following are methods of experimental inoculation using culture sus-

pensions or infected fresh semen which have resulted in typical genital 

tract infection in rams and which, theoretically, could be routes of 
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. . ld. 12 . t• I" t"llt" 6 ' 12 natur-al tr-ansmtsston: or-a ostng, conJunc tva tns 1 a ton, 

intr-anasal insti llation, 25 pr-eputial insti llation, 6 ' 10 application to 

the glans penis 17 and r-ectal instillation. 5 Despite the many possible 

r-outes of contamination and tr-ansmission of ~· avis among sheep, the 

natur-al per-petuation and effects of the or-ganism appear- to occur- vir-tual~ 

ly as a vener-eal disease of r-ams with tr-ansmission either- dir-ectly fr-om 

r-am to r-am by sodomy, or- via the ewe's vagina. 

lmpl ication of White-Tailed Deer-

In 1979, at the Oklahoma State Univer-sity Wildlife Disease Labor-a-

tor-y, sever-al of a r-andom sampling of fr-ozen-stor-ed ser-a which had been 

collected fr-om Oklahoma field-har-vested white-tailed deer- (Odocoi leus 

vir-ginianus) wer-e positive to a~· avis slide agglutination test. 8 

These test r-esults suggested the possibi I ity of wild white-tailed deer-

being susceptible to natur-al infection with Br-ucella avis. 

If white-tailed deer- ar-e susceptible to~· avis infection the ef-

fects and epidemiology of the disease in this species would requir-e eval-

uation. In some geographical ar-eas, deer- shar-e a common r-ange with 

domestic sheep. Epidemiologic investigation would be desir-able in those 

r-egions to evaluate the possibi I ity of cr-oss-infection between these two 

animal species. 

Research Objectives 

Based upon the known effects and epidemiology of B. avis infection 

aGeor-ge LW, Car-michael LE: 
diagnosis of canine br-uce! los is. 

A plate agglutination test for- the r-apid 
Am J Vet Res, 35:905-909, 1974. 
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in sheep the following research study plan was formulated. 

I. Evaluate the infectivity of Brucella ovis in captive, sexually 

mature, male white-tailed deer (Qdocoi leus virginianusl. 

infection is established evaluate: 

a. the duration and effects of the infection; 

If B. ov is 

b. natural transmission from infected to uninfected male deer in 

cohabitation; 

c. natural tansmission from an infected buck to uninfected does in 

cohabitation during the breeding season; and 

d. infectivity in young male deer. 

2. Conduct a field survey using hunter-collected samples from wild 

deer populations to evaluate the possibility of natural infection wii·h 

B. ovis by: 

a. ex,amination of deer testicles for gross epididymal lesions and 

if present attempt isolation of B. ovis from the lesions; and 

b. testing serum samples with a B. ovis complement fixation test. 



CHAPTER I I 

MATERIALS AND METHODS 

Animals and Faci I ities 

The white-tal led deer (Odocoi leus virginianus) used in these stud

ies were part of a captive herd derived from the free-ranging deer popu

lation of Oklahoma and maintained for research by the Oklahoma Department 

of Wildlife Conservation and Oklahoma State University. Each deer was 

identified with a numbered ear-tag.a 

The faci I ity consists of two fields, a pen, and six confinement runs 

adjoining a barn, alI within a rectangular area 370 meters by 195 meters 

bounded by a chain-! ink fence 2.4 meters high (Fig I l. Dividing fences 

were also of chain-1 ink wire 2.4 meters high. Each confinement run, 

three meters by seven meters, opened into its own solid wood I ined stal I 

with a galvanized iron roof. The two fields had native prairie cover 

and the pen and confinement runs had an earth floor with field-tile drain

age. 

The deer were fed a balanced diet of pel lets, grain meal, whole corn, 

and alfalfa hay in sufficient amounts to ensure growth and development of 

young animals and to maintain mature animals in healthy body condition. 

Water was supplied in troughs, the source being a rural community water 

supply meeting standards for human consumption. 

aAI I flex, AI I flex Tag Company, Culver City, California 90230. 
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lmmobi I ization and Restraint 

Young, tractable deer were immobi I ized and restrained physically. 

During physical restraint, the flank of the animal was firmly grasped 

with one hand and simultaneously the front legs were secured and stretch-

ed forward with the other hand as the animal was I ifted and drawn firmly 

against the body of the handler. If necessary a second person would man-

ual ly immobi lze the hind legs in an extended position and the deer could 

then be placed on its side on the ground and be kept restrained. Chemi-

cal immobi I ization was used for deer considered large enough to jeopar-

dize the safety of both the animal and the handler if physical restraint 

had been attempted. Succinylcholine chloride dihydrate at a calculated 

dose of 0.07 mg/kg was administered intramuscularly in powder form deliver

ed via a plas1·ic projecti leb fired from an air-pistol .c 

I nocu I um 

Cultures of Brucella ovis were propagated from frozen stored ali-

quots of a field isolate originally obtained from semen collected from a 

naturally infected ram from central Oklahoma. The isolate had been con-

firmed as Bruce! Ia ovis by the National Veterinary Services Laboratories, 

d !N.V.S.L. l. As needed, an aliquot was thawed and inoculated on to sheep 

blood agar plates and incubated at 37°C for 48 hours in a 10 percent car-

bon dioxide atmosphere. Colonies were harvested and diluted with normal 

saline to a resultant concentration of approximately 5 x 109 organisims 

per m i I I i I iter. 

bPneu-dart, Pneu-dart Inc., Williamsport, PA 17703. 

cPneu-dart Model 177, Pneu-dart Inc., Williamsport, PA 17703. 

dNational Veterinary Services Laboratories, Ames, Iowa 50010 
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Inoculation 

In each case, the deer was immobi I ized, restrained, and placed on 

its side; with the eyelids held apart, the eye was repeatedly flooded 

with inoculum from a syringe during a period of two minutes. The animal 

was then turned on to its other side and the procedure was repeated with 

the other eye. Approximately 0.5 ml of inoculum was used for each eye. 

8 I ood Co I I ec t ion 

Blood was collected from the jugular vein into 10 ml-draw evacuated 

clot tubese via a 20 guage 3.75 em needle. Following thrombus formation 

the tubes were centrifuged and serum was separated and al iquots were 

stored frozen. 

Complement-Fixation Test 

Frozen serum samples were packed in dry ice and shipped to the 

National Veterinary Services Laboratories for Bruce! Ia ovis complement 

f . t . t t . 27 1xa 1on es 1ng. Each serum sample was tested at dilutions of I: 10, 

1:20, and 1:50. Less than 75 percent hemolysis(+) of sensitized ery-

throcytes by a serum dilution of I: 10 or greater was recorded as a posi-

tive titer in this study. No hemolysis 1++++1 at a serum dilution of 

I :50 was recorded as a maximum titer. 

Semen Collection 

Buck deer were immobi I ized by either of the above described methods 

and with the animal on its side semen samples were obtained using an 

eVacutainer, Becton, Dickinson and Co., Rutherford, NY 07070. 
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ovine, rectal probe transistorized electro-ejaculator.f The semen was 

collected directly into sterile tubes which were then placed in ice in 

an insulated container and transported to the laboratory within two hours 

of collection. 

Physical Examination 

Each time a white-tailed buck was restrained the scrotum and its 

contents were palpated to detect gross abnormalities. 

Laboratory Culture 

Semen samples were streaked on to sheep blood agar plates and incu

bated at 37°C in a 10 percent carbon dioxide atmosphere for up to five 

days. Samples of recovered organisms were sent to N.V.S.L. for Bruce! Ia 

ovis confirmation. 

Euthanasia and Necropsy 

Deer were immobi I ized .with succinylcholine chloride dihydrate as 

described above then 0.3 ml/kg of N - [2 - (m- methoxy - phenyl) - 2 

ethyl -butyl - (I l] -gamma -hydroxy - butyramide with 4, 4' -methylene 

- bis (cyclohexyl - trimethyl -ammonium iodidelg was administered into 

the jugular vein. 

At necropsy the testicles and epididymides were examined visually 

and by palpation for gross abnormalities. Sections from the head, body 

and tai I of the epididymis of each testicle were ground separately using 

mortars and pestles and each sample was cultured for B. avis using the 

fBai ley Ejaculator, Western Instrument Co., Denver, CO 80216. 

gT61 Euthanasia Solution, Taylor Pharmacal Co., Decatur, IL 62525. 
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same cultural and identification procedures as described earlier for 

evaluating semen samples. Sections of the head, body and tail of the 

epididymides were placed in 10 percent buffered formal in. These tissues 

were later sectioned and stained with hematoxylin and eosin for histolog

ic examination according to the method described in the "Armed Forces 

Institute of Pathology Manual ." 28 



CHAPTER I I I 

EVALUATION OF INFECTIVITY AND NATURAL 

TRANSMISSION 

Study Procedures 

Two male deer, No. I 19, 28 ·months of age and No. 416, 18 months of 

age, each previously negative to the Brucel Ia ovis complement-fixation 

!CFl test were immobi I ized and restrained on October 27, 1980. Blood 

collection, palpation of the scrotum and its contents and inoculation 

with ~ .. avis were performed on each buck. The two bucks were then re

leased into the west field !Fig I l which already contained two 30-month 

old female deer, No. 214 and No. 215, and two six month old female deer, 

No. 404 and No. 41 I. Each of these females had previously been found 

negative to the B. ovis CF test. 

Male deer No. I 19 was found dead on November 4, 1980. The cause of 

death was not determined. 

Periodically the four females were immobi I ized for blood sampling 

and buck No. 416 was immobi I ized for blood and semen sample collection 

and palpated for testicular lesions. 

Two female deer, No. 214 and No. 41 I, ~ere euthanatized and necrops

ied on February 4, 1981, and the other two, No. 215 and No. 404, were 

euthanatized and necropsied on February 9, 1981. 

Buck No. 416 was immobi I ized and moved from the west field and 

placed in run #2 (Fig I l on February 4, 1981. On May 5, 1981 a 12-month 

13 
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old buck No. 401, negative to the~- ovis CF test and without palpable 

testicular abnormalities was placed in run #2 with buck No. 416. Both 

bucks were kept together in run #2 unti I December 29, 1981 when both were 

euthanatized and necropsied. Blood and semen samples were collected from 

both deer on October 20, 1981. 

Inoculation Infectivity in a 

Male Deer 

Resu Its 

The resu Its of tests for B. ov is before and fo I I owing the October 27, 

1980 inoculation of male deer No. 416 are shown in Table I. The serum 

collected on November 13, 1980, 17 days following inoculation was the 

first sample to give a positive B. ovis CF test. Thereafter, each serum 

sample collected from this animal was CF test positive. B. avis was cul

tured from semen collected at 30 days and 73 days post-inooluation (PI). 

The organism was not recovered from a semen sample collected on October 

20, 1981, but B. avis was isolated from both epididymides when sampled at 

necropsy, 429 days after inoculation. The cultured organism was confirm

ed as Bruce I Ja avis by N.V.S.L. 

Palpation of the testicles performed on those days that blood sam

ples were collected, revealed no gross abnormalities. At necropsy the 

testicles and epididymides exhibited no gross lesions (Fig 2), and sec

tions of the epididymides were histologically normal. 

Natural Transmission and Infectivity-

Male to Male 

The experimentally inoculated male deer No. 416 in run 2 had been 



Doys PI 

CF Test 

Semen Culture 

Gross Lesions of 
Epididymides 

Culture of 
Ep1d1dym1des 

Histopathologic 
Changes in 
Ep1d1dymtdes 

Oct. 20 

-7 

NO 

TABLE 

RESULTS OF TESTS FOR THE PRESENCE OR EFFECTS 
OF BRUCELLA OVIS IN EXPERIMENTALLY 

INOCULATED MALE DEER NO. 416 

1980 

Oct. 27 Nov. 13 Nov. 26 Dec. 5 Dec. 29 Jan. 8 

0 17 30 39 63 73 

+ + + + + 

NO NO + + NO + 

PI Post Inoculation; NO Not Done. 

1981 

Feb. 4 Oct. 20 Dec. 29 

100 358 429 

+ + NO 

NO - NO 
K iII ed 

Necropsy 

\Jl 
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shown to be positive by the~· avis CF test and by semen culture when 

the infected male No. 401 was also placed in run 2 on May 5, 1981. On 

October 20, 1981, the !68th day of cohabitation, buck No. 416 was sti II 

CF test positive but~· avis was not recovered from a semen sample; buck 

No. 401 was CF test negative and semen-culture negative for B. avis. 

Following an additional 70 days of cohabitation both bucks were 

euthanatized and necropsied on December 29, 1981. Necropsy findings 

for deer No. 416 are already described in the previous section. 

At necrospy each test i c I e of deer No. 40 I showed the fo I I owing ab

normalities. There was enlargement of the head and the tai I of the epid

idymis (Fig 2) and the overlying tunic was adherent to the head and to 

the tai I of the epididymis. On cross-section both the enlarged head and 

tai I areas of the epididymis exhibited several cavities containing cream

white colored fluid. This fluid varied from cavity to cavity having the 

consistency of mil·k in some, and inothers- that of thick mayonnaise. 

~· ovis was cultur.ed from samples of the head, body, and tai I of 

the epididymis of each testicle from deer No. 401. The cultured organism 

was confirmed as Brucella ovis by N.V.S.L. 

Histologic examination of sections of the epididymides from deer 

No. 401 (Fig 3l revealed granulomas consisting primarily of macrophages 

and multinucleated cells and containing some spermatozoa,,scattered lym

phocytic nodules in the interstitial tissues, and connective tissue pro-

1 iferation between epididymal tubules. Many tubules showed hyperplasia 

of the epithelial cells, and in some tubules, cysts or vacuoles were 

present within areas of epithelial hyperplasia. 

Inadvertence is the only appropriate, perhaps somewhat euphemistic 

description of the failure to collect blood for CF testing from either 



Fig 2. Testicle Ill from Deer No. 401 Showing Enlargement of the Head 
and Tai I of the Epididymis. Normal Testicle IRl was from 
Deer No. 416. 

Fig 3. Photomicrograph of the Tai I of an Epididymis from Deer No. 401 
Showing Vacuoles !Arrows! Within Hyperplastic Epithet ium 
of Tubules. H « E; x 100 
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of the two male deer, Nos. 401 and 416, at the time of euthanasia, 

December 29, I 981 . 

Natural kansmission and Infectivity-

Male to Female 

19 

The results of B. ovis CF tests performed on sera from the four fe

male deer before and after exposure to the two inoculated male deer are 

shown in Table I I accompanied by the relative data concerning the two in

troduced male deer. 

AI I serum samples collected from the four female deer were negative 

to the B. ovis CF test. At necropsy no abnormalities of the reproductive 

tracts or their contents were observed in any of the four female deer, 

and no samples were submitted for laboratory culture. The two does No. 

214 and No. 215 each contained a grossly normal fetus and membranes and 

the other two does No. 404 and No. 41 I were not pregnant. 

Discussion 

The findings of this study were: 

I. Following inoculation with B. ovis male deer No. 416 developed 

and maintained the infection and B. ovis was sti II present in both epidi

ymides at the time of euthanasia 429 days PI. No epididymal lesions were 

observed. 

2. The B. ovis organism was transmitted by some unknown natural 

method from deer No. 416 to deer No. 401 and the infection in No. 401 

resulted in epididymal lesions grossly and histopathologically identical 

with lesions reported as caused by B. avis in rams. 

3. There were no indications of transmission of infection from 



TABLE I I 

RESULTS OF TESTS FOR BRUCELLA OVIS INFECTION IN INOCULATED 
MALE DEER AND NON-INOCULATED FEMALE DEER IN 

COHABITATION DURING THE BREEDING SEASON 

1980 

Oct Oct Nov Nov Nov Nov Nov Dec Dec Dec Jan 
20 27 4 10 13 24 26 I 5 29 8 

Days 1n 

Cohab r tat ron 
-7 0 8 14 17 28 30 35 39 63 73 

Deer I .D. 
---

119 - - Dred 
B. ov Is 

128 mth Male! -In~ 

416 - NO NO + NO + NO + + + 
B. ov Is 

118 mth Male! -In~ SC+ SC+ SC+ 

214 - NO NO NO NO NO NO NO NO 

130 mth Fem. I 

215 - NO NO - NO NO NO NO NO ND ND 

130 mth Fem. I 

404 - ND ND ND ND ND ND - ND ND ND 

16 mth Fem.l 

41 I ND ND ND ND - ND ND ND NO NO 

16 mth Fem.l 

+ Posrtrve B. ovJs CF Test;- Negatrve B. ovrs CF Test, ND Not Done; sc Semen Culture. 

1981 

Feb 
4 

100 

+ 

K i I I ed 

ND 

ND 

K i 1 red 

Feb 
9 

105 

NO 

K i II ed 

K 1 I I ed 

N 
0 
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infected buck No. 416 to any of the four does during the breeding sea-

son. 

Male deer No. 401 did not acquire an apparent infection during the 

first 168 days of cohabitation with infected deer No. 416 but infection 

did establish during the latter 70 days of cohabitation, being from 

October 20 to December 29, 1981. At that time of the year the bucks 

were in rut and this may have increased the opportunities for transfer 

of the organism through increased shedding rates and behavioral traits 

such as increased sexual interest. 

Measurements made of the fetuses found in the two does No. 214 and 

No. 215 indicated that conception had occurred on or about November 13, 

1980. At that time (approximately two weeks PI l the inoculated buck No. 

416 was probably not yet shedding~· avis in the semen. 

In future studies of transmission from an infected buck to does 

during the breeding season, the buck should be kept isolated following 

inoculation unti I it is ascertained that infection is established and 

that the organism is being shed in the semen. It would be advantageous 

if the buck could be fitted with a marker device which would indicate 

whether or not, and when, mating of does had occurred. 



CHAPTER IV 

EVALUATION OF INFECTIVITY AND NATURAL 

TRANSMISSION IN YOUNG MALE DEER 

Introduction 

Experimental studies of bruce! losis caused by~· avis in sheep 

have indicated that young rams are susceptible to infection but that the 

duration of infection is much shorter than if the animal is mature at the 

t . f . 't' I . f t' 14 1 me o 1 n 1 1 a 1 n ec 1 on. Serologic surveys have confirmed that a 

similar situation occurs in naturally infected ram flocks as evidenced 

by a high percentage of young rams which develop serum titers that de

c! ine and disappear within four to five months. 26 

Study Plan 

The objectives of this study were to evaluate B. avis infectivity, 

the duration of infection if established, and whether natural tansmission 

can occur in young male deer kept in cohabitation. 

Study Procedures 

Five young male deer, Nos. 501, 505, 522, 523, and 524, each between 

five and six months old, were restrained, blood sampled, subjected to 

palpation of the scrotum and its contents, then inoculated with B. avis. 

Immediately following these procedures, performed on October 20, 1981, 

the five deer were placed together in the north pen (Fig I). Periodically 

22 
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!Table Ill l each deer was restrained in order to collect blood and semen 

samples and to conduct a physical examination. Blood samples were test

ed by the~- ovis CF test and the semen was cul1·ured for B. ovis. 

Two of the deer, No. 501 and No. 522, were euthanatized 77 days 

PI and the other three were euthanatized 344 days PI. On February I, 

1982, 104 days PI, deer No. 524, having developed and maintained a posi

tive B. ovis titer, was placed in run #2 !Fig I) along with a serological

ly negative nine month old male deer, No. 526. After 31 days of cohabi

tation No. 526 was found dead from a neck injury. The epididymides were 

cultured for ·the presence of~· ovis. 

On March 5, 1982, a~· ovis CF test-negative 10 month old male deer, 

No. 527, was placed in run #2 with deer No. 524. These two deer were 

kept together in the small '#2 run for the next 53 days and on Apri I 27, 

1982 they were both placed back in the larger north pen with the two 

B. ovis inoculated deer, No. 505 and No. 523. 

Two 12 month old B. ovis CF test-negative male deer, No. 528 and No. 

504, were also placed in the north pen on June 3, 1982. The inoculated 

deer, Nos. 505 and 524, were euthanatized 344 days PI, and NO. 523 was 

euthanatized 352 days PI. Non-inoculated deer, No. 528, was euthanatiz

ed following I 18 days in cohabitation, and Nos. 504 and 527 were euthan

atized after 179 days and 269 days, respectively, in cohabitation with 

the inoculated deer. AI I deer were necropsied and from each deer a com

posite sample of the head, body, and tai I of the epididymis of each 

testicle was cultured. If any lesions of the testicles or epididymides 

were observed, sections were collected for histopathological examination. 
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Resu Its 

The resu Its of tests for bruce I I os is in the deer used in this study 

are shown in Table I I I. 

The B. avis CF test titers for the duration of the study are graphi

cally depicted in Fig 4. Three of the five inoculated deer had positive 

B. avis CF test titers at the first PI test performed 17 days after ino

culation. At 27 days PI each of the five deer had developed test-maximum 

titers. The two deer, Nos. 501 and 524, sti I I had maximum titers at 55 

days PI whereas the titers of the other three deer had declined. Deer 

No. 524 was the only subject to maintain a maximum titer at 77 days PI 

and was also the only one of the three surviving deer to show a titer at 

90 days Pl. Thereafter, No. 524 showed a fluctuating low level until it 

became negative at 217 days PI and remained negative for alI subsequent 

CF tes·~s. 

Of the ejaculate samples obtained at 27 days and at 55 days PI, ~· 

avis organisms were isolated and their identity confirmed from only one 

sample, that collected from deer No. 524 on day 27 PI, 

The results of examinations and tests of the two deer, No. 501 and 

No. 522, which were blood sampled, euthanatized, and necropsied on the 

77th day PI were as follows: Deer No. 501 had a moderate CF test titer 

and the tai I of each epididymis was slightly enlarged, but B. avis 

organisms were not recovered from epididymal cultures. Histopathologi

cal examination of the epididymides of this deer revealed hyperplasia 

of tubular epithet ium, in some areas containing vacuoles, and there was 

periductal smooth muscle hyperplasia (Fig 5). The other deer, No. 522, 

had a negative B. ov is CF titer and evidenced no gross or histopathologic 
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TABLE II I 

RESULTS OF TESTS FOR THE PRESENCE OR EFFECTS OF 
BRUCELLA OVIS IN INOCULATED AND NON-INOCULATED 

YOUNG MALE DEER IN COHABITATION 

lj)S& 198! 

Oct Nov Dec Jan February Marct'i Apr May June Ju I Aug Sept Oct Nov 
Date 20 6 16 I 14 5 18 9 16 22 5 16 29 27 25 ~ 22 20 25 29 7 29 

Days 
17 27 42 55 77 90 104 112 119 125 132 136 147 160 189 217 226 245 273 ~09 ~ .. ~52 405 

PI 

+ 
501 s- S- H+ 

I no<:: C-

522 s- s- H-
lnoc C+ 

NO - NO NO - NO -
505 S- S- c-

lnoc 

NO - NO NO - NO -
52~ s- s- C-

lnoc 

NO + NO + NO NO - NO -
524 S+ s- c-

tnoc 

NO -
52<5 

NO - NO - NO NO 

527 c-

NO NO 

504 C-

NO NO NO 

528 C-

PI Post lnoculetlon; + PosltP/e 8. OVIS CF Test, - Negative~· ~CF Test, c Culture of Ep•dldyrnldes, H Histopathology of 

Ep1d1dymLGes, s C.Jiture of Semen, - NO-Not Done. 



Fig 4. Graph of Brucel Ia ovis Complement Fixation Test Titers Following Inoculation 
of Five Young'MaTe!Deer. 
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Fig 5. Photomicrograph of the Tal I of an Epididymis from Deer No. 501. 
There is Hyperplasia and Vacuolation !Arrows) of the Epithe-
1 ium of the Tubules. H & E; x 400. 
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epididymal changes, but~· ovis organisms were isolated from composite 

epididymal samples from each testicle. 

30 

Following cohabitation with the three inoculated deer, the four 

uninoculated deer, Nos. 504, 526, 527, and 528, were negative on period

ic B. ovis CF tests, had no gross abnormalities of the testes or epididy

mides, and had no B. ovis cultured from samples of epididymides. 

Discussion 

The serologic results indicate that following inoculation with~· 

ovis,young male deer became infected but that the infection was relative

ly short-1 ived. Reinforcing this indication of transient infection was 

the finding of no evidence of infection at necropsy in the three inoculat

ed deer euthanatized at 344 and 352 days PI despite the earlier serologi

cal evidence of infection. 

The graphic representation of the B. ovis CF titers (Fig 4l of the 

inoculated deer indicated, apart from the more persistent, fluctuating 

low titer shown by one deer, No. 524, that the duration of infection in 

these young male deer was approximately 90 days. These results are simi

lar to the evidence repo~ted from studies in sheep where young rams were 

found to develop only a transient infection following inoculation with 

B. ovis. 

There were only two periods when non-inoculated deer were in contact 

with inoculated deer sti I I showing serological evidence of infection. 

These were when No. 526 was in contact with No. 524 from day I 12 through 

day 132 PI, and when No. 527 was in contact with No. 524 from day 136 

through day 189 PI. The probabi I ity of natural transmission from inocu

lated to uninoculated deer would presumably have been greatest during the 
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first 90 days PI but unfortunately animals were not avai I able to use as 

monitors during that time. 

The histopathology of the epididymides of deer No. 501, euthanatized 

and necropsied 77 days PI, was further evidence that B. ovis in male 

white-tailed deer may cause epididymitis typical of that caused in domest

ic rams, and therefore, it is possible that the resultant infertility 

which has been shown in rams may also occur in male deer. The other deer, 

No. 522, euthanatized at 77 days PI had B. ovis bacteria present in 

the epididymides but there were no tissue changes. This also simulates 

the situation in rams where B. ovis infection can be present in the epi

didymides without causing discernible histopathology. 9 ' 12 The ferti I ity 

of these individuals may not be markedly affected but they could be a 

source of infection for other animals. 

A problem was encountered in the culturing of the electro-ejaculate 

samples collected from the deer on days 27 to 55 PI. Overgrowth of cul

ture media by contaminant bacteria occurred and this may have precluded 

recovery of the relatively slower growing~· ovis organisms. The deer 

were relatively se,xually immature and the penis did not protrude from 

the prepuce during ejaculate collection. The sample had to be "mi I ked" 

from the prepuce which was probably the source of the contaminant organ-

isms. 



CHAPTER V 

EVALUATION OF NATURAL TRANSMISSION FROM 

AN INFECTED MALE TO FEMALES DURING 

THE BREEDING SEASON 

Introduction 

Retrospective examination of the 1980 study of possible transmission 

from an infected male deer to female deer in cohabitation during the 

breeding season (Chapter I I I l revealed the probabi I ity that breeding 

occurred before the male deer was shedding B. ovis in its semen. In 

that study the male deer was placed with the females immediately follow

ing inoculation and at the height of the breeding season. Consequently, 

this study was designed to evaluate male to female transmission and to 

ensure that a male deer was infected and shedding~· ovis in semen before 

being placed with females during the breeding season. 

Study Procedures 

A 17 month old male deer, No. 12, was immobi I ized with succinyl

choline dihydrate on November 10, 1982, for the purpose of inoculation 

with B. ovis. Unfortunately, this deer died while immobi I ized. The 

only other male deer avai I able on that day was No. 618, six months old. 

This deer was immobi I ized, blood sampled, and inoculated with~· ovis 

on November 10, 1982, and placed in Run #3 (Fig I l. On November 16, 

1982, an 18-mon t h o I d rna I e deer, No. I 0, was i mmob i I i zed, b I ood 
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sampled, physically examined, and inoculated with~· avis, and placed 

alone in run U4 (Fig I). Each male deer, No. 10 and No. 618, was immo-

bi I ized, semen sampled, physically examined, and blood sampled on 

December 16, 1982. Immediately following these procedures a mating-mark

er harnessa was fitted to deer No~ 10, which was then placed in the north 

pen (Fig I) with six female deer. These female deer, Nos. 5, 6, 7, 609, 

619, and 14, alI between six and seven months of age were aslo blood sam-

pled on December 16, 1982. 

The forelegs of the male deer became entangled in the mating-marker 

harness on December 19, 1982, and the harness was removed. 

Blood and semen samples were collected from male deer No. 10 on the 

44th and I07th days PI. On the 105th day of cohabitation with the six 

female deer, male deer No. 10 was blood sampled, then euthanatized and 

necropsied. The epididymides were examined and histopathologic and 

bacteriologic tests were performed. 

On the 76th and 77th days of cohabitation with the infected male 

deer, No. 10, the six female deer were immobi I ized, blood sampled, and 

pregnancy tested by manual methods and by u'ltrasound.b One deer, No. 7, 

died as a result of immobi I ization. The remaining five female deer were 

blood sampled, euthanatized, and necropsied on August I I, 1983, the 238th 

day from introduction of the inoculated male deer, No. 10. 

The other inoculated male deer, No. 618, was kept isolated in run 

#3 as a reserve animal in case of incapacitation of male deer No. 10. 

Blood and semen samples were collected from No. 618 at 36 days PI and a 

aSire-sine, Mid-States Woolgrowers Coop. Assn.,South Hutchinson, 
Kansas 67505. 

bPregnosti~ator, Animark Inc., Aurora, Colorado 8001 I. 
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blood sample was collected on the 49th day PI. Eighty-three days after 

inoculation, male deer No. 618 was euthanatized, the testicles and 

epididymides were examined and epididymal samples were cultured for the 

presence of B. avis. 

Resu Its 

The results of this study are shown in Table IV. On December 16, 

1982, 30 days PI, male deer No. 10 had a B. avis CF test maximum titer 

and B. avis was cultured from the semen. On this day, No. 10 was placed 

with the six female deer each having no titer on the B. avis CF test. 

At 44 days and again at 77 days after being placed with the females, 

buck No. 10 had maintained a B. avis CF test maximum titer and B. avis 

was cultured from semen samples. At 135 days PI, and after 105 days of 

cohabitation with the females, male deer No. 10 was blood sampled and 

euthanatized. This deer sti I I had a B. avis CF test maximum titer but 

B. avis was not isolated from samples of either epididymis. The tai I of 

the left epdidymis was approximately twice the size of the ~pparently nor

mal right side epididymal tail (Fig 6). The overlying tunic was adhered 

to the enlarged left epididymal tai I. Microscopic examination of stained 

sections of the epididymis revealed proliferation and vacuolation of tubu-

lar epithelium and various sized granulomas, some with a necrotic center 

surrounded by macrophages and lymphocytes. There was also hyperplasia 

at peri tubular smooth muscle (~ ig /). 

On the 76th and 77th days of cohabitation, of the six female deer, 

two, Nos. 5 and 619, were diagnosed as pregnant. No. 61 9 had a B. ov is 

CF test maximum titer and No. 14 had a moderate B. avis CF test titer. 

Deer No. 7 which died as a result of immobi I ization, was necropsied 

and the reproductive tract was examined. The uterus was immature and 



TABLE IV 

RESULTS OF TESTS FOR THE PRESENCE OR EFFECTS OF BRUCELLA OVIS 
IN DEER USED IN A NATURAL TRANSMISSION STUDY 

-----
1982 1983 

Deer Nov. Nov. Dec. Dec. Dec. Feb. Mar. Mar. July Aug. 
I .D. 10 16 16 29 30 I 2 3 31 17 II 

12 lnoc. 
117 mth Male! Died 

Days PI 0 30 44 107 135 

10 + "\" + + 
118 mth Malel lnoc. SC+ SC+ SC+ Ep. C-, H+ 

Days In 
0 14 76 77 105 213 238 

Cohabitation 

5 IFemalel - - Small 
PT+ 

6 IFemalel Weak 
PT- Fawn 

7 IF em a I e I Born 
PT-Died Necropsy: 

+ Lung 14 I Fema I el 
PT- Liver Ut-

609 IF em a I e I Spleen 
PT- Neg. lor 

619 IFemalel 
+ 

PT+ B. avis 
Ut-

Days PI 0 36 49 83 

618 + 
16 mth Malel lnoc. SC- Ep. C+ 

PI Post Inoculation; + Pos1t1ve B. avis CF Test; - Negative 8. avis CF Test; Ep. C Culture of Ep1didym1des; Ep. H Histopathology 
of Epididymides; PT Pregnancy TesT; sc Semen Cui ture; Ut uteruSCui ture. 

VJ 
Ul 



Fig 6. Testicles f~om Dee~ No. 10. The Epididymis of the Left 
Testicle (LJ is Ma~kedly Enla~ged. The Right (RJ has 
no G~oss Abno~mal ities. 

Fig 7. Photomic~og~aph of ~he Left Epididymis of Dee~ No. 10. 
The~e is Vacuolated Hype~plastic Epithelium of the 
Tubules and Pe~iductal Smooth Muscle Hype~plasia 
(A~~owsl. H & E; x 100. 
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the ovaries were very smal I with no visible corpora lutea. 

On July 17, 1983, 213 days after introduction of the infected male 

deer, a small, weak fawn weighing 1.4 kg was found in the north pen with 

the remaining five female deer. None of these females exhibited any 

vulvar or mammary gland indications of having produced the fawn. The 

fawn was euthanatized on July 18, 1983, and a necropsy was performed. 

No gross abnormalities were found, and~· ovis was not isolated from sam

ples of the fawn's lungs, I iver, and spleen. 

There were no more fawns born and the remaining five female deer, 

Nos. 5, 6, 609, 619, and 14 were alI ~· ovis CF test negative on August 

II, 1983, at which time they were euthanatized and necropsied. The 

genital tract of each doe was examined. No adnormal ities were observed 

in Nos. 5, 6, or 609. The lumena of both horns of the uterus of each 

doe, No. 619 and No. 14, contained approximately 2 ml of thick, yellowish

white fluid. Culture of the uterine contents of each of these two does 

yielded no bacteria. 

The inoculated male deer, No. 618, kept in isolation as a reserve, 

had a high~- ovis CF titer but~· ovis was not isolated from a semen 

sample at 36 days after inoculation. The blood sample collected at 49 

days PI was B. ovis CF test negative. B. ovis was cultured from compos

ite samples of each epididymis following euthanasia on the 83rd day 

after inoculation although there were no gross abnormalities of the test

icles or epididymides. 

Discussion 

In contrast with the earlier pi lot study (Chapter Ill l in which, 

immediately following inoculation, male deer no. 416, was placed with 
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female deer, the male deer, No. 10, in this study was kept in isolation 

for 30 days following inoculation before being placed with females for 

breeding. 

On the day of introduction to the females the male deer, No. 10, had 

a test-maximum B. ovis titer and was shedding~· ovis in its semen. 

Tests at 14 days and again at 77 days after having been placed with the 

females showed that th;s deer had maintained a test-maximum B. ovis CF 

test titer and that the organisms were being shed in its semen. When 

euthanatized .105 days after being introduced to the six females, male 

deer No. 10 sti I I had a maximum CF test titer and typical B. avis-induc

ed gross lesions (Fig 6) and histopathologic changes were present in the 

left epididymis (Fig 7). These findings indicated that there had been 

optimal opportunity of transmission of organisms at any matings that may 

have occurred. 

females were the B. ovis CF test titers shown by the two females No. 619 

and No. 14 at 76 days after introduction of the infected male deer. 

These two females had no B. ovis CF test titer 162 days later when they 

were euthanatized, but, although no organisms were isolated, these were 

the only two does from the five tested to show any uterine abnormality. 

It is possible that the~· ovis infection decreased the ferti I ity 

of the male deer consequently causing the low reproductive rate in this 

group of animals. 



CHAPTER VI 

EVALUATION OF B. OVIS INCIDENCE IN FREE

RANGING DEER 

Int-roduction 

This study was designed to determine the prevalence of ~· ovis in 

wild white-tailed deer from Oklahoma. The experimental procedure in

volved testing of deer testicles and blood samples collected by hunters. 

Sera from blood samples were subjected to the~- ovis CF test. Deer 

testicles were examined visually and by palpation for any abnormalities. 

Testicles showing evidence of ~· ovis infection were sampled for bacter

iologic and histopathologic examinations. 

Study Procedure 

Personnel of the Oklahoma Department of Wildlife Conservation is

sued equipment and instructions for collection of ~amples to deer hunt

ers at the Atoka, Bartlesvi lie, Fort Si II, Pushmataha, and Spavinaw 

Wildlife Management Areas during November and December, 1981. Hunters 

were requested to attempt to collect blood from any deer bagged and to 

excise the scrotum and contained testicles flush with the abdominal wal I 

from any buck bagged. 

At hunter check stations the blood tubes and testicles were placed 

in styrofoam insulated boxes containing ice. Within 24 hours the blood 
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samples were centrifuged, serum was collected and frozen and each scrotum 

and its contents was examined. 

On February 16, 1982, al iquots of frozen serum were sent for B. ovis 

CF testing at N.V.S.L. 

Results 

Serum suitable for testing was obtained from 17 male and nine fe

male white-tal led deer. Each of these 26 sera was negative to the B. 

ovis CF test. 

The scrotum and testicles from 68 male deer were examined. Only two 

abnormalities were observed. The left testicle of one deer was affected 

as follows: A 2 mm diameter by I mm thick yel lowhish-white lesion was 

present on the tunic of the testicle in the region of the junction of the 

tai I of the epididymis and the testicle. This lesion was directly under

neath the point on the scrotal skin where a female Ixodes tick was attach

ed. Bacterial culture of a swab of the lesion yielded only Micrococcus 

spp. 

A pinpoint adhesion between the scrotal skin and the underlying 

testiclular tunic was observed at the longitudinal mid-point of the an

terior aspect of the left testicle of one other deer. Many of the deer 

scrotums examined were infested with I ice, keds, or ticks and circumstan

tial evidence suggested that the adhesion just described resulted from 

skin penetration by a feeding tick. No lesions suggestive of~· ovi~ 

infection were observed and consequently no samples were submitted for 

culture or histopathologic examination. 
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Discussion 

No. evidence of B. ovis infection was found from any of the hunter

collected white-tailed deer samples in this study. These findings indi

cate that natural B. ovis infection is not present in the population of 

Oklahoma deer sampled. 

There were few sheep in the areas where the deer were sampled. As

suming that ~· ovis infected sheep would be the most I ikely source of 

natural infection in deer, future studies should sample deer in areas 

where there is sharing of habitat by deer and sheep and where B. ovis 

has been diagnosed in the latter. 



CHAPTER VI I 

SUMMARY AND CONCLUSIONS 

Summary 

Experimental inoculation of male white-tailed deer with Brucella 

ovis isolated from a naturally infected domestic ram generated the fol-

lowing findings. 

Ten male white-tailed deer were experimentally inoculated. One deer 

died while immobi I ized for inoculation and one other deer died of an un-

determined cause eight days PI. Infection was established in each of 

the other eight experimentally i.noculated male deer. 

A mature non-infected buck, placed in confinement with an experiment-

ally infected mature buck, acquired infection and developed epididymal 

lesions during the latter two months of a seven months period of cohabi-

tation. The route of this transmission is unknown. 

The only indication of transmission from an infected buck to does 

during th'e breeding season was the findingsof two does with~· ovis CF 
' 

titers in sera collected 76 days after introduction of the infected buck. 

Screening tests of hunter-collected samples from free-ranging white-

tailed deer gave no indication of natural B. ovis infection in the popu-

lations sampled. However, the areas sampled were only sparsely populated 

with sheep and were not areas of recorded incidence of B. ovis in sheep. 

Indications from the I imited number of animals avai !able for these 

studies were that infection was transient in young males but remained 
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established in bucks that were mature when inoculated. Young bucks ino

culated between four and five months of age developed infection but typi

cally did not maintain the infection for more than three months. This 

is analagous to the situation in sheep in which young rams develop infec

tion following experimental ~· ovis inoculation but the disease does not 

persist as long as infection initially induced in older rams. 

The mature buck No. 416, inoculated when 17 months old, sti II had 

B. ovis organisms present in both epididymides when euthanatized at 14 

months PI although no resultant lesions were caused by the infection. 

The buck No. 10, 18 months old when inoculated, had maintained infection 

and developed lesions and histopathological changes typical of B. avis

induced ram epididymitis, when ki lied 135 days after inoculation. 

Conclusions 

The results of these experiments indicate that white-tailed deer 

are susceptible to Bruce! Ia avis infection and develop pathological mani

festations virtually identical with those observed in sheep infected with 

this organism. 

Although deer have been shown to be susceptible to experimental in

fection, and buck to buck transmission was demonstrated, the social and 

breeding behavior patterns which are important in the spread of the di

sease in sheep are different for the white-tailed deer. The habits of 

white-tailed deer may preclude widespread dissemination of the infection 

in this species. Nevertheless, where unexplained low reproductive rates 

are encountered in white-tailed deer populations, the possibi I ity of B. 

ovis infection should be investigated. 

Within the state of Oklahoma and in other areas of the United States 



there are locations where white-tailed deer share habitat with sheep 

which have been infected with Bruce! Ia avis. Evaluation of deer would 

be desirable in these areas to ascertain if natural infection of deer 

has occurred. The possible incidence of natural B. avis infection in 

deer in these areas should be evaluated. 

45 



LITERATURE CITED 

I. Simmons GC, Hal I WTK: Epididymitis of rams. Preliminary studies on 
the occurrence and pathogenicity of a Brucel la-1 ike organism. Aust. 
Vet. J. 29: 33-40, 1953. 

2. Buddie MB, Boyes BW: 
sheep in New Zealand. 

A Brucella mutant causing genital disease of 
Aust. Vet. J. 29: 145-153, 1953. 

3. McGowan B, Schultz G: Epididymitis of rams. Clinical manifesta
tions and field aspects. Cornel I Vet. 46: 277-281, 1956. 

4. Lawrence W: Ovine bruce! los is: A review of the disease in sheep 
manifested by epididymitis and abortion. Brit. Vet. J. I 17: 435-
44 7' 1961 . 

5. Rahaley RS, Dennis SM: Brucella ovis infection in sheep. 
on Continuing Education. 4: S461-S467, 1982. 

Compend. 

6. Biberstein EL, McGowan B, Olander H, et al: Epididymitis in rams. 
Studies on pathogenesis. Cornel I Vet. 54: 27-41, 1964. 

7. Laws L, Simmons GC, Ludford CG: Experimental Bruce! Ia ovis infec
tion in rams. Aust. Vet. J. 48: 313-317, 1972. 

8. Jebson Jl, Hartley WJ, McClure JJ, et al: Pathology of brucellosis 
in rams in New Jealand. N. Z. Vet. J. 3: 100-104, 1955. 

9. Kennedy PC, Frazier LM, McGowan B: Epididymitis in rams: pathology 
and bacteriology. Cornel I Vet. 46: 303-319, 1956. 

10. Jebson JL, Hartley WJ, McFarlane D: The artificial infection of 
sheep with a Brucella-! ike organism. II. The artificial infection 
of rams. N. Z. Vet. J. 2: 85-89, 1954. 

I I. Hartley WJ, Jebson JL, McFarlane D: 
transmission of ovine bruce! los is. 

Some observations on natural 
N. Z. Vet. J. 3: 5-10, 1955. 

12. Buddie MB: Observations on the transmission of Bruce! Ia infection 
in sheep. N. Z. Vet. J. 3: 10-19, 1955. 

13. Cameron RDA, Lauerman LH: Characteristics of semen changes during 
Brucel Ia avis infection in rams. Vet. Rec. 99: 231-233, 1976. 

14. Buddie MB: Studies on Brucella ovis !N.spl, a cause of genital di
sease of sheep in New Zealand and Australia. J. Hygiene. 53: 351-
364' 1956. 

46 



47 

15. Ryan FB: Eradication of ovine bruce! losis. Aust. Vet. J. 40: 
I 62-1 65 , I 964. 

16. Keogh J, Doolette JB, Clapp KH: The epidemiology of ovine brucel
losis in South Australia. Aust. Vet. J. 34: 412-417, 1958. 

17. Van Rensburg SWJ, VanHeerden DJ, LeRoux DJ, et al: 
ferti I ity in sheep. South Afr. Vet. Med. Assn. J. 
1958. 

Infectious in-
29: 223-233, 

18. Clapp KH, Keogh J., Richards MH: Epidemiology of ovine bruce! losis 
in South Australia. Aust. Vet. J. 38: 482-486, 1962. 

19. Brown GM, Pie~z DE, Price DA: Studies on the transmission of 
Bruce! Ia avis infection in rams. Cornel I Vet. 63: 29-40, 1973. 

20. Haughey KC, Hughes KL, Hartley WJ: Brucella avis infection: the 
infection status in breeding flocks as measured by examination of 
rams and the perinatal lamb mortality. Aust. Vet. J. 44: 531-535, 
1968. 

21. Ris DR: The bacteriology and serology of ewes inoculated with vi
able Brucella avis organisms. N. Z. Vet. J. 18: 2-7, 1970. 

22. Osburn Bl, Kennedy PC: Pathologic and immunologic responses of the 
fetal lamb to Brucella avis. Path. VeL 3: 110-136, 1966. 

23. Hughes ~t: Experimental Brucella ovis infection in ewes. I. 

24. 

Breeding performance of infected ewes. Aust. Vet. J. 48: 12-17, 
1972. 

Meinershagen WA, Frank FW, Waldhalm DG: 
of abortion in ewes. Am. J. Vet. Res. 

Bruce I Ia avis as a cause 
35: 723-724, 1974. 

25. Burgess GW, Norris MJ: Evaluation of the cold complement fixation 
test for diagnosis of ovine brucellosis. Aust. Vet. J. 59: 23-25, 
1982. 

26. Burgess GW, McDonald JW, Norris MJ: Epidemiological studies on 
ovine bruce! losis in selected ram flocks. Aust. Vet. J. 59: 45-
4 7' 1982. 

27. Hill WKW: Rapport No. 724, Bull, Off. Int. Epiz. 60:401-417, 
1963. 

28. In Luna LG, (ed.): Armed Forces Institute of Pathology Manual, 
McGraw Hi I I Inc. pp. 32-39, 1968. 



VITA J~~· 

Selwyn James Barron 

Candidate for the Degree of 

Master of Science 

Thesis: EXPERIMENTAL BRUCELLA OVIS INFECTION IN WHITE-TAILED DEER 
!ODOCOILEUS VIRGINIANU_S_l-

Major Field: Veterinary Parasitology and Pub! ic Health 

Biographical: 

Personal Data: Born in Blenheim, New Zealand, December 4, 1936, 
the son of Mr. and Mrs. Wi II iam L. Barron. 

Education: Graduated from Nelson College (high school equivalent), 
Nelson, New Zealand, in December, 1954; passed the Medical 
College Entrance Examination at Victoria University, Welling
ton, New Zealand, in December, 1955; received the Bachelor of 
Veterinary Science (D.V.M. equivalent) from the University of 
Sydney, Australia, in January, 1961; completed requirements 
for the Master of Science degree at Oklahoma State University 
in May, 1984. 

Professional Experience: General practice veterinarian, Mi I dura, 
Victoria, Australia, January, 1961; general practice veteri
narian, Waipukurau, New Zealand, 1961-1977; Visiting Assistant 
Professor and Laboratory Animal Veterinarian, Col lege of 
Veterinary Medicine, Oklahoma State University, 1977-1979; 
general veterinary practice, Waipukurau, New Zealand, January
August, 1979; Visiting Assistant Professor, College of Veteri
nary Medicine, Oklahoma State University, August, 1979-
September, 1980; Assistant Professor, Department of Veterinary 
Medicine and Surgery, Oklahoma State University, October, 1980-
1984. 


