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ORIGINAL ARTICLE

Pathological, immunohistochemical, and bacteriological findings
in dogs infected with Brucella canis
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Abstract: This study describes pathological, immunohistochemical, and bacteriological findings in adult dogs and fetuses naturally
infected with Brucella (B.) canis. A total of 42 dogs including 40 dogs and 2 aborted fetuses were examined. The most common gross
lesions in infected dogs were swelling of lymph nodes and spleen. The testes showed marked swelling with multifocal to diffuse
reddish discoloration. The most significant histopathological lesions were observed in the placenta. Placental trophoblasts were
markedly hypertrophied due to the accumulation of intra-cellular gram-negative bacteria. Lymphocytic inflammation of varying
severity was observed in the reproductive organs such as male testis, epididymis, and prostate gland and female uterus. Strong
immunolabelling was observed in the cytoplasm of most trophoblasts in the placental tissues using immunohistochemistry. However,
immunohistochemical staining did not demonstrate any organisms in other organs of dogs and fetuses. B. canis isolates were most
frequently obtained from the whole blood (82.5%) and superficial inguinal lymph node (77.5%) in both sexes. In addition, the
isolation rate was higher in male genital organs than in those of females. Hence, management of male dogs is most important because

infected dogs can play a role as carriers.
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Introduction

Canine brucellosis is considered one of the most common bacterial zoo-
notic infections worldwide and a cause of great economic loss in kennels [1-3].
General symptoms of canine brucellosis are not readily evident [4]. Dogs
infected with Brucella are usually febrile. However, some dogs remain
asymptomatic. Therefore, many infections are not diagnosed by routine his-
tory taking or physical examinations.

The classical signs of canine brucellosis are spontaneous abortion in a sup-
posedly healthy pregnant bitch or failure to conceive. Late abortion occurs
between 30 and 57 days of gestation, and higher frequency of abortion is
observed between 45 and 55 days [5]. Aborted fetuses are usually partially
autolyzed, and edema, congestion, and hemorrhage are presented in the sub-
cutaneous abdominal region [2]. Prolonged, viscous, and serosanguinous vag-
inal discharge can last for 1-6 weeks after abortion [5].

Target organs of Brucella (B.) canis are androgen-dependent tissues such as
the epididymis and prostate gland in stud dogs. Orchitis or epididymitis
causes pain and swelling of the testis. Males may have scrotal dermatitis
because of constant licking and secondary infection with nonhemolytic staph-
ylococci. Chronic or prolonged infection in stud dogs eventually leads to uni-
lateral or bilateral testicular atrophy [4].

The diagnosis of brucellosis is based on the isolation of the pathogen from
whole blood, semen, vaginal secretions, urine, and lymphoid tissues [4,6].
Moreover, several serological tests are available. Another method for the
detection of B. canmis in tissues is immunohistochemistry (IHC) [2]. This
method is sensitive and specific, and capable of demonstrating the distribu-
tions of bacterial organisms in the tissues with characteristic lesions.

Despite the fact that several studies have been published on canine brucel-
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losis, much information still remains to be clarified in the
aspect of pathologic lesions and immunohistochemical find-
ings of this disease. This study describes the pathological,
immunohistochemical, and bacteriological findings in adult
dogs and fetuses naturally infected with B. canis.

Materials and Methods

Animals

Five occurrences of canine brucellosis were observed in
breeding kennels at different regions in Korea. All kennels
had histories of repeated abortion and decreased fertility after
new entry of dogs from other kennels. After making a diag-
nosis of canine brucellosis, all dogs in kennels were exam-
ined based on the screening test such as serological and
bacteriological tests according to brucellosis control strate-
gies in Korea. If the result of tests was positive, infected dogs
were sacrificed. This experiment conducted in accordance
with guidelines established by the Animal and Plant Quaran-
tine Agency Animal Care and Use Committee (No. 2017-
352).

Among these animals, 42 dogs including 40 dogs aged 6
months to 10 years (29 females and 11 males) and 2 aborted
fetuses were examined in this study.

Gross and histopathological findings

At necropsy, tissue samples were evaluated for the pres-
ence of gross lesions. Samples of lymph nodes (retropharyn-
geal, superficial inguinal), mammary gland, uterus, placenta,
testis, epididymis, prostate gland, scrotum, liver, spleen, and
kidney were collected from dogs, whereas samples of the
lung, liver, spleen, and kidney were collected from fetuses.
All collected samples were fixed in 10% phosphate-buffered
formalin for 24 h and routinely processed. The processed tis-
sues were embedded in paraffin and stained with hematoxy-
lin and eosin for light microscopic examination. Gram
staining was also performed to clarify the bacterial patho-
gens in tissue sections.

IHC

To detect B. canis, IHC was performed on replicated sec-
tions. The major organs were stained with polyclonal hyper-
immune rabbit antiserum at a dilution of 1:500. The
antiserum for [HC was produced by two rabbits after intrave-
nous inoculation of 1 x 10° colony-forming units of live B.
canis strain.

The tissue sections were stained with the Ventana Discov-
ery XT research instrument and RedMap Detection System
(Ventana Medical Systems, Inc., USA), and counterstained
with hematoxylin. Tissue sections from an uninfected dog
were used as negative controls.

Bacterial culture and identification
During necropsy, parts of the genital organs (female: uterus
and mammary gland; male: testis, epididymis, and prostate

gland), lymph nodes (superficial inguinal and retropharyn-
geal lymph nodes), liver, kidney, urine, and whole blood
were collected aseptically for microbiologic analysis.

To isolate B. canis from whole blood, approximately 2—3
mL was collected using heparin as anticoagulant. Blood sam-
ple was centrifuged at 4°C, at 3,000 rpm for 30 min. After
separating plasma from whole blood, buffy coat was used for
bacterial isolation. The buffy coat layer was inoculated in
tryptose phosphate broth (BD Bioscience, USA) containing
5% fetal bovine serum (FBS; GIBCO, USA) and incubated
at 37°C under aerobic conditions for 30 days. Every 7 days,
the broth cultures were inoculated onto sheep blood agar
(SBA) and incubated for 3—4 days at 37°C. Suspected colo-
nies were selected and purified by further cultivation on SBA
for 3—4 days at 37°C.

To isolate B. canis from tissues, specimens were macer-
ated with sterile phosphate-buffered saline. Tissue homoge-
nates were inoculated directly onto tryptic soy agar (BD
Bioscience) supplemented with 5% FBS and antibiotic mix-
tures (25 U/mL bacitracin, 20 pg/mL vancomycin, 5 pg/mL
nalidixic acid, 5 U/mL polymyxin B, 10 ug/mL cyclohexim-
ide, and 100 U/mL nystatin). Plates were incubated at 37°C
for 5-10 days and examined daily for the presence of colo-
nies. Colonies were selected, inoculated onto 5% SBA for 2—
4 days at 37°C.

For bacterial species identification, genomic DNA was
extracted from the isolates using a QlAamp DNA mini kit
(Qiagen, Germany) according to the manufacturer’s proto-
col. The identification of the isolates was confirmed using
the novel Bruce-ladder multiplex polymerase chain reaction
assay [7].

Results

Gross findings

The most common gross lesions were observed in the
lymph nodes and spleen. These organs showed variable
degrees of swelling. The testes showed marked swelling with
multifocal to diffuse reddish discoloration (Fig. 1A). In some
male dogs, epididymal swelling and scrotal necrosis were
observed. Non-pregnant female dogs did not show any spe-
cific gross lesions. However, an aborting bitch showed brown-
ish vulvar discharge. Aborted fetuses were often partially
autolyzed with a brown or greenish-gray placenta (Fig. 1B).

Histopathological findings

Collected tissues from 40 dogs and 2 fetuses were exam-
ined histologically under the microscope. We analyzed histo-
pathological lesions according to three different aged dogs (< 2
years, 2—6 years, and > 6 years) and fetus groups. Further-
more, histopathological lesions of genital organs in male and
female dogs were also analyzed.

The prevalence of microscopic lesions in genital organs of
female and male dogs is summarized in Table 1. Mild to
severe lymphohistiocytic interstitial inflammation was pre-
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Fig. 1. (A) Testicular swelling with multifocal reddish discoloration (left, arrow). Normal testis (right). (B) An aborted fetus in the

brown or greenish-gray placenta.
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Fig. 2. (A) Interstitial lymphocytic infiltration and the irregular glandular structures in the prostate gland (H&E. bar = 100 um). (B)
Severe lymphohistiocytic orchitis with fibrosis and atrophy of seminiferous tubules in testis (H&E. bar =200 um). (C) The chorio-
allantoic membrane lined by bacteria-laden hypertrophied trophoblasts (H&E. bar =200 pm; insert, a higher magnification of the tro-
phoblasts, bar = 50 pm). (D) A strong positive red color reactions within the cytoplasm of trophoblast cells (immunohistochemistry,

bar =100 pm).
H&E, hematoxylin and eosin.

sented in the 81.8% (9/11) prostate glands of male dogs (Fig.
2A). Scrotal dermatitis characterized by the infiltration of
lymphocytes and neutrophils with epidermal ulceration or
crust formation was observed in 72.7% (8/11) male dogs.
Lymphocytic epididymitis and orchitis with testicular atro-
phy (Fig. 2B) were observed in 54.5% (6/11) and in 36.4%
(4/11) male dogs, respectively.

The mammary gland showed multifocal interstitial lym-
phocytic infiltration in 34.5% (10/29) female dogs. Multifo-

cal-to-diffuse lymphocytic endometritis was observed in
31.0% (9/29) female dogs.

The most common microscopic lesion of non-reproductive
organs was presented in the liver of both sexes. Multifocal
neutrophilic or lymphocytic hepatitis was observed in 75.0%
(30/40) dogs. Lymphoid tissues such as the lymph nodes and
spleen usually showed follicular and white pulp hyperplasia
with variable degree.

Most histopathologic lesions in male and female genital
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Table 1. Frequency of histopathological lesions in female and male organs according to age

<2yr 2-6 yr > 6 yr
Histological lesions Male Female Male Female Male Female Total
n=0) n=7) n=7 (n=13) (n=4) n=9)
Orchitis 0.0 - 14.3 - 75.0 - 36.4
Epididymitis 0.0 - 429 - 75.0 - 54.5
Prostatitis 0.0 - 85.7 - 75.0 - 81.8
Scrotal dermatitis 0.0 - 71.4 - 75.0 - 72.7
Lymphocytic mastitis - 429 - 46.2 - 11.1 345
Lymphocytic endometritis - 28.6 - 53.8 - 0.0 31.0
Hepatitis 0.0 71.4 85.7 69.2 75.0 77.8 75.0
Nephritis 0.0 429 429 61.5 25.0 55.6 50.0
Follicular hyperplasia 0.0 57.1 57.1 46.2 25.0 444 47.5
White pulp hyperplasia 0.0 71.4 0.0 23.1 0.0 66.7 35.0
Uveitis 0.0 0.0 14.3 7.7 0.0 0.0 5.0
Values are presented as number (%).
Table 2. Bacterial isolation rates of various samples in B. canis infected dogs (except aborted fetuses)
Female Male Total
Samples No. of tested No. o(f;/:)s)olates No. of tested No. o(f;/:)s)olates No. of tested No. o(f;/i)s)olates

Blood 29 25 (86.2) 11 8 (72.7) 40 33 (82.5)
Superficial inguinal lymph node 29 23 (79.3) 11 8 (72.7) 40 31 (77.5)
Spleen 29 20 (69.0) 11 7 (63.6) 40 27 (67.5)
Retropharyngeal lymph node 29 17 (58.6) 11 5 (45.5) 40 22 (55.0)
Liver 29 14 (48.3) 11 5 (45.5) 40 19 (47.5)
Lung 29 13 (44.8) 11 4 (36.4) 40 17 (42.5)
Kidney 29 9 (31.0) 11 2 (18.2) 40 11 (27.5)
Urine 24 4 (16.7) 11 3 (27.3) 35 7 (20.0)
Uterus 29 10 (34.5) 29 10 (34.5)
Prostate gland 11 6 (54.5) 11 6 (54.5)
Epididymis 11 5 (45.5) 11 5 (45.5)
Testis 1 2(182) 11 2(182)

24 out of 29 samples examined.

organs were more frequently observed in aged dogs (over 2
years). However, there was no close relation between histo-
pathological lesions in non-reproductive organs and dog’s
age.

Mild bronchopneumonia and suppurative hepatitis were
existed in two aborted fetuses. Placental trophoblasts were
markedly hypertrophied due to the accumulation of intra-cel-
lular bacteria (Fig. 2C). These bacteria were confirmed as
gram-negative coccobacilli using gram staining.

IHC

Strong red-colored immunolabelling was observed in the
cytoplasm of most trophoblasts in the placental tissues (Fig.
2D). However, IHC did not demonstrate any organisms in the
lesions of other organs of dogs and fetuses.

Bacterial culture

To examine bacterial isolation rates in various organs, gen-
ital and internal organs were obtained aseptically at nec-
ropsy. Bacteriological results are summarized in Table 2.

All dogs had positive results in bacterial culture at least
one sample examined.

Bacterial isolates were most frequently obtained from the
whole blood and frequent from the superficial inguinal
lymph node and spleen in both sexes. In detail, bacterial iso-
lates in female dogs were frequently obtained from the blood
(86.2%; 25/29), superficial inguinal lymph node (79.3%; 23/
29), and spleen (69.0%; 20/29). In male dogs, B. canis was
most highly isolated from whole blood and superficial ingui-
nal lymph node with same level (72.7%; 8/11), and spleen
(63.6%; 7/11). Moreover, genital organs such as prostate
gland (54.5%; 6/11) and epididymis (45.5%; 5/11) had higher



frequency of bacterial isolations.

In the two aborted fetuses, B. canis isolates were recov-
ered in tissues including the lung, spleen, liver, kidney, and
placenta.

Discussion

This paper describes a comprehensive pathological, immu-
nohistochemical, and bacteriological evaluation between
adult dogs and fetuses naturally infected with B. canis.

The specific clinical signs of canine brucellosis are repro-
ductive failure and infertility. All kennels in this study had
histories of repeated abortion and decreased fertility. Owners
requested samples related to abortion because they wanted to
know the cause of reproductive problem. After the diagnosis
of B. canis abortion, all dogs in five kennels were tested, and
infected dogs were euthanized according to brucellosis con-
trol strategies in Korea. Although all dogs in this study were
infected by B. canis, all dogs did not show typical gross
lesions of canine brucellosis. They might have been eutha-
nized before clinical signs were fully developed. Most prom-
inent lesions were focused in the placentas characterized by
hypertrophic trophoblasts with numerous intra-cellular bacte-
rial colonies.

In bovines, trophoblasts are thought to be the primary tar-
get cell for invasion and multiplication of B. abortus in the
placenta because of the presence of erythritol, or hormone
synthesis by trophoblast cells [8]. Erythritol is a preferred
nutrient and growth stimulant for Brucella species [9]. B.
canis is also sensitive to erythritol. Therefore, in this study,
intra-cellular B. canis was mainly observed at the hypertro-
phic trophoblasts of the placenta.

The most common gross lesions in this study were lymph-
adenomegaly and splenomegaly in both sexes and testicular
degeneration and ulcerative scrotal dermatitis in males, in
accordance with previous reports [4,10]. However, there were
no specific gross lesions in non-pregnant females except one
aborting bitch showing brownish vulvar discharge.

In the present study, lymphocytic or neutrophilic inflam-
mations were observed in most internal organs of infected
dogs. All genital organs such as testis, epididymis, prostate
gland, mammary gland, and uterus showed multifocal to dif-
fuse lymphocytic inflammation. Some dogs showed the
swelling of lymph node and histopathologic lesions of lym-
phoid follicular hyperplasia were observed in 47.5% (19/40)
dogs. Swelling of lymph node is the result of diffuse lympho-
reticular hyperplasia [11]. In chronic cases, the spleen is
filled with plasma cells and macrophages containing phago-
cytized bacteria. Mild lymphocytic interstitial nephritis also
noted in dogs with B. canis infection [11]. About 50.0% (20/
40) dogs had renal lesions of characteristic lymphocytic
interstitial nephritis with variable degree. In accordance with
a previous study [2], neutrophilic or lymphocytic hepatitis
was also frequently observed in infected dogs.

Comparing with young dogs, old dogs may have increas-
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ing chance to antigenic stimuli. Therefore, various inflamma-
tory processes are more popular in old dogs than in young
dogs. We analyzed the pathological lesions in organs accord-
ing to three different age groups (< 2 years, 2—6 years, and > 6
years). However, we could not find any relationships between
dog’s age and the severity of lesions in non-reproductive organs.

Moreover, most inflammation in animal organs can be
induced by the injury or the infections including virus, bacte-
ria, fungus, and others. However, we did not perform other
etiological examinations except B. canis because all dogs
used in this study were already confirmed to be infected with
B. canis. They only showed the reproductive problem. Although
the pathological lesions of internal organs might be associ-
ated with B. canis infection regardless of age, more in-depth
studies are needed to clarify the association between lympho-
cytic inflammation in various organs and B. canis infection.

We applied THC to identify B. canis antigens in tissues
using hyperimmune rabbit antiserum. There were several
reports on the immunohistochemical results of B. canis infec-
tion using antiserum. Hofer et al. [12] demonstrated B. canis
antigens in placenta and aborted fetal lungs using THC
method. Gyuranecz et al. [2] reported immunolabelling in an
aborted placenta and in a few macrophages and multinucle-
ated giant cells in the tonsils and lymph nodes of adult dogs.
In this study, the only but very strong positive result was
obtained from an aborted placenta. The abortion of dogs in
this study could be clearly attributed to B. canis infection,
because large amounts antigens were detected in placenta.
Unfortunately, we could not find any positive reactions for
[HC in other internal organs of dogs and fetuses.

B. canis isolates were recovered in various tissues from 40
adult dogs and 2 aborted fetuses. The bacterial isolation was
most frequent in blood samples. Whole blood is considered
as the best choice of sample for the isolation of B. canis
because of the characteristic prolonged bacteremia of canine
brucellosis. Moreover, blood is the easiest material for asep-
tic collection and easy handling without sacrifice of dog [13].
In previous studies, the best organs for bacterial isolation
were the lymph nodes, prostate, spleen, and sometimes the
liver and testes at necropsy [11]. The overall positive results
of bacterial culture in this study were similar to those in pre-
vious reports. In bitches, the uterus, placenta, and vaginal or
uterine fluids were the most preferable tissues for bacterial
isolation [2]. Isolation rates of B. canis are higher in lym-
phoid tissues such as lymph node and spleen than female and
male genital organs in this study. This phenomenon might be
closely related with long persistence of B. canis within
mononuclear phagocytes [4]. B. canis were isolated more fre-
quently in male genital organs including prostate gland and
epididymis than in female uterus. However, B. canis in this
study was also isolated from 18.2% (2/11) testis with low fre-
quency. Histopathologically, B. canis infected testis showed
severe lymphohistiocytic orchitis with fibrosis and atrophy of
seminiferous tubules. These testicular damages may affect
sperm production as well as sperm abnormalities such as
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immature sperm, deformed acrosomes, swollen midpieces,
coiled tails [3,11].

In conclusion, although the clinical signs were not typical
in the Brucella-infected dogs, the bacterial isolation rates
were relatively high, and many dogs showed histopathologi-
cal lesions in genital organs associated with Brucella infec-
tion. It is important that the periodic monitoring system in
kennels especially in male dogs should be confirmed for
elimination of infected dogs and prevention of further dis-
ease transmission.
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