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Abstract

Background: Brucellosis in male goats is characterized by arthritis, orchitis and epididymitis,
which may induce infertility. Nevertheless, these lesions were categorized as chronic while acute
lesions had not been described. This study investigates the histopathological and immuno histo-
chemistry reactions in organs of bucks acutely infected by Brucella melitensis. Results: Only testis
and prepuce of acutely infected bucks showed significantly severe histological lesions. Other in-
ternal organs had mild to moderate lesions. However, positive immunohistochemistry stainings
were observed in organs except the bulbourethral gland. There was a significant positive correla-
tion between the distribution of B. melitensis and IHC intensity but no significant correlation be-
tween the IHC intensity and histopathology lesions. Conclusion: The results indicate that acute
brucellosis did not lead to clinical presentation, although B. melitensis was well distributed in
various organs of bucks.
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1. Introduction

Brucella melitensis is a Gram negative, facultative intracellular, coccobacillus, non-capsulated and non-spore
forming bacterial pathogen [1]. In goats, brucellosis causes serious economic impact to goat farmers from abor-
tions and stillbirths [2]. Infections by B. melitensis occur through mucous membrane of the nasopharynx as well
as through ingestion of contaminated feed [3].

Brucellosis in male goats is characterized by arthritis, orchitis and epididymitis, which may induce infertility
at later stage [4]. Clinical signs vary depending on age, reproductive status, immunological state, and route of
infection and virulency of the organism [5]. Post mortem lesions include necrotizing orchitis, epididymitis, se-
minal vasculitis and prostatitis [6]. Nevertheless, the lesions in reported field cases were categorized as chronic
while acute lesions had not been described.

Immunohistochemistry (IHC) technique is a sensitive and specific test that detects Brucella antigen [7]. Using
this technique, the organism could be detected in the cytoplasm of inflammatory cells, especially the neutrophils
and macrophages of fixed tissues [8]. This report describes the histopathology changes in bucks and correlates
them with immunohistochemistry reactions in acute experimental B. melitensis infection.

2. Methods
2.1. Animals

Nine clinically healthy adult bucks, weighing between 25 - 30 kg were selected and divided into three equal
groups. They were housed in well ventilated sheds, in which each group was kept in separate pens at stocking
rate of 0.2 m? per animal [9]. Prior to the start of the experiment, all bucks were tested with Rose Bengal Plate
Test (Synbiotics, USA) to ensure that they were free of brucellosis [10]. Cut grass was provided at 2 kg/animal/
day with supplemented feed at the rate of 300 g/animal/day. Drinking water was available Ad libitum.

2.2. Inoculum

A field strain of B. melitensis isolated earlier from an outbreak of caprine brucellosis [10] was sub-cultured onto
Brucella agar (BBL™, USA) and incubated at 37°C for 96 h. Pure colonies were harvested into phosphate buffer
saline (PBS) before an inoculum was prepared at the concentration of 10° cell/ml using the McFarland Standard
[11].

2.3. Experimental Design

At the start of the experiment, goats of Groups 1 and 2 were exposed intra-conjunctival with 50 uL of the in-
oculum into each eye [12]. Goats of Group 3 were similarly exposed with 50 uL of sterile normal saline. All
goats were observed for clinical signs following infection before goats of Group 1 were killed on day-7
post-infection (PI). Goats of Groups 2 and 3 were killed on day-14 PI. The conjunctiva, synovial membrane of
knee joint, lymph nodes (submandibular, prescapular and supramammary), liver, spleen, testis, prepuce, epidi-
dymis, bulbourethral and seminal vesicle glands were collected and fixed in 10% buffered formalin. The expe-
rimental procedure was according to the Guidelines of the Animal Care and Use Committee, Universiti Putra
Malaysia (IACUC NO: 09R50).

2.4. Histopathology

Fixed tissues were processed in tissue processor (Leica TP 1020, Germany) followed by embedding in paraffin
wax, sectioned at 4 um (Leica Jung Multicut 2045, Germany) and stained with Harris’ haematoxylin and eosin
(HE). Histopathological assessments were made using Nikon Eclipse 50i, Japan and the specific criteria, which
included necrosis, atrophy, haemorrhage, congestion, infiltration of inflammatory cells and hyperplasia were
scored as follow; 0: none, 1: 30% affected, 2: 30% - 60% affected and 3: >60% affected [8].

2.5. Immunohistochemistry

Brucella melitensis antigens were demonstrated by using the avidin-biotin-peroxidase complex immune histo-
chemistry staining method. The slides were dried at 60°C for 15 min before deparaffinised in xylene for 10 min
and rehydrated through a series of graded alcohol. Heat mediated antigen retrieval was used by immersing the
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slides in citrate buffer solution and heated in microwave oven for 10 min at low temperature. Blocking with 3%
hydrogen peroxidase for 5 min at room temperature inactivated the indigenous peroxidase. The sections were
washed with PBS and blocked with 5% bovine serum albumin (Gibco, USA) for 15 min at 37°C, followed with
overnight incubation at 4°C with primary antibody prepared in rabbit (1:100). The sections were then incubated
with secondary antibody (IgG goat anti rabbit) (Abcam, UK) for 1 h at 37°C (1:500). The slides were rinsed and
washed with PBS before diaminobenzidine DAB (Dako, USA) was used as chromogen for 15 sec. Harris’s
haematoxylin stain was used as counter stain. The degree of IHC staining was scored as 0: no staining, 1: light
brown staining, 2: brown staining, 3: golden brown staining, while the degree of distribution was graded as 0:
none, 1: focal, 2: multifocal and 3: diffuse [9].

2.6. Statistical Analysis

Histopathology and immunohistochemistry scores were subjected to Mann-Whitney and Pearson’s Correlation
test using the predictive analysis software 20 (PASW version 20; SPSS Inc., Chicago, IL, USA) by comparing
the lesion severity between groups. The significance value was at p < 0.05.

3. Results

No clinical signs were observed in all groups during the 14-day experimental period. Similarly, no gross lesion
was observed.

Histologically, neutrophilic orchitis was observed in all goats of Groups 1 and 2, and there was no significant
(p > 0.05) difference in the severity of orchitis between the two acutely infected groups (Table 1). All convo-
luted seminiferous tubules in the affected areas of the testis were severely necrotic with karyolitic and vacuo-
lated spermatogonia, some were found detached from the basement. Some Sertoli cells were moderately atro-
phied and the loosening of tunica vasculosa caused the tubules to appear wrinkled. Neutrophilic and lymphocyt-
ic cell infiltrations were observed within the interstitial tissues (Figure 1). Immunohistochemistry revealed that
the antigen was distributed both focal and multifocal, particularly within the cytoplasm of spermatogonia, Serto-
li cells and the surrounding neutrophils and necrotic debris (Figure 1). Following IHC, the epithelial cells of
epididymis were stained with light to intense brown while distribution of the antigen was significantly (p < 0.05)
higher in goats of Group 2 (Table 2).

Figure 1. (A) Necrotic orchitis with diffuse lymphocyte and neutrophilic in-
filtrations. HE, x400; (B) Brucella melitensis antigens (brown) with the ne-
crotic tissues. IHC, x400; (C) Epididymitis with severe neutrophilic infiltra-
tion. HE, x100; (D) Neutrophilic posthitis with formation of mucosal-asso-
ciated lymphoid tissue (MALT) in the mucosal epithelium. HE, x200.
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Table 1. Results for histopathological lesion reading in mean + SD with different letter represent significant differences (p
< 0.05). Results of every organ were compared accordingly to the type of lesion for the two different treatments. ICI: In-
flammatory cell infiltration.

ORGAN LESION 7 DAY 14 DAY
Necrosis 2.67+0.24 267024
Atrophy 1.60+1.12 2.20+0.68
Testis Congestion 0.80+0.86 0.73+0.80
ICI 247 x0.52 2.27+0.59
Average 1.88 +1.07 197+0.97
Inflm. cell infiltration 1.33+0.90 1.07+0.70
Epididymis
Average 1.33+0.90 1.07+0.70
Necrosis 0.40+0.51 0.93 £ 0.59°
Congestion 1.27+0.88 0.93+0.96
Prepuce
Infim. cell infiltration 1.73+1.10 1.80 +0.68
Average 1.13+1.01 127 084
Necrosis - -
Atrophy - -
Haemorrhage - -
Bulbourethral Congestion - -

Inflam. cell infiltration - -

Hyperplasia - -
Average - -
Congestion 0.67 +£0.49 0.80+0.77
Seminal Vesicle Inflam. cell infiltration 0.73+0.70 1.07 £0.80
Hyperplasia - -
Average 0.70+0.59 0.93+0.78
Congestion 0.87 £ 0.92 1.27+0.70
Inflam. cell infiltration 0.60 £ 0.51 0.93+0.59
Submandibular LN Hyperplasia 0.27 £ 0.46 1.13+0.83*
Average 0.58 +0.59 1.11+0.71%
Haemorrhage 0.53+0.52 0.67 £ 0.82
Congestion 0.73+0.70 0.67 £0.72
Pre-scapular LN Inflam. cell infiltration 0.53+0.52 0.73+£0.80
Hyperplasia 0.53+0.64 1.20 +1.01*
Average 0.58 +0.69 0.82 +0.85
Inflam. cell infiltration 0.47 £0.52 0.80 +0.68
Supra-mammary LN Hyperplasia - -
Average 0.47 £0.52 0.80 +0.68
Congestion 0.00+0.00 2.60 £0.51°
Liver Inflam. cell infiltration 0.00 £ 0.00 1.00 £ 0.53
Hyperplasia - -
Average 0.00 +0.00 2.07+£0.91%
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Continued
Necrosis - -
Atrophy - -
Haemorrhage - -
Spleen Congestion - -
Inflam. cell infiltration 0.60+0.51 0.93+0.59
Hyperplasia 0.87 £0.92 1.27+0.70
Average 0.73+0.74 1.10 + 0.66*
Congestion 0.27 £ 0.46 0.87 £ 0.74°
Inflam. cell infiltration 0.67 £0.72 1.13+0.35%
Synovial Membrane
Hyperplasia - -
Average 0.47 £0.62 1.00 +0.58*°
Congestion 0.40+0.51 0.67 £ 0.62
Inflam. cell infiltration 0.93+0.80 1.47 £0.64°
Conjunctiva
Hyperplasia - -
Average 0.67+0.71 1.07+0.74

a indicates significant (p < 0.05) difference.

Table 2. Results for distribution of Brucella meitensis in organs in mean + SD with different letter represent significant dif-
ferences (p < 0.05). Results of every organ were compared accordingly to the distribution of antigens for two different
treatments. LN: Lymph nodes.

ORGAN Group 1 Group 2
Testis 1.60£0.99 1.87£0.99
Epididymis 2.00+0.76 240+0.51
Prepuce 2.20+0.56 1.60 +1.06

Bulbourethral - -

Seminal vesicle 2.80+0.41 2.60 £0.51
Submandibular Lymph Node 247 £0.92 1.87 £0.99
Pre-scapular LN 1.87+1.13 1.60+1.12
Supra-mammary LN 1.93+1.10 1.67 £1.05
Liver 0.60+0.51 2.0+0.65°
Spleen 1.67 +£0.62 1.80 £ 0.56
Synovial membrane 160+1.24 20+£1.13
Conjunctiva 2.00£0.76 240+0.51

a indicates significant (p < 0.05) difference.

Both infected groups demonstrated posthitis although Group 2 revealed significantly (p < 0.05) higher lesion
score. The stratified squamous epithelium showed vacuolation with infiltration of numerous inflammatory cells,
particularly the neutrophils, macrophages and lymphocytes that extended into the connective tissue and muscu-
lar layers. There were occasional mucosal associated lymphoid tissues (MALT) in the prepuce epithelial and in-
terstitial layers of the infected goats of Groups 1 and 2 (Figure 1). The IHC staining showed similar distribution
but significantly (p < 0.05) higher intensity scoring in Group 1. The positive reactions were found mainly in the
stratified squamous epithelium and the endothelium of small vessels within the connective tissues (Figure 2).

Neither seminal vesiculitis nor bulbourethritis was observed in all groups. However, the seminal vesicle re-
vealed golden brown reactions within cytoplasm of the columnar epithelium and the muscularis layer (Figure 2).
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Figure 2. (E) B. melitensis antigens demonstrated with strong immuno stain-
ing in the mucosal epithelium of prepuce. IHC, x200; (F) Seminar vesiculitis
with mild lympho-neutrophilic Interstititial infiltration. HE, x400; (G) The
antigens are present in the cytoplasm of columnar epithelium as well as in the
lumen. IHC, x200; (H) Hyperplastic lymphadenitis was observed in supra
mammary lymph nodes. HE, x200.

Lymphadenitis was observed in both infected groups and hyperplasia was frequently observed in the subman-
dibular and pre-scapular lymph nodes (Figure 2). Generally, the IHC results for lymph nodes were either multi-
focal or diffuse with brown to golden brown. The reactions were observed in the cytoplasm of inflammatory
cells, especially the lymphocytes and neutrophils.

Hepatitis was significantly (p < 0.05) severe in Group 2. The hepatocytes were swollen with loss of architec-
ture while some of hepatocytes showed karyolysis. Infiltrations of neutrophils were observed surrounding the
central vein (Figure 3). Most IHC stains were observed involving hepatocytes near the central vein and within
the cytoplasm of neutrophils. Most IHC stains were observed involving hepatocytes near the central vein and
within the cytoplasm of neutrophils.

Goats of Group 2 showed significantly (p < 0.05) severe splenitis with focal to multifocal antigen distribution
in moderate intensity (Figure 3). Moreover, the stifle joints of infected goats showed synovitis with infiltrations
of few neutrophils. The blood vessels in the affected areas were congested. The antigen can be observed in the
squamous epithelium and within the cytoplasm of infiltrating neutrophils (Figure 3).

Moderate conjunctivitis was observed in both infected groups. There were infiltrations of macrophages and
neutrophils within the laminapropria that extended into the muscle layer (Figure 4). Early formation of MALT
in the stratified squamous epithelial layer was observed in both infected groups. Significantly (p < 0.05) intense
golden brown staining was observed at tip of the epithelial layers of Group 2 (Table 3). Similarly, the secreting
glands and blood vessels were also stained positive (Figure 4).

There was a highly significant positive correlation between the antigen distribution and IHC intensity (r =
0.971; p < 0.05) in goats of Group 1. Lesser significant positive correlation was calculated (r = 0.595, p < 0.05)
for goats of Group 2. On the other hand, there was insignificant positive correlation between histology and IHC
scorings (r = 0.315. p > 0.05) in goats of Group 1 and insignificant negative correlation in Group 2 (r = —0.127,
p > 0.05).

4. Discussion

The absence of clinical signs and macroscopic lesions is in disagreement to those reported earlier [13], probably
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Figure 3. (I) Necrotic hepatitis with aggregation of neutrophils (arrow). HE,
x200; (J) The B. melitensis Antigens were demonstrated in the cypoplasm of
inflammatory cells indicated in black circle. IHC, x400; (K) Mild synovitis of
stifle joint. HE, x200; (L) The synovial membrance demonstrated very in-
tense golden brown immuno staining at the epithelium and in the inflamma-
tory cells. IHC, x400.

Figure 4. (M) Conjunctivitis with moderate interstitial accumulation of in-
flammatory cells. HE, x400; (N) B. melitensis antigens were detected in the
interstitial area as well as in the cytoplasm of stratified epithelium cells. IHV,
x400; (O) Lacrimal gland were stained with intense immuno labeling stain.
IHC, x400; (P) Endothelial cells demonstrated positive IP staining. IHC, x400.

due to the difference in exposure time and route of infection.
The necrotic neutrophilic orchitis had also been reported in acute infection by Arcanobacterium pyogenes in
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Table 3. Results for IHC staining intensity of Brucella meitensis in organs in mean + SD with different letter represent
significant differences (p < 0.05). Results of every organ were compared accordingly to the intensity of immuno staining
for two different treatments. LN: Lymph nodes.

ORGAN Group 1 Group 2
Testis 1.73+1.03 1.80+0.94
Epididymis 1.87+0.64 2.73 £ 0.46°
Prepuce 2.27 £0.70° 1.40 +1.06

Bulbourethral - -

Seminal vesicle 2.47+052 1.87+0.92
Submandibular Lymph Node 2.20+£0.77 1.73+0.70
Pre-scapular LN 173+1.16 213+1.19
Supra-mammary LN 173+1.16 1.80+1.21
Liver 0.93+0.80 1.93+0.80°

Spleen 1.67 £0.82 1.87+£0.74

Synovial membrane 153+1.19 1.73+£0.96
Conjunctiva 1.87 £0.64 2.73+0.46%

a indicates significant (p < 0.05) difference.

fection in bucks [14]. The severe orchitis may lead to reproductive problems if the lesions remain [4]. The large
numbers of B. melitensis antigens were observed intracellular within the macrophages and neutrophils, effec-
tively enhanced the survival by avoiding fusion with lysosomes [15]. Similarly, the antigen was found extracel-
lularly within the necrotic debris causing massive destruction to the seminiferous tubules [7]. The mild inflam-
mation of the epididymis was similar to the previous study [13], although the lesions in this study were concen-
trated in the tail of epididymis.

The formation of MALT in the prepuce epithelium cells was in response to the presence of B. melitensis in
the lumen, therefore, it is postulated that B. melitensis was capable of traveling through the blood vessels from
conjunctiva to the prepuce before being shed into the preputial lumen and becoming a source of infection
through copulation.

Although both seminal vesicles and bulbourethral glands showed no histopathological changes, the IHC
staining proved the presence of the antigen in the seminal vesicles which was described in naturally infected
bucks, whereby more localization of B. melitensis was observed in the seminal vesicles than the epididymis [16].

Mild to moderate histopathology lesions were observed in the liver, probably due to the short duration of ex-
posure. The few neutrophilic infiltrations with brown immunohistochemistry staining around the central vein of
liver indicated the haematogenous route of spread of B. melitensis [17]. In human brucellosis, hepatitis is a
common lesion [18] to be found but not in animals [17].

It was reported that bucks infected with B. melitensis may show arthritis [19], which is in agreement with the
findings of this study, particularly of Group 2. Furthermore, a study showed that naturally infected brucellosis in
camels demonstrated pyoarthritis and hygroma [20]. Immunostaining proved the evidence of multifocal distri-
bution of antigen in the synovial membranes which suit the suggestion on the use of joint hygroma fluid as one
of the clinical samples for isolation of the organism [21].

5. Conclusion

This study revealed no correlation between the histology and immunohistochemistry results, which contradicted
an earlier report [8]. This was likely due to the acuteness of the infection that led to insufficient time for the
body to significantly react to the infection. On the other hand, the distribution was positively correlated with the
intensity, indicating that the more antigens were distributed, the higher concentration of antigen and the more
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intense immunohistochemistry staining.
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