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Abstract: The present study was carried out on two groups of she-camels m different localities in El-khurma
and Taraba governcrates, KSA. Serum samples were obtained from 165 she-camels kept in close contact with
small ruminant (1* group) and 95 she-camels kept in closed farm (2™ group). These samples were subjected to
different serological tests for detection of antibody agamst Brucella. Also, samples were subjected to
biochemical analysis. Lymph nodes, spleen, mammary gland and uterus were collected from serologically
positive ammal for bacteriological, histopathological and immunopathological examinations. The sero-
prevalence in 17 group (camel kept in close contact with small ruminant) were 7.88, 8.48, 6.67, 6.67 and 6.67%
by using Rose Bengal Test (RBT), Buffered Acidified Plate Antigen Test (BAPA), Tube Agglutination Test
(TAT), Rivanol Test (Riv. T) and Complement Fixation Test {CFT), respectively. Regarding to 2*! group (kept
in closed farm) only one sample (1.05%) was positive to RBT, BAPA and TAT as well as one sample was
suspicious to TAT. Biochemical analysis of serum samples taken from Brucella positive she camels showed
elevation in liver enzymes (AST and ALT) and blood glucose, urea, uric acid and creatinine levels.
Bacteriological examination showed that all Brucella strains detected in tissue specimens of reactor ammals were
typed as Brucella melitensis biovar 3. The pathological study revealed individual variation with respect to
organ affected, severity and extension of lesion. Histopathological studies of lymph node revealed granuloma
like structure infiltrated by mflammatory cells. Spleen showed depletion in lymphoid follicle with proliferation
of fibrous tissue. Mammary gland, showed granuloma from mononuclear cells mainly macrophages and plasma
cells. While uterus showed partial destruction and fibrosis in mucosal epithelial limng as well as atrophy in
underlying uterine glands. Immunopathological examination showed intense brown granules inside
mflammatory cells m lymph node, spleen and uterus. It was concluded that Immunochistochemistery can be
applied in case of biopsy samples from mammary lymph node tissue of she-camel for detection of brucellosis.
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INTRODUCTION

Brucellosis 1s considered as an unportant disease
in both human and domesticated animals in which the
main symptom 18 reproductive failure. A number of
characteristics malke Brucella species attractive targets for
weaponization and the organism included in the list of
CDC category B potential biological warfare [1].

Brucellosis is a serious zoonotic disease affecting
man and all domestic ammals including camels. It 1s
considered as one of the great public health problem
allover the world [2].

Brucellosis can be acquired through mgestion and
through breals in skin, aerosol transmission, also occurs

[3]. Organisms first localize m regional lymph nodes,
subsequent entry into lymphatic system and development
of bacteremia allows localization of bacteria in a variety of
tissues and they proliferate within reticuloendothelial
cells. Orgamsms 1n lymphoreticular system attract
macrophages and proliferate within them leading to small
granulomas growth. These granulomas may be grossly or
microscopically visible according to its size. It is a classic
lesion of Brucellosis [4]. Recently immunoenzymatic
techniques have been mtroduced to detect the location of
brucella organisms in formalin fixed tissues of goats and
in cows [5].

The camel has been considered as a symbol of
stability for pastoralists in the arid zone of the world [6].
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In the past, the camel was thought to be resistant to
disease. However, the camel was found te be more
susceptible than other animals to certain disease such
paratuberculosis  (Johnes's Clostridia
enterotoxaemia and brucellosis [7].

as disease),

Camel could play an important role m the
epidemiology of brucellosis and act as important
source of infection to other domestic animals [8].

Kiel and Khan [9] suggested that the epidemiology
of brucellosis in camels in a country or region was
complicated by importation of living animals with higher
prevalence of brucellosis than in the local animals and
human across national border.

The present study was carried out to throw light on
some pathophysiological aspects of brucellosis in
she-camels at Saudi Arabia with emphasis on comparing
different serological and bacteriological tests used for
its diagnosis and using of immunoperoxidase technique
as a confirmative diagnostic tool.

MATERIALS AND METHODS

Samples:
a- Blood samples were collected to separate sera from two
animal groups.

1* group comprised of 165 she camels kept in close
contact with small ruminant.

2" group comprised of 95 she camel kept in closed
farm. Both groups belonged to different areas in El-
Khurma and Taraba governorates, KSA during January to
November 2009,

Each serum sample was divided into 2 parts, the first
part was used for serological examination of brucellosis,
the second part was used for analysis of some relevant
biochemical parameters.

Control Group: From fifty Brucella negative samples only
fifteen samples were selected to be control negative to
give normal values for kidney and liver function tests.

These anmmals get slaughtered due to owner complain
from repeated abortion which lead to great economical
loss.

b- Tissues Samples: for bacteriological examination,
supra-mammary, retropharyngeal, pre-scapular lymph
nodes, spleen, uterus and mammary glands were collected
from each slaughtered serologically positive animals in
sterile bags directly after slaughtering and transferred on
ice packs to laboratory as soon as possible. They were
kept frozen at-20°C until cultured.
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c- Tissue Samples for Histo-pathological Examination:
lymph nodes, spleen, uterus and mammary glands were
collected from serologically and bacteriologically positive
ammals for brucellosis. Samples were kept in 10% neutral
buffered formalin until processed.

Serological Tests for Brucellosis: Serum samples
intended for serological examination were subjected to
adsorption method agamst killed antigen of Pasteurella
multocida and Yersenia enterocolitica 0.9 strain
according to modification described by Turcott [10] to

eliminate non-specific reaction of brucellosis.

Rose Bengal test (RBT) was done as described by
Morgan et al. [11].

Buffered acidified plate antigen test (BAPA) was
done as described by Alton et al. [12].

Tube agglutination test (TAT) was done as described
by Alton et al[12].

Rivanol test (RivT) was done according to the
techmque described by Alton et al. [12] using
antigen and Rivanol solution.

Complement fixation test (CFT) was done according
to Alton et al. [12].

Bacteriological Examination: Tissue samples were
exposed to Brucella isolation whereas direct culture of the
samples were performed under complete aseptic condition
into Brucella agar plates and incubated in special
incubator with 10% carbon dioxide; the plates were
examined at 4" day and daily for 10 days till 14 days.
Identification of Brucella isolates was applied according
to morphological characters, microscopical examination
and reaction with positive sera. The typing of Brucella
1solates was done according to CO, requirement, H,S
production and growth in the presence of dyes (Thionin
and fuchsin), reaction with nonspecific sera (A and M)
and bacteriophage typing. All these procedures were
done according to Alton et al. [12].

Serum Biochemical Analysis: Some relevant serum
constituents were spectrophotometrically assayed using
commercial diagnostic chemical kits as follows:-

Serum Alanine aminotransferase (ALT) and serum
Aspartate aminotransferase (AST) was determined
according to Reitman and Frankel [13]. Glucose was
determined according to Trinder [14] urea was measured
according to Patton and Crouch [15], uric acid was
measured according to Caraway [16] and creatinine was
measured according to Bartels et al. [17].
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Histopathological and TImmuno-histopathological

Examination: Tissue specimens collected for
histopathological examinations were fixed in 10% neutral
buffered formalin solution, processed by the paraffin
embedding technicue, stained with hematoxylin and Eosin
according to Bancroft ef al. [18]. Detection of Brucella
antigen was done by immunoperoxidase test according to
Liellile and Harlod [19]. The conjugate working solution
1:200 shdes were examined using light microscope for
detection of specific positive reaction.

Data were computed and statistically analyzed
RESULTS

The number of positive to each serological test in
camel kept in close contact with small ruminant (1* group)
are shown in Table 1. The seroprevalence in this group
revealed that out of 165 serum samples 13 (7.88%) were
positive using RBT, 14 (8.48%) using BAPA, 11 (6.67%)
using TAT, 11 (6.67%) using RivT and 11 (6.67%) using
CFT while 3 (1.8%) were suspicious using TAT.

Regarding to 2* group (kept in closed farm) out of 95
serum samples, only one sample (1.05%) was positive to
RBT, BAPT and TAT as well as one sample was
suspicious to TAT.

The Brucella positive serum showed elevation of
AST, ALT, Glucose, Urea, Uric acid and Creatinine as
compared to the control group.

As regarded to the results of bacteriological
examination (Table, 4), tissue culturing give 81.81% in
camel kept in close contact with small ruminant (17 group)
and 0% in camel kept in close farm (2" group) in
correlation with serological test.

Histopathological Findings

Lymph Nodes: Gross pathological examination of lymph
nodes of Brucella reactor she camels,,especially supra-
mammary node recealed hat it appear firm and its capsule
was tout with slight pink coloration, slightly enlarged and
edematous Histopathological — examination  showed
varying degrees of lymphoid hyperplasia with wide
germinal centers of lymphoid follicles. Granulomatous

Table 1: Results of sSerological tests of she camels kept in close contact with small ruminants ( first group)

Total reactor Positive Suspicious Negative

Serological test No. % No. % No. % No. %
RBT 13 7.88 13 7.88 - 152 g2
BAPA 14 8.48 14 8.48 - - 151 91.5
TAT 14 8.48 11 6.67 3 1.8 151 91.5
RivT 11 6.67 11 6.67 - 154 933
CFT 11 6.67 11 6.67 - 154 933
RBT: Rose Bengal plate test
BAPA: Buffered Acidified Plate Antigen Test
TAT : Tube Agglutination test.
RivT: Rivanol Test
CFT : Complement fixation test.
TAT titre= 1/20 consider suspicious and = 1/40 consider positive.
CFT titre= 1/4 consider suspicious and = 1/8 consider positive.
Table 2: Results for serological tests of she camels kept in close farm (Second group)

Total reactor Positive Suspicious Negative
Serological test  No. %% No. %% Nao. %% Nao. %%
RBT 1 1.05 1 1.05 0 94 98.95
BAPA 1 1.05 1 1.05 0 0 94 98.95
TAT 2 21 1 1.05 1.05 93 97.89
RivT - - - - - -
CFT - - - - - -

RBT: Rose Bengal plate test

BAPA: Buffered Acidified Plate Antigen Test

TAT : Tube Agglutination test.

RivT: Rivanol Test

CFT : Complement fixation test.

TAT titre= 1/20 consider suspicious and = 1/40 consider positive.
CFT titre= 1/4 consider suspicious and = 1/8 consider positive.
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Table 3: Some serum biochemical parameters in Brucella positive she camel

Biochemical parameters. Control Brucella positive
AST 12.6 4142 256142 15%
ALT B2.00 £ 286 163.0£672%
Glucose 59899 £216 T o2+ 621*
Urea 2700 £042 36,97 £ 2 agwer
Creatinine 1.12+£006 2,53 £ 0.03%%*
Tric acid 289 +£012 3450 16%*

Iean + Standard error.
Tk SRk significa.nt difference at probability at P<0.05, 0.01, 0.001.
ALT: Serum Alanine aminotransferase

AST:and semum Aspartate aminotransferase.

Table 4: Eesults of bacteriological examination of reactor animals

Examined animal group Total slanghtered reactor No. of +ve % of positive
1* group 11 g% 2181
2 group 1 0 0

Alligolated strains belonged to Brurella melitensis biowar 3.
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Fig. 1: Lymph node of she-camel infected with Brucella melitensis showing granuloma (H&E- X400)
Fig. 2: Spleen of she-camel showing depletion of lymphoid follicle (H&E- X200)

Fig. 3: Spleen of infected she-camel showing haemosedrin granule scattered through out splenic parenchyma

(H&E- X100)

Fig. 4. Mammary gland of infected she-camel showing granulomatous mastitis (H&E- X200)
Fig. 5: Mammary gland of infected she-camel showing granulomatous mastitis (H&E- X400)

Fig. 6: Mammary gland of infected she-camel showing connective tissue proliferation and atrophied secretory acini

(H&E- X100)
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Fig. 7: Uterus of infected she-camel showing ulcerative endometritis with destructive gland (H&E- X100)

Fig. 8: Uterus of infected she-camel showing endometrial oedema (H&E- X100)

Fig. 9: Supra-mammary lymph node of infected she-camel revealed deposition of golden brown chromogen pigment
at the site of antigen - antibody complex in cytoplasm of macrophage and lymphocyte (X200)

Fig. 10: Spleen of infected she-camel revealed immunoperoxidase brown granule in macrophage of lymphoid follicle
(X100)

Fig. 11: Uterus of infected she-camel showed deposition of golden brown chromogen pigment at the site of antigen -
antibody complex in cytoplasm of cytoplasm of endothelial cell lining blood vessels (X200)

reaction of different patterns was observed in

cortical area of lymphoid follicle. This granuloma
consisted of aggregation of macrophages, lymphocytes,
plasma cells and sometimes mulfinucleated giant cells
(Figure 1).

Spleen: Grossly the spleen appeared increased in size
with granular surface in some cases. Histopathological
examination revealed marked hyperplastic activation of
the white pulp with the presence of abundant histocytes
and plasma cells around the medullary cord of red pulp,
some lymphoid follicles showed depletion (Figure 2) and
proliferation of fibrous tissue, haemosidrine granules
scattered through out the spleenic parenchyma (Figure 3)
and spleenic blood vesszels showed thickening of their
walls.
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Mammary Gland: Grossly the mammary glands were hard
in texture on cut section the milk secretion was scanty and
slight turbid with yellowish coloration in some cases.
Histopathological examination revealed that
granulomatous mastitis in few cases. There was
granulomatous structure found in glandular parenchyma
consisted of abundant of mononuclear inflammatory cells
mainly macrophages and plasma cells (Figures 4 and 35).
In most cases, the mammary glands exhibited intralober
and interlobular fibrous connective tissue proliferation the
secretory acini appeared small and atrophid with
narrowing lumen and infiltrated with inflammatory cells,
alzo the epithelium lining of secretory acini showed
vacuolar degradation (Figure 6). Cystic dilatation of
gsome acini were noticed and the lumen become highly
dilated and its lining epithelium become flattened and
desquamated into the lumen.
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Uterus: Grossly erosion and ulceration of endometrial
mucosa with the presence of moderate amount of mucous
exudates, some cases showed mild degree of congestion
and ocedema. Histopathologically multifocal desquamates
of the surface epithelium and its basement membrane was
seen in the lamina propria subepithelialis showed
diffuse and heavy infiltration of monenuclear
mflammatory cells mainly macrophages and lymphocytes
(Figure 7). endometrial stroma revealed edema dispersing
the uterine element from each other (Figure 8) some
glands appear degeneration and their epithelium revealed
vacuolar degeneration, few gland revealed inflammatory
cell in the lumen mainly lymphocyte, blood vessels
appeared markedly dilated and congested.

The  Immunoperoxidase  Technique:  Specific
immunoperoxidase brown granules against Brucella
organism  within cytoplasm of macrophages
lymphocytes of lymph nodes was seen (Figure 9). In
spleen of mfected she-camel, the brown specific
immunoperoxidase specific immunoperoxidase granules
were observed within macrophages in Iymphoid follicle
(Figure 10).While, in uterus of infected camel, the brown
specific immunoperoxidase granules were observed within
epithelial lining endometrium, within endothelial blood
vessels and within mononuclear cells infiltration around
blood vessels (Figure 11).

and

DISCUSSION

Brucellosis 13 a contagious, zoonotic bacterial
discase that affects several species of domestic arumals
cause abortion and it, manifests it self in human as a
systemic febrile illness [20].

The resistance of ammals to Brucella mfection is
mfluenced by sex, age and reproductive status. Brucella
organisms first localized in regional lymph node, they
proliferate with
subsequent entry mto lymphatics and localized in
different tissues like spleen and reproductive organs [4]

The magnitude of brucellosis sero-prevalence in
camels is based on serological surveys by a variety of
procedures.

In this study different serological tests (RBT, BAPA,
TAT, RivT and CFT) were carried out to show a
prevalence of the disease among examined she camels.

The sero-prevalence revealed that out of 165 samples
collected from camels kept in close contact with small
ruminants 13 (7.88%) were positive using RBT, 14 (8.48%)
using BAPA, 11 (6.67%) using TAT, 11 {6.67%) using
RivT and 11 (6.67%) usmng CFT wlule 3 (1.8%) were
suspicious using TAT. The higher percentage of RBT and

within  reticuloendothelial  cells
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BAPA suggested the efficiency of these tests as
screening tests for detection of recent and chronic
infections of camel's brucellosis [21]., The gher
percentage of RBT and BAPA as compared to TAT
explained the basis that TAT may miss some infected
animals, especially in chronic stage of the disease [22].,
RivT 1in this study detected 11 (6.67%) positive reactors
this may be attributed to that RivT 15 useful in detection
of chronic sera that mainly contain IgG [23]., As shown
from the collective data, CFT gave negative results in
many serum samples that were identified as reactor in
other tests, such reaction may be regarded as false
positive. EL-Gibaly ef al. [24] concluded that TAT must
be confirmed by CFT to prove that all animal are Brucella
free. This test has been recommended as a confirmatory
test.

Tt seems advisable to use CFT as a confirmatory,
quantitative, more sensitive, specific test and easy to be
done for detection of Brucella antibodies, which gave
100% correlation ship with direct culturing on selective
media as compared with other serological tests [25].

There are some problems of the specificity of
serological tests for brucellosis smce antibodies agamst
Brucella species epitopes may be present due to animal
vaccination and or of contacts with other Gram negative
bacteria (mainly Yersinia enterocolitica (:9) sharing cross-
reactive epitopes with Brucella [26]., Also Mitk et al. [27]
reported that conventional serological methods have
important limitation such methods display poor sensitivity
in the early stage of the disease during which the level of
antibodies may be low. Furthermore, there can be cross
reacted with certain other negative bacteria.

Camels of 2* group showed lowest percent of
positive reactors, this group was kept in closed farm
under good hygienic condition, this might explains the
lower meidence of positive reactor among this group.

Our results showed that highest percent of positive
reactors was observed in camels in contact with other
ammals (1* group). Therefore, we can conclude the
possibility of spread of brucellosis between different
animal species and this might explain the higher incidence
of the disease in the 1% group. This result, agree with
Hisham et al. [28] who reported that contact between
camels and small ruminants was inceriminated in
transmission of brucellosis to camels., Radwan et al. [29]
suggested that lateral transmission of the disease
between different animal species can occur and play a
serious role m spread of the disease. Also, it was
demonstrated that camel pastoralists invariably keep
relatively large flock of sheep and goats along side the
camels [6]. arger herds provide more chances of contact
between ammals leading to more chance of infection.
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The sera of infected camels with Brucella showed
elevation of AST and ALT levels. These enzymes are liver
specific enzymes; this indicates that in camels, liver may
be affected as consequence of brucellosis [30].

In this study, significant increase in glucose level
was found m Brucella infected camels and the condition
may be attributed to the increase of several enzymatic
activities in brucellosis involved glucose metabolism like
glucosyltransferase [31].

Urea, uric acid and creatinine levels were
significantly increased herein in brucella infected camels.
These alterations in liver protein metabolism affect kidney
functions manifested by elevation of urea, uric acid and
creatinine [32].

Bacteriological examination in this study showed that
all Brucella stramns detected from tissue specimens
collected from reactor animals were typed as Brucella
melitensis biovar 3. In Saudia Arabia since there are mixed
populations of sheep, goats and camels so Brucella
meltensis biovar 3 is easily to be introduced into these
populations [28,33]

Brucella melitensis persists in Mediterranean and
Middle East countries and sporadically allover the world.
Tt is associated with nomadic animal husbandry which it
self is related to developing countries [34,35]. For this
reason a test and slaughter policy 1s not realistic n the
majority of places whereas B. melitensis is endemic due to
lake of financial resources needed for compensation.
International agencies have, therefore, proposed that
whole flock vaccmation should precede any test and
slaughter programs prevalence
significantly reduced. Only then should test and slaughter

until  disease 1s
be implemented as a part of national eradication scheme
[36].

Primary 1solation of Brucella species i the diagnostic
laboratory presents problem, because all species are
potentially pathogenic to man and are relatively slow
growing since colomal development may take as along as
5 days [25].

Pathological examination of our cases revealed the
presence of individual variation with respect to organ
affected extension and severity. The histopathological
finding of supramammary lymph node
granulomatous reaction characterized by aggregation of

revealed

macrophages, lymphocytes and plasma cell. Thus result 1s
in agreement with Montaser and Nashwa [37] and EI-Nser
and Mahdy [38]. This may be attributed to localization
and multiplication of organism in macrophages and
lymphocytes of lymph node followed by rupture of
phagocytic cells.
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The histopathological changes in spleen due to
brucellosis in the present study revealed depletion of
lymphoid follicle and proliferation of fibrous tissue, the
alteration of this tissue attributed to multiplication and
regponsive to immune reaction [5].

In infected animals, different pathological patterns
were recorded in mammary gland as granulomatous
structure, intra and mter lobular fibrous connective tissue
proliferation in addition of cyctic dilation of some acini.
This results could be explained as Brucella is invades
blood stream and will result in localization of the orgamsm
in mammary duct and alveoli [39].

Tt can be concluded that the most common type of
endometritis association with brucellosis in she-camel was
ulcerative endometritis which characterized by destruction
of epithelial liming and atrophied underlimng uterine
gland. These result agree with the previously reported by
Sohir et al. [40].

Regarding to immunopathological studies, our results
revealed brown specific immunoperoxidase gramules
within macrophage in lymph nodes, spleen and uterus as
well as within endothelial lining uterine blood vessels and
epithelivm limng mucosa and uterine glands. These
results were m agreement with Perez ef al. [41] as they
recorded that the immuno-reactivity pattern is located
The
immunohistochemical techmique m our study was

mainly in the cytoplasm of macrophage.
sufficiently sensitive for detecting Brucella antigen in
formalin fixed tissue. This agrees with Vincent et al. [42]
who recorded that the immunohistochemical test may be
useful for performing retrospective studies because
antigen detected by this method have been shown to be
stable in paraffin section for 10 years.

From serological, biochemical, bacteriological and
pathological examination in this study we can conclude
that camels play an mmportant role in epidemiology of
brucellosis and as important source of infection so camel
should be included in surveying programs in Saudi Arabia
for complete eradication of the disease.
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