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ABSTRACT

A cross-sectional study was conducted in Matrouh governorate, Egypt from July 2019 until March 2020. A total of 500
farm animals including cattle (n=50), sheep (n=180), and goats (n=270) were examined serologically for brucellosis
using Rose Bengal plate (RBPT) test, buffered acidified plate antigen test (BAPAT), and Complement fixation (CFT)
test. Multiplex PCR was carried out as a further confirmatory test for the detection of specific genes of Brucella.
Statistical analysis was applied using Chi? and SPSS 16.0 statistics. The overall prevalence of brucellosis in examined
farm animals by RBPT, BAPAT, CFT, and PCR were 11.8, 10.2, 9.4, and 8.6%, respectively with a statistically non-
significant association between recorded rates. Based on the results of RBPT, it was found that the highest prevalence
was recorded in goats (14.81%), followed by sheep (8.89%) and lastly cattle (6%). In addition, it was observed that
females were more affected than males and older sheep were more susceptible to infection while younger goats and
cattle were more susceptible than adult. Conclusively, brucellosis is alarming in Matrouh Province particularly within
goat flocks. There was an urgent need for conducting a proper brucellosis control program and a greater focus should
be placed on improving the animal health delivery system in large provinces that share borders with other countries.
The public health importance of brucellosis was discussed, and it is always urgent to put in place an integrated strategy

to fight against humans and animals’ infectious diseases.
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INTRODUCTION

Brucellosis disease is a zoonaotic infection caused by
the species Brucella. The disease is an ancient disease that
has been known under various names, including gastric
remittent fever, Mediterranean fever, undulant fever, Malta
fever, Bang’s disease, and Rock fever of Gibraltar. Humans
are accidental hosts; but brucellosis remains a major public
health issue across the globe and is the most common
zoonosis (Diab et al. 2018; Sotnikov et al. 2019).

In Mediterranean and Middle East countries, the disease
causes severe obstacles giving rise to significant economic
losses in livestock farmers through interference with the
breeding programs by decreasing reproductive performance,
abortion, decrease feed intake, decrease milk yield and also
has a serious influence on public health (Abdelbaset et al.
2018). Edematous and granulomatous lesions were detected
in different organs in the body of infected animals
particularly in the lungs. Although B. Melitensis distributed

in various organs of goats, acute infection did not lead to
clinical symptoms. (Shahzad et al. 2018).

In spite of an ongoing effort to control brucellosis,
which poses a major threat to public health, it is still
endemic in the vast majority of countries in the Middle
East, accused of 10,000 new cases a year (Patel et al. 2017).
Brucellosis is caused by small, Gram-negative, non-spore
former, coccobacillus bacteria of the genus Brucella (Baek
et al. 2003). The dairy animals e.g. sheep, goats, and cattle
are considered the main reservoirs of infection (Adam and
Moss 1995). In dairy animals, uterine outflows and placental
discharges from infected animals are the primary sources of
infection for both human and animal. Brucella centralizes in
supramammary lymph nodes which continue to excrete them
in the milk (Refai 2003).

The most common routs of transmission of human
brucellosis are direct contact with discharges from the
infected placenta and uterus, inhaling of aerosols,
intercourse and consumption of unpasteurized dairy
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products. Common often symptoms are undulant fever for
14 days, tiredness, sweating, weight loss, headache,
hepatomegaly, splenomegaly, night sweats, and articular
pain. A number of cases may have testicular or bone

abscess formation, neurological complications, and
endocarditis (Corbel 2006).
Animal management problems, poor hereditary

genetics, lack of acceptable animal health service, and
nutritional deficiency were the major factors predisposing
the disease occurrence (Welay et al. 2018). Animal
attendants and farmers who lack the personal hygiene,
biosecurity, knowledge of the disease and have a low level
of education have a high prevalence of the disease and
more susceptible for disease transmission (Arif et al. 2018).

Brucellosis is primarily diagnosed by serological
laboratory tests as Rose Bengal Plate (RBPT) Test or Plate
Agglutination (PAT) Test as rapid screening field tests.
Conventional serological tests like complement fixation
test (CFT) and Rivanol test are conducted as confirmational
tests for disease diagnosis carried out in central diagnostic
laboratories (Morata et al. 2003).

Control programs for brucellosis in Egypt have used
two methods: the slaughter of infected animals with
positive serologic results and vaccination of the reminder
animals within the farm. The policy of testing and slaughter
has been widely practiced on a large scale in Egypt where
the application of the slaughtering policy of positive
animals together with massive administration of B.
abortus strain 19 immunization of young females led to a
drastic decrease in overall sero-reactor levels in Egypt
(Haggag et al. 2016). The problem of accurately detecting
carrier animals is still considered a major limitation of these
programs.

Researches have shown that the national program
under existing regulations is ineffective in controlling
brucellosis in animals in Egypt (Eltholth et al. 2017). To
improve the efficiency of brucellosis-specific prophylaxis,
immediate detection of brucellosis by highly specific and
sensitive methods is needed. Specific assessments of
disease prevalence are the cornerstone for implementing
and investigating the effectiveness of any control program
(Saeed et al. 2019).

The Aim of the present research was to investigate the
occurrence of brucellosis in farm animals in the Matrouh
Province, Egypt using serological and molecular testing
beside study the effect of some epidemiological factors
associated with infection in ruminant.

MATERIALS AND METHODS

Ethical Approval

This study has prior approval from Institutional
Animal Care and Use Committee (ALEXU-IACUC),
Alexandria University, Egypt, member of ICLAS.
Approval number: AU 005 2019 07 15 MS (1) 01.

Study Area and Period

The study was carried out in the Matrouh Province (Fig.
1), Egypt for a period of 9 months from July 2019 to March
2020. The study population consisted of farm animals (cattle,
sheep, and goats). All samples were analyzed in the
laboratory of Department of Microbiology at Faculty of
Veterinary Medicine, Matrouh University, Egypt.
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Samples

In total, 500 serum specimens were randomly selected
from individually owned ruminant animals (50 from cattle,
180 from sheep, and 270 from goats). Approximately 5mL
of blood samples were collected in a sterile tube in an
aseptic manner (2mL in a plain tube for serological tests
and 3mL in a tube having 5uL EDTA anticoagulant for
molecular diagnosis) and the full history of each animal
was recorded including sex, age, season, locality, and
animal breeds.

For obtaining serum, the samples were left for 1/2hr at
ambient temperature to coagulate then centrifuged at
3000rpm until 15min. After that, the clear serum was
obtained by using sterile Pasteur pipettes then kept in
Eppendorf tubes and labeled. All the serum specimens were
kept at -20°C until analyzed. A Description of serum
samples collected from farm livestock in Matrouh Province
was tabulated in Table 1.

Serological Testing

Rose Bengal Plate Test (RBPT) was carried out according
to Aldomy et al. (2009). This is a Rose Bengal-stained B.
abortus strain 99 cells in lactate buffer. It was obtained from
VSVRI, Abbassia, Cairo, Egypt. It is a rapid slide
agglutination test developed for the direct detection of
Brucella antibodies in sera of animals and humans. The
bacterial suspension is reactive with both immunoglobulin
M and immunoglobulin G antibodies being the later detected
earlier (sub-clinical infections) and over a large period
during the disease (chronic stage). The procedures are
performed by testing the buffered suspension of B. abortus
strain colored with Rose Bengal against unknown sera. The
absence or presence of a visible agglutination indicates the
absence or presence of antibodies in the tested samples.
Buffered Acidified Plate Antigen Test (BAPAT) has
been performed according to Farahat et al. (2019). The
antigen is prepared from a concentrated cell suspension of
CO: independent smooth strain of B. abortus (Strain 99).
The cells are stained with crystal violet and brilliant green
stain and suspended in buffered Brucella antigen diluent
(pH 3.65). It was obtained from VSVRI, Abbassia, Cairo,
Egypt. The BAPAT is a rapid slide agglutination procedure
developed for the direct detection of Brucella antibodies in
sera of humans and animals.

The bacterial suspension is reactive with both
immunoglobulin M and immunoglobulin G antibodies
being the later detected earlier (sub-clinical infections) and
over a large period during the disease (chronic stage). The
assay is performed by testing the buffered suspension of B.
abortus (Strain 99) colored with crystal violet and brilliant
green stain against unknown sera. The absence or presence
of a visible agglutination indicates the absence or presence
of antibodies in the tested samples.

Complement Fixation Test (CFT) was carried out
according to Wanger et al. (2017). Components obtained
from VSVRI, Abbassia, Cairo, Egypt includes Sheep RBCs
suspension (5% suspension of washed sheep RBCs),
Hemolysin (rabbit anti-sheep RBCs antibody), and Guinea
pig complement, free of antibodies to the agent of interest.
The complement system is a system of serum proteins that
react with antigen-antibody complexes. If this reaction
occurs on a cell surface, it will result in the formation of
transmembrane pores and therefore destruction of the cell.


https://en.wikipedia.org/wiki/Complement_system

The test consists of two procedures: The first is an antigen;
test serum and complement are mixed and incubated. The
second procedure is an indicator system that consists of
sheep red blood cells (SRBC). If the tested serum contains
antibodies against Brucella, an antigen-antibody complex is
formed; the complement is consumed up and no lysis of
SRBC occurs. If the tested serum does not contain antibodies
against Brucella (negative reaction), the complement will
not be fixed, and lysis of SRBC would occur.

Molecular Studies

Positive RBPT samples were tested for further
confirmation using a PCR assay that targeting the bcsp31
gene specific for genus Brucella, 1IS711 element of the alkB
gene particular for B. abortus, and 1S711 element
downstream of BMEI1162 specific for B. melitensis
(Probert et al. 2004).

DNA Extraction using QIA amp DNA Mini Kit

Extraction of DNA from blood was carried out
according to the technique recommended by O’Leary et al.
(2006) where EDTA was added to blood samples that were
obtained, and DNA was extracted by using QlAamp DNA
Mini Kit. Into the bottom of a 1.5mL micro-centrifuge tube,
20pL protease was pipetted. To this 1.5mL micro-
centrifuged tube, 200pL of the sample were added
followed by the addition of 200pL AL buffer. The mixture
was well mixed by pulse vortexing for 15sec. About 200pL
ethanol (96-100%) was added to the sample and mixed
again by pulse vortexing for 15sec. The mixture was
carefully pipetted onto the QlAamp Mini spin column (in a
2mL collecting tube) without wetting the rim. The cap was
closed, and centrifuged at 8000rpm for 1min. The QlAamp
mini spin column was placed in a new 2mL collection tube,
and the tube containing the filtrate was discarded. The
QlAamp mini spin column was carefully opened and
500pL AW1 buffer was added and centrifuged. Then
placed in a clean 2mL collection tubes and the tube
containing the filtrate were discarded. AW2 buffer (500uL
was added to the mini spin column. Then it was placed in a
new 2mL collection tube and the old collection tube was
discarded with the filtrate. The eluted DNA was stored at -
20°C till use.

Oligonucleotide Primers for Detection of Brucella
The target genes, sequence of the used primers and
band sizes were tabulated in Table 2.

Cycling Condition of PCR

Gently vortex and briefly centrifuge 2x multiplex PCR
kit Qiagen after thawing. PCR reaction was initially
optimized by using varying concentrations of molecular
biological chemicals and varying cycling conditions. The
reaction mixture was mixed gently by vortexing and
spinning. In the end, 5yl of DNA extracted from a different
sample was added. PCR tubes were transferred and then
placed in a thermocycler (BioRad). The PCR product is
taken and undergoes agarose gel electrophoresis.
Description of cycling conditions was presented in Table 3.

Statistical Analysis
The statistical analysis was carried out using the Chi?
test to study the significant differences in the detection rate
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Table 1: Description of serum samples collected from farm
animals in Matrouh Province

Species n Sex group Age Group (years)
Male Female 1-<5 5-<10
Cattle 50 13 37 30 20
Sheep 180 72 108 1-<2 2-<3 >3
23 44 113
Goats 270 68 202 1-<4 4-<8 >8
93 156 21
Marsa Matrol .
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Fig. 1: Different localities in Matrouh Province where animal
samples and human samples were collected.

of antibodies among different groups studied according to
SPSS 16.0 according to Norusis (2008). A probability value
P<0.05 was considered significant statistically.

RESULTS

The findings, as illustrated in Table 4, indicated that
the seroprevalence of brucellosis in farm animals by
different serological tests including RBPT, BAPAT, and
CFT was 11.8, 10.2 and 9.4%, respectively, While the
result was 8.6% by PCR. The results in Table 5 illustrated
that the highest rate of infection with B. abortus was
observed in cattle (33.3%). At the same time, the highest
infectivity with B. melitensis was observed in sheep, and
goats (62.5 and 65%, respectively).

The obtained results as shown in Table 6 and Fig. 3
showed that the sensitivity of BAPAT, CFT, and PCR in
the diagnosis of brucellosis in farm animals was 88.4,
81.16, and 75.36%, respectively, while the specificity of all
tests was 100% as compared with that of the RBPT. The
results that are shown in Table 7 illustrated that the
seroprevalence of brucellosis in cattle was 7.69% for males
and 5.41% for females by RBPT, while that of sheep and
goats were (6.94-10.2%) and (13.24 -15.35%) for both
males and females, respectively.

The obtained results as shown in Table 8 showed a
higher seroprevalence of brucellosis among younger
cattle where it was 6.67% and the smallest group of goats
where the prevalence was 22.58%. On the other hand, it
was higher in the older group of sheep where the
prevalence was 9.73%. Chi? analysis of the obtained
results showed that the total Chi? value=15.174 that was
significant at (P<0.05). The obtained results as illustrated
in Table 9 showed that the highest seroprevalence of
brucellosis in farm animal species by RBPT was 19.4%
for goats in El-Dabaa, while the higher prevalence in
cattle (16.7%) was observed in El-Hamam and Sidi-
Barrani for sheep (14.3%).
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Table 2: The target genes, sequence of the used primers, and the band sizes

Target gene

Oligonucleotide sequence (5’ — 3') Band size (bp)  Reference

besp31, Brucella spp. (F) 5" GCTCGGTTGCCAATATCAATGC '3 223 Zervaet al. (2001)
besp31, Brucella spp. (R) 5" GGGTAAAGCGTCGCCAGAAG '3
BMEI1162 gene, B. melitensis (F) 5" AACAAGCGGCACCCCTAAAA '3 279 Mutnal et al. (2007)
BMEI1162 gene, B. melitensis (R) 5' CATGCGCTATGATCTGGTTACG 3
alkB gene, B.abortus (F) 5" GCGGCTTTTCTATCACGGTATTC '3 495 Song et al. (2019)
alkB gene, B.abortus (R) 5' CATGCGCTATGATCTGGTTACG 3

Table 3: Description of cycling conditions of multiplex PCR
Steps Temperature (°C) Duration No. of cycles
Initial PCR Denaturation step 95 3min 1 hold
Denaturation 95 90sec 35 cycles
Primer annealing 65 1min
Extension 72 2min
Final extension 72 5min 1 hold
Cooling Hold at 4°C till further processing

Table 4: Seroprevalence of brucellosis in farm animals in Matrouh Province as examined by different serological tests
Farm animals  No. of samples RBPT BAPAT CFT PCR

+ve % +ve % +ve % +ve %

Cattle 50 3 6.0 2 4.0 2 4.0 1 2.0
Sheep 180 16 8.89 14 7.78 13 7.2 12 6.67
Goats 270 40 14.81 35 12.96 32 11.85 30 11.11
Total 500 59 11.8 51 10.2 47 9.4 43 8.6
Chi2value ¥2=5.828; P=0.120  ¥2=5.521; P=0.137NS  42=4.666; P=0.198NS  y2=5.769; P=0.123NS

Total Chi2value

x2=14.648; P=0.261

Table 5: Molecular characterization of animal’s seropositive samples as tested by multiplex PCR in Matrouh Province

Brucella spp. Farm animals
Cattle (n=3) Sheep (n=16) Goats (n=40)

+ve % +ve % +ve %
B. abortus only 1 33.3 0 0.0 0 0.0
B. melitensis only 0 0.0 10 62.5 26 65.0
B. abortus and B. melitensis 0 0.0 2 12.5 4 10.0
Positive samples for genus brucella 1 33.3 12 75.0 30 75.0
Chi?value ¥2=40.689; P=0.000

Table 6: Diagnostic accuracy of BAPAT, CFT, and PCR in comparing with RBPT as a gold standard technique

Test Sensitivity% Specificity% PPV% NPV% AUC
BAPAT  88.40 (77.89-94.51) 100 (99.1-100) 10.17 (7.92-12.94) 89.83 (87.1-92.1) 0.942 (0.898-0.986)
CFT 81.16 (69.58-89.2) 100 (99.1-100) 9.33(7.18-12.02) 90.67 (87.98-92.8) 0.906 (0.851-0.961)
PCR 75.36 (63.26-84.60) 100 (99.1-100) 8.67 (6.61-11.28) 91.33 (88.72-93.4) 0.877 (0.815-0.938)

In parenthesis are 95% CI values.

Table 7: Sex-based seroprevalence of brucellosis in farm animals in Matrouh Province as examined by RBPT

Sex Cattle Sheep Goats
No. +ve % No. +ve % No. +ve %

Males 13 1 7.6 72 5 6.9 68 9 13.2
Females 37 2 5.4 108 11 10.2 202 31 15.3
Total 50 3 6.0 180 16 8.89 270 40 14.81
Chi? x2=0.089; P=0.765 x2=0.560; P=0.454 %2=0.180; P=0.672
Total Chi? %2=1.996, P=0.158

DISCUSSION infected animals. The problem with diagnosing

There are higher economic losses due to abortion,
infertility, and test and slaughter policy even though many
countries have plans to eradicate brucellosis. Therefore,
herds should be monitored for infection. In spite of
eradication programs including testing and slaughtering,
vaccination, brucellosis is still a major zoonosis globally
(Baek et al. 2003; Gul et al. 2013). The diagnosis of
brucellosis is dependent upon indirect diagnosis through
the using of serological tests such as RBPT, BAPAT,
CFT, and ELISA or diagnosed directly by means of
isolation and identification of the causative agents from
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brucellosis in Egypt is the lack of clear data for most
vaccinated flocks, beside the randomized use of various
vaccines on the same farm and overlapping between free
zones and infected areas.

The presented data analyzed in Table 4 revealed that
the overall seroprevalence of brucellosis in livestock
examined by RBPT, BAPAT, and CFT were 11.8, 10.2,
and 9.4%, respectively with statistically non-significant
association between recorded rates. Based on the results of
RBPT, it was found that the highest prevalence was
recorded in goats (14.81%) followed by sheep (8.89%) and
lastly cattle (6%) with statistically (P>0.05) non-significant
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Table 8: Age-based seroprevalence of brucellosis in farm animals in Matrouh Province as examined by RBPT

Farm animals Age groups (Years) No. Positive %
Cattle 1-<5 30 2 6.67
5-<10 20 1 5.00
Chi2value x2=0.059; P=0.808
Sheep 1-<2 23 1 4.35
2-<3 44 4 9.09
>3 113 11 9.73
Chi2value x2=0.688; P=0.709
Goats 1-<4 93 21 22.58
4-<8 156 17 10.90
>8 21 2 9.52
Chi2value ¥2=6.807; P=0.033

Total Chi2value

¥2=15.174, P=0.126

Fig. 2: PCR products of bcsp31 gene (223bp) specific for genus
Brucella, 1S711 element downstream of BMEI1162 gene (279bp)
specific for B. melitensis, and 1S711 element downstream of the
alkB gene (495bp) specific for B. abortus extracted from the
whole blood samples of farm animals (cattle, sheep, and goats).
L: 50 bp molecular weight DNA ladder with a size range of 50-
1500 bp. Lane 1->7: positive for BCSP 31KDa gene specific for
genus Brucella extracted from whole blood samples of farm
animals (camels, sheep, and goats). Lane 1: Positive for
BMEI1162 gene specific for B. melitensis strains extracted from
whole blood samples of sheep. Lane 2: Positive for both
BMEI1162 gene specific for B. melitensis strains and alkB gene
specific for B. abortus strains extracted from the whole blood
samples of sheep. (Mixed infection). Lane 3: Positive for both
BMEI1162 gene specific for B. melitensis strains and alkB gene
specific for B. abortus strains extracted from the whole blood
samples of goat. (Mixed infection). Lane 4 and 5: Positive for
BMEI1162 gene specific for B. melitensis strains extracted from
the whole blood samples of goats. Lane 6 and 7: Positive for alkB
gene specific for B. abortus strains extracted from the whole
blood samples of cattle.
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Fig. 3: Sensitivity and specificity of BAPAT, CFT, and PCR in
comparing with RBPT as a gold standard technique.

association. These results were close to those reported by
Haggag et al. (2016) who deduced that the total brucellosis
seroprevalence in ruminants by RBPT was 6.4% where the
seroprevalence of Brucella antibodies in the examined
serum samples of cattle, sheep, and goats was 6, 6, and 7%,
respectively. On contrary, it disagreed with Saeed et al.
(2019) who found that cattle prevalence was higher than
that of sheep and goats (3.8, 3.4, and 1.8%, respectively).
This could be due to the higher cattle population in Punjab,
Pakistan. On the other hand, Matrouh is characterized by
the higher caprine and ovine populations over bovine
population.

The BAPAT based seroprevalence of brucellosis was
also tabulated in Table 4 and showed that it was 4, 7.78 and
12.96% in cattle, sheep, and goats, respectively. This result
was near to that obtained by Salem et al. (2016) (9.6, 10.7,
and 9.6% in cows, sheep, and goats, respectively). While it
was lower than that obtained by Hosein et al. (2017) (77.
3% in bovine) who carried out the screening BAPAT upon
already infected farm only (n=141) suffered from clinical
signs of brucellosis and the results were 109 out of 141
animals were seropositive.

The CFT based seroprevalence was 4, 7.2, and 11.85%
in cattle, sheep, and goats, respectively. This result was
near to that obtained by Salem et al. (2016) (9.3%, 10.3%,
and 10.3% in cows, sheep, and goats, respectively) and
Diab et al. (2018) (10.56% in sheep), Ramadan et al. (2019)
(8.36% in cattle). While it is extremely lower than that
obtained by Hosein et al. (2017) (73.76% in bovine) who
conducted the CFT upon already infected farm only
(n=141) suffered from clinical signs of brucellosis and the
results were 104 out of 141 animal were seropositive (i.e.
the test wasn’t carried out on free herds).

The results obtained by PCR were also tabulated in
Table 4 and showed that it was 2, 6.67, and 11.11% in
cattle, sheep, and goats, respectively. The lower molecular
results than serological results have been agreed by results
obtained by Saddique et al. (2019) who found that only
5.8% of samples were positive by PCR versus RBPT
(10.1%) and Shahzad et al. (2017) who found that only two
samples were positive for Brucella through molecular
diagnosis out of 18 specimens confirmed through
competitive ELISA. On contrary, it disagreed with Gwida
etal. (2016) who found that 36.96% of the tested specimens
(n=95) were seronegative but tested PCR positive in which
B. abortus was the only recognized species.

Concerning cattle, the seroprevalence of brucellosis in
cattle was observed to be 6, 4, and 4% by RBPT, BAPAT,
and CFT, respectively. The result obtained by RBPT (6%)



Int J Vet Sci, 2022, 11(1): 82-90.

Table 9: Seroprevalence of brucellosis in farm animals as examined by RBPT in relation to locality in Matrouh Province

Cattle Sheep Goats

No. +ve % No +ve % No. +ve %
Marsa Matrouh 25 1 4.00 50 3 6.0 41 4 9.76
El-Hamam 6 1 16.7 10 1 10.0 1 0 0.00
Al-Negela 0 0 0.00 0 0 0.00 58 3 5.17
El-Dabaa 19 1 5.26 80 10 125 170 33 19.4
Fuka 0 0 0.00 33 1 3.03 0 0 0.00
Sidi-Barrani 0 0 0.00 7 1 14.3 0 0 0.00
Total 50 3 6.0 180 16 8.89 270 40 14.8
Chi? value x2=1.406; P=0.495 x2=3.469; P=0.483 ¥2=8.125; P=0.043

Total Chi?value

x2=13.098; P=0.022

was equal to that obtained by Muma et al. (2012) (6.0%),
and near to that obtained by Assenga et al. (2015) (6.8%),
and Awah-Ndukum et al. (2018) (3.4%). On the other hand,
it was higher than that recorded by Salama (2019) (1.44%).
On contrary, it was lower than that recorded by Abdalla and
Hamid (2012) (19.7%), Bertu et al. (2012) (20.1%),
Zolzaya et al. (2014) (16.0%), Ghoneim et al. (2014)
(18.5%), Madut et al. (2018) (31%), Ramadan et al. (2019)
(8.36%), and Khan et al. (2020) (12.53%). The variation in
the prevalence of brucellosis in cattle may be due to animal
population, vaccination status, susceptibility, and the
hygienic measures applied in each locality (Abdalla and
Hamid 2012; Ramadan et al. 2019).

The seroprevalence of brucellosis in sheep was 8.89,
7.78, and 7.2% by RBPT, BAPAT, and CFT, respectively.
The result obtained by RBPT (8.89%) was higher to that
obtained by Ashenafi et al. (2007) (3.2%) and Zolzaya et
al. (2014) (6.2%). By contrast, it was below that of Hegazy
et al. (2011) (12.2%), Selim et al. (2015) (12%),
Abdelbaset et al. (2018) (15.87%), and Diab et al. (2018)
(11%) and was extremely lower to that observed by Kaoud
etal. (2010) (26.66%), Musallam et al. (2015) (34.3%), and
Nofal et al. (2017) (34.5%). This gap could be because they
tested large number of herds particularly those lacking the
hygienic practices resulting in high seroprevalence.

The seroprevalence of brucellosis in goats was 14.81,
1296, and 11.85% by RBPT, BAPAT, and CFT,
respectively. The obtained result by RBPT (14.81%) was
near to that recorded by Hegazy et al. (2011) (11.3%),
while it was higher than that recorded by Ashenafi et al.
(2007) (5.8%), Megersa et al. (2011) (1.9%), Asmare et al.
(2013) (1.9%), Zolzaya et al. (2014) (5.2%), Selim et al.
(2015) (6.4%) and Assenga et al. (2015) (1.6%). On
contrary, it was lower than that recorded by Kaoud et al.
(2010) (18.88%), Musallam et al. (2015) (34.3%), and
Nofal et al. (2017) (61.4%).

Serological evidence of brucellosis in goats may throw
the light upon the dangerous role played by goats in the
continuous spreading of brucellosis to other livestock as
well as a human being throughout the year in Matrouh
Province so strict control measures must be followed to
avoid risks attributed to rearing of the goats.

The results obtained, as illustrated in Table 5, indicate
that the highest infection rate with B. abortus was observed
in cattle (33.3%). On contrary, the highest level of infection
with B. melitensis was observed in sheep and goats (62.5
and 65%, respectively). However, mixed infection with
different Brucella species also occurs. These findings are
in line with the results of Patel et al. (2017) who observed
that out of 15 genus specific positive samples, 12 samples
amplified specific gene (1S711) of B. abortus within blood
samples of cattle and camels and 3 samples amplified
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specific universal gene outer membrane protein 31
(omp31) of B. melitensis and Imtiaz et al. (2018) who
demonstrated a higher prevalence of B. abortus in Pakistan.
On the other hand, it disagreed with that obtained by Saeed
et al. (2019) who found that B. melitensis specific genes
were detected in all blood samples of cattle, buffaloes,
sheep, and goats seropositive samples (n=35); However,
none of the seropositive samples tested positive for B.
abortus. Moreover, disagreed with Gwida et al. (2016) who
found that 36.96% of the samples analyzed (n=95) were
seronegative but tested PCR positive where only B. abortus
strain was identified. In addition, Rahman et al. (2020) who
observed that no B. melitensis genes could be amplified
from animal blood samples while only two samples
(6.45%) of 31 animal samples investigated were positive
for besp31 gene by multiplex PCR assay. These variations
in the detected strains were due to the different species
specific of brucella according to locality.

Results obtained in Fig. 2 showed that amplification of
target gene of Brucella genus (bcsp31 gene) yielding an
amplicon size of 223bp as examined by Zerva et al. (2001).
While amplification of target gene of B. abortus (alkB
gene) yielding an amplicon size of 495bp as examined by
Song et al. (2019) and amplification of target gene of B.
melitensis (BMEI1162 gene) yielding an amplicon size of
279bp as examined by Mutnal et al. (2007). It was clear that
the PCR test was a low sensitive and highly specific
diagnostic method detects Brucella in animals’ blood
samples. Similarly, Probert et al. (2004); Gwida et al.
(2016); Saeed et al. (2019); and Saddique et al. (2019) used
the same primer pairs for detection of Brucella by using
besp31 gene specific for genus Brucella, 1S711element
downstream of BMEI1162 gene specific for B. melitensis,
and 1S711 element of the alkB gene specific for B. abortus
strain.

The results obtained in Table 6 and Fig. 3 showed that
the sensitivity of BAPAT, CFT, and PCR in the diagnosis
of brucellosis in farm animals was 88.4, 81.16, and 75.36%,
respectively, while the specificity of all tests was 100% as
compared with that of the RBPT as a gold standard. These
findings were nearly identical to those obtained by Hosein
et al. (2017) who illustrated that the relative sensitivity and
the relative specificity of BAPAT, RBPT, and CFT were
(98.04% and 76.92%), (94.33% and 85.71%), and (93.46%
and 88.23%), respectively. The area under the curve for
BAPAT, CFT, and PCR was 0.942, 0.906, and 0.877,
respectively. That was nearly similar to Abdel-Hamid et al.
(2017) who estimated that receiver operating characteristic
(ROCs) curves and area under (AUCs) the curve were very
good, either equal to or closer to 0.9.

Sex-based seroprevalence of brucellosis in cattle
depending on the results of RBPT was recorded in Table 7.
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It revealed that the prevalence of brucellosis was 5.41 and
7.69% in females and males, respectively. Chi-square
analysis of the obtained result demonstrated a non-
significant relation (Chi? value = 0.089, P>0.05) between
sex and bovine brucellosis prevalence. This result
disagreed with Assenga et al. (2015) and Rahman et al.
(2011) who found a significantly higher seroprevalence
within females than males bovine and Madut et al. (2018)
who documented a higher prevalence in females (32.5%)
than males (30.4%). On contrary, it was in harmony with
that of Ashenafi et al. (2007) and Gul et al. (2014) who
found that sex-related brucellosis seroprevalence in cattle
was insignificant.

Sex-related brucellosis seroprevalence in sheep
depending upon the findings of RBPT was recorded in
Table 7. It was found that 11 out of 108 females tested
positive (10.2%), while 5 out of 72 males tested positive
(6.94%). Chi-square analysis of the obtained result showed
a non-significant relationship (Chi? value=0.560, P>0.05)
between sex and the prevalence of brucellosis in sheep.
This result agreed with Ashenafi et al. (2007); Gul et al.
(2014); and Abdelbaset et al. (2018) who found that sex-
related seroprevalence of brucellosis in sheep was non-
significant and higher in females.

Sex-based seroprevalence of brucellosis in goats
depending on the results of RBPT was recorded in Table 7.
It revealed that the prevalence was 15.35% in females and
was 13.24% in males. Chi-square analysis of the obtained
result showed a non-significant relationship (Chi?
value=0.180, P>0.05) between sex and the brucellosis
prevalence in goats. This result approved with Gul et al.
(2014) who found that sex-based brucellosis
seroprevalence in goats was negligible. The higher
infection rate among ewes and goats will be due to
infection within the female reproductive tract providing a
potential habitat for the organism to propagate and
multiply.

Seroprevalence of brucellosis in cattle in relation to
age depending on the results of RBPT was tabulated in
Table 8. It clarified that the seroprevalence in the age group
(5-<10 years) (5%) lower than that of the age group (1-<5
years) (6.67%). Statistical analysis showed non-significant
association  (Chi? value=0.059, P>0.05) between
brucellosis prevalence and age of in bovine. This disagreed
with Salama (2019) who observed that cattle older than 3
years had the highest seroprevalence (2.77%), Muma et al.
(2012) who deduces that age was associated with
seropositivity of Brucella, and Assenga et al. (2015) who
observed that there was a statistically significant difference
in seroprevalence between mature cattle and young one.

Age-based brucellosis seroprevalence of sheep was
depending on results of RBPT was found in Table 8. It
shown that the greatest seroprevalence was observed in the
age group equal to or over 3 years (9.73%) followed by (2-
<3 years) (9.09%) then the age group (1-<2 years) (4.35%)
and statistical analysis showed non-significant relationship
(Chi?value=0.688, P>0.05) between brucellosis prevalence
and age. This finding correlated with the surveillance of
Ashenafi et al. (2007) who observed a higher prevalence
rate (5.3%) was in mature animals than (1.6%) in younger
sheep. On contrary, it disagreed with Abdelbaset et al.
(2018) and Diab et al. (2018) who noted that there was a
significant association between infection rate and age
groups of sheep (P<0.01).
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The higher infectivity in the older sheep will be due to
their advanced age, as the organism may remain dormant
or chronic indefinitely before manifesting as clinical
disease. Older animals are also more likely to develop the
infection and come into contact with other animals. On the
other words, the susceptibility of animals is increased after
sexual maturity because erythritol and sex hormones boost
the growth of Brucella organisms. Younger animals tend to
be more resistant to Brucella infections; however, latent
infections can occur in these animals (Gul et al. 2013).

Seroprevalence of brucellosis depends upon age in
goats based on the results of RBPT was found in Table 8.
It was observed that the greatest seroprevalence was
demonstrated in the age group (1-<4 years old) (22.58%)
followed by the age group (4-<8 years old) (10.90%) then
the age group (=8 years old) (9.52%) and statistical analysis
showed significant association (Chi?value=0.807, P<0.05)
between age and the brucellosis prevalence in goats. The
greater prevalence rate of brucellosis among the age group
1-<4 years old may be due to the Sannen breed that more
susceptible to brucellosis than the other breeds fall within
this age range. This result coherent to that obtained by
Olufemi et al. (2018) who found a significant relationship
between the different age groups.

Seroprevalence of brucellosis in farm animals through
RBPT concerning locality in Matrouh Province was
recorded in Table 9. The seroprevalence of brucellosis in
cattle has been found to be highest in EI-Hamam (16.7%)
followed by El-Dabaa (5.26%) then Marsa Matrouh (4%).
while the results of sheep revealed that the highest
prevalence was observed in Sidi-Barrani (14.3%) followed
by El-Dabaa (12.5%) then El-Hamam (10%) and Marsa
Matrouh (6%) and finally Fuka (3.03%). Concerning goats,
it was found that that the highest prevalence was observed
in El-Dabaa (19.4%) followed by Marsa Matrouh (9.76%).
On contrary to other species, Statistical analysis showed a
significant association between brucellosis seroprevalence
among goats and locality in Matrouh Province. These
results in harmony with that obtained by Diab et al. (2018)
who recorded a significant (P<0.01) relationship between
locality and prevalence in sheep.

It was vibrant that there was a greater prevalence of
brucellosis in El-Dabaa and El-Hamam that are nomadic
areas in Matrouh Province with a high population of sheep
and goats that may be considered the source of infection to
other livestock. This finding was similar to that obtained by
Rabah et al. (2020) who found that El-Dabaa was recorded
the highest camels’ seroprevalence. In addition, the social
pattern of this area may explain the lack of awareness about
the disease and its control strategy so great efforts are
needed to be done by the official and governmental
authorities to involve the population in any control strategy.

Conclusion

The recorded results in the current study throw the
light upon the role of ruminant in Matrouh Province,
Western Egypt in the epidemiological pattern of
brucellosis. Under the conditions of this study and based on
the available data obtained, it is concluded that brucellosis
is still remaining a problem in farm animals in Matrouh
Province where brucellosis is more prevalent in goats as
compared to the other farm animals and also mature
animals are at higher risk as compared to younger ones.
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