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A B S T R A C T

Brucellosis is one of the most economically significant infectious diseases in Egypt. The study aimed to assess the
seroprevalence by indirect ELISA by examining serum samples from 720 cattle and 320 sheep and detection and
characterization of Brucella spp. from 24 clinical samples (placenta) by bacterial culture (BC) and PCR targeting
bcsp31 gene. The seroprevalence was 16.7% and 16.25% in cattle and sheep, respectively. There was a sig-
nificant association (P<0.05) between the seroprevalence of brucellosis and sex at the level of cattle and age at
the sheep level, where seroprevalence was 18.7% in female cattle and 22% in sheep > 2 years. Likewise,
seroprevalence was significantly (P<0.05) different among locations for cattle. Of the 24 clinical samples tested
by BC, B. abortus was isolated and identified in 100% of clinical samples. Using PCR, all Brucella strains were
positive (100%) regarding bcsp31gene. Nucleotide analyses of seven bcsp31 sequences of the identified strains
revealed 99.3–100% identity, with one nucleotide divergence. These results provide an insight into the bru-
cellosis, particularly with the detection of B. abortus from sheep, therefore, further wide epidemiological studies
are needed to develop appropriate prevention and control strategies.

1. Introduction

Brucellosis is an endemic infectious disease not only in animals but
also in humans in Egypt (Menshawy et al., 2014; Selim et al., 2015).
The disease is caused by gram-negative coccobacilli of genus Brucella
(B.) and is a worldwide distributed zoonosis, responsible for consider-
able losses in animals due to abortion and culling of infected animals
and a potentially illness ranging from acute to chronic infection in
humans (Probert et al., 2004). Among the different species of genus
Brucella, B. abortus is the common species infecting cattle all over the
world while B. melitensis is affecting mainly sheep, goats (Alton, 1990)
and occasionally affects cattle (Reisberg et al., 2013).

Bacterial culture (BC) is the gold standard for the diagnosis of
brucellosis due to its high specificity and ability to identify different
species and biovars, and is very important for epidemiological studies,
allowing the determination of the way the disease spreads in a region
(Lucero et al., 2008; Selim and Gaede, 2015). However, phenotypic
characterization is complex, time consuming and it poses a potential

risk for laboratory workers (Isloor et al., 2008). Serological diagnosis of
brucellosis is used in many countries as screening method for control
and eradication of the disease. Several conventional techniques are
used for this, such as Rose Bengal, agglutination in buffered plate, tube
agglutination, in addition 2-mercaptoethanol and Complement fixation
test are used as confirmatory techniques (Alton, 1990). Recently, the
introduction of indirect immunoenzymatic techniques (ELISA) in ser-
ological diagnosis has allowed the achievement of higher sensitivity
and specificity levels than most commonly used conventional techni-
ques (Haggag et al., 2016; Selim et al., 2013).

To overcome the problems related to BC, molecular methods have
been widely applied for increasing the performance of detection in term
of rapidity and reducing health hazards caused by exposure to Brucella
(Probert et al., 2004). Several molecular studies have been used Brucella
genus-specific PCR targeting the sequence of bcsp31 in animals (Tiwari
et al., 2014; Ali et al., 2015; Selim et al., 2014) and in human bru-
cellosis (Navarro et al., 2002).

The molecular methods including nucleotides sequencing have
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resulted in accurate typing of the Brucella spp. at the level of the genus,
species and biovars (De Massis et al., 2015).

The Brucella species have a high DNA homology of greater than
90%. The multilocus variable number tandem repeats analysis (MLVA)
method based on the detection of variability in the copy numbers of
tandem repeat units for several loci, it has high discriminatory power
and can be applied directly on clinical samples (Her et al., 2009). The
isolation and molecular description of the prevalent Brucella are useful
to determine the origin of the infection and to perform appropriate
measures to control the brucellosis (Godfroid et al., 2013). Therefore,
the study aimed to evaluate the seroprevalence of brucellosis in cattle
and sheep by the indirect ELISA in five governorates in Egypt. In ad-
dition, the genetic characterization and relationships among the in-
volved Brucella species and the partial bcsp31 sequences available in the
database of GenBank.

2. Materials and methods

2.1. Samples

The present study was conducted in accordance with the principles
of good clinical practice and was approved by the Ethical Committee for
Animal Experiments of Benha University. From 2015 to 2016, a total
1040 serum samples were randomly collected from 720 cattle and 320
sheep. The samples were taken from five herds of cattle and sheep re-
presenting the five localities under the study.

The sample size was calculated for the estimation of population’s
prevalence, using Win Episcope 2.0 (www.winepi.net), an expected
prevalence of 10% and a 5% accepted error. The calculated sample size
(139 animals) was increased to 1040 overall units to have a re-
presentative sample for each of the five herds

These serum samples were collected from the governorates of
Alexandria, Gharbia, Suez, Menoufia, and Qalubia, Egypt (Fig. 1). The

animals (88 males and 952 females) ages ranged from 3 to 6 years to >
6 years. All herds sampled in this study had history of abortions during
the period of samples collection or in previous breeding seasons. The
animals under the study were not vaccinated against bovine brucellosis.
Blood sample (5ml) was collected from the jugular vein of each animal,
sera were separated from clotted blood by centrifugation at 1500 rpm
for 10min in 1.5 ml Eppendorf tube and stored at -20 0C until used. In
addition, 24 clinical samples (from pathological lesion of aborted pla-
centa of clinically aborted animals) were collected from recently
aborted animals (19 cattle and five sheep) for bacterial examination
and molecular identification and characterization. The clinical samples
were collected from the same five herds. The experiments and data
analysis were carried out at CEBR Lab., Biochemistry department,
College of Science, King Saud University.

2.2. Indirect ELISA

All serum samples were examined for the detection of Brucella an-
tibodies using an IDexx Brucellosis Serum Ab kit (IDexx Laboratories,
Westbrook, Maine, USA) for bovine serum samples and IDEXX Brucella
ovine/caprine Ab Test (IDexx Laboratories, Westbrook, Maine, USA) for
ovine serum samples following the manufacturers’ instructions. A
sample having an S/P% value equal or over 40% was considered as
positive.

2.3. Bacterial culture

Primary isolation of Brucella spp. was done by inoculation of the
samples on tryptic soya agar, incubation at 37 °C with 5% CO2 and
regular examination 2–14 days later. Typical colonies for Brucella spp.
were microscopically examined. Further, all Gram-negative coccoba-
cilli, were further analyzed to obtain full identification and biotype.
Phenotypic typing tests for the obtained Brucella isolates were

Fig. 1. The location of the five governorates that were sampled in Egypt.
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performed and interpretation of the results was performed according to
the OIE manual (Commission and Committee, 2008).

2.4. PCR

DNA was extracted from clinical samples using a High Pure PCR
Template Preparation Kit (Roche, Mannheim, Germany) according to
the manufacturer’s instructions. DNA aliquots were kept at – 20 °C until
used. A genus-specific PCR was performed to detect the Brucella by
using a partial sequence of the bcsp31 gene (forward primer: 5`GCTC
GGTTGCCAATATCAATGC-3` and reverse primer:5`-GGGTAAAGCGTC
GCCAGAAG-3`) (Probert et al., 2004). The amplification was performed
in the Mastercycler® gradient (Eppendorf, Wesseling-Berzdorf, Ger-
many) using the following conditions: one cycle of 15min at 95 °C, 40
cycles of 30 s at 94 °C, 30 s at 60 °C, 30 s at 72 °C and the final elon-
gation of 10min at 72 °C. The reaction mixture (20 μl) contained 1 μl of
each primer (10 pmol/μl), 10 μl Quantitect master mix (Qiagen, Hilden,
Germany), 3 μl RNease water and 5 μl eluted DNA. PCR products were
visualized on 1.5% agarose gel through a gel documentation system
(Biospectrum UVP, UK).

2.5. Sequence and phylogenetic analysis

Positive PCR products (n= 7) were purified by the QIAquick PCR
Purification Kit (Qiagen), and sequenced in an automated DNA se-
quencer (ABI 3730XL, Solgent Co.). Sequences were read using the DNA
BaseV3 software. Sequence alignment was conducted using the Basic
Local Alignment Search Tool (BLAST) (http://www.ncbi.nlm.nih.gov/
BLAST). A phylogenetic tree was constructed using the neighbor-joining
method, and the accuracy of each tree branch was rated by performing
1000 bootstrap replicates in MEGA7 software. Seven sequences were
deposited in the GenBank under accession numbers: MF067519 -
MF067523, MF093576, and MF046122.

2.6. Statistical analysis

The statistical analysis was performed using SPSS (Ver 12, USA).
Logistic regression model was used to test the significance of the effect
of each variable on seroprevalence with statistical significance set at
P<0.05.

3. Results

3.1. Seroprevalence of brucellosis in cattle and sheep

As shown in Table 1, seroprevalence of brucellosis was assessed in
720 cattle and 320 sheep sera by ELISA. A total of 120 (16.7%) and 52
(16.3%) sera tested positive in cattle and sheep, respectively. Analysis
of the seroprevalence of brucellosis in cattle in relation to locality re-
vealed that the seroprevalence was significantly higher (P< 0.05) in
the Alexandria governorate (26.6%). This was followed by the Suez

(16.9%) and Menofia (15.9%). Similarly, in sheep, no significant dif-
ferences were observed in seroprevalence values among governorates
(P=0.946).

As tabulated in Table 2, in cattle aged more than 6 years the ser-
oprevalence of brucellosis was equal to 20%, while in animals of group
age 3–6 years was equal to 14.9%. The observed seroprevalence was
higher in female cattle (18.7%) than male cattle (1.2%). In sheep, the
seroprevalence was higher in animals of > 2 years than in animals of <
2 years (9.1%), while no statistically significant differences was ob-
served between males (20%) and females (16.2%)

3.2. Detection of Brucella using bacterial culture and PCR

Of the 24 representative aborted materials, 100% were positive by
using BC. Brucella isolates showed typical phenotype characters of B.
abortus, which grew at a 5% Co2 atmosphere, catalase and oxidase
positive, H2S positive, Urease producing, but not before 2 h of incuba-
tion. The Brucella isolates were agglutinated with the monospecific anti-
A serum, not with the monospecific anti-M serum. However, PCR de-
tected 100% out of the 24 samples obtained from cattle and sheep.
However, of these 24 isolates, 19 were from cattle and 5 were from
sheep.

3.3. Sequencing and phylogenetic analysis

As shown in Fig. 2, the sequence similarity among 7 partial bcsp3
sequences of Brucella isolates (GenBank accession nos. MF067519 -
MF067523, MF093576, MF046122) and to the reference sequence
(CP022879) available in the GenBank were 99.3–100%. They also
shared over 99% similarity with B. abortus, B. melitensis and B. suis
sequences published in GenBank.

Pairwise alignment of the 7 partial bcsp3 sequences of Brucella iso-
lates revealed only single nucleotide substitution. The phylogenetic tree
based on bcsp31sequences within 7 sequences of the current study and
reference Brucella isolates (11 B. abortus, 11 B. melitensis and one B. suis)
available in GenBank revealed that B. abortus and B. melitensis are very
closely related and grouped together in the same clade, except a se-
quence (MF067520) from cattle was placed in a separate clade (Fig. 3).

4. Discussion

Brucellosis is an infectious disease prevalent in Egypt and other
African countries (Menshawy et al., 2014).

Prevalence of B. abortus in sheep from Egypt is very scarce, while its
prevalence in cattle, a highly susceptible host, has been reported
(Menshawy et al., 2014). In the current study, B. abortuswas detected in
clinical samples from cattle in the 5 governorates by BC and PCR, as
well as, prevalence of Brucella antibodies was evaluated using indirect
ELISA.

According to farms records, none of the sheep and cattle from the
five governorates studied were vaccinated with Brucella vaccine,

Table 1
Seroprevalence of Brucella spp. in cattle and sheep according to sampling region.

Animal Species

Cattle 95%CI Sheep 95%CI

Pos./ No. of samples Prevalence % P –value Pos./ No. of samples Prevalence % P -value

Alexandria 34/128 26.6 0.014027* 16.7–34.8 13/70 18.6 0.946377 NS 11.1–29.2
Gharbia 18/146 12.3 7.9–18.6 11/65 16.9 9.7–26.29
Seuz 23/136 16.9 11.5–24.1 7/54 13 6.4–24.4
Menofia 25/157 15.9 11–22.5 13/80 16.3 9.7–25.8
Qalubia 20/153 13.1 8.6–19.3 8/51 15.7 8.2–28
Overall 120/720 16.7 14.1–19.6 52/320 16.3 12.6–20.7

Pos. Positive; *, The result is significant at P< 0.05; NS, The result is not significant at P> 0.05.

A. Selim, et al. Preventive Veterinary Medicine 171 (2019) 104756

3

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF093576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF046122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF093576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF046122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=CP022879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067520


suggesting that the antibodies identified were attributable to the nat-
ural infection of brucellosis. The cattle seroprevalence of brucellosis in
the present study was 16.7%, which is higher than previous studies in
western Algeria (15.7%) (Aggad and Boukraa, 2006), in Nile Delta,
Egypt (12.2%) (Hegazy et al., 2011) and in Ethiopia (8%) (Megersa
et al., 2012). Seroprevalence in sheep was 16.25%, which is higher than
previous studies in the Kafr El Sheikh governorate of Egypt, 12.2%
(Hegazy et al., 2011) and 12% (Selim et al., 2015). High seroprevalence
can be attributable to a high animal susceptibility and lack of vacci-
nation, posing a risk for spreading the disease in the surroundings. The
differences in seroprevalence rates of previous studies and the present
study can be attributed to a difference in hygienic measures applied,
animal population and susceptibility to disease.

In addition, the higher prevalence of infection observed in this study
may be due to the fact that all the sampled herds had history of abor-
tions, thus suggesting a higher probability of having Brucella infected
animals included in this study.

In this study, there was a significant increase (P< 0.05) in the
seroprevalence of brucellosis in cattle in the Alexandria governorate
compared to other governorates. Previous investigations reported that
the brucellosis was more prevalent in a certain region than the others
(Tschopp et al., 2015; Chaka et al., 2018) possibly attributed to dif-
ference in the management in each area or the absence of vaccination in
some herds. Seropositivity among sheep was slightly higher in the
Alexandria than other governorates, but differences were non-sig-
nificant (P= 0.94), indicating that all regions covered were equal in
risk of Brucella infection, when sheep are considered for sampling.

Concerning the high prevalence of brucellosis in Alexandria gov-
ernorate, it may also be due to the free animals’ movements between
different farms with no restriction and in absence of any good

vaccination program.
Seropositivity rates were significantly higher in female cattle than in

males. This finding is in agreement with recent studies (Bayemi et al.,
2009; Rahman et al., 2011; Haggag et al., 2016; Chaka et al., 2018)
which found higher prevalence in females than males. The higher rates
of prevalence in female animals reported here is possibly due to the
female reproductive tract providing a potential reservoir for the or-
ganism to propagate, in addition to the stress of gestation and lactation
(Wadood et al., 2009; Rahman et al., 2011). Moreover, the female an-
imals under the study had history of artificial insemination which play
an important role in the transmission of brucellosis (Eaglesome and
Garcia, 1997).

Interestingly, in the current study, female sheep showed non-sig-
nificant (P= 0.81), low seroprevalence in comparison with males.
Previous report in northern Nigeria reported that seropositivity in
males was higher than females (Mai et al., 2012). The high ser-
oprevalence in male sheep could be attributed to bias in sampling ra-
ther than the sex factor, where low samples were taken from males in
comparison to females, as in a previous finding (Wadood et al., 2009),
reporting no significant differences in the seroprevalence among fe-
males and males.

The age-level seroprevalence reported in this study was higher in
older animals, both in cattle and sheep (Table 2), which is consistent
with other studies (Asmare et al., 2010; Asgedom et al., 2016; Rajala
et al., 2016; Chaka et al., 2018). This result can be attributed to the
increased exposure of animals over time or that the growth stimulating
factor becomes abundant in sexually mature animals (Amin et al.,
2005). Comparable studies have shown that animal age is an important
epidemiological factor and positively affects seropositivity to bru-
cellosis (Megersa et al., 2011; Alhamada et al., 2017).

Table 2
Seroprevalence of Brucella spp. in cattle and sheep according to sex and age.

Factor Positive Prevalence % P -value 95% CI

Cattle Age 3–6 years (n=490) 73 14.9 0.063062NS 12–18.3
> 6 years (n=320) 47 20 15.7–26.1

Sex Male (n=83) 1 1.2 0.0060* 0.2–6.5
Female (n=637) 119 18.7 15.8–21.8

Total (n=720) 120 16.7 14.1–19.6
Sheep Age < 2 years (n=143) 13 9.1 0.0024* 5.4–14.9

> 2 years (n=177) 39 22 16.5–28.7
Sex Male (n=5) 1 20 0.818795NS 3.6–62.4

Female (n=315) 51 16.2 12.5–20.6
Total (n = 320) 52 16.3 12.6–20.6

* The result is significant at P< 0.05.
NS The result is not significant at P>0.05.

Fig. 2. Divergence table of bcsp31 Brucella isolates of the study with a reference sequence (CP022879, direct submission) published in GenBank.
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Fig. 3. Neighbor-joining tree based on the partial bcsp31gene sequences displaying the relations between the 34 nucleotide sequences. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown above the branches. The isolates sequenced in this study are
highlighted.
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In the current study, Brucella was isolated by BC and confirmed with
genus specific PCR targeting bcsp31 gene from clinical specimens ob-
tained from aborted animals, where all samples tested positive by BC
were also positive by PCR. These isolates have been identified as B.
abortus. Based on BC and PCR results, there is an agreement between
the results of the two tests, suggesting that the PCR assay provides a
possible alternative diagnostic tool at least for these samples, where
PCR takes a few hours to complete, while BC requires at least two
working days and pose a risk for infection of laboratory workers,
especially when dealing with the Brucella spp. This finding is consistent
with previous studies (Probert et al., 2004; Keane et al., 2013; Selim
et al., 2018). A previous study in Bangalore, India indicated that PCR
targeting bcsp31 gene was specific and compatible in identifying Bru-
cella from clinical samples than other genus-specific genes e.g. omp2a
and omp2b (Isloor et al., 2008).

Analysis of the obtained sequences from cattle and sheep showed
nucleotides compatible with B. melitensis, B. abortus and B. suis. Further,
because pigs are not reared in the studied regions and B. suis had not
previously recorded in these areas (Wareth et al., 2014), it is very likely
that these animals were not infected with B. suis or B. melitensis. In the
current study, cattle were being kept together with sheep at the time of
sampling suggestingthat B. abortus can jump between those species and
the source of infection in these cases remains unknown. Infection of
sheep with B. abortus has proved in a study from Egypt for the first time
since 2015 (Wareth et al., 2015), from Tanzania (Mathew et al., 2015)
and from Iran (Behroozikhah et al., 2012). However, in this study, we
also reported infection with B. abortus in sheep from different localities.
Consequently, more studies are needed on more B. abortus isolates from
sheep to determine the overall concept of their epidemiological role and
update the vaccination strategy. Brucella spp. affects both common
hosts and other hosts, and it forms reservoirs of the brucellosis for other
animals (Aparicio, 2013).

The alignment of the nucleotide sequence of the seven Brucella
isolates showed more than 99% similarity with the substitution of one
nucleotide (Fig. 2). This study used a phylogenetic tree based on the
bcsp31 sequence to determine the genetic relation between Egyptian
Brucella isolates and other Brucella isolates published in GenBank. Un-
fortunately, there were no sequences of the bcsp31 gene of the Brucella
from Egypt found in GenBank to insert in our phylogenetic tree. The
phylogenetic tree (Fig. 3) indicates that the currently Brucella sequences
analyzed are closely related and grouped along with Brucella sequences
from India, USA, and Northwestern Europe. Moreover, the Neighbor-
Joining method placed one sequence (MF067520) in a separate clade
while the other six sequences clustered in a different clade, suggesting
that there are more than one distinct isolate circulating among the li-
vestock population with less heterogeneity. A previous study from
Egypt indicated a high heterogeneity among thirteen Brucella species
isolated from cattle, sheep, and goats (Menshawy et al., 2014). The
heterogeneity of the Brucella isolates reported here in this study may
emphasize the effect of geography and the host as well as the long
course of disease.

5. Conclusions

This study indicates that brucellosis is endemic in the studied areas
with high seroprevalence. Detecting B. abortus in sheep is of epide-
miological importance. Sex and age at the level of cattle and sheep,
respectively, are considered as risk factors for brucellosis. Sequencing
and phylogenetic analysis showed less heterogeneity between the se-
quences of Brucella isolates when bcsp31 gene is used. Detection of B.
abortus in sheep and cattle in such governorates warrants further wide
molecular epidemiological studies to obtain a comprehensive insight to
evaluate cattle-sheep linkage and to recognize circulating Brucella
strains to establish suitable prevention strategies.

Declaration of Competing Interest

The authors declare that they have no competing interests.

Acknowledgement

The authors extend their appreciation to the Deanship of Scientific
Research at King Saud University for funding this work through re-
search group No (RG-1439-59).

References

Aggad, H., Boukraa, L., 2006. Prevalence of bovine and human brucellosis in western
Algeria: comparison of screening tests. East. Mediterr. Health J. 12, 119–128.

Alhamada, A.G., Habib, I., Barnes, A., Robertson, I., 2017. Risk factors associated with
brucella seropositivity in sheep and goats in Duhok province, Iraq. Vet. Sci. 4, 65.
https://doi.org/10.3390/vetsci4040065.

Ali, S., Akhter, S., Neubauer, H., Melzer, F., Khan, I., Ali, Q., Irfan, M., 2015. Serological,
cultural, and molecular evidence of Brucella infection in small ruminants in Pakistan.
J. Infec. Dev. Ctries. 9, 470–475. https://doi.org/10.3855/jidc.5110.

Alton, G., 1990. Brucella melitensis, 1887 to 1987 Cited in Animal Brucellosis by K.
Nilsen and JR Duncan. CRC Press, Boston.

Amin, K.M., Rahman, M.B., Rahman, M.S., cheol Han, J., ho Park, J., seok Chae, J., 2005.
Prevalence of Brucella antibodies in sera of cows in Bangladesh. J. Vet. Sci. 6,
223–226.

Aparicio, E.D., 2013. Epidemiology of brucellosis in domestic animals caused by Brucella
melitensis, Brucella suis and Brucella abortus. Rev. Sci Tech. 32, 53–60.

Asgedom, H., Damena, D., Duguma, R., 2016. Seroprevalence of bovine brucellosis and
associated risk factors in and around Alage district, Ethiopia. SpringerPlus 5, 851.
https://doi.org/10.1186/s40064-016-2547-0.

Asmare, K., Asfaw, Y., Gelaye, E., Ayelet, G., 2010. Brucellosis in extensive management
system of Zebu cattle in Sidama Zone, Southern Ethiopia. Afr. J. Agr. Res. 5, 257–263.

Bayemi, P., Webb, E., Nsongka, M., Unger, H., Njakoi, H., 2009. Prevalence of Brucella
abortus antibodies in serum of Holstein cattle in Cameroon. Trop. Anim. Health Prod.
41, 141–144. https://doi.org/10.1007/s11250-008-9184-8.

Behroozikhah, A.M., Bagheri Nejad, R., Amiri, K., Bahonar, A.R., 2012. Identification at
biovar level of Brucella isolates causing abortion in small ruminants of Iran. J.
Pathog. 2012. https://doi.org/10.1155/2012/357235.

Chaka, H., Aboset, G., Garoma, A., Gumi, B., Thys, E., 2018. Cross-sectional survey of
brucellosis and associated risk factors in the livestock–wildlife interface area of
Nechisar National Park, Ethiopia. Trop. Anim. Health Prod. 50, 1041–1049. https://
doi.org/10.1007/s11250-018-1528-4.

De Massis, F., Ancora, M., Atzeni, M., Rolesu, S., Bandino, E., Danzetta, M., Zilli, K., Di
Giannatale, E., Scacchia, M., 2015. MLVA as an epidemiological tool to trace back
Brucella melitensis biovar 1 re‐emergence in Italy. Transbound. Emerg. Dis. 62,
463–469. https://doi.org/10.1111/tbed.12397.

Eaglesome, M.D., Garcia, M.M., 1997. Disease risks to animal health from artificial in-
semination with bovine semen. Rev. Sci. Tech. 16, 215–225.

Godfroid, J., Al Dahouk, S., Pappas, G., Roth, F., Matope, G., Muma, J., Marcotty, T.,
Pfeiffer, D., Skjerve, E., 2013. A “One Health” surveillance and control of brucellosis
in developing countries: moving away from improvisation. Comp. Immunol.
Microbiol Infect. Dis. 36, 241–248. https://doi.org/10.1016/j.cimid.2012.09.001.

Haggag, Y.N., Samaha, H.A., Nossair, M.A., Mohammad, H.S., 2016. Monitoring of ru-
minant sera for the presence of Brucella antibodies in Alexandria Province. Alex. J.
Vet. Sci. 51, 290–295.

Hegazy, Y.M., Moawad, A., Osman, S., Ridler, A., Guitian, J., 2011. Ruminant brucellosis
in the Kafr El Sheikh Governorate of the Nile Delta, Egypt: prevalence of a neglected
zoonosis. PLoS Negl. Trop. Dis. 5, e944. https://doi.org/10.1371/journal.pntd.
0000944.

Her, M., Kang, S.-I., Cho, D.-H., Cho, Y.-S., Hwang, I.-Y., Heo, Y.-R., Jung, S.-C., Yoo, H.-
S., 2009. Application and evaluation of the MLVA typing assay for the Brucella
abortus strains isolated in Korea. BMC Microbiol. 9, 230. https://doi.org/10.1186/
1471-2180-9-230.

Isloor, S., Rathnamma, D., Veeregowda, B., Venkatesha, M., Prabhudas, K.,
Suryanarayana, V., Shome, R., 2008. Molecular Detection of Brucella infection in
Livestock and Risk Groups. Karnataka Veterinary, Animal and Fisheries Sciences
University, Bidar.

Keane, O.M., Budd, K.E., Flynn, J., McCoy, F., 2013. Increased detection of mastitis pa-
thogens by real-time PCR compared to bacterial culture. Vet. Rec. 173, 268. https://
doi.org/10.1136/vr.101598.

Lucero, N., Ayala, S., Escobar, G., Jacob, N., 2008. Brucella isolated in humans and an-
imals in Latin America from 1968 to 2006. Epidemiol. Infect. 136, 496–503. https://
doi.org/10.1017/S0950268807008795.

Mai, H.M., Irons, P.C., Kabir, J., Thompson, P.N., 2012. A large seroprevalence survey of
brucellosis in cattle herds under diverse production systems in northern Nigeria. BMC
Vet. Res. 8, 144. https://doi.org/10.1186/1746-6148-8-144.

Mathew, C., Stokstad, M., Johansen, T., Klevar, S., Mdegela, R., Mwamengele, G., Michel,
P., Escobar, L., Fretin, D., Godfroid, J., 2015. First isolation, identification, pheno-
typic and genotypic characterization of Brucella abortus biovar 3 from dairy cattle in
Tanzania. BMC Vet. Res. 11, 156. https://doi.org/10.1186/1746-6148-8-144.

Megersa, B., Biffa, D., Abunna, F., Regassa, A., Godfroid, J., Skjerve, E., 2012.
Seroepidemiological study of livestock brucellosis in a pastoral region. Epidemiol.

A. Selim, et al. Preventive Veterinary Medicine 171 (2019) 104756

6

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=MF067520
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0005
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0005
https://doi.org/10.3390/vetsci4040065
https://doi.org/10.3855/jidc.5110
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0020
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0020
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0025
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0025
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0025
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0030
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0030
https://doi.org/10.1186/s40064-016-2547-0
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0040
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0040
https://doi.org/10.1007/s11250-008-9184-8
https://doi.org/10.1155/2012/357235
https://doi.org/10.1007/s11250-018-1528-4
https://doi.org/10.1007/s11250-018-1528-4
https://doi.org/10.1111/tbed.12397
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0065
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0065
https://doi.org/10.1016/j.cimid.2012.09.001
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0075
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0075
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0075
https://doi.org/10.1371/journal.pntd.0000944
https://doi.org/10.1371/journal.pntd.0000944
https://doi.org/10.1186/1471-2180-9-230
https://doi.org/10.1186/1471-2180-9-230
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0090
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0090
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0090
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0090
https://doi.org/10.1136/vr.101598
https://doi.org/10.1136/vr.101598
https://doi.org/10.1017/S0950268807008795
https://doi.org/10.1017/S0950268807008795
https://doi.org/10.1186/1746-6148-8-144
https://doi.org/10.1186/1746-6148-8-144


Infect. 140, 887–896. https://doi.org/10.1017/S0950268811001178.
Megersa, B., Biffa, D., Niguse, F., Rufael, T., Asmare, K., Skjerve, E., 2011. Cattle bru-

cellosis in traditional livestock husbandry practice in Southern and Eastern Ethiopia,
and its zoonotic implication. Acta Vet. Scand. 53, 24. https://doi.org/10.1186/1751-
0147-53-24.

Menshawy, A., Perez-Sancho, M., Garcia-Seco, T., Hosein, H.I., García, N., Martinez, I.,
Sayour, A.E., Goyache, J., Azzam, R.A., Dominguez, L., 2014. Assessment of genetic
diversity of zoonotic Brucella spp. recovered from livestock in Egypt using multiple
locus VNTR analysis. BioMed Res. Inter. 2014. https://doi.org/10.1155/2014/
353876.

Navarro, E., Escribano, J., Fernandez, J., Solera, J., 2002. Comparison of three different
PCR methods for detection of Brucella spp. in human blood samples. FEMS Immunol.
Med. Microbiol. 34, 147–151. https://doi.org/10.1111/j.1574-695X.2002.
tb00616.x.

Probert, W.S., Schrader, K.N., Khuong, N.Y., Bystrom, S.L., Graves, M.H., 2004. Real-time
multiplex PCR assay for detection of Brucella spp., B. abortus, and B. melitensis. J.
Clin. Microbiol. 42, 1290–1293. https://doi.org/10.1128/JCM.42.3.1290-1293.
2004.

Rahman, M., Faruk, M., Her, M., Kim, J., Kang, S., Jung, S., 2011. Prevalence of bru-
cellosis in ruminants in Bangladesh. Vet. Med. 56, 379–385.

Rajala, E.L., Grahn, C., Ljung, I., Sattorov, N., Boqvist, S., Magnusson, U., 2016.
Prevalence and risk factors for Brucella seropositivity among sheep and goats in a
peri-urban region of Tajikistan. Trop. Anim. Health Prod. 48, 553–558. https://doi.
org/10.1007/s11250-015-0992-3.

Reisberg, K., Selim, A.M., Gaede, W., 2013. Simultaneous detection of Chlamydia spp.,
Coxiella burnetii, and Neospora caninum in abortion material of ruminants by mul-
tiplex real-time polymerase chain reaction. J. Vet. Diagn. Invest. 25, 614–619.

Selim, A., El-Haig, M., Galila, E.S., Gaede, W., 2013. Direct detection of Mycobacterium
avium subsp Paratuberculosis in bovine milk by multiplex real-time PCR. Anim. Sci.

Pap. Rep. 31, 291–302.
Selim, A.M., Elhaig, M.M., Gaede, W., 2014. Development of multiplex real-time PCR

assay for the detection of Brucella spp., Leptospira spp. and Campylobacter foetus.
Vet. Ital. 50, 269–275. https://doi.org/10.12834/VetIt.222.702.3.

Selim, A., Gaede, W., 2015. Comparative evaluation of PCR assay for direct detection of
Mycobacterium avium subsp. paratuberculosis in Ruminant. Asian J. Anim. Vet. Adv.
10, 761–771. https://doi.org/10.3923/ajava.2015.761.771.

Selim, A., Gaber, A., Moustafa, A., 2015. Diagnosis of Brucellosis in Ruminant in kafr el
sheikh Governorate, Egypt. Inter. J. Adv. Res. 3, 345–350.

Selim, A., Ali, A.-F., Moustafa, S.M., Ramadan, E., 2018. Molecular and serological data
supporting the role of Q fever in abortions of sheep and goats in northern Egypt.
Microbial Pathog. 125, 272–275. https://doi.org/10.1016/j.micpath.2018.09.034.

Tiwari, A., Pal, V., Afley, P., Sharma, D.K., Bhatnagar, C.S., Bhardwaj, B., Rai, G.P.,
Kumar, S., 2014. Real-time PCR carried out on DNA extracted from serum or blood
sample is not a good method for surveillance of bovine brucellosis. Trop. Anim.
Health Prod. 46, 1519–1522. https://doi.org/10.1007/s11250-014-0664-8.

Tschopp, R., Bekele, S., Moti, T., Young, D., Aseffa, A., 2015. Brucellosis and bovine
tuberculosis prevalence in livestock from pastoralist communities adjacent to Awash
National Park, Ethiopia. Prev. Vet. Med. 120, 187–194. https://doi.org/10.1016/j.
prevetmed.2015.03.004.

Wadood, F., Ahmad, M., Khan, A., Gul, S., Rehman, N., 2009. Seroprevalence of bru-
cellosis in horses in and around Faisalabad. Pakistan V. J. 29, 196–198.

Wareth, G., Hikal, A., Refai, M., Melzer, F., Roesler, U., Neubauer, H., 2014. Animal
brucellosis in Egypt. J. Infec. Dev. Ctries 8, 1365–1373. https://doi.org/10.3855/
jidc.4872.

Wareth, G., Melzer, F., Tomaso, H., Roesler, U., Neubauer, H., 2015. Detection of Brucella
abortus DNA in aborted goats and sheep in Egypt by real-time PCR. BMC Res. Notes
8, 212. https://doi.org/10.1186/s13104-015-1173-1.

A. Selim, et al. Preventive Veterinary Medicine 171 (2019) 104756

7

https://doi.org/10.1017/S0950268811001178
https://doi.org/10.1186/1751-0147-53-24
https://doi.org/10.1186/1751-0147-53-24
https://doi.org/10.1155/2014/353876
https://doi.org/10.1155/2014/353876
https://doi.org/10.1111/j.1574-695X.2002.tb00616.x
https://doi.org/10.1111/j.1574-695X.2002.tb00616.x
https://doi.org/10.1128/JCM.42.3.1290-1293.2004
https://doi.org/10.1128/JCM.42.3.1290-1293.2004
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0140
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0140
https://doi.org/10.1007/s11250-015-0992-3
https://doi.org/10.1007/s11250-015-0992-3
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0150
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0150
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0150
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0155
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0155
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0155
https://doi.org/10.12834/VetIt.222.702.3
https://doi.org/10.3923/ajava.2015.761.771
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0170
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0170
https://doi.org/10.1016/j.micpath.2018.09.034
https://doi.org/10.1007/s11250-014-0664-8
https://doi.org/10.1016/j.prevetmed.2015.03.004
https://doi.org/10.1016/j.prevetmed.2015.03.004
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0190
http://refhub.elsevier.com/S0167-5877(19)30276-4/sbref0190
https://doi.org/10.3855/jidc.4872
https://doi.org/10.3855/jidc.4872
https://doi.org/10.1186/s13104-015-1173-1

	Seroprevalence and molecular characterization of Brucella species in naturally infected cattle and sheep
	Introduction
	Materials and methods
	Samples
	Indirect ELISA
	Bacterial culture
	PCR
	Sequence and phylogenetic analysis
	Statistical analysis

	Results
	Seroprevalence of brucellosis in cattle and sheep
	Detection of Brucella using bacterial culture and PCR
	Sequencing and phylogenetic analysis

	Discussion
	Conclusions
	mk:H1_15
	Acknowledgement
	References




