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The objective of this study was to estimate the sero-prevalence of brucellosis in camels in Shalateen
city, Red sea Governorate. A total of 801 Sera were collected from apparently healthy dromedary
camels from 2014 to 2015 spring. Sera were consequently serologically tested and confirmed using
Rose Bengal plate test (RBPT), buffer acidified plate antigen test (BAPAT) and complement fixation test
(CFT). 103 (12.90%), 93 (11.60%), and 92 (11.50%) were positive for RBPT, BABAT and CFT, respectively.
Young camels were more sero-positive than old one (13.30 vs.10.80%). In addition, females were more
sero-positive than males (19.10 vs. 7.10%). Moreover, Brucella melitensis biovar 3 was isolated from
stomach content of aborted camel fetus. Statistically, the apparent prevalence (AP) was estimated to be
11.50%, while true prevalence (TP) was 13.60% (95% CI: 11.20 to 16%; P < 0.05). There was non
statistical significant association between different age groups, while a highly significant difference
were detected between seasons and genders. This study documented a high prevalence of camel
brucellosis in the area of study and there is a need for planning and implementation of joint programs
by stakeholders in prevention and control of the disease as well as raising public awareness in
decreasing the distribution of the disease.
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INTRODUCTION

Camel brucellosis is an insidious disease, since it hardly 1996). In camels, the manifestation of the disease is mild
provokes any clinical signs (Musa and Shigidi, 2001). The or even asymptomatic with abortion if compared to cattle.
disease is caused by Brucella abortus (B. abortus), So it may silently affect the reproductive performance of
Brucella melitensis (B. melitensis) and Brucella ovis (B. camels through low herd fertility and relatively low milk

ovis) affecting mainly the dromedary camels (Seifert, production (Gwida et al., 2012).



1260 Afr. J. Microbiol. Res.

The disease can also have an impact on export and
import of animals constraining livestock trade (Radostits
et al., 2006). However, information about economic
losses due to camel brucellosis is scarce. Although
camels are not the primary host of Brucella, B. abortus
and B. melitensis isolated from milk, aborted fetus, lymph
nodes and vaginal swabs (Radwan et al., 1992; Gameel
et al., 1993; Agab et al., 1994; Abou-Eisha, 2000; Hamdy
and Amin, 2002; El-Gohary et al., 2016; El-Diasty et al.,
2016; El-Hady et al.,, 2016). Disease transmission
depends on Brucella spp. being prevalent in contact
animals (Musa et al., 2008).

Brucellosis may spread from camels to humans, either
through direct contact or via raw milk consumption
especially in Arabian and African Countries (Cooper,
1991; Al-Juboori and Baker, 2012). The uncontrolled
movement of camels from Brucella infected areas to
Brucella free areas is consider the major obstacles in
brucellosis eradication program (Radostits et al., 2006).
Most of the reports addressed the seroprevalence of
brucellosis in camels; this is not surprising due to the
relative ease by which samples can be obtained and
handled. The complement fixation test (CFT), is a
recomended test for international trade as required by the
World Organisation for Animal Health (OIE).

Serological diagnosis of brucellosis depend mainly on
detection of 1gG; immunoglobulin because most of cross
reactive bacteria share the IgM antibody with Brucella
species, also IgG, and IgA were inconstant and small in
amount so, trails was made to eliminate IgM and to
detect 1gG; (Radostitis et al., 2006). Serological tests
used for diagnosis of brucellosis in cattle may also be
adequate for diagnosis of brucellosis in camels. However
there is no validation for brucellosis serological test for
camel sera done (Gwida et al., 2012). B. melitensis
biovar 3 were isolated from camel stomach contents and
swabs of lungs, livers, spleens of aborted fetuses and
infected joint (Al-Majali et al., 2008; Musa et al., 2008).

Finally, it must be kept in mind that the serodiagnosis of
brucellosis is additionally impaired by the allegedly strong
cross-reactivity between Brucella spp. and Yersinia
enterocolitica O:9 and other gram-negative bacteria
(Emmerzaal et al., 2002). Therefore, the present study
was aimed to determine the seroprevalence of brucellosis
in dromedary camels imported from Sudan at Shalateen
guarantine in Egypt.

MATERIALS AND METHODS
Study area

Shalateen is a town north of the Halayeb Triangle, Egypt. It is

located 520 km south of Hurghada and serves as the administrative
center of all Egyptian territory up to the border between Egypt and
Sudan including the villages of Abu Ramad, 125 km to the
southeast; Halayeb, 165 km to the southeast; Ras Hadarba 200 km
to the southeast. Ras Hadarba or Cape Hadarba lies on the shores
of the Red Sea to the southeast of the city of Halayeb and to the
east of mount Hadarba from which it takes its name.

The village of Ras Hadarba lies on north of the borders between
Egypt and Sudan which run along the 22°N parallel of latitude;
Marsa Hameera, 40 km to the north; and Abrak, 90 km to the west.
The first three towns (Abu Ramad, Halayeb and Ras Hadarba) are
located within the disputed Halayeb Triangle. In Egypt, the number
of camels was estimated to be 120.000 heads (SADS, 2009). About
half of the camels in Egypt are present in the Shalateen area
(Mahran, 2004).

Study design and samples size estimation

A cross-sectional study was designed and adopted in this survey
participating with camel owners. It was carried out from spring 2014
to 2015 in Shalateen quarantine. The sample sizes for animals for
serological studies, serum samples from camels for molecular
studies, were calculated by the formula of multistage random
sampling (Thrusfield, 2005).

Each animal was examined clinically and information on different
aspects of age, gender, date of sampling, and history of abortions
was also recorded. Samples from camels were screened
serologically for the presence of Brucella.

Sample collection
Blood samples

Blood samples were taken from examined animals; about 10 mL of
jugular vein blood were collected in sterile silicon coated vacuum
tubes ‘vacutainers’ (catalogue no. 02-683-60, Becton Dickinson,
38241 Meylan, Cedex, France), identified, kept in a slant position in
the shade for about 2 h for complete clotting and transferred on ice
packs to the laboratory avoiding shaking.

Samples were kept overnight at 4°C to allow separation of
serum, centrifuged at 1000 g for 10 min to obtain amber clear
serum. Sera were kept at -20°C each in 2 aliquots in sterile Bijou
bottles until examined. Sera were screened for B. abortus
antibodies by RBPT, BAPAT and CFT and positive sera were kept
for further serological diagnosis.

Tissue samples

Mesenteric, retropharyngeal and supramammary lymph nodes of
suspected camels were sampled at postmortem examination. Fetal
stomach contents were collected carefully by heating the outer
surface of the abomasum by heated spatula, sterile syringe was
then introduce from the sterile point to obtain some of the fetal
stomach contents.

Serological tests

All collected sera were initially screened by RBPT using RBPT
antigen according to Alton et al. (1988) and OIE (2012). Antigens

*Corresponding author: E-mail: drzakaria-infect@hotmail.com. Tel: +966-594-886878; +966-17-3216837.

Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

El-Sayed et al.

Table 1. Seroprevalence of camel brucellosis in Shalateen city as determined by BAPAT, RBPT and CFT in relation to

season.
. BAPAT RBPT CFT
Season Camels examined
Pos. % Pos. % Pos. %

Spring 2014 145 18 12.40 17 11.70 17 11.70
Summer 2014 49 2 4.10 2 4.10 2 4.10
Autumn 2014 233 40 17.20 36 15.50 36 15.50
Winter 2015 96 3 3.130 3 3.130 3 3.13
Spring 2015 278 40 14.40 35 12.60 34 12.20
Total 801 103 12.90 93 11.60 92 11.50
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Pos. = Number of animals positive for brucellosis; P<0.05: significant differences between different seasons.

for BAPAT and RBPT were obtained from Veterinary Sera and
Vaccine Research Institute (VSVRI), Abbassiya, Cairo 11517,
Egypt. Antigen for CFT was kindly supplied by the National
Veterinary Services Laboratories (NVSL), Ames, IA 50010, USA. In
CFT, titers of 1/4 were regarded as suspicious, while titers of 1/8+
or above were considered as positive.

Sera that tested positive to RBPT and BAPAT were further tested
using CFT for confirmation and standard B. abortus antigen S99
(CVL, New Haw Weybridge, and Surry KT15 3NB, UK). Preparation
of the reagent was evaluated by titration and performed according
to protocols recommended by World Organization for Animal Health
(OIE, 2004). Sera with strong reaction, more than 75% fixation of
complement (3+) at a dilution of 1:5 or at least with 50% fixation of
complement (2+) at a dilution of 1:10 and above were classified as
positive and lack of fixation/complete hemolysis was considered as
negative.

Bacteriological examination

Swabs from stomach contents of two aborted feti, also, samples of
fetal membranes and uterine discharges of two aborted cows were

taken under complete aseptic condition for culture of Brucella spp.
This was performed according to the recommendations of the
FAO/WHO Expert Committee on Brucellosis (Alton et al., 1988;
OIE, 2012) using direct culture on Brucella Agar Media containing
Brucella selective antibiotics (Oxoid, England).

The plates were examined for Brucella colonies. The suspected
colonies were identified and typing on the base of colonial
morphology, urease, CO, requirement, susceptibility to Brucella
phages, growth in the presence of thionin and basic fuchsin dyes
(1:25000, 1:500000, 1:100000), production of H2S, and antigenic
are characteristics using specific antisera (A, M, R).

Data analysis

Descriptive and analytic statistics were computed using software
SPSS®Version20. The degree of association was computed using
odds ratio (OR) signified by 95% confidence intervals (Thrusfield,
2005). True Prevalence was estimated according to Rogan and
Gladen (1978) from the following equation:

Apparent prevalence + combined specificity of RBPT and CFT-1

True prevalence (TP) =

Combined sensitivity of RBPT and CFT + combined specificity of RBPT and CFT-1

RESULTS
Seroprevalence

Eight hundred and one (801) camels were examined for
brucellosis in Shalateen Quarantine from spring 2014 to
2015. 103 (12.90), 93 (11.60%) and 92 (11.50%) were
positive for RBPT, BABAT and CFT, respectively (Table
1). These results reveal that the apparent prevalence
(AP) was estimated as 11.50% by CFT, while TP was
estimated as 13.60% (95%; CI: 11.20 to 16%). Among
the total 103 camels positive for the disease in Shalateen
guarantine, 42 (16.90%) were at 1 to 2 years old, 33
(11.20%) at 2 to 4 years old and 28 (10.80%) at the
breeding age (Table 2).

By CFT, brucellosis-infected camels were observed in
36 (17.10%) out of the 507 examined male camels while
56 (19%) out of the 294 examined female camels were

positive for brucellosis. There was no significant
difference between different age groups while a highly
significant difference was detected between different
sexes (P<0.05) (Table 3).

Bacterial isolation

A smear from one fetal stomach contents showed
partially acid fast organisms. B. melitensis biovar 3 was
isolated from stomach content of this aborted fetus; the
morphological, cultural, biochemical and serological
identification of the isolated Brucella strain. One Brucella
isolates could be recovered from the stomach content of
one aborted foetus by culture on artificial media, followed
by isolates identification by its morphology and growth
characteristics of the colonies and biochemical tests.

This isolate was typed as B. melitensis biovar 3 based
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Table 2. Seroprevalence of camel brucellosis in Shalateen city as determined by BAPAT, RB PT and CFT in

relation to different age group.

. BAPAT RBPT CFT
Age Camels examined
Pos. Pos. % Pos. %
1- 2 years 248 42 16.90 33 13.30 33 13.30
2-4 years 294 33 11.20 32 10.80 31 10.60
2 4years 259 28 10.80 28 10.80 28 10.80
Total 801 103 12.90 93 11.60 92 11.50

Pos. = Number of animals positive for brucellosis, P> 0.05: no significant differences between different age groups.

Table 3. Sero-prevalence of camel brucellosis in Shalateen city as determined by BAPAT, RB PT and CFT in relation to sex.

Total pos.
Number of examined CFT P
Sex Age . Total number
animals Number %
Pos. %
1- 2 years 168 10 6
Male 2-4 years 177 9 5.10 507 36 7.1
2 4years 162 17 10.50
1- 2 years 80 23 28.80
Female 2-4 years 117 22 18.80 294 56 19
= 4years 97 11 11.30

Pos. = Number of animals positive for brucellosis, P<0.05: significant differences between the two sexes.

on as if it does not required CO, for growth, negative for
H,S production, grow in the presence of thionin and basic
fuchsin dye (1:250000 and 1:500000), urease positive
after 20 h, phage (Izatnagar) lyses and agglutinated only
with A and M monospecific antisera (Table 4).

DISCUSSION

During the last few years, camel brucellosis has been a
subject for many researches in many countries of the
world especially those rearing racing camels such as the
Arabian Gulf countries as well as other countries where
camels constitute an important part of their livestock in
many African and Asian countries (Yasmin and Remya,
2011).

Serological investigation still has played a dominant
role in diagnosis of the disease (Konstantinidis et al.,
2007). BAPAT, RBPT and CFT were used as screening
for diagnosis of brucellosis (Morgan et al., 1969; Hunter
and Allen, 1972; Farina, 1985). Moreover we used CFT
as confirmatory test for the positive serum samples (OIE,
2012). In the present study, BAPAT, RBPT and CFT
were used as screening and confirmatory tests for
diagnosis of camel brucellosis and detection of naturally
infected cases in a total of 801 dromedary camels during
the period between 2014 and 2015 from Shalateen
guarantine.

The overall prevalence of camel brucellosis was 12.90,
11.60 and 11.50% as determined by BAPAT, RBPT and
CFT, respectively. Statistical analysis revealed that AP
was estimated as 11.50%, while true prevalence (TP)
was estimated as 13.60% (95% CI: 11.20 to 16%). High
prevalence appears to be due to the fact that these
camels were imported from Sudan which is known to
have high prevalence of 12.30, 15.50 and 30.50% in
2004, 2005 and 2006, respectively as recorded by (Omer
et al., 2007); 23.80% (Musa et al.,, 2008) and 37.5%
(Omer et al., 2010). These studies attributed insufficient
preventive measures, the lack of adequate control
programs and uncontrolled animal transportation across
"open" borders. Chi square analysis for comparison
between seasonal occurrences of Brucella infection
revealed high significant differences between different
seasons (P < 0.05). The prevalence was being high in
spring and autumn (Abdel-Raouf and El-Naggar, 1964;
Shalash, 1965; Musa and Abusineina, 1978; Mares,
1954).

In Egypt, the sero-prevalence of camel brucellosis has
been reported by different authors at different localities
using different tests. The present results were higher than
that recorded by Abdel Moghney (2004) (9.26%), Al-
Gaabary and Mourad (2004) (6.75%) and El-Boshy et al.
(2009) (7.35%). However, this results is in agreement
with those of Hamada et al. (1963) (10.29%), Ahmed and
Nada (1993) (11.6%) and El-Sawally et al. (1996) (11.3%),
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Table 4. Phenotypic characteristics of Brucella isolates (Brucella melitensis biovar 3) recovered from stomach content of aborted fetus of she-camel.

Growth on dyes Lysis by macrophage MS
Strain source requ(i:rgr;ent procli-ltzlgtion Urease Thionin Basic fuchsin Tb 1z1 R/C A M R Conclusion
a b c b c RTD RTD10* RTD RTD
Field strain One Stomach content +in20 h - + + + - + - + 4 Brucella melitensis biovar 3
Reference Brucella melitensis Ether - +?n 18-24 h - + + + + - - + -+ + Brucella melitensis biovar 3
strains B. abortus 544 - + +in2h - - - + + + + - - Brucella abortus 1
B. suis 1330 - +H+ ++in<15min  + + + - - - + - - Brucella suis 1

RTD: Routine test dilution a: 1:25000 b: 1:500000 c: 1:100000 Th: Thilisi 1Z1: Izatnagar R/C: R/C: Rough Brucella. B: Brucella MS=Monospecific sera.

respectively. The differences in sero-prevalence
observed from the previous researchers, might be
due to differences in herd size, camel origin, tests
used, management conditions, and the presence
or absence of infectious foci, such as Brucella-
infected herds, which could spread the disease
among contact herds.

The RBPT detected 93 (11.6%) reactors lower
than BAPAT which detects 103 (12.9%) reactors,
this variation on the incidence of positive reactors
may be attributed to the difference in the acidity of
their antigen as reported by Davis (1971) and
Corbel (1973). The acidic pH of the RBPT antigen
(3.65+0.05) inhibits more amount of IgM fraction
(Alton et al., 1988). The test is an excellent
screening test but may be oversensitive for
diagnosis in individual animal particularly
vaccinated animals (Wolrld Health Organisation,
2006).

IlgG; was the main immunoglobulin measured
by the CFT with a possible cause that IgM is
denatured during the test (MacMillan, 1990). CFT
was only measured IgG; while IgG, and IgA do
not fix complement (Curtain, 1971; Cho and
Ingram, 1972). The results from the CFT may be
adversely affected by IgG, interference (prozone
effecty and by anti-complementary activity
(Plackett and Alton, 1975). The CFT should be

used only as a confirmatory test (Al-Dahouk et al.,
2003).

All examined camels were clinically normal at
the time of sampling. Prevalence of brucellosis in
apparently healthy camels indicates that many
infected camels might be silent carriers for
brucellosis and their products may pose a serious
health problem for consumers (Abu Damir et al.,
1989; Bekele, 2004). Non pregnhant camels
experimentally infected with B. abortus had no
clinical manifestations and only negligible
pathological changes were found (Abu Damir et
al., 1989). On the contrary, individual cases of
abortion, fetal death, mummification, delayed
sexual maturity, infertility, stillbirth, mastitis,
orchitis and joint disease might be encountered in
naturally infected camels with B. abortus (Higgins,
1986; Obeid et al., 1996; Musa and Shigidi, 2001).

The prevalence of camel brucellosis according
to their age was determined. In young camels
(less than 2 years old), 42 (16.9%) and 33
(13.3%) were positive for BAPAT and RBPT,
respectively, and 33 (13.3%) samples were
confirmed as positive reactor for CFT, while in the
adult mature camels (2 to 4 years old), 33 (11.2%)
and 32 (10.8%) were positive for BAPAT and
RBPT, respectively, and 31 (10.6%) samples
were confirmed as positive reactors for CFT. In

addition, the examined adult mature camels at the
breeding age (more than 4 years old) were
positive for BAPAT, RBPT and CFT (28, 10.8 and
10.8%, respectively). Chi square analysis for
comparison between occurrences of Brucella
infection at different age groups revealed that
there is no significant difference between different
age groups, which suggests that all ages of
camels were susceptible to brucellosis.

Brucellosis can affect camels at an early life
probably through sucking and persisted into
adulthood. This is confirmed by highly significant
infection rate in she-camels in this study. Also
younger animals may be infected through
transmission from adults during the long journey
from Sudan to Shalateen quarantine through
contact with other herds around source of water.
The result is supported by those of Higgins (1986)
who reported that young camels under 11 month
were resistant to brucellosis because sex
hormones and erythritol tend to increase by age
and sexual maturity.

Sero-prevalence of camel brucellosis according
to their sex was recorded. In male camels
examined, 36 (7.1%) were positive for CFT while
in she-camel examined, 56 (19%) were positive
for CFT. Chi square analysis for comparison
between occurrence of Brucella infection by
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different tests and sexes revealed that there is a high
significant difference between male and females. These
results may be associated with the effect of erythritol
(Smith et al., 1962). Reduction of immunity in females
during lactation, pregnancy and other reproductive stress
may also contribute to higher prevalence in female
camels (Gyles and Prescott, 2004). These results agreed
with Bekele (2004) and Hadush et al. (2013) from
Ethiopia, Yagoub et al. (1990) and Agab et al. (1994)
from Sudan, and Ajogi and Adamu (1998) and Junaidu et
al. (2006) from Nigeria. On the other hand, others results
shows equal distribution between both sexes (Abu-Damir
et al., 1989; Abbas et al., 1987).

In the present study, our trials to isolate the organism
from the stomach content of one aborted fetus has been
successful and the morphological, cultural, biochemical
and serological identification of the isolated Brucella
strain revealed isolation of B. melitinsis biovar 3. This
biovar of B. melitinsis was previously identified and
considered as the prevalent type in Egypt in different
animals as recorded by (Sayour, 2004; Hoda et al., 2006;
Khoudair and Sarfenaze, 2007; El-Diasty, 2009; Rehab,
2011; Abdel Hamid, 2012; Menshawy, 2013; Affi et al.,
2015). Originally B. melitensis affects mainly sheep and
goat. Such inter-species transmission situation may be
the outcome of close contact between sheep, goats and
camels (Musa et al., 2008).

This may explain the occurrence of this biotype in
camels in the current study which consider the most
dominant biotype of Brucella isolated from both animals
and human in Egypt as reported by (Mohamed and Eisa,
2004; Soliman, 2006; El-Diasty, 2009; El-Sayed et al.,
2011; Abdel Hamid, 2012; Afifi et al., 2015, El-Diasty et
al., 2016, El-Hady et al., 2016).

The isolation of Brucella from lymph nodes failed, and
this may have occurred if the number of viable organisms
in the examined samples is low or contaminated with
other bacteria which may prevent Brucella growth
(Seleem et al., 2010). The specificity of serological tests
cannot usually be determined by bacteriological isolation
because some animals that yield negative culture results
are in fact infected (Alton et al., 1975; Poster et al.,
2010).

Conclusion

It is concluded that brucellosis is present at a level of
11.6% (as determined by CFT) among the examined
camels in Shalateen city. A combination of several
serological tests such as BAPAT and RBPT, followed by
a confirmatory test of high specificity such as CFT can be
used for diagnosis of brucellosis. One isolate of Brucella
are typed as B. melitensis biovar 3. This is represented
as zoonotic threat to the public health.

Routine screening of animals for brucellosis is crucial
that may help to detect positive cases and reduce the risk

of transmission of the disease. Effective implementation
of control measures including test and culling of the
infected animals, quarantine and movement controls may
prevent the spread of infection. Applications of hygienic
measures which help in the control of brucellosis in
camels imported from Sudan are considered as the main
source of infection and contamination of environment in
Egypt. The present data highlights the need for further
research, including the isolation and characterization of
the causative agents, reliable epidemiological studies,
implement a transparency policy and effective control
measures in Egypt.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGMENT

The author would like to thank all staff of Al-Shalateen
Provincial Lab, Animal Health Research Institute, Egypt
for their help and support during the study.

REFERENCES

Abbas B, Elzubir AEA, Yassin TTM (1987). Survey for certain zoonotic
diseases in camels in the Sudan. Rev. Elev. Méd. Vét. Pays. Trop.
40(3):231-233.

Abdel Hamid NH (2012). Some diagnostic studies on brucellosis in
Egypt. PhD thesis. Faculty of Veterinary Medicine, Benha University.

Abdel Moghney A (2004). A Preliminary study on Brucellosis on camels
at Behira province. Assiut Univ. Bull. Environ. Res. 7(1):39-43.

Abdel-Raouf M, EI-Naggar MA (1964). Studies on reproduction on
camel Camelus dromedarius: 1. Mating technique and collection of
semen. J. Vet. Sci. UAR 1:113-1109.

Abou-Eisha AM (2000). Brucellosis in camels and its relation to public
health. Asuit. Vet. Med. J. 44:54-64.

Abu Damir H, Tag El Din MH, Kenyon SJ, Idris OF (1989). Isolation of
Brucella abortus from experimentally infected dromedary camels in
Sudan. A preliminary report. Vet. Res. Commun. 13:403-406.

Affi MM, Abdul-Raouf, UM, El-Bayoumy EM, Montasser AM, Mohamed
HA (2015). Isolation and biotyping of Brucella melitensis from upper
Egypt. Rep. Opin. 7:79-85.

Agab H, Abbas B, Ahmed HJ, Mamoun IE (1994). First report on the
isolation of Brucella abortus biovar 3 from camels (Camelus
dromedarius) in Sudan. Camel Newslett. 12:52-55.

Ahmed MW, Nada RA (1993). Some pathological affections of testis
and epididymis of slaughtered camels (Camelus dromedaries). Int. J.
Anim. Sci. 8:33-36.

Ajogi I, Adamu NB (1998). Camel brucellosis in semiarid zones of
Nigeria. In: Proceeding of ARC Onderstepoort, OIE International
Congress. August 1998. Berg En- Dal, South Africa.

Al-Dahouk S, Tomaso H, Nockler K, Neubauer H, Frangoulidis D
(2003). Laboratory based diagnosis of brucellosis- a review of
literature. Part I: Techniques for direct detection and identification of
Brucella spp. Clin. Lab. 49:487-505.

Al-Gaabary MH, Mourad, MI (2004). Sero-prevalence of camel
brucellosis at Assiut Governorate. Assiut Vet. Med. J. 50(103):70-74.

Al-Juboori A, Baker MM (2012). Studies in common reproductive

disorders in dromedary camels (Camelus dromedarius) in United Arab

Emirates (UAE) under field conditions. Proceedings of the 3"

Conference of the International Society of Camelid Research and



Development (ISOCARD), Department of Animal and Veterinary
Sciences, College of Agricultural and Marine Sciences, Sultan
Qaboos University, Muscat, Sultanate of Oman. 29" January to 1%
February. pp. 127-128.

Al-Majali, AM, Al-Qudah, KM, Al-Tarazi, YH and Al-Rawashdeh, OF
(2008). Risk factors associated with camel brucellosis in Jordan.
Trop. Anim. Health Prod. 40:193-200.

Alton GG, Jones LM, Angus RD, Verger JM (1988). Techniques for the
brucellosis laboratory. Institut National de la Recherche
Agronomique, Paris, France.

Alton GG, Jones LM, Pietz DE (1975). Laboratory Techniques in
Brucellosis. 2™ ed. Geneva: WHO. pp. 23-124.

Bekele MB (2004). Sero-epidemiological study of brucellosis in camels
(Camelus dromedarius) in Borena lowland pastoral areas, Southern
Ethiopia. MSc Thesis. Addis Ababa University, Faculty of Veterinary
Medicine, Debre Zeit, Ethiopia.

Cho HJ, Ingram DG (1972). Mechanism of prozone formation in
agglutination reaction. Can. J. Microbiol. 18:449-456.

Corbel MJ (1973). Studies on the mechanism of the Rose Bengal Plate
test for bovine brucellosis. Vet. J. 129:157.

Curtain CC (1971). The influence of environment upon serum
immunoglobulin levels in cattle. Br. Vet. J. 1:127-442.

Davis G (1971). The rose bengal test. Vet. Rec. 88:447-449.

EL-Boshy AH, EL-Khodery S, Osman S (2009). Cytokine response and
Clinicopathological findings in Brucella infected camels (Camelus
dromedarius). Vet. Med. 54:25-32.

El-Diasty MM (2009). Studies on causes of maintenance of Brucella
infection among animals in Egypt. Ph.D. Thesis (Inf. Dis) Faculty of
Veterinary Medicine, Beni-Suef University.

El-Diasty MM, Ahmed HA., Sayour AE., El Hofy FI., Tahoun A, Shafik
SM (2016). Seroprevalence of Brucella spp. in Cattle, Molecular
Characterization in Milk, and the Analysis of Associated Risk Factors
with Seroprevalence in Humans, Egypt. Vector Borne Zoonotic Dis.
16(12):758-764.

El-Gohary A, Abdelkhalek A, Mohamed A, Al-Sherida Y (2016).
Seroprevalence of brucellosis and identification and typing of Brucella
melitensis biovar 2 in Kuwait. J. Adv. Vet. Anim. Res. 3(3):229-235.

El-Hady AM, Sayed-Ahmed M, Saleh ME, Younis EE (2016).
Seroprevalence and Molecular Epidemiology of Brucellosis in Cattle
in Egypt. Adv. Dairy Res. 4:153.

El-Sawally AA, Montaser AM, Rizk LG (1996). Diagnostic and
biochemical evaluations of camel brucellosis. Vet. Med. J. Giza
44(2):323-329.

EL-Sayed M, El-Newishy A, Hussein M, EL-Ged A, EL-Basionny A, EL-
Olamy G (2011). Serological studies of man and animal brucellosis in
Sharkia governorate. Benha Vet. Med. J. 2(Special Issue):23-35.

Emmerzaal A, de Wit JJ, Dijkstra T, Bakker D, van Zijderveld FG
(2002). The Dutch Brucella abortus monitoring programme for cattle:
the impact of false-positive serological reactions and comparison of
serological tests. Vet. Q. 24:40-46.

Farina R (1985). Current Serological Methods in B. melitensis
Diagnosis. In: Brucella melitensis, Edn JM Verger and M Plommet
Nouzilly INRA.

Gameel SEA, Mohamed SO, Mustafa AA and Azwai SM (1993).
Prevalence of camel brucellosis in Libya. Trop. Anim. Health Prod.
25(2):91-93.

Gwida M, El-Gohary, A, Melzer F, Khan I, Rsler U, Neubauer H (2012).
Brucellosis in camels. Res. Vet. Sci. 92:351-355.

Gyles CL, Prescott FJ (2004). Themes in Bacterial Pathogenic
Mechanisms. In. Pathogenesis of Bacterial Infections in Animals. 3"
ed. Eds., Gyles, C.L., F.J. Prescott, G.J. Songer and O.C. Thoen,
Australia; Blackwell Publishing. pp. 309-315.

Hadush A, Pal M, Kassa T, Zeru F (2013). Sero-epidemiology of camel
brucellosis in the Afar region of Northeast Ethiopia. J. Vet. Med.
Anim. Health 5(9):269-275.

Hamada S, El-Hidik M, Sherif |, El-Sawah H, Yousef M (1963).
Serological investigations on brucellosis in cattle, buffaloes and
camels. J. Arab Vet. Med. Assoc. 2:173-178.

Hamdy MER, Amin AS (2002). Detection of Brucella in the milk of
infected cattle, sheep, goats and camels by PCR. Vet. J. 163(3):299-
305.

Higgins A (1986). The Camel in Health and Disease. Bailliere Tindall,

El-Sayed et al. 1265

London.

Hoda MZ, El-Bayomy EM, Khoudair RM (2006). Monitoring of immune
response against Brucella melitensis Rev-1 vaccine following
administration of some antibiotics. Assiut Vet. Med. J. 52(108):211-
230

Hunter D, Allen J (1972). An evaluation of milk and blood tests used to
diagnose brucellosis. Vet. Rec. 91:310-312.

Junaidu AU, Oboegbulem SI, Sharubutu GH, Daneji Al (2006).
Brucellosis in camels (Camelus dromedaries) slaughtered in Sokoto,
northwestern Nigeria. Anim. Prod. Res. Adv. 2(3):158-160.

Khoudair RM, Sarfenaze SA (2007). Bacteriological, serological and
pathological studies in buffaloes naturally infected with brucellosis.
Egypt J. Comp. Pathol. Clin. Pathol. 20:309-332.

Konstantinidis A, Minas A, Pournaras S, Kansouzidou A, Papastergiu P,
Maniatis A, Stathatis N, Hadjichristodoulou C (2007). Evaluation and
comparison of fluorescence polarization assay with three of the
currently used serological tests in diagnosis of human brucellosis.
Clin. Microbiol. Infect. Dis. 26:715-721.

MacMillan A (1990). Conventional serological test, in Animal brucellosis.
CRC Press Boca Raton, FL, pp. 153-197.

Mahran OM (2004). Some studies on blood parasites in camels
(Camelusdromedarius) at Shalateen city, Red Sea Governorate.
Assuit Vet. Med. J. 50(102):172-184.

Mares RG (1954). Animal husbandry, animal industry and animal
disease in the Somaliland protectorate. Br. Vet. J. 110:422-423.

Menshawy AM (2013). Current situation of Brucella infection in
domestic ruminant in Egypt. Ph.D. Thesis, Faculty of Veterinary
Medicine, Beni Suef, University.

Mohamed A, Eisa M (2004). Some epidemiological and zoonotic
aspects of brucellosis and toxoplasmosis in sheep, goats and
humans. J. Vet. Med. Giza 52:379-395.

Morgan WJB, Mackinnon DJ, Lawson JR, Cullen GA (1969). The Rose
Bengal Plate agglutination test in the diagnosis of brucella. Vet. Rec.
85:636-641.

Musa BE, Abusineina ME (1978). Clinical pregnancy in the camel and a
comparison with bovine pregnancy. Vet. Rec. 102:7-10.

Musa M, Shigidi MTA (2001). Brucellosis in camels in intensive animal
breeding areas of Sudan. Implications in abortion and early-life
infections. Rev. Sci. Tech. 54:11-5.

Musa MT, Eisa MZ, El Sanousi MM, Abdel Wahab, EM, Perrett L (2008)
Brucellosis in Camels (Camelus dromedarius) in Darfur, Western
Sudan. J. Comp. Pathol. 138:151-155.

Obeid Al, Bagadi HO, Mukhtar MM (1996). Mastitis in camels (Camelus
dromedarius) and the somatic cell content of camel milk. Res. Vet.
Sci. 61(1):55-58.

OIE (2004). Manual of Diagnostic Tests and Vaccine for terrestrial
animals. 5" Ed. Office international des International des Epizootics.
Paris, 409 p.

OIE Terrestrial Manual (2012). Manual for Diagnositic test and vaccines
for Terrestrial Animals 1:616-650.

Omer MM, Abdul-Aziz AA, Abusalab MAS, Ahmed MA (2007). Survey
of brucellosis among sheep, goats, camels and cattle in Kassala
area, Eastern Sudan. J. Anim. Vet. Adv. 6:635-637.

Omer MM, Musa MT, Bakhiet MR, Perret L (2010). Brucellosis in
camels, cattle and humans: associations and evaluation of
serological tests used for diagnosis of the disease in certain nomadic
localities in Sudan. Rev. Sci. Tech. Off. Int. Epiz. 29(3):663-669.

Plackett P, Alton GG (1975). A mechanism for prozone formation in the
complement fixation test for bovine brucellosis. Aust. Vet. J. 51:374-
377.

Radostits M, Blood C, Gay C (2006). Veterinary Medicine: A text book
of the disease of cattle, sheep, goats, pigs, horse and camel. 10th
Ed. Bailliere Tindall. London. pp. 984-998.

Radwan Al, Bekairi Sl, Prasad PV (1992). Serological and
bacteriological study of Brucellosis in camels in Central Saudi Arabia.
Rev. Sci. Technol. 14:719-732.

Rehab (2011). Epidemiological characterization of Brucella strain in
Egypt. PhD thesis Faculty of Veterinary Medicine, Beni Suef
University.

Rogan WJ, Gladen B (1978). Estimating prevalence from the results of
a screening test. Am. J. Epidemiol. 107:71-76.

Salem AA, EL-Gibaly MS, Shawkat EM, Ibrahim IS, Nada RA (1990).



1266 Afr. J. Microbiol. Res.

Some studies on brucellosis in camels. Assiut Vet. Med. J. 23:139-
143.

Sayour AE (2004). The use of recent bacteriological techniques in the
differentiation of Brucella group of microorganisms. PhD thesis.
Faculty of Veterinary Medicine, Cairo University.

Seifert SH (1996). Tropical Animal Health, 2" Ed. Dordrecht: Dordrecht
Kluwer Academic Publishers. pp. 358-362.

Seleem MN, Boyle SM, Sriranganathan N (2010). Brucellosis a re-
emerging zoonosis. Vet. Microbiol. 140:392-398.

Shalash MR (1965). Some reproductive aspects in the female camel.
World Rev. Anim. Prod. 4:103-108.

Smith H, Williams AE, Pearce JH, Keppie J, Harris-Smith PW (1962).
Foetal erythritol: a cause of the localization of Brucella abortus in
bovine contagious abortion. Nature 193:47-49.

Soliman HS (2006). Studies on Brucella abortus RB51 vaccine in cattle.
PhD thesis, Faculty of Veterinary Medicine, Beni-Suef University.

SADS-Sustainable Agricultural Development Strategy Towards 2030
(2009). Agricultural Research & Development Council. Arab Republic
of Egypt, Ministry of Agriculture & Land Reclamation. Oct. 2009.

Thrusfield M (2005). Veterinary Epidemiology. 2™ ed. Blackwell Science
Ltd., London. pp. 178-198.

World Health Organisation (2006). Brucellosis in humans and animals.
Volume 1.

Yagoub IA, Mohamed AA, Salim MO (1990). Serological survey of
Brucella abortus antibody prevalence in the one-humped camel
(Camelus dromedarius) from eastern Sudan. Rev. Elev. Med. Vet.
Pays. Trop. 43(2):167-171.

Yasmin EE, Remya RN (2011). Prevalence of brucellosis in the
sultanate of Oman with reference to some Middle-East countries. Vet.
Res. 4:71-76.



