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Abstract 

Brucellosis is a significant zoonotic bacterial disease that affects both humans and animals, 
resulting in severe economic losses. The current study aimed to report the seroprevalence of 
brucellosis in dromedary camels in Egypt and to identify the potential risk factors associated 
with the disease. A total of 618 serum samples were collected from apparently healthy animals 
in Al-Bahr Al-Ahmar and Giza governorates, Egypt, from January 2022 to June 2023. Six milk 

samples were collected from seropositive animals to confirm the diagnosis of brucellosis using 
polymerase chain reaction (PCR). The serum samples were analyzed using the Rose Bengal plate 
test (RBPT) and indirect ELISA (iELISA). The seroprevalence rates were 26.8% (166/618) and 
18.3% (113/618) using RBPT and iELISA, respectively. Of the six milk samples tested for 

brucellosis, five were positive (two for Brucella abortus and three for Brucella melitensis), while 
one showed negative results, and Brucella suis was not detected. Among the risk factors analyzed 
in our study, history of abortion, herd size, and mixed rearing with ruminants were statistically 
significant (p-value≤0.05). In conclusion, B. abortus and B. melitensis are circulating in the camel 

populations in Egypt. ELISA was more sensitive in the serodiagnosis of camel Brucella antibodies 
compared to RBPT among camel populations using serum samples. The study recommends that 
camels and ruminants should be raised separately, and more restrictive control measures should 

be considered for imported camels. 
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Introduction 

Camels are an important source of meat and milk 

in many countries. They are widely used for their 

low-fat meat, milk that is rich in insulin and 

insulin-like proteins, and for wool production, as 

well as for other purposes such as racing, 

transportation, entertainment, and competition 

(Farah et al., 2004; Sallam, 2020). In 2023, Egypt 

recorded a population of 193,667 dromedary 

camels (Camelus dromedarius) (FAOSTAT, 2025); 

most of these camels were imported from Sudan 

and raised alongside other livestock (Mohammed 

and Shigidy, 2013). In Egypt, camels play a vital role 

in food security, particularly in meat and milk 

production, transportation, agriculture, and 

tourism (Ashour and Abdel-Rahman, 2022). 

Brucellosis is a widespread zoonotic disease, 

although high-income countries have primarily 

eradicated it. It is caused by a small, non-motile, 

non-spore-forming, facultative intracellular, and 

aerobic Gram-negative bacterium (Głowacka et al., 

2018). There are 13 accepted nomo-species of 

Brucellae, including six classical species that are 

host-specific. For instance, B. melitensis primarily 

infects sheep and goats, B. abortus infects cattle 

and buffaloes, B. suis affects pigs, B. canis is found 

in dogs, B. ovis in sheep, and B. neotomae in desert 

wood rats (Moreno, 2021).  
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Brucella spp. found in camels are closely related 

to those affecting other animals, including cattle 

and sheep. Among the various types of Brucella 

infections, camels are most susceptible to B. 

abortus and B. melitensis (Musa et al., 2008), and 

both microorganisms are isolated from the vaginal 

swabs, lymph nodes, and milk of camels (Hamdy 

and Amin, 2002; Abou-Eisha, 2000). B. suis was 

detected in camel serum in Egypt using real-time 

PCR (Khan et al., 2020; Sahban et al., 2023).  

Brucellosis is underreported and poorly 

managed in developing countries, leading to 

significant public health issues and substantial 

economic losses in the livestock industry (Franc et 

al., 2018). The disease was first reported in Egypt in 

1939 and subsequently became endemic (Refai, 

2002). In Egypt, camel brucellosis exhibits varying 

prevalence rates across different regions and years, 

ranging from 3% to 5% in the Nile Delta to 15% to 

20% in southern governorates. This variation is 

influenced by various factors, including livestock 

management practices, vaccination programs, 

veterinary interventions, and cross-border animal 

movement (Hegazy et al., 2022; El-Diasty et al., 

2018). Recent studies in neighboring countries 

reported camel brucellosis prevalence rates of 

27.8% in Sudan, 3.1% in the United Arab Emirates, 

and 9.12% in Saudi Arabia (Almuzaini et al., 2025; 

Ameni et al., 2024; Bashir et al., 2022). 

The clinical presentation of brucellosis in camels 

ranges from asymptomatic to severe cases, and the 

main clinical signs are abortion, retained placenta, 

endometritis, orchitis, epididymitis, and hygroma 

(Sprague et al., 2012). However, these clinical signs 

in camels are generally less severe than those seen 

in cattle (Legesse et al., 2024). The asymptomatic 

form of the disease in infected camels significantly 

contributes to the transmission of brucellosis to 

humans, which can occur through the 

consumption of contaminated milk, direct contact, 

or ingestion of unpasteurized milk (Gwida et al., 

2012; Musa et al., 2008). Occupational brucellosis 

poses a significant risk, particularly for 

veterinarians who contract the disease through 

direct contact with infected animals and/or their 

byproducts during interventions for retained 

placenta or brucellosis vaccination campaigns due 

to inadequate hand protection (Lounes et al., 2022). 

To detect brucellosis infections in camels, several 

serological tests are used to identify antibodies of 

Brucella in the blood. These tests include the Rose 

Bengal plate test (RBPT), the standard agglutination 

test (SAT), the rapid card test, enzyme-linked 

immunosorbent assay (ELISA), the fluorescence 

assay (FA), and the complement fixation test 

(Fatima et al., 2016). Accurately diagnosing 

brucellosis is often challenging and typically 

requires serological testing (El-Diasty et al., 2018). 

During parturition or abortion, a significant amount 

of Brucella is shed through vaginal discharges, fetal 

fluid, placental tissue, fetal stomach contents, and 

milk. Brucella isolation or molecular identification 

can be accomplished using appropriate techniques 

(El-Diasty et al., 2021). PCR serves as a 

confirmatory method for detecting Brucella in 

infected camels (Legesse et al., 2023). AMOS-PCR 

has proven effective in identifying Brucella spp. in 

animals, successfully detecting all isolates of B. 

abortus and B. melitensis (Abedi et al., 2020). B. 

abortus and B. melitensis have been confirmed in 

Egypt, Sudan, Ethiopia, and Saudi Arabia 

(Almuzaini et al., 2025; Legesse et al., 2024; 

Khalafalla, 2023; Mousa et al., 2023). Various risk 

factors significantly affect the occurrence of camel 

brucellosis, including geographical location, sex, 

age, awareness, season, history of abortion and 

orchitis, open replacement system, herd size, and 

co-rearing with ruminants, as reported in Egypt, 

Saudi Arabia, Oman, and Pakistan (Dadar et al., 

2022; Alrawahi et al., 2019; El-Sayed et al., 2017; 

Salih et al., 2016; Al-Majali et al., 2008; Fatima et 

al., 2016). 

This study aimed to identify risk factors 

associated with camel brucellosis by evaluating 

seroprevalence and performing molecular 

identification of the disease in camels from Al-Bahr 

Al-Ahmar and Giza governorates in Egypt between 

January 2022 and June 2023. 

Materials and methods 

Ethical statement 

The ethical approval number MU-ACUC 

(VM.MS.24.06.152) for sample collection and 

analysis has been obtained from the Scientific 

Committee at Mansoura University for Animal Care. 

The study was carried out in compliance with the 

ARRIVE guidelines. 

Clinical examination and epidemiological 

information 

A total of 618 camels were included in our study, 

comprising 404 she-camels and 214 males, with 

their history thoroughly documented at the time of 

sample collection (Table 1). All male animals 

appeared healthy and showed no clinical signs 

characteristic of brucellosis, such as orchitis, 

arthritis, lameness, or hygroma.  
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Among the 404 tested she-camels, a history of 

abortion was recorded in 163: 98 (24.2%) from Al-

Bahr Al-Ahmar and 65 (16%) from the Giza 

governorate. Specific clinical signs characteristic of 

brucellosis, such as arthritis, lameness, and 

hygroma, were not observed on all tested females. 

Data were gathered from the camels, including 

details about their geographical location, gender, 

age, history of abortion, herd size, herd structure, 

and pregnancy status (Table 1).  

Animals and serum sampling 

A total of 618 serum samples were randomly 

collected from two areas in Egypt, Al-Bahr Al-

Ahmar (Red Sea) and Giza governorates, between 

January 2022 and June 2023 (Table 1). Blood 

samples were drawn from the jugular vein using 

disposable needles and vacutainer tubes. The 

number of camels sampled per herd was 

determined according to Cannon and Roe (1982). 

The samples were transported in an ice container to 

the Animal Health Research Institute, Mansura 

Provincial Lab (AHRI-Mansoura), Dakahlia, Egypt, 

for further diagnosis. 

 

Table 1: Distribution and characteristics of sampled camels. 

 

Serological testing  

All collected samples were initially tested using the 

RBPT to detect Brucella antibodies in serum. The 

test was performed on a plastic plate by adding 

equal amounts of serum and Rose Bengal antigen 

(Zoetis, Châtillon, France). The mixture was then 

stirred and shaken for 4 minutes. The results were 

recorded as positive if any visible agglutination was 

observed and negative if the sample appeared 

homogeneous (Alton et al., 1988). All samples were 

tested using an indirect ELISA (ID Screen®, IDVet, 

Grabels, France) based on purified Brucella spp. 

LPS antigen (Khan et al., 2020). The technique was 

conducted according to the manufacturer's 

instructions. Briefly, the ELISA microtiter plate was 

coated with the Brucella LPS antigen. 200 µL of 

1/20 serum dilutions were pipetted into each well 

and incubated at room temperature for 45 minutes. 

After washing, the conjugate was added to the plate 

and incubated for 30 minutes at 21°C. After the 

second wash, the substrate was added to the plate. 

Finally, the stop solution was added after 15 

minutes of incubation in a dark room. The optical 

densities (ODs) were measured using a Biotek 800 

TS ELISA reader. The cut-off points for determining 

a positive reaction were calculated as 110–120%. 

Any S/P% less than or equal to 110% was 

considered negative; values greater than 110% but 

 

 

less than 120% were considered doubtful, while 

values equal to or greater than 120% were deemed 

positive. 

Molecular identification  

DNA extraction and polymerase chain reaction 

Six milk samples were collected from RBPT and 

ELISA seropositive animals in sterile vials to 

confirm the diagnosis of brucellosis through PCR. 

DNA was extracted and purified using the DNeasy 

Blood and Tissue Kit (Qiagen, Hilden, Germany) 

according to the manufacturer's instructions. The 

AMOS-PCR test, which targets B. abortus, B. 

melitensis, B. ovis, and B. suis, was performed 

following the protocols established by Bricker and 

Halling (1994) and Matope et al. (2009), with minor 

modifications. Briefly, the reaction mixture 

comprised 10× PCR buffer (Bio-Rad, California, 

USA), 10 mM dNTPs (Santa Cruz Biotechnology, 

Texas, USA), and 10 pmol/μL of specific primers for 

B. abortus, B. melitensis, B. suis, and IS711, each at 

a concentration of 0.2 μM. Additionally, 0.2 μL of 5 

U/μL Taq DNA polymerase (Bio-Rad, California, 

USA) was included. 2 μL of extracted DNA was 

added to the mixture, and the total volume was 

adjusted to 25 μL with HPLC. The PCR was 

conducted using a thermocycler (ASTEC, Fukuoka, 

Japan) with an initial denaturation step at 95°C for 

 
 
 

Region 

 
 
No. of 
samples 

 
Gender 

 
Age 

History 
of 

abortion 

 
Herd size 

 
Herd structure 

 
Pregnancy 

Male Female < 5 
years 

≥ 5 
years 

No Yes 10-30 ≥ 30 Camels 
only 

Camel 
with 

rumin-
ants 

Yes No 

Al-Bahr 

Al- Ahmar 

365 139 226 195 170 128 98 134 231 211 154 90 136 

Giza 253 75 178 116 137 113 65 72 181 154 99 42 136 

Total 618 214 404 311 307 241 163 206 412 365 253 132 272 
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5 minutes, followed by 30 cycles of 1 minute at 

95°C, 2 minutes at 58°C for annealing, and 2 

minutes at 72°C for extension. After the final cycle, 

the reaction was incubated at 72°C for 5 minutes 

and stored at 4°C. The PCR products were analyzed 

by 1.5% agarose gel electrophoresis (Viljoen et al., 

2005), with positive results indicated by bands at 

498 bp for B. abortus, 731 bp for B. melitensis, and 

285 bp for B. suis. 

 

 The positive controls used were obtained from the 

national reference laboratory of brucellosis. 

Oligonucleotide primers (Table 2) were designed 

according to Bricker and Halling (1994) (Table 2) 

and synthesized by the IDT company (IDT, 

Coralville, USA). They were supplied in lyophilized 

form and reconstituted to a concentration of 100 µM 

in nuclease-free water (Thermo-Fisher Scientific, 

Waltham, UAS). 

 Table 2: AMOS primers for Brucella spp. detection.  

Brucella species *Nucleotide sequence 5´-3´ Amplified segment  

B. abortus GAC-GAA-CGG-AAT-TTT-TCC-AAT-CCC 498 bp 

B. melitensis AAA-TCG-CGT-CCT-TGC-TGG-TCT-GA 731 bp 

B. suis GCG-CGG-TTT-TCT-GAA-GGT-TCA-GG  285 bp 

IS711 TGC-CGA-TCA-CTT-AAG-GGC-CTT-CAT -- 

*(Bricker and Halling, 1994 and Matope et al., 2009) 

Statistical analysis  

The data were analyzed using SPSS 23 (SPSS Inc., 

Chicago, IL, USA). Frequencies of the ELISA results 

for various factors were compared using the chi-

square test (χ2). A binary logistic regression analysis 

was performed to identify significant risk factors, 

including geographical location, age, gender, 

pregnancy status, history of abortion, and herd 

structure based on ELISA results. Statistically 

significant variants were defined as those with a p-

value ≤0.05. Odds ratios (ORs) were calculated 

along with their corresponding 95% confidence 

intervals (95% CIs) using a logistic regression model 

that employed the Wald test. 

Results  

Clinical manifestation of the involved camels 

During the clinical examination conducted at the 

time of sampling, all camels appeared clinically 

healthy, showing no observable signs of disease.  

 

 

However, a retrospective analysis revealed that out 

of 404 female camels, 69 animals tested 

seropositive with iELISA; 33 had no history of 

abortion (8%), and 36 had a history of abortion (9%). 

No other significant clinical signs of brucellosis were 

recorded in the study. 

Seroprevalence and risk factors 

Among the 618 tested camel sera, the 

seroprevalence of camel brucellosis was 26.8% 

(n=166) based on the Rose Bengal plate test (RBPT) 

and 18.3% (n=113) based on the iELISA (Table 3). 

Additionally, 53 samples that tested positive with 

RBPT yielded negative results with iELISA (Table 4). 

Table 5 presents the statistically significant risk 

factors associated with camel brucellosis, including 

the history of abortion, herd size, and herd 

structure. The investigation revealed no significant 

relationship among location, age, gender, 

pregnancy status, and the occurrence of the 

disease. 

 

Table 3: Collective prevalence of camel brucellosis by RBPT and iELISA (n=618). 

No. of positive ELISA (%) No. of positive RBPT (%) Number of samples Location 

62 (17%) 115 (31.5%) 365 Al-Bahr Al-Ahmar 

51 (20%) 51 (20.2%) 253 Giza 

113 (18.3%) 166 (26.8%) 618 Total 

 RBPT: Rose Bengal plate test, ELISA: enzyme-linked immunosorbent assay. 
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Table 4: Co-incidence rate of RBPT and ELISA for camel brucellosis. 

                                                  iELISA 

Positive Negative Total 

 

        RBPT 

Positive 113 53 166 

Negative 0 452 452 

Total 113 505 618 

RBPT: Rose Bengal plate test, iELISA: indirect ELISA. 

Table 5: Prevalence of camel brucellosis and analysis of potential risk factors in the Egyptian camel population (n 

= 618). 

a Significant p–value ≤ 0.05 

 

Molecular identification of Brucella species in 

camels 

Out of the six milk samples tested for brucellosis by 

PCR, five were positive for Brucella (two B. abortus 

and three B. melitensis), and one sample showed 

negative results.The two samples that tested 

positive for B. abortus were from Giza. B. melitensis 

was detected in one sample from Giza and two from 

Al-Bahr Al-Ahmar governorate. Positive controls for 

B. abortus and B. melitensis demonstrated 

amplification at the expected sizes of 498 bp and 

731 bp, respectively. In contrast, the negative 

control showed no amplification. 

 

Discussion 

Given the increasing demand for animal protein, 

such as meat, in Egypt, measures have been 

implemented to import various sources of animal 

protein to address the country's nutritional gap. 

Camels are a vital source of meat, milk, leather, and 

wool, and they are also used in recreational 

activities (Khan et al., 2020; Brey and Faye, 2005). 

Additionally, camels serve as an important reservoir 

for Brucella, making the early detection of camel 

brucellosis essential for implementing effective 

disease control measures (Sahban et al., 2023).  

 

 

  

Variables 

Detection rate of antibodies  
2χ 

p-
aaluev 

ORs 95% CIs Numbers 
(infected/total) 

% 

1- Geographic locations 

Al-Bahr Al-
Ahmar 

62/365 17 
1.006 0.316 1.234 

0.818– 
1.861 

Giza 51/253 20 

2- Age 

< 5 years 55/311 17.7 
0.151 0.698 1.084 

0.721– 
1.631 ≥ 5 years 58/307 18.9 

3- Gender 

Male 44/214 20.5 
1.135 0.287 0.796 

0.522–  
1.212 Female 69/404 17 

4- History of abortion 

No 33/241 13.7 
4.8 a0.028 1.787 

1.061–  
3.009 Yes 36/163 22 

5- Herd size 

10-30 Camels 28/206 13.6 
4.554 a 0.03 1.652 

1.039– 
2.629 ≥ 30 Camels 85/412 20.6 

6- Herd structure 

Camels only 55/365 15 
6.173 a0.013 1.676 

1.112– 

2.526 
Camels with 

ruminants 
58/253 22.9 

7- Pregnancy 

Yes 27/132 20.4 
1.577 0.209 1.408 

0.824– 
2.406 No 42/272 15.4 
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In our study, we observed seropositive cases 

even in the absence of specific clinical signs of 

brucellosis in the animals. It is worth noting that 

brucellosis in camels rarely provokes clinical signs 

(Pappas, 2010), and the disease may manifest in a 

subclinical form or only with mild signs while still 

producing positive serological or molecular results 

(Gwida et al., 2012). Clinical signs play a crucial role 

in predicting and diagnosing brucellosis in 

livestock. 

Serological diagnosis faces challenges, including 

cross-reactivity with other bacteria, such as 

Yersinia enterocolitica. Moreover, these tests cannot 

reliably distinguish between acute and chronic 

conditions due to the persistence of antibodies. It is 

essential to complement serological methods with 

culture techniques, PCR, or other molecular 

approaches to enhance accuracy (Corbel, 2006; 

Díaz et al., 2011; Pappas et al., 2005). The 

seroprevalence of brucellosis in this study was 

26.8% and 18.3% with RBPT and iELISA, 

respectively. The observed prevalence was 

comparable to that reported in Sudan (Mohammed 

et al., 2023) but higher than that recorded in Saudi 

Arabia and the United Arab Emirates (Ameni et al., 

2024; Almuzaini et al., 2023), likely due to the 

stricter control measures implemented in those 

countries. The results suggest that iELISA is more 

sensitive than RBPT as a screening test for camel 

brucellosis, which aligns with the findings of Ahmed 

et al. (2016). PCR serves as a specific confirmatory 

test for diagnosing brucellosis in milk samples from 

the camel population. PCR yielded positive results 

for B. abortus and B. melitensis in the milk samples, 

which is consistent with the findings of Legesse et 

al. (2024), Mousa et al. (2023), Fatima et al. (2016), 

and Hosein et al. (2016). There have been no cases 

of B. suis detected, despite previous studies 

(Sahban et al., 2023; Khan et al., 2020) indicating 

the presence of B. suis in the camel population in 

Egypt.  

In the current study, the variables of area, age, 

gender, and pregnancy status were not found to be 

statistically significant. Our results concerning 

gender contrast with previously reported 

observations in Egypt (Ibrahim and Zaghawa, 

2020), where the prevalence in males was higher 

than in females. This may have contributed to the 

management system and the continuous movement 

of males in grazing and mating in the study area. 

Herd structure was strongly associated with camel 

brucellosis, as other animals, especially ruminants, 

play a significant role in the transmission of the 

infection to camels, aligning with previous studies 

that highlighted the role of mixed rearing in the 

transmission of brucellosis (Dadar et al., 2022; 

Mohamud et al., 2021; Al-Majali et al., 2008; Fatima 

et al., 2016). Herd size was identified as a risk factor 

for camel brucellosis, as the infection can spread 

among large numbers of camels kept together. 

Similar observations were reported in previous 

studies conducted in the UAE and Jordan 

(Mohammed and Shigidy, 2013; Al-Majali et al., 

2008). Our study found that the occurrence of 

brucellosis in camels is associated with a history of 

abortion, which agrees with findings from 

(Manivannan et al., 2021; Narnaware et al., 2017). 

The isolation of B. abortus and B. melitensis from 

apparently healthy camels that showed no Brucella-

specific clinical signs highlights the importance of 

regular testing of camels. B. abortus and B. 

melitensis are the main Brucella species circulating 

among livestock in Egypt (Wareth et al., 2014). The 

presence of such isolates in camels poses a threat 

to the health of humans and animals that come into 

close contact with them. Therefore, incorporating 

camels into surveillance and control programs for 

brucellosis in Egypt is essential to prevent the 

disease from spilling over to healthy hosts, 

especially considering the pragmatic importation of 

camels from endemic countries (Fereig et al. 2024). 

A test-and-slaughter strategy, combined with the 

vaccination of cattle using RB51 and small 

ruminants using Rev.1 vaccines, was successfully 

employed to eradicate brucellosis in several herds 

in Egypt (Wareth et al., 2014; El-Diasty, 2022). 

Thus, the application of vaccination for camels has 

become an urgent need to reduce infection rates. 

Vaccination of camels with the RB51 vaccine has 

shown promising results and elicited good 

protective immune responses (Ahmed et al., 2024); 

however, further studies are still needed to assess 

the efficacy of vaccination on a large scale in camels. 

Conclusion 

In conclusion, this study reports an overall 

prevalence rate of 26.8% and 18.3% for RBPT and 

iELISA, respectively. The findings suggest that 

RBPT alone may not be sufficient for screening 

camel brucellosis. While B. abortus and B. 

melitensis were identified in milk samples, B. suis 

was not detected. Among the risk factors, age, 

gender, and pregnancy status were not found to be 

significant. In contrast, herd structure, herd size, 

and history of abortion were statistically significant 

for camel brucellosis infection. Therefore, we 

recommend implementing strict control measures, 

particularly at borders, and avoiding the co-rearing 
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of camels with ruminants to prevent the spread of 

disease. Additionally, it is crucial to conduct further 

studies on a large population scale across various 

locations to identify Brucella spp. circulating in 

camels, and to gain a better understanding of the 

potential risk factors associated with the disease. 
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