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			Abstract | The present study was conducted to find out the seroprevalence of brucellosis in camels of Sibi, Pakistan. A total of 100 serum samples, 50 each from male and female camels were collected from district Sibi, Pakistan and analyzed by competitive enzyme linked immunosorbent assay (cELISA), and rose Bengal plate test (RBPT). The overall seroprevalence of brucellosis in camels was observed as 13% and 17% by RBPT and cELISA respectively. The higher prevalence (p < 0.05) found in females (16% and 22%) as compared to males (10% and 12%) by RBPT and cELISA respectively. Camels under 9 years of age, showed relatively higher (p < 0.05) prevalence (15.3% and 20%), as compared to camels above 9 years of age (8.5% and 11.4%) through RBPT and cELISA respectively. Breed-wise analysis exhibited that 8% and 16% in Lassi breed, 23%, 30% in Kachhai, 10%, 5% in Kharani and 8%, 8% in Brahvi were found positive through RBPT and cELISA respectively. Likewise, area-wise investigation showed that 17.1% and 22.8% in Talli, 13% and 20% in Kurak, 10% and 10% in Khajjak, and 6.6% and 6.6% in Dephal areas were found positive through RBPT and cELISA respectively. Statistical analysis exhibited the breed (p < 0.01) and area (p < 0.05) as risk factor for prevalence of brucellosis in camel. Moreover, out of 30 milk samples collected, milk ring test showed 6.6% prevalence. In conclusion, the brucellosis is prevailing in camels of district Sibi. The prevalence is comparatively higher in younger camels as well as in she-camels than older and males respectively. 
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			INTRODUCTION 

			 

			Camel belong to the family Camelidae, order Artiodactyla and suborder Tylopoda having pad-footed animals (Housawi et al., 2015). Two genera included in the family Camelidae are the old phrase genus which include species Camelus dromedarius (dromedary, one-humped) and Camelus bacrianus (Bactrian, two-humped) (Ali et al., 2016). Camels are comparatively susceptible to many infections like mastitis, Q fever, PPR, leptospirosis, Chlamydia infection, Mycoplasma infection, tetanus, anthrax, botulism, Johne’s disease and tuberculosis. Moreover, certain diseases such as brucellosis, enterotoxaemia, paratuberculosis, and pox virus infection, the camel have more susceptibility than other livestock in the same ecozones (Abbas and Omer, 2005; Gaddafi et al., 2020).

			 

			Brucellosis is an ancient bacterial disease of livestock animals with significant zoonotic potential (Jamil et al., 2021). It is caused by the bacteria belongs to the genus Brucella which may transmit vertically or horizontally by several means like sexual contacts, body secretions and licking the aborted fetuses (Pedro et al., 1968). In infected animals, it causes abortion, low rate of fertility and reduced milk production (Hegazy et al., 2011). Due to its zoonotic characteristic it enforces a vast global problem on human health and animal productivity (WHO, 2005). Camels are not the main host for Brucella, but are predisposed to two species comprising B. abortus and B. melitensis (Mangi et al., 2015). Intake of milk and meat from infected camel, especially in nomadic regions where people trust that usage of unpasteurized (without boiling) milk is very effective inside the treatment for diseases, tends in human brucellosis (Garcell et al., 2016). The epidemiology of brucellosis in livestock in different geographical areas has been investigated considerably. Despite its critical significance, research of brucellosis in camels is very limited in many parts of globe including Pakistan (Gul et al., 2015; Baloch et al., 2017). In spite of its demographic and socioeconomic significance, data concerning camel brucellosis rests revealing and limited to other farm animals in the country (Abubakar et al., 2010; Gul et al., 2007). For exact diagnosis serological tests like Rose Bengal plate test (RBPT) is economical and informal for herd based screening of animals with high sensitivity and low specificity (Ali et al., 2013; OIE, 2012). Validation of seropositive animals by more definite antigen based tests, like indirect-ELISA and polymerase chain reaction (PCR) are supportive in deducing diagnosis more exactly (Khan et al., 2020; Khan et al., 2021). Therefore, the present study was intended to highlight the seroprevalence of brucellosis in camels in district Sibi, which would be very helpful for scheming actual control strategies.

			 

			MATERIALS AND METHODS

			 

			Collection of samples

			The samples were randomly collected from camels by using a proforma. A total of one hundred (100) blood samples (10 ml) from two age groups viz; A (<9 years) and B (≥9years) of either sex of camels in Talli, Kurak, Khajjak, and Dephal regions of district Sibi were collected. These samples were collected from Brahvi, Kachhai, Kharani and Lassi breeds of camel through jugular vein by using a plain syringe. Additionally, 30 milk samples were also collected from she camels. All the samples were collected in clean screw-caped plastic cryo-vials and kept these vials in ice box and dispatched to laboratory for detection of Brucella species. The samples were centrifuged at 200 g for 15 minutes to obtain sera that were stored at ˗20 ºC until analyzed (Baloch et al., 2017). The study procedures were adopted according to International Animal Ethics guidelines.

			 

			 

			Detection of brucellosis by Rose Bengal Plate Test (RBPT) 

			The serum samples (n=100) were tested by Rose Bengal plate test (RBPT) against the Brucella melitensis and Brucella abortus antigens (Veterinary Research Institute, Lahore, Pakistan) according to procedure (Falade, 1983). The positive interaction between antigen and serum indicates the appearance of granules, difference in intensity showing the amount of antibodies in the serum of the animal infected with specific species of bacteria. The result of each well was matched with positive and negative controls in the same plate before any conclusions were made.

			 

			Detection of brucellosis in camels by Competitive Enzyme Linked Immunosorbent Assay (cELISA)

			The (n=100) serum samples collected from camels were tested by cELISA for detection of Brucella antibodies using a commercial kit (IDVET, France). The results were read through ELISA reader machine at wavelength of 490nm (Mangi et al., 2015). 

			 

			Milk Ring Test 

			The milk (n=30) samples were tested by milk ring test (MRT), as per guidelines of OIE (2009). MRT was performed on individual milk samples. Antigen and milk samples were brought to a room temperature prior to performing the test. About 50μl of antigen was added to 2 ml of milk in a narrow test tube and mixed thoroughly. The tubes then were incubated at 37°C for one hour together with positive and negative working standards. A strongly positive reaction was indicated by formation of dark pink ring above a white milk column. The test was considered to be negative if there was uniform pink color for the milk column and cream layer (Mangi et al., 2015).   

			                                            

			Statistical analysis

			The JMP 5.0.1a statistical software (SAS Institute Inc., Cary, NC) was used to perform the statistical analysis. Chi-square test was used to find the various risk factors (age, sex, breed and area) for camel brucellosis in the study area. The 95% confidence intervals (CI) was calculated according to method of Dohoo et al. (2010) using t-distribution. The brucellosis prevalence was considered significant at p < 0.05   

			                            

			RESULTS

			 

			Seroprevalence of brucellosis in camels

			In this study the seroprevalence of brucellosis in camels was detected by RPBT and cELISA. The highest prevalence (17%) was detected through cELISA followed by 13% through RBPT as shown in Table-1. The statistical analysis exhibited a significant (p < 0.05) difference between cELISA and RBPT results. In RBPT, all positive samples 

			Table 1: Seroprevalence of brucellosis in camels analyzed by RBPT and cELISA in district Sibi

			
				
					
					
					
					
				
				
					
							Test*
							Total No. of samples
							No. of positive samples
							Prevalence percentage
					

					
							
							RBPT

						
							
							100

						
							
							13

						
							
							13%

						
					

					
							
							cELISA

						
							
							100

						
							
							17

						
							
							17%

						
					

				
			

			

			* RBPT: Rose Bengal plate test; cELISA: Competitive enzyme linked immunosorbent assay.

			 

			Table 2: Seroprevalence of brucellosis in camels in relation to various risk factors

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Variable
							Categories
							RBPT*
							cELISA*
					

					
							
							Total No. of samples

						
							
							No. of positive samples  (prevalence)

						
							
							95% CI**

						
							
							p-value

						
							
							Total No. of samples

						
							
							No. of positive samples  (prevalence)

						
							
							95% CI**

						
							
							p-value

						
					

					
							
							Age

						
							
							<9 year

						
							
							65

						
							
							10 (15.3%)

						
							
							12.3-16.9

						
							
							 

							0.001

						
							
							65

						
							
							13 (20%)

						
							
							17.6-24.5

						
							
							 

							0.009

						
					

					
							
							≥9 year

						
							
							35

						
							
							3 (8.5%)

						
							
							6.4-10.1

						
							
							35

						
							
							4 (11.4%)

						
							
							9.9-12.4

						
					

					
							
							Sex

						
							
							Male

						
							
							50

						
							
							5 (10%)

						
							
							8.5-12.7

						
							
							 

							0.026

						
							
							50

						
							
							6 (12%)

						
							
							10.0-15.1

						
							
							 

							0.000

						
					

					
							
							Female

						
							
							50

						
							
							8 (16%)

						
							
							13.8-17.9

						
							
							50

						
							
							11 (22%)

						
							
							19.4-26.2

						
					

					
							
							Breed

						
							
							Lassi

						
							
							25

						
							
							2 (8%)

						
							
							6.3-9.4

						
							
							 

							0.010

							 

						
							
							25

						
							
							4 (16%)

						
							
							14.2-18.7

						
							
							 

							0.000

						
					

					
							
							Kachhai

						
							
							30

						
							
							7 (23%)

						
							
							20.2-25.0

						
							
							30

						
							
							9 (30%)

						
							
							26.3-33.6

						
					

					
							
							Kharani

						
							
							20

						
							
							2 (10%)

						
							
							9.1-12.0

						
							
							20

						
							
							1 (5%)

						
							
							4.4-5.7

						
					

					
							
							Brahvi

						
							
							25

						
							
							2 (8%)

						
							
							7.1-9.6

						
							
							25

						
							
							2 (8%)

						
							
							7.0-9.2

						
					

					
							
							Area

						
							
							Talli

						
							
							35

						
							
							6 (17.1%)

						
							
							15.3-18.9

						
							
							 

							 

							0.045

						
							
							35

						
							
							8 (22.8%)

						
							
							19.8-25.2

						
							
							 

							 

							0.038

						
					

					
							
							Kurak

						
							
							30

						
							
							4 (13.3%)

						
							
							11.7-15.1

						
							
							30

						
							
							6 (20%)

						
							
							17.9-21.8

						
					

					
							
							Khajjak

						
							
							20

						
							
							2 (10%)

						
							
							8.7-11.9

						
							
							20

						
							
							2 (10%)

						
							
							9.2-11.4

						
					

					
							
							Dephal

						
							
							15

						
							
							1 (6.6%)

						
							
							6.1-7.4

						
							
							15

						
							
							1 (6.6%)

						
							
							5.8-7.5

						
					

				
			

			

			* RBPT: Rose Bengal plate test; cELISA: Competitive enzyme linked immunosorbent assay.

			** CI: confidence interval

			 

			(n=13) were reacted against B. abortus antigen and none of the sample was found positive against B. melitensis antigen.

			 

			Seroprevalence of brucellosis in camels in relation to various risk factors 

			The results presented in Table-2 shows prevalence of brucellosis in relation to various risk factors in camels of the study area. A comparatively higher (p < 0.01) prevalence was detected in young camels (<9 years) i.e., 15.3% and 20% through RBPT and cELISA respectively as compared to older (≥9 years) i.e., 8.5% and 11.4% detected through RBPT and cELISA respectively. The higher (p < 0.05) prevalence 16% and 22% were found in she camel through RBPT and cELISA respectively, while 10% and 12% prevalence were found in male camels through RBPT and cELISA respectively (Table 2).  

			 

			The higher prevalence 23% and 30% were found in Kachhai breed through RBPT and cELISA respectively. Lassi breed have the prevalence of 8% and 16%, Kharani breed have prevalence of 10% and 5%, and Brahvi breed have 8% and 8% prevalence found through RPBT and cELISA respectively. The statistical analysis exhibited the breed (p < 0.01) as risk factor for prevalence of brucellosis in camels of district Sibi (Table 2).

			 

			A total of 35, 30, 20 and 15 samples from Talli, Kurak, Khajjak and Dephal were tested through RBPT and cELISA respectively. The result shows prevalence of 17.1% and 22.8% in Talli area, 13.3% and 20% in Kurak, 10% and 10% in Khajjak area, and 6.6% and 6.6% in Dephal area, tested through RBPT and cELISA respectively. The statistical analysis exhibited the area (p < 0.05) as risk factor for prevalence of brucellosis in camels of district Sibi (Table 2).

			 

			Detection of Brucella species in milk samples collected from camels

			In the present investigation 30 milk samples were also tested for presence of Brucella species in milk through MRT. The results demonstrated that out of 30 samples, 2 samples were positive and the positive prevalence rate was 6.6% (data not shown).  

			 

			DISCUSSIONS 

			 

			During present study, out of 100 serum samples examined by RBPT and cELISA, 13 and 17 sera were found positive for brucellosis respectively. These results are in accordance with Junaidu et al. (2006) who reported 13 and 21% by RBPT and cELISA respectively. While in another study, the overall seroprevalence of brucellosis in camels was recorded 19.4% by RBPT (Mukhtar et al., 2007). Furthermore, our results demonstrated that all sera samples were found negative for B. melitensis antibodies. The study of Khan et al. (2020) reported that out of 32 camel samples, 25 were positive for B. abortus, 5 were positive for B. suis and 2 were found positive for B. melitensis using real-time PCR. The study concluded that B. melitensis infection in camels is rare and probably have in those herds only, which had mixed rearing with sheep/goat. This theory is also supported by the previous workers who worked on the role of small ruminants in transmission of brucellosis (Abdel-Hamid et al., 2017).   

			 

			This study found cELISA more suitable technique for detecting brucellosis in camels as compared to RBPT because of its’ higher sensitivity. In line, Khan et al. (2020) also found higher detection of Brucella antibodies in camel samples by cELISA (20.2%) as compared to RBPT (15.5%). The present studies also investigated the gender vise seroprevalence of brucellosis in camels. The higher prevalence of brucellosis was detected in she camels compared with male even on both techniques i.e. cELISA and RBPT. The gender vise screening of the camels for seroprevalence of brucellosis suggested that the she-camels are at high risk of infection than the male. Concomitantly, a higher seroprevalence (38.5%) of brucellosis was observed in adult she camels which had history of reproductive problems such as abortion, still birth and retained placenta, during a cross-sectional study in Dire Dawa, Ethiopia (Ismail et al., 2012). These results are also in agreement with the study of Shahzad et al. (2017) who reported 4.46 and 1.21% prevalence in female and male camels respectively analyzed by RBPT.  Contrary to this, the study of Khan et al. (2020) reported a higher seroprevalence of Brucella antibodies in male camels than she-camels using four different serological techniques. 

			   

			Moreover, the seroprevalence of brucellosis in different age groups of camels were also investigated. The greater (20%) sero-positive cases of brucellosis were determined in the camels that were under 9 years of the age, however, the animals above age of the 10 years showed only 11.4% progression towards the disease. The reason of higher prevalence of brucellosis infection in camels less than 9 years of the age might be due to lesser immunity/resistance of the animals. Similarly, 12.4% prevalence of brucellosis was reported in camels with age varied from the 5.5-10 years (Junaidu et al., 2006). While, animals over 5 years of the age have been reported with 3.98% prevalence of brucellosis (Abou-Eisha 2000). Likewise, in another study 22.9 and 27.9% seroprevalence was recorded in camels of <8 years, and ≥8–11 years as compared to 13.7% that recorded in age group of 11-13 years (Khan et al., 2020)

			 

			Conclusion

			 

			This study concluded that the brucellosis is prevailing in different species of the camels of district Sibi, Balochistan and high prevalence of the infection was observed in the she-camels and young animals (less than 9 years of the age). Further studies warranted to assess the various Brucella species as well as genotype and biovar identification in camels using molecular tools.        
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Abstract | The present study was conducted to find out the seroprevalence of brucellosis in camels of Sibi, Pakistan.
A total of 100 serum samples, 50 each from male and female camels were collected from district Sibi, Pakistan and
analyzed by competitive enzyme linked immunosorbent assay (cELISA), and rose Bengal plate test (RBPT). The
overall seroprevalence of brucellosis in camels was observed as 13% and 17% by RBPT and cELISA respectively. The
higher prevalence (p < 0.05) found in females (16% and 22%) as compared to males (10% and 12%) by RBPT and
cELISA respectively. Camels under 9 years of age, showed relatively higher (p < 0.05) prevalence (15.3% and 20%),
as compared to camels above 9 years of age (8.5% and 11.4%) through RBPT and cELISA respectively. Breed-wise
analysis exhibited that 8% and 16% in Lassi breed, 23%, 30% in Kachhai, 10%, 5% in Kharani and 8%, 8% in Brahvi
were found positive through RBPT and cELISA respectively. Likewise, area-wise investigation showed that 17.1%
and 22.8% in Talli, 13% and 20% in Kurak, 10% and 10% in Khajjak, and 6.6% and 6.6% in Dephal areas were found
positive through RBPT and cELISA respectively. Statistical analysis exhibited the breed (» < 0.01) and area (p < 0.05)
as risk factor for prevalence of brucellosis in camel. Moreover, out of 30 milk samples collected, milk ring test showed
6.6% prevalence. In conclusion, the brucellosis is prevailing in camels of district Sibi. The prevalence is comparatively
higher in younger camels as well as in she-camels than older and males respectively.
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INTRODUCTION infections like mastitis, Q_fever, PPR, leptospirosis, Chla-
mydia infection, Mycoplasma infection, tetanus, anthrax,
botulism, Johne’s disease and tuberculosis. Moreover, cer-
tain diseases such as brucellosis, enterotoxaemia, paratu-
berculosis, and pox virus infection, the camel have more

Camel belong to the family Camelidae, order Artiodac-
tyla and suborder Tv/upmiﬂ having pad-footed ani-
mals (Houm\w et al., 2015). Two genera included in the

family Camelidae are the old phrase genus which include
species Camelus dromedarius (dromedary, one-humped)
and Camelus bacrianus (Bactrian, two-humped) (Ali et
al., 2016). Camels are comparatively susceptible to many

susceptibility than other livestock in the same ecozones

(Abbas and Omer, 2005; Gaddafi et al., 2020).

Brucellosis is an ancient bacterial disease of livestock ani-
mals with significant zoonotic potential (Jamil et Al ,2021).
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