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Abstract:  29 

Introduction: Caprine besnoitiosis is a significant disease that leads to economic losses in 30 

goat herds due to its chronic nature and progressive weight loss. The disease is caused by 31 

Besnoitia caprae, which results in the formation of subcutaneous cysts in various parts of a 32 

goat's body.  The disease has been reported in goats from the Fars and Kerman provinces, 33 

Iran. Given the proximity of Fars to Khuzestan province and the movement of nomadic sheep 34 

herds between these regions, we aimed to investigate the frequency of B. caprae in goats in 35 

the Behbahan area in Khuzestan province.  36 

Materials &methods: In early autumn of 2022, a comprehensive inspection was conducted 37 

on 200 goat carcasses, focusing on their skin and eyes for the presence of Besnoitia cysts in 38 

Behbahan slaughterhouse, and then ear samples were obtained from each goat carcass. The 39 

samples were placed in containers with ethyl alcohol and transported to the parasitology 40 

laboratory at the Faculty of Veterinary Medicine. The inner surfaces of the skin of the ear 41 

samples were scraped with a scalpel and transferred to microtubes. Subsequently, the samples 42 

were divided into 50 pooled samples. DNA was extracted from each sample using a 43 

commercial kit. Finally, the samples were analyzed using the PCR method.  44 

Results: In this study, no Besnoitia cysts were found in goat carcasses. The PCR results 45 

indicated that 30% (15/50) were infected with B. caprae. Two positive samples were sent to a 46 

genetic company for sequencing. The samples sequenced were analyzed using BLAST 47 

software, revealing approximately 99% alignment with the recorded sequences of B. caprae 48 

in the gene bank.  49 

Conclusions: The molecular findings of this study highlighted a high prevalence of B. caprae 50 

in goats in the Behbahan area, necessitating further research to assess the economic impact of 51 

besnoitiosis on the local goat population. 52 
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ntroduction:I -1 62 

  63 

the Sarcocystidae family and the subfamily Toxiplasminae. So far, many  belongs to Besnoitia64 

These species are .]1[species of this protozoan have been reported in different animals 65 

 .B, B. darlingispecies, including  esnoitiaBspecific to each animal. The life cycle of some 66 

eir definitive host is the cat. However, in , is well known, and therectafelsi B., and wallasii67 

, the definitive host and life cycle have not been eacapr .Bother species, including 68 

sucking insects has been -by blood aecapr .B. Mechanical transmission of  ]3 2;1;[identified69 

 has been reported from goats in eacapr .B. So far, a relatively high prevalence of ]4[proven 70 

goats in  formesnoitiosis has a chronic b Caprine. ]10;9 ;8[and Iran ,]7;6[ Kenya ,]5[Nigeria 71 

the  , causing skin lesions such as hyperkeratosis, along with hair loss oncountriesin these 72 

The and testicles. These symptoms are seen in goats over three years of age.  ,head, face73 

ditionally, the most Ad. leads to severe economic lossesweight loss and  to disease leads74 

common clinical sign in infected goats is the presence of cysts in the conjunctiva of the eye 75 

some  ininfection in nomadic goats  .capraeBthe  mentioned A study has. Also, ]21;11[76 

and their walking power allows them  animals,. Goats are content ]3[ , Iranprovincessouthern 77 

often consume plants that are undesirable or  forage andlarge areas in search of  travel toto 78 

enetic potential of goats has caused the goat population in unusable for other animals. This g79 

Khuzestan province to be higher than that of sheep. Given the proximity of Khuzestan 80 

, and the migration of nomadic sheep herds in these (Fars) rovincethe infected province to p81 

rovince. Therefore, in p thiseems that this infection also exists in goats in two provinces, it s82 

the in goats in spp Besnoitia of frequency this study, an attempt was made to determine the 83 

n route located on the migratio iswhich , rovincep, which is the closest to Fars areaBehbahan 84 

.of nomadic sheep herds, using molecular PCR methods 85 



 

 

Materials and Methods: -2 86 

Location of sampling: 1-2  87 

Behbahan area is in the southeast of Khuzestan and borders Kohgiluyeh &Boyer-Ahmad and 
88 

Bushehr provinces. With an area of 3,715 square kilometers, this county is the second-largest 
89 

county in Khuzestan province. Behbahan area is a semi-desert area, with annual rainfall of 
90 

366 milliliters and a hot and dry climate, with the highest temperature being 50°C in July and 
91 

August, and the lowest temperature being 0°C in February.  
92 

  
93 

2-2 Sampling 
94 

From September to October 2022, A total of two hundred samples was collected from the 95 

goat carcasses in the slaughterhouse. Briefly, the age and sex of the slaughtered goats were 96 

recorded, and then the goats' carcasses were examined for the presence of cysts in the eyes 97 

and skin. The ear tissue containing cartilage was cut with a clean scalpel blade and placed in 98 

sampling containers containing 70% ethyl alcohol.  The samples were kept under cool 99 

conditions and transferred to the parasitology laboratory of the Faculty of Veterinary 100 

Medicine, Ferdowsi University. In laboratory, 200 samples were divided into 50 groups of 4 101 

according to age and gender. The inner surface of the skin samples of each ear was scratched 102 

with a scalpel and placed into a microtube 103 

2-3 DNA extract and PCR: 104 

The DNA of B. caprae was extracted using an animal tissue DNA extraction kit (Sinacolon 105 

Company, Tehran) according to the kit's instructions.  The quality of the extracted DNA was 106 

observed by electrophoresis on a 1% agarose gel after staining. A PCR assay was carried out 107 

to detect the B. caprae gene with amplification of the ITS1 fragment. [14]. The simple PCR 108 

reaction was performed in a 25μl mixture containing 2μl of total DNA, 12.5μl of commercial 109 

premix master mix (Parstous Mashhad), 1μl of each primer, and 8.5μl of nuclease-free water 110 

in a thermocycler. The cycling condition was as follows: an initial denaturation step at 94 °C 111 

for 5 min followed by 35 cycles of 94 °C for 15 sec, 61 °C for 1 min, 72 °C for 1 min, and a 112 

final extension step at 74 °C for 10 min. The Oligonucleotide primers were the forward 113 

primer  114 



 

 

  
115 

 B. capraeimers of Table 1: The sequences of pr 
116 

 117 

Primer name Gene name Sequence name Primer sequences 

F-Bes 18 S rDNA 

 

18 S rDNA 

ITS1 

 

ITS1 

CCT CCT CAC TCT GCT ATC -5`

3`-ACG  

R-Bes TTC CAC TGG TAA CGC CTC -5`

3`-T 

 118 

 
119 

The distilled water was added instead of the DNA sample in the negative control microtube. 
120 

The positive control sample was provided by Dr Namvari from the Razi Vaccine & Serum 
121 

Research Institute-Shiraz branch 
122 

 The PCR products were subjected to electrophoresis on a 2% agarose gel in TBE ×1 buffer, 
123 

stained with CyberGreen, and visualized using ultraviolet light. The size of the DNA 
124 

fragments was compared with a standard molecular weight (100bp DNA ladder). The 
125 

positive control sample had a band of 755 bp.  
126 

2-4 Sequencing 127 

Among all PCR-positive samples, four samples with high DNA concentration were chosen. 128 

The DNA samples with primers were submitted for sequencing to a company in Iran (Topaz- 129 

Genekaush Co, Karaj, Iran). The nucleotide sequences were assembled and edited with the 130 

Mega software Version 11. The edited nucleotide sequences of isolates were aligned with 131 

previously sequenced B. caprae in GenBank (NCBI) using the Clausthal W method (Mega 132 

software Version 11). The phylogenetic analysis was carried out with the neighbor-joining 133 

process and bootstraps of 1000 replications.   134 

 Statistical analysis5-2  135 

The frequency of Besnoitia infection in slaughter goats was analyzed by age and sex using 136 

the Chi-square test. 137 

3- Results 138 

https://rvsri.ac.ir/portal/home/?235246/New-English-Site
https://rvsri.ac.ir/portal/home/?235246/New-English-Site


 

 

In this research, post-mortem inspection showed no Besnoeitia cysts beneath the skin and the 139 

eyes of all goat carcasses. Of the 50 pool samples of goat ear skin DNA, 15 pool samples 140 

(30%) reacted positively in the PCR test with Basnoitia specific primers (Fig.1). 141 

 142 

 143 

Figure 1- Detection of Besnoitia infection by PCR. M: 100 bp marker, well P: positive 144 

control with 755 bp band, well N: negative control, and wells 1-12 corresponding to sample 145 

DNA 146 

 The results indicated that the highest frequency of infection occurred in the age group 147 

exceeding four years, while the lowest in the 2–3-year age group (P<0.05) (Table 4). The 148 

statistical analysis did not indicate a significant difference in the frequency of Besnoitia 149 

infection between the two sexes (p>0.05) (Table 2).  150 
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158 

Table 2. The frequency of B.caprae  infection in slaughtered goats by age and sex  
159 
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 167 

The sequenced fragment was 99% identical to the sequenced fragment available in the 168 

GenBank under the identification number HM-008988 of B. caprae (Fars Province, Iran). 169 

Also, the phylogenetic tree of the sequenced sample was drawn in comparison with other 170 

sequenced samples of other Besnoitia species (Figure 9). 171 

 172 

            Results 

Risk factor 

Positive (%) Negative Total P-value 

Age 

(year) 

< 2 0 1 1 P<0.05 

2-3 1 (8.30) 11 12 

3-4 4 (23.52) 13 17 

>4 10 (47.61) 11 21 

Total  15 (30) 35 50  

     

Sex Male 11(28.20) 28 39 P>0.05 

Female 4 (36.36) 7 11 

Total  15 (30) 35 50  



 

 

 173 

 174 

Figure 2- The phylogenetic tree of the isolate identified in this study with the sequenced 175 

samples of Besnoitia species in Iran and other countries based on the ITS1 gene with the 176 

neighbor-joining method, with a bootstrap of 1000 replications. Babesia ovis and Sarcocystis 177 

medosiformis were outgroups 178 
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 185 

4- Discussion 186 

In this study, despite the absence of skin lesions and subcutaneous cysts in goat carcasses, a 
187 

relatively high infection rate was determined in goats in the Behbahan slaughterhouse using 
188 

PCR. So far, limited studies have been conducted on the prevalence of Besnoitia infection in 
189 

goats in Iran and Kenya [3;7]. A study reported the frequency of B. caprae infection in goats 
190 

at the range of 20 to 50% in Fars province and 5 to 35% in Bushehr, Khuzestan, Kohkiluyeh, 
191 

and Boyer Ahmad provinces [3]. Caprine besnoitiosis is characterized by a prolonged chronic 
192 

disease course, with symptoms appearing late in the progression of the illness [3;6]. 
193 

Asymptomatic goats that are infected and grazing with the herd facilitate the transmission of 
194 

the infection via blood-sucking insects  [3].  The reported high frequency in this study may be 
195 

related to sampling during the season of arthropod activity.    A histopathological study 
196 

involving forty symptomatic and one hundred asymptomatic goats with Besnoitia infection 
197 

revealed that all symptomatic goats had several cysts measuring 0.4 to 0.9 mm in diameter in 
198 

the eyes and subcutaneous tissues. In contrast, a few cysts were found in biopsy samples of 
199 

12 % asymptomatic goats [14]. In a similar study, no clinical and gross lesions were observed 
200 

in the skin of the goats from abattoirs in Nigeria; only an incidence of 0.7% of caprine 
201 

besnoitiosis was recorded in skin samples of the neck area using histopathological 
202 

examination [5]. Furthermore, other histopathological studies established a correlation 
203 

between the pathological lesions found in subcutaneous areas of the head and lower limbs 
204 

with Besnoitia cysts infection [10;11]. In this study, the frequency of Besnoitia infection 
205 

showed no significant difference in males and females, while the frequency of infection in 
206 

goats over four years of age was significantly higher than in other younger ages.  The similar 
207 

results of the study also mentioned that Besnoita infection is observed more frequently in 
208 

goats over three years of age than in other ages[14]. The nucleotide sequence of the positive 
209 

samples was approximately 99% to the sequenced fragment of Besnoitia caprae from goats 
210 

in Fars province, Iran. The phylogenetic analysis of this research utilizing the ITS1 gene 
211 

showed that the isolates found in the goats were genetically similar to those categorized as B. 
212 

caprae in Iran and shared a common ancestor with Besnoitia, Toxoplasma, Neospora, and 
213 



 

 

Hammondia. [14].  According to the results obtained, it can be concluded that B. capreae 
214 

infection is very prevalent among goats in the Behbahan area.  Conclusion: The relatively 
215 

high frequency of Besnoitia infection was determined in goats in the Bebahan slaughterhouse 
216 

by PCR. It is necessary to conduct similar molecular studies across southern Iran to establish 
217 

strong epidemiologic data that would allow the implementation of effective transnational 
218 

control programs 
219 
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