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 Abstract 
Hepatitis E virus (HEV) is recognized as a novel zoonotic agent. Due to lack of data 

on the presence of HEV in small ruminants in Iran, the study aimed to detect the 

HEV RNA in goat feces and raw milk samples. To address this gap, 155 pooled 

samples, including 83 feces and 72 milk samples, were collected from 83 goat farms 

during December 2022 to December 2023 in Mazandaran province. All samples were 

screened for HEV RNA by conventional PCR and nested RT-PCR. A total four farms 

were found positive for HEV RNA, exclusively in feces samples, while all milk 

samples were negative. These finding propose that fecal-oral transmission still 

remains as the prevailing route of HEV transmission. Although, all milk samples 

were negative, we cannot eliminate the potential risk of HEV transmission through 

dairy products. This data has provided insight into the circulation of HEV in the 

targeted population and emphasizes the need for comprehensive surveillance and 

routine diagnostic programs. Furthermore, epidemiological investigations are 

necessary to evaluate viral dissemination among livestock and to identify potential 

risk factors to humans. 

 

 

Introduction 

In the last few years, there has been more 

knowledge about zoonotic infections that can be 

transmitted through food products has been raised 

(1). This is primarily due to much research on 

outbreaks caused by viral and bacterial foodborne 

pathogens, causing health issues and impeding the 

economic situation of developed and 

underdeveloped countries (2). 

https://doi.org/10.22034/jzd.2023.17108
https://jzd.tabrizu.ac.ir/article_17108.html
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Recently, the Hepatitis E virus (HEV) has become 

a growing global concern. It is an emerging 

infectious agent that causes hepatitis E disease, 

resulting in acute liver inflammation. According to 

the World Health Organization, more than 20 

million new cases of hepatitis E virus infection 

occur annually, and it is estimated that 

approximately one-third of the world population 

has been affected by HEV (3). HEV, formally 

known as Paslahepevirus balayani by International 

Committee on Taxonomy of Viruses, is a single-

stranded RNA virus classifying into the genus 

Paslahepevirus in the family Hepeviridae. 

Orthohepevirus (4). Its RNA genome has a 7.2 kbp 

in length, which is surrounded by an icosahedron 

capsid. In all known HEV strains, the genome 

composes of three open reading frames (ORFs), 

including ORF1, ORF2, and ORF3. Exceptionally, 

in genotype 1 strains an additional ORF, ORF4, has 

been recognized (5). HEV involves eight distinct 

genotypes and can infect humans and various 

animal species. Genotypes 1 and 2 lead to infection 

only in humans and are associated with the Asia, 

Africa, and Central America regions (6). Genotypes 

3, 4, and 7 are important regarding zoonotic 

concerns. Genotypes 4 and 3 have significant 

virulence and often result in severe disease (7). 

These genotypes have been frequently detected 

from pigs, goats, cattle, deer, wild boar, and rabbits, 

while genotype 7 has also been isolated in camels. 

Genotypes 5 and 6 have been recognized in nature 

but have only been described in pigs. Additionally, 

genotypes 7 and 8 have been identified in camels 

(7-9). 

HEV is primarily transmitted through the fecal-oral 

route, which usually occurs through the 

consumption of water contaminated with infected 

host feces. Contaminated water supplies with 

human fecal waste have been identified as the 

responsible for large outbreaks of HEV infection in 

countries located in tropical and subtropical regions 

(10). The virus is shed in high quantities in feces, 

posing a risk to livestock farmers exposed to 

asymptomatic infected animals. Sporadic infections 

through the consumption of raw milk and infected 

liver, uncooked and undercooked meat, particularly 

pork and its derived products, have been described 

(11).  

HEV develops a systemic disease that primarily 

affects the liver. It generally causes asymptomatic, 

self-limiting, and acute infection and rarely fatal 

disease (12). In humans, HEV develops flu-like 

clinical symptoms followed by fever, abdominal 

pain, arthralgia, vomiting, anorexia, skin rash, 

jaundice, liver failure, and dark urine (5). HEV 

shows a higher rate of mortality in pregnant women 

and young infants. Additionally, 

immunocompromised patients can develop chronic 

hepatitis (13). There are few reports concerning the 

abundance of HEV in the milk and feces of 

livestock ruminant species in developing countries 

(14), and the potential risk of zoonotic infections 

through virus transmission from small ruminants to 

humans has not been clear. In Iran, previous studies 

have documented the presence of HEV RNA in 

various hosts, including human, dromedary camel, 

and gazelles which consequently emphasized the 

concern over the virus transmission from animals to 

humans (15-17). However, no data are available 

regarding HEV detection in small ruminants, 

resulting a notable gap in understating HEV 

epidemiology in these animals. 

Goats are the one the most important livestock 

animals in Iran. They are widely raised for the milk 

and meat production (18). They breed under 

traditional and semi-intensive management systems 

in Iran. In regarding to the close contact of these 

animals with human and consumption of their raw 

milk and dairy products in rural areas may increase 

the zoonotic transfer of HEV from infected animals 

(19). Thu, this study aimed to establish the first 

baseline information about the presence of HEV in 

goat in Iran by detecting HEV genome in a range of 

feces and raw milk samples.  

 

Materials and methods 

Sampling 
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Due to evaluate the presence of HEV in goat 

population in the north of Iran, goat farms located 

in ten cities of Mazandaran province, including 

Chalus, Nowshahr, Nur, Amol, Babol, Babolsar, 

Savadkooh, Qaemshahr, Sari, and Juybar were 

selected (Figure 1).  

Samples were taken from 83 farms during 

December 2022 to December 2023. Goats are not as 

the primary livestock species in north of Iran. For 

this limitation, only farms which have at least with 

20 goats were included in this study. Before 

sampling, the farm owner's consent was obtained. A 

structured questionnaire to record the herd 

population and History of diarrhea of each farm was 

completed by the farmers. In addition, the hygienic 

condition of animal housing areas of each farm 

based of several criteria including the floor and 

walls, the provision of appropriate ventilation, the 

cleanliness of the water trough, the establishment of 

disease prevention and control measures, such as 

the isolation of sick or newly arrived animals, and 

the consistent examination of the animals was 

evaluated (20). Husbandry management system was 

categorized in two groups, including intensive (with 

up to 20 animals) and semi-intensive (with more 

than 21 animals). Samples of goat feces and milk 

were collected from each farm. Four animals were 

selected randomly based on ear tag list of each farm 

for sampling. In the case of male animals, only feces 

samples were taken. Feces samples were taken from 

the rectum using a swab and placed in PBS solution 

(pH=7.2) supplemented with antibiotics 

(penicillin/streptomycin) and amphotericin B. The 

milk samples were taken directly from the goats' 

udders in sterile containers. Subsequently, 

Individual samples within each farm were pooled. 

Each pooled sample consisted of four milk or four 

feces samples. In total, 72 pooled milk and 83 

pooled feces samples were prepared. All samples 

were transferred to the laboratory at a temperature 

of 4°C and subsequently stored in a freezer at -70 

°C for further analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Distribution of feces and milk samples in 10 studied cities of Mazandaran province, Iran. The image was 

generated by Datawrapper (https://app.datawrapper.de). 
 

Preparation of samples 

All samples were thawed spontaneously at a 

temperature of 4°C. For the stool samples, the swab 

was initially squeezed into the body of the tubes 

containing the sample. Subsequently, the suspended 

particles were precipitated by centrifuging at 12000 

RPM for ten minutes. Finally, 300 ml of sediment-

free supernatant was used for genome extraction. 

https://app.datawrapper.de/
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For the milk samples, in order to separate the fat 

part, the samples were centrifuged at 8000 RPM for 

15 minutes. Then, 300 ml of skim milk was used for 

genome extraction. To show the efficiency and 

reliability of the extraction method applied in this 

study, 150 µl of control virus (Newcastle virus, 

genotype VII ∼108 EID50/ml) was added to milk 

and feces samples. For negative control Phosphate 

buffered saline (PBS) was used.   

Genome extraction 

The extraction of the virus's genetic material was 

conducted by using the Viral DNA/RNA extraction 

kit (Intron, South Korea) according to the 

manufacturer’s instructions. Briefly, the samples 

were subjected to one step of chemical and 

enzymatic lysis by lysis buffer (provided by the kit) 

and proteinase K, respectively. Subsequently, the 

viral genome was extracted using a two-step 

washing procedure and eluted in a volume of 45 μL 

and stored at -80 °C until next step. 

cDNA synthesis 

Single-stranded cDNA was created using Easy™ 

cDNA Synthesis Kit (Parstous®, Iran) according to 

the manufacturer's instructions. The 20 μl of 

reaction mix contained 5 μl RNA extract, 10 μl of 

2x buffer-soultion (including RT buffer, 1mM 

dNTP mixture, 8 mM MgCl2, Oligo d (t)16 and 

random hexamer primers and stabilizer), 2 μl 

Enzyme Mix, and 3 μl of DEPC-treated water. 

Subsequently, after short vortex of mixture, it was 

incubated for 10 min at 25°C and 60 min at 47°C. 

Finally, the reaction was finished by heating at 85 

°C. Then products were stored at -80 °C until next 

step.  

PCR 

To detect the viral genome, nested PCR and 

conventional PCR were applied using distinct 

primer pairs. The first-round nested PCR was 

carried out with primer pairs HEV-CAS/HEV-CS 

and HEV-CASN/HEV-CSN serving as external and 

internal primer pairs, respectively. Furthermore, the 

second-round nested PCR was done with primer 

pairs HEV-S11/HEV-A12 and HEV-S12/HEV-

A11 which served as external and internal primer 

pairs, respectively. The conventional PCR method 

also utilized primers HEV-F and HEV-R which 

targets ORF2 of HEV genome and amplify 145 bp 

fragment. For control virus, the 362 bp fragment 

related to Newcastle virus fusion protein was 

synthesized by primers NDV-A (F) and NDV-B(R). 

The information about all primers is listed in Table 

1. The PCR amplifications were prepared in a final 

volume of 25 µl. The reaction mix composing 4 μl 

of cDNA, 12.5 μl of 2x PCR Master mix 

(Ampliqon®, Denmark), 0.4 pmol of each forward 

and reverse primers, and 17 μl of nuclease-free 

water was prepared. The PCR thermal scheme 

consisted of 35 cycles of denaturation at 95 °C for 

one minute, followed by annealing at a designated 

temperature specific to each pair of primers for one 

minute (table 1), and extension at 72 °C for 1 min. 

 

Table 1. Sequence of primers used for detection of HEV RNA in this study. 

Ref. Annealing Amplicon 

(bp) 

Sequence (5΄to 3́) Primer Target PCR  type 

(16)  

 

 

(21) 

 

(21) 

 

(22) 

 

(22) 

 

 

56 

 

 

52 

 

55 

 

61 

 

62 

145 

 

 

470 

 

325 

 

1283 

 

1198 

 

TTCCACCACCCAGCAGTATT 

GGCATTCTCAACGAGCAGTT 

 

TCGCGCATCACMTTYTTCCARAA 

GCCATGTTCCAGACDGTRTTCCA 

TGTGCTCTGTTTGGCCCNTGGTTYCG 

CCAGGCTCACCRGARTGYTTCTTCCA 

AGGCTCCTGGCRTYACTACTG 

GCGGCACTGGGCRTAAAACT 

GCCYTGGCGAATGCTGTG 

GGCCRGGAATGTAATCACG 

 

HEV-F 

HEV-R 

 

HEV-CS 

HEV- CAS 

HEV-CSN 

HEV-CASN 

HEV-S11 

HEV- A12 

HEV-S12 

HEV-A11 

 

ORF2 

 

 

 

ORF3 

 

 

ORF-2 

 

Conventiona

l RT-PCR 

(HEV) 

 

 

Nested 

RT-PCR 

(HEV) 

(23)  

 

 

52 362 

 

 

TTGATGGCAGGCCTCTTGC 

GGAGGATGTTGGCAGCATT 

NDV-A(F) 

NDV-B(R) 

 

F 

protein 

Conventiona

l RT-PCR 

(NDV) 
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PCR product analysis 

The 1.5% agarose gel electrophoresis in 1X TAE 

buffer was used for PCR amplicons electrophoresis.  

The gel was stained with a safe stain (CinnaGen, 

Iran). All samples were loaded alongside a 100 bp 

ladder (CinnaGen, Iran), as a size marker. Samples 

that displayed bands corresponding to the expected 

size were identified as positive. 

 

Results 

All control samples, including both milk and feces 

containing live NDV, were positive for the NDV 

genome, proving the accuracy of the extraction 

method. From a total of 83 tested goat farms, HEV 

RNA was detected in four goat farms, representing 

a frequency of 4.82%. HEV RNA was exclusively 

detected from feces samples, while all tested milk 

samples were negative. Among all studied cities, 

the HEV RNA was detected only in Nur, Amol, and 

Babol cities (Table 2). In addition, the majority of 

the HEV-positive animals were older than eight 

years, kept under poor to moderate hygienic 

conditions, and reared in semi-intensive 

management systems. A history of diarrhea was 

recorded in these herds (Table 3).   

 

Discussion 

The zoonotic nature of HEV poses an important 

public health concern in many developed and 

developing countries. Prior studies have revealed 

that the consumption of HEV-infected animal 

products including undercooked or raw meat, raw 

milk, and other dairy products and direct contact 

with livestock are the main route for virus 

transmission between animals and humans (24, 25). 

Research on HEV has increased significantly over 

the last decade, illustrating several risk factors 

associated with its transmission, including poor 

hygiene condition, consumption of contaminated 

water, and living in rural and mountain areas, where 

close contact with infected animals is more 

common (25). 

 

 

Table 2. Positive rate of hepatitis E virus in goat farms in the cities of Mazandaran province. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prior molecular and serological studies have also 

confirmed the circulation of HEV in wild wildlife 

populations (16, 26). Therefore, these findings have 

led to the suggestion that wild and domestic animals 

may also be a possible source of HEV infection in 

humans. The proximity of human residential 

districts to wild animals in rural and mountain 

environments may also facilitate the HEV zoonotic 

transmission. Iran is reported to be an endemic 

country for HEV. According to a study conducted 

by Amiri Dehnoyi et al. during 2017-2019, out of 

50 samples taken from gazelles, three were positive 

for HEV, one from a gazelle under one-year-old, 

and two from animals over one-year-old (16). In 

Cities Number tested (Goat farm) Positive Positive rate (%) 

Chalus 

Nowshahr 

Nur 

Amol 

Babol 

Babolsar 

Savadkooh 

Qaemshahr 

Sari 

Juybar 

Total 

7 

7 

12 

12 

12 

7 

7 

7 

6 

6 

83 

0 

0 

2 

1 

1 

0 

0 

0 

0 

0 

4 

0 

0 

16.66 

8.33 

8.33 

0 

0 

0 

0 

0 

4.82 
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another study, 53 healthy camels in southeastern 

Iran (Sistan and Baluchestan Province) were tested 

for the HEV RNA and results showed that 56.6% of 

the samples (30 individuals) were positive (15). In 

a human, a study screening 700 blood samples for 

the presence of HEV IgG and IgM antibodies as 

well as HEV RNA by standard enzyme-linked 

immunosorbent assay and nested polymerase chain 

reaction, respectively. The results showed that 50 

out of 700 blood samples (7.1%) were positive for 

anti-HEV antibodies. HEV RNA was detected in 

7/50 (12%) of the antibody-positive samples (17). 

Considering the broad host range of HEV and the 

lack of clear data associated with the rate of HEV 

infection in livestock animals in Iran, this study was 

designed to investigate the presence of HEV RNA 

in domestic goat. Two type of samples were tested. 

In the first phase, we focused on feces samples. Our 

result revealed a low frequency of HEV RNA 

among the studied samples. Prior studies have 

similarly showed the relatively low prevalence of 

the HEV in small ruminants. It was ranged from 

5.3% in sheep livers in China (27) to 10.4% and 

9.2% in sheep and goat feces in Italy, respectively 

(18, 28). The relatively high prevalence in Italy may 

be described by common practice of mixed 

livestock management, including the co-rearing of 

pigs with sheep and goats, which critically elevated 

the risk of cross-species infections (7). 

 

Table 3. The number of HEV RAN positive feces samples based on studied variables.  

 

Positive feces 

samples  

Variables Risk factors 

0 Young(<1)  

Average Age 

(year) 

 

1 Adult(1-8) 

3 Old(>8) 

0 Intensive Husbandry management 

systems 

 
4 Semi-intensive 

2 Poor  

Hygienic condition 2 Moderate 

0 Good 

3 Yes History of diarrhea in the 

herd 1 No 

 

In Iran, mixed farming farms of pigs with other 

ruminants are uncommon, which may explain the 

lower positivity rate of HEV obtained in this study.  

Furthermore, epidemiological data proposed the 

role of pigs as potential reservoirs of HEV and also 

documented a widespread virus distribution in 

many countries, including the United Kingdom, 

China, Italy, Japan, and Canada (29-34). Seasonal 

migration of small ruminants to highland pastures 

during the summer season, due to access to the fresh 

food, is common. This type of rearing system was 

observed in all positive cities in this study. 

Therefore, we proposed that the shared pastures 

containing HEV reservoir or infected animals may 

be the origin of the HEV detected in this study. 

Due to the zoonotic nature of hepatitis E disease, 

milk samples were also collected. The consumption 

of unpasteurized and contaminated milk could 

potentially elevate the risk of human infection. In 

addition, it has been proposed that pasteurized milk 

may possible source of infection if the virus is not 

completely inactivated (35). HEV RNA was not 

detected from any milk samples which is consistent 

with previous studies (7, 36). In general, HEV RNA 

was found in milk in very low level (14). For 

instance, Demirci et al, reported HEV RNA in 12 

(18.5%) out of 65 goat milk samples (37). In 
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another study, Mokhtar et al. in 2020, detected HEV 

RNA in only 2 of 280 (0.7%) goat milk samples in 

Egypt tested (38). In Europe, data on HEV in milk 

and its products are limited. In one study that was 

conducted in the Czech Republic showed 1.4% 

(4/290) of tested samples was positive (14). The 

relatively low detection rate of HEV RNA in milk 

samples may be explained by lower viral loads, 

geographical variation in HEV prevalence, 

differences in approaches for viral genome 

extraction and detection of HEV, as well as the 

presence of inhibitory components, including 

enzymes, antibodies, which can impede the HEV 

molecular detection assays (39).  

The source of the HEV RNA in the positive feces 

samples remains unclear. Based on detailed 

information from our positive farms, seasonal 

migration to highland pastures occurs regularly 

during the summer. Consequently, this proposed 

that the wild animals, especially wild boars could 

be served as a source of infection for goats. 

Kubankova et al, showed that the relatively high 

HEV positivity rate among wild boars in the Czech 

Republic (40). Therefore, it can be inferred that 

contaminated highland pastures could be a source 

of infection for small ruminants. Various studies 

have showed the higher level of viral load in feces 

samples (41). By considering the isolation of the 

virus genome in feces samples, our data suggests 

that the fecal-oral remains a predominant route of 

HEV transmission. However, the lack of positive 

milk samples dose not exclude the potential 

transmission risk through dairy products. 

Furthermore, the source of HEV RNA identified in 

goat feces remains unclear.  

Conclusion 

This data confirmed the presence of HEV RNA in 

domestic goats, in Iran. several limitation in this 

study, including sampling from only one province 

of the country, small sample size and low positive 

rate, which may have decreased the statistical 

power to describe the risk factor attributed to the 

HEV circulation. Although, pooled sampling 

strategy is cost-effective, may have not accurately 

reflected the true prevalence of HEV and potentially 

underestimating the true positive rate. According to 

the Food and Agriculture Organization of the 

United Nations, to confirm the reservoir role and 

source of pig for HEV infection. To assess the 

reservoir role for domestic ruminants, more robust 

investigations are required. Conducting large and 

accurate studies worldwide using the sampling of 

biological fluids and tissues, including serum, 

feces, milk, and tissue samples from liver, in 

combine with the application of standardized and 

improved diagnostic methods, would also be 

effective in determination the role of ruminants in 

the epidemiology of HEV and the risk of disease 

transmission to humans. In addition, serological 

surveillance for HEV detection among individuals 

with occupational exposure to ruminants, such as 

slaughterhouse workers, veterinarians, farmers, and 

hunters, would be useful to better understand the 

role of ruminants as a reservoir of HEV concerning 

hosts and the occupational risks associated with 

contact with them. 

 

Acknowledgments 

This study is supported by Amol University of 

Special Modern Technologies, Amol, Iran. 

Conflict of Interests 

The authors declare no conflict of interest. 

Ethical Approval 

We declare that all ethical points attributed to 

animal care and ethics committees of the university 

were considered in the present research. 

Artificial Intelligence Statement 

We declare that no artificial intelligence was used 

in this study.   

 

      References  

1. Ferri G, Vergara A. Hepatitis E virus in the food 

of animal origin: a review. Foodborne Pathog 

Dis. 2021;18(6):368-77. 

https://doi.org/10.1089/fpd.2020.2896. 

2. Faour-Klingbeil D, CD Todd E. Prevention and 

control of foodborne diseases in Middle-East 

North African countries: Review of national 

control systems. Int J Environ Res Public 



1059 Khosravi et al.                                                  Journal of Zoonotic Diseases, 2025, 10 (1): 1052-1061      
 

 

 

 

 

Health. 2020;17(1):70. 

https://doi.org/10.3390/ijerph17010070.  

3. Taherkhani R, Farshadpour F. Epidemiology of 

hepatitis E in pregnant women and children in 

Iran: a general overview. J Clin Transl Hepatol. 

2016;4(3):269. 

https://doi.org/10.14218/JCTH.2016.00013 

4. International Committee on Taxonomy of 

Viruses: ICTV. Virus taxonomy: the 

classification and nomenclature of viruses. The 

Online Report of the ICTV. 

https://talk.ictvonline.org/taxonomy/. Accessed 

July 2024. 

5. Kenney SP, Meng XJ. Hepatitis E virus genome 

structure and replication strategy. Cold Spring 

Harb Perspect Med. 2019;9(1): a031724. 

https://doi.org/10.1101/cshperspect.a031724. 

6. Bari FD, Wodaje HB, Said U, Waktole H, 

Sombo M, Leta S, et al. First molecular 

detection of hepatitis E virus genome in camel 

and pig faecal samples in Ethiopia. Virol 

J.  2021;18(1):160. 

https://doi.org/10.1186/s12985-021-01626-9. 

7. Geng Y, Zhao C, Huang W, Wang X, Xu Y, Wu 

D, et al. Hepatitis E virus was not detected in 

feces and milk of cows in Hebei province of 

China: No evidence for HEV prevalence in 

cows. Int J Food Microbiol. 2019;291:5-9. 

https://doi.org/10.1101/cshperspect.a031724. 

8. De Sabato L, Di Bartolo I, Lapa D, Capobianchi 

MR, Garbuglia AR. Molecular characterization 

of HEV genotype 3 in Italy at human/animal 

interface. Front Microbiol. 2020;11:137. 

https://doi.org/10.3389/fmicb.2020.00137. 

9. Di Profio F, Sarchese V, Palombieri A, Fruci P, 

Lanave G, Robetto S, et al. Current knowledge 

of hepatitis E virus (HEV) epidemiology in 

ruminants. Pathogens. 2022;11(10):1124. 

https://doi.org/10.3390/pathogens11101124. 

10. Carella E, Oberto F, Romano A, Peletto S, 

Vitale N, Costa A, et al. Molecular and 

serological investigation of Hepatitis E virus in 

pigs slaughtered in Northwestern Italy. BMC 

Vet Res. 2023;19(1):21. 

https://doi.org/10.1186/s12917-023-03578-4. 

11. Turlewicz-Podbielska H, Augustyniak A, 

Wojciechowski J, Pomorska-Mól M. Hepatitis 

E virus in livestock—update on its 

epidemiology and risk of infection to humans. 

Animals. 2023;13(20):3239. 

https://doi.org/10.3390/ani13203239. 

12. Thakur V, Ratho RK, Kumar S, Saxena SK, 

Bora I, Thakur P. Viral hepatitis E and 

chronicity: a growing public health concern. 

Front Microbiol. 2020;11:577339. 

https://doi.org/10.3389/fmicb.2020.577339.  

13. Aggarwal R, Goel A. Natural history, clinical 

manifestations, and pathogenesis of hepatitis E 

virus genotype 1 and 2 infections. Cold Spring 

Harb Perspect Med. 2019;9(7):a032136. 

https://doi.org/10.1101/cshperspect.a032136. 

14. Dziedzinska R, Krzyzankova M, Bena M, 

Vasickova P. Evidence of hepatitis E virus in 

goat and sheep milk. Viruses. 

2020;12(12):1429. 

https://doi.org/10.3390/v12121429. 

15. Sarani A, Ravanbakhsh A, Kamaladini H. First 

detection of hepatitis E virus in dromedary 

camels from Iran. Vet Med Sci. 

2023;9(4):1812-7. 

https://doi.org/10.1002/vms3.1174. 

16. Amiri Dehnoyi M, Mokhtari A. Genomic 

Investigation of Hepatitis E Virus in Persian 

Gazelle. Jentashapir J Cell Mol Biol. 

2020;11(4):e111737. 

https://doi.org/10.5812/jjcmb.111737. 

17. Parsa R, Adibzadeh S, Behbahani AB, Farhadi 

A, Yaghobi R, Dehbidi GR, et al. Detection of 

hepatitis E virus genotype 1 among blood 

donors from Southwest of Iran. Hepat Mon. 

2016;16(6): e34202. 

https://doi.org/10.5812/hepatmon.34202. 

18. Di Martino B, Di Profio F, Melegari I, 

Sarchese V, Robetto S, Marsilio F, et al. 

Detection of hepatitis E virus (HEV) in goats. 

Virus Res. 2016;225:69-72. 

https://doi.org/10.1016/j.virusres.2016.09.008. 

19. Movafagh F, Zeinali T, Jamshidi A. 

Contamination Rate of Bovine Raw Milk with 

Yersinia enterocolitica Biotypes in Mashhad, 

Iran. J hum environ health promot. 2021; 

7(1):30-34. http://doi:10.52547/jhehp.7.1.30. 

20. Tiezzi F, Tomassone L, Mancin G, Cornale P, 

Tarantola M. The Assessment of Housing 

Conditions, Management, Animal-Based 

Measure of Dairy Goats’ Welfare and Its 

Association with Productive and Reproductive 

Traits. Animals (Basel). 2019;9(11):893. 

https://doi: 10.3390/ani9110893. 

21. Johne R, Plenge-Bönig A, Hess M, Ulrich RG, 

Reetz J, Schielke A. Detection of a novel 

hepatitis E-like virus in faeces of wild rats using 

https://doi.org/10.3389/fmicb.2020.00137
https://doi.org/10.3390/pathogens11101124
https://doi.org/10.1186/s12917-023-03578-4
https://doi.org/10.3390/ani13203239
https://doi.org/10.1101/cshperspect.a032136
https://doi.org/10.3390/v12121429
https://doi.org/10.1002/vms3.1174
https://doi.org/10.5812/hepatmon.34202


1060 Khosravi et al.                                                  Journal of Zoonotic Diseases, 2025, 10 (1): 1052-1061      
 

 

 

 

 

a nested broad-spectrum RT-PCR. J.Gen.Virol. 

2010;91(3):750-8. 

https://doi.org/10.1099/vir.0.016584-0.  

22. Huang F, Li Y, Yu W, Jing S, Wang J, Long F, 

et al. Excretion of infectious hepatitis E virus 

into milk in cows imposes high risks of 

zoonosis. Hepatology. 2016;64(2):350-9. 

https://doi.org/10.1002/hep.28668. 

23. Oberdorfer A, Werner O. Newcastle disease 

virus: detection and characterization by PCR of 

recent German isolates differing in 

pathogenicity. Avian Pathol. 1998;27(3):237-

43. 

https://doi.org/10.1080/03079459808419330.  

24. Shata MT, Daef EA, Zaki ME, Abdelwahab SF, 

Marzuuk NM, Sobhy M, et al. Protective role 

of humoral immune responses during an 

outbreak of hepatitis E in Egypt. Trans R Soc 

Trop Med Hyg. 2012;106(10):613-8. 

https://doi.org/10.1016/j.trstmh.2012.07.004. 

25. Kamel AH, Ali MA, El-Nady HG, Deraz A, 

Aho S, Pothier P, et al. Presence of enteric 

hepatitis viruses in the sewage and population 

of Greater Cairo. Clin Microbiol Infect. 

2011;17(8):1182-5. 

https://doi.org/10.1111/j.1469-

0691.2011.03461.x. 

26. Santos-Silva S, Romalde JL, Bento JT, Cruz 

AV, López-López P, Gonçalves HM, et al. 

Serological and Molecular Survey of Hepatitis 

E Virus in Small Ruminants from Central 

Portugal.  Food Environ Virol. 2024;16(4):516-

24. https://doi.org/10.1007/s12560-024-09612-

4. 

27. Wu J, Si F, Jiang C, Li T, Jin M. Molecular 

detection of hepatitis E virus in sheep from 

southern Xinjiang, China. Virus Genes. 

2015;50(3):410-417. 

https://doi.org/10.1007/s11262-015-1194-9. 

28. Sarchese V, Di Profio F, Melegari I, Palombieri 

A, Sanchez SB, Arbuatti A, et al. Hepatitis E 

virus in sheep in Italy. Transbound Emerg Dis. 

2019;66(3):1120-5. 

https://doi.org/10.1111/tbed.13157. 

29. Grierson S, Heaney J, Cheney T, Morgan D, 

Wyllie S, Powell L, et al. Prevalence of 

hepatitis E virus infection in pigs at the time of 

slaughter, United Kingdom, 2013. Emerg Infect 

Dis. 2015;21(8):1396. 

https://doi.org/10.3201/eid2108.141995. 

30. Tan L, Zhou Y, Qiu Y, Lei L, Wang C, Zhu P, 

et al. Pseudorabies in pig industry of China: 

epidemiology in pigs and practitioner 

awareness. Front Vet Sci. 2022;9:973450. 

https://doi.org/10.3389/fvets.2022.973450. 

31. Ferrara G, Pagnini U, Improda E, Iovane G, 

Montagnaro S. Pigs in southern Italy are 

exposed to three ruminant pathogens: an 

analysis of seroprevalence and risk factors 

analysis study. BMC Vet Res. 2024;20(1):183. 

https://doi.org/10.1186/s12917-024-04037-4. 

32. Takahashi M, Kunita S, Nishizawa T, Ohnishi 

H, Primadharsini PP, Nagashima S, et al. 

Infection dynamics and genomic mutations of 

hepatitis E virus in naturally infected pigs on a 

farrow-to-finish farm in Japan: A survey from 

2012 to 2021. Viruses. 2023;15(7):1516. 

https://doi.org/10.3390/v15071516. 

33. Wilhelm B, Fazil A, Rajić A, Houde A, 

McEwen SA. Risk profile of hepatitis E virus 

from pigs or pork in Canada. Transbound 

Emerg Dis. 2017;64(6):1694-708. 

https://doi.org/10.1111/tbed.12582. 

34. Kanayama A, Arima Y, Yamagishi T, 

Kinoshita H, Sunagawa T, Yahata Y, et al. 

Epidemiology of domestically acquired 

hepatitis E virus infection in Japan: assessment 

of the nationally reported surveillance data, 

2007–2013. J Med Microbiol. 2015;64(7):752-

8. https://doi.org/10.1099/jmm.0.000084. 

35. EFSA Panel on Biological Hazards (BIOHAZ), 

Koutsoumanis K, Allende A, Alvarez‐
Ordóñez A, Bolton D, Bover‐ Cid S, et al. 

Scientific Opinion on the update of the list of 

QPS‐ recommended biological agents 

intentionally added to food or feed as notified 

to EFSA (2017–2019). EFSA J. 

2020;18(2):e05966. 

https://doi.org/10.2903/j.efsa.2020.5966. 

36. Wang L, Teng JLL, Lau SKP, Sridhar S, Fu H, 

Gong W, et al. Transmission of a Novel 

Genotype of Hepatitis E Virus from Bactrian 

Camels to Cynomolgus Macaques. J Virol. 

2019;93(7):e02014-18. https://doi: 

10.1128/JVI.02014-18. 

37. Demirci M, Yiğin A, Ünlü Ö, Altun SK. 

Detection of HEV RNA amounts and 

genotypes in raw milks obtained from different 

animals. Mikrobiyol Bul. 2019;53(1):43-52. 

https://doi.org/10.5578/mb.67468. 

https://doi.org/10.1002/hep.28668
https://doi.org/10.1016/j.trstmh.2012.07.004
https://doi.org/10.1111/j.1469-0691.2011.03461.x
https://doi.org/10.1111/j.1469-0691.2011.03461.x
https://doi.org/10.1007/s12560-024-09612-4
https://doi.org/10.1007/s12560-024-09612-4
https://doi.org/10.1007/s11262-015-1194-9
https://doi.org/10.1111/tbed.13157
https://doi.org/10.3201/eid2108.141995
https://doi.org/10.3389/fvets.2022.973450
https://doi.org/10.1186/s12917-024-04037-4
https://doi.org/10.3390/v15071516
https://doi.org/10.1111/tbed.12582
https://doi.org/10.1099/jmm.0.000084
https://doi.org/10.2903/j.efsa.2020.5966
https://doi.org/10.5578/mb.67468


1061 Khosravi et al.                                                  Journal of Zoonotic Diseases, 2025, 10 (1): 1052-1061      
 

 

 

 

 

38. El-Mokhtar MA, Elkhawaga AA, Sayed IM. 

Assessment of hepatitis E virus (HEV) in the 

edible goat products pointed out a risk for 

human infection in Upper Egypt. Int J Food 

Microbiol. 2020;330:108784. 

https://doi.org/10.1016/j.ijfoodmicro.2020.108

784. 

39. Sayed IM, Hammam ARA, Elfaruk MS, 

Alsaleem KA, Gaber MA, Ezzat AA, et al. 

Enhancement of the Molecular and Serological 

Assessment of Hepatitis E Virus in Milk 

Samples. Microorganisms. 2020;8(8):1231. 

https://doi: 10.3390/microorganisms8081231. 

40. Kubankova M, Kralik P, Lamka J, Zakovcik V, 

Dolanský M, Vasickova P. Prevalence of 

hepatitis E virus in populations of wild animals 

in comparison with animals bred in game 

enclosures. Food Environ Virol. 

2015;7(2):159-63. 

https://doi.org/10.1007/s12560-015-9189-1. 

41. Long F, Yu W, Yang C, Wang J, Li Y, Li Y,et 

al. High prevalence of hepatitis E virus 

infection in goats. J Med Virol. 

2017;89(11):1981-1987. https://doi: 

10.1002/jmv.24843. 

 

 

 

 
 

 

 

https://doi.org/10.1007/s12560-015-9189-1

