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Abstract 

Hepatitis E virus (HEV) has been confirmed within the landscape of the European food industry, representing a 

significant factor in the dissemination of HEV among European citizens. Food-borne transmission of HEV appears to 

be a major route in Europe, with pigs and wild boars being the main source. The results of this study highlight an 

overall HEV seroprevalence of 12.8% (95%CI: 7.95-17.75) in wild boars and the detection of HEV RNA in all three 

fresh pig liver batches sampled from a slaughterhouse in Iași County. Given the prevalent dietary preferences in 

Romania, pork stands out as a highly favored food choice among the populace. However, the popularity of pork also 

raises concerns, as there exists the occasional risk of contamination with HEV, presenting a potential threat to consumer 

health. Ongoing surveillance, regulatory measures, and public awareness initiatives collectively may represent a 

comprehensive strategy to protect the consumers and ensure the safety of pork products in the market.  
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INTRODUCTION 

Hepatitis E virus stands out as a prominent 

global contributor to acute hepatitis, holding the 

leading position among viral causes.  The family 

Hepeviridae, Orthohepevirinae subfamily 

comprises single-stranded RNA viruses organized 

into four distinct genera. Among these, only 

strains within the Paslahepevirus (HEV) and 

Rocahepevirus (RHEV) genera have exhibited 

zoonotic potential, posing a significant health 

threat (Purdy et al, 2022). Within the 

Paslahepevirus genus, two species, P. balayani 

and P. alci, exist. The P. balayani species further 

delineates into eight genotypes (HEV A1-8) based 

on the host species it infects. Genotypes 3 and 4 

are identified in pigs; 3, 4, 5, 6 in wild boars; 3 in 

rabbits, mongooses, and deer; 4 in yaks; and 7 and 

8 in camels (Ahmed et al, 2023). The expanded 

host range indicates the high variability of these 

HEV strains and their zoonotic potential.  

Five HEV genotypes (HEV1-4 and HEV-7) 

are recognized to induce hepatitis in humans. In 

low-income countries, during epidemics, the fecal 

contamination of water reservoirs serves as the 

source of infection for genotypes 1 and 2.  

Fig. 1 Taxonomy and structure of 

Hepeviridae family 

Autochthonous hepatitis E in the developed 

world primarily results from HEV-3 transmission 

occurring through the consumption of 

undercooked pork or cervid meat, especially the 

liver of these animals, and also through contact 

with contaminated animals. More recently, it has 

been demonstrated that the environment can be 

contaminated by zoonotic sources. Other foods 

such as salads, field raspberries, or shellfish 

(mussels, oysters) are potential sources of 

contamination. The frequency of human clinical 

forms associated with HEV infection is not 
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known, but it does not appear to depend on the 

route of contamination (contact or food-borne) 

(Geng et al, 2023). There are clustered cases of 

exposure to HEV through food, but not all 

infected individuals (showing seroconversion) 

have reported acute hepatitis.  

The present study was designed to provide 

data from a selected group of hunting founds and 

a slaughter house from Iași County, aiming to 

highlight the presence of the hepatitis E virus in 

the pig reservoir. The investigation framework 

encompasses a seroprevalence survey, delving 

into the prevalence of antibodies against HEV in 

wild boars and a molecular investigation focusing 

on the characteristics of the present viral strains in 

offal’s of domestic swine. Through these 

multifaceted analyses, the study seeks to 

contribute valuable insights into the dynamics and 

potential pathways of zoonotic transmission of 

hepatitis E infection. 

 

MATERIAL AND METHOD 

 

The investigations war carried out between 

2021 and 2022, involving the sampling of 179 

wild boar sera from various hunting founds in Iași 

County. Additionally, 16 liver tissue samples 

were collected from two distinct slaughtering 

batches of pigs aged 5-6 months. The domestic 

pigs weighed approximately 100 kg at the 

moment of slaughtering. 

The PrioCHECK® VHE Ab porcine kit 

(Applied Biosystems) was employed for the 

detection of HEV antibodies in serum samples 

from wild boars. The protocol followed a four-

step protocol, including sample preparation, 

sample incubation, conjugate incubation, and 

detection. The ELISA plate is coated with 

recombinant hepatitis E virus (HEV) antigens 

from the ORF 2 and 3 of genotypes 1 and 3, being 

used for the purposes of monitoring and 

surveillance of potential zoonotic infection in 

swine. 

For fresh liver samples, the protocol 

consisted first of RNA extraction and reverse 

transcription. Nested PCR was employed to 

identify HEV RNA in pig liver samples, utilizing 

a modified PCR technique aimed at enhancing the 

sensitivity and specificity of the assay. The 

method incorporates two sets of primers and two 

consecutive PCR reactions. Following the initial 

PCR reaction, the resulting amplicon served as a 

template for a second set of primers and an 

additional amplification step. The targeted region 

corresponds to a fragment of the ORF2 from the 

HEV genome. The specific primers employed in 

the reaction are detailed in figure 3. 

 

 
 

 
 

Figure 2. Steps of the molecular diagnosis 

protocol and the primers used for HEV detection 

 

 

RESULTS AND DISCUSSIONS 

 
Pigs and wild boars are recognized as 

reservoirs for infections in humans in European 

countries. The transmission of these infections to 

humans occurs through various means, including 

direct contact, the consumption of raw or 

undercooked pork meat, and the ingestion of 

products derived from wild boars, such as 

sausages (Renou et al, 2014). Notably, several 

field studies have underscored the prevalence of 

HEV, revealing that between 2% and 11% of pork 

livers available in supermarkets across Japan, 

Europe, and the United States have tested positive 

for HEV RNA. Moreover, the infectivity of HEV 

has been corroborated through experiments using 

animal models. 

In addition to direct transmission, there 

exists the potential for indirect transmission 

through contact with the manure of pigs infected 

with HEV (De Schryver et al, 2015). 

Interestingly, HEV has demonstrated its 

adaptability beyond traditional sources. It has 

been detected in unexpected places, such as 

strawberries cultivated in Canada, frozen 

raspberries, and salad vegetables in Europe. 

Furthermore, the versatility of HEV extends to 

seafood, where genotypes 3 and 4 of the virus are 

frequently identified. Oysters, flat oysters, 

mussels, and clams, among other seafood, have 

been found to harbor HEV. This occurrence is 

attributed to the bioaccumulation of the virus from 

water, resulting in its concentration within the 

digestive tissues of these marine organisms 

(Takuissu et al, 2022).  

Hepatitis E has become the leading cause 

of acute viral hepatitis in Europe. Recent studies 
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on blood donor populations, conducted using the 

same serological test with validated analytical 

performance in terms of sensitivity and 

specificity, reveal anti-HEV IgG seroprevalence 

rates exceeding 20% in countries such as France 

(22%) (Gallian et al, 2014), Germany (29%), and 

the Netherlands (27%) (van Gageldonk-Lafeber et 

al, 2017). The seroprevalence is 16% in the 

United Kingdom (Hewitt et al, 2014). The rise in 

seroprevalence with age reflects cumulative 

exposure to the virus. The prevalence of 

asymptomatic forms contributes to its relatively 

low awareness. At the other end of the 

pathological spectrum, one can observe deadly 

fulminant hepatitis and chronic forms, especially 

in transplant recipients (Kamar et al, 2012). 

The natural infection kinetics of pigs in 

farming settings reveal a predominant 

susceptibility among the animals during their 

early stages, specifically at the juncture of 

weaning and the decline in maternal immunity 

transfer. The transmission pathway primarily 

involves oro-fecal transmission, typically 

manifesting around the 10th week of age. 

Subsequently, the virus undergoes active 

replication within the liver, with substantial 

excretion observed in feces between the ages of 

12 and 18 weeks before eventual elimination.

 
 

 

It's noteworthy that during the viremic 

phase, the virus may extend its presence to other 

organs, including muscles such as the 

longissimus, biceps femoris, and iliopsoas 

(Bouwknegt et al, 2009). In certain instances, 

infections may occur later in the animals' 

development, leading to the arrival of individuals 

in the active phase of viral multiplication in the 

liver and viremic animals at the abattoir. This 

scenario poses a pronounced risk of exposure to 

Hepatitis E Virus (HEV) through the consumption 

of meat products. Turning attention to wildlife, 

wild boars and deer are identified as carriers of 

the virus, although the specifics of HEV 

dissemination within these reservoirs are not yet 

fully elucidated. Nonetheless, these species 

remain crucial reservoirs, with HEV prevalence 

reaching 40% in wild boars and 34% in deer 

within specific European regions (Pavio Net al, 

2010). The evidence of the Hepatitis E Virus 

(HEV) in food products originating from pork, 

particularly pork liver, has been substantiated 

through comprehensive investigations across 

diverse regions. Five distinct studies conducted in 

Japan, the Netherlands, India, South Korea, and 

the United States have collectively shed light on 

the prevalence of HEV in these consumables. 

Notably, these studies disclosed that a range of 

1% to 11% of commercially available pork livers 

tested positive for HEV (Di Cola et al, 2021). It's 

essential to highlight that certain liver-based 

preparations, such as semi-dry liver sausages, 

pose a potential risk when consumed in their raw 

state. These products, as recently underscored in a 

report from France (Colson et al, 2010) may 

harbor the virus and could be implicated in human 

cases. This emphasizes the need for continued 

vigilance and research to comprehend and 

 

 

  

Fig. 3. Details of wild boar samples tested for HEV antibodies 
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mitigate the risks associated with HEV 

transmission through pork-derived food items. 

In the present study, HEV circulation in 

suid populations in Iasi County was asses through 

the detection of HEV antibodies in wild boars and 

evaluation of the presence of HEV RNA in 

commercial pig fresh liver.  

Following a meticulous analysis of the 

results derived from serological testing aimed at 

detecting antibodies against the hepatitis E virus 

in samples collected from wild boars throughout 

the year 2021, 19 seropositive animals were 

identified, with a seropositivity rate of 21.11% 

(95% CI: 12.68-29.54%). The wild boars that 

tested positive for HEV hailed from four distinct 

hunting founds: Poieni, Crivești, Grajduri, and 

Pietrosu. The scrutiny of results stemming from 

serological testing for HEV antibodies in samples 

collected from wild boars throughout the year 

2022 highlighted four seropositive animals out of 

90 wild boars tested. The seroprevalence for the 

samples examined in the year 2022 stands at 4.4% 

(95% CI: 0.9 – 8.70%). Noteworthy is the fact 

that the wild boars positive for HEV antibodies 

originated from four distinct hunting founds: 

Poieni, Stolniceni-Prăjescu, Gheorghițoaia, and 

Mogoșești (Figure 4).  

 

 

 

 

 

 

 

 

 

 

Fig.4 Results of the detection of HEV antibodies in wild boar population  

 

Similar results have been reported in two 

previous studies conducted in the Eastern region 

of Romania, highlighting the HEV seroprevalence 

at values of 10.29% and 9.61% in wild boar 

populations (Porea et al, 2018). Two studies from 

France and the Netherlands have also shown that 

HEV is endemic in these territories, with HEV 

seroprevalence in wild boars reaching values of 

14% and 12%, respectively (Carpentier et al, 

2012; Rutjes et al, 2010). A recent study 

conducted in Spain reported a 23% prevalence of 

HEV RNA and suggested that the dynamics of  

 

hepatitis E virus in wild boars may be seasonal, 

peaking at the beginning of the hunting season in 

late October and November (Rivero-Juarez et al., 

2018). Furthermore, individuals with professional 

exposure, such as hunters and forestry workers, 

show an increased risk of the presence of specific 

anti-HEV antibodies, indicating a heightened risk 

of hepatitis E virus infection among them 

(Dremsek et al, 2012).  

In the study involving domestic pigs, the 

results of the molecular analysis of the 16 liver 

samples, highlighted that all samples were  
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Figure 5. The results of the nested-PCR for detection of HEV RNA in pig liver samples. The expected 

positive PCR product length: 347 nt 
 

 

positive for HEV RNA (Figure 5). This 

noteworthy finding underscores a uniform 

positivity across all three slaughtering batches, 

irrespective of the particular sample under 

examination. This consistent positivity across 

different batches strongly reinforces the assertion 

that HEV is a zoonotic disease, capable of 

transmission through improperly cooked pig meat. 

In this context, the farm environment has 

been identified as a potential source of HEV in 

pigs. However, understanding the specific risk 

factors associated with on-farm and between-farm 

transmission of HEV remains elusive for 

interpretation. The last research studies 

highlighted the fact that HEV infections are not 

uncommon among pigs, the virus being detected 

in pig liver around four months old (Widen, 

2016). Pork and liver undergo diverse industrial 

food-processing techniques to enhance their 

safety, flavor, and shelf life. These methods 

encompass a spectrum of approaches, including 

fermentation, acidification, high-pressure 

processing steps, and thermal treatments. Despite 

the application of thermal processing to pork meat 

and products, there remains a noteworthy concern 

regarding the stability of the hepatitis E virus.  

 

 

Published literature indicates that certain 

temperatures commonly employed in cooking 

may not effectively inactivate the virus, even 

when subjected to thermal treatment (EFSA Panel 

on Biological Hazards, 2017). 

 

CONCLUSIONS 

 

Presently, the substantial prevalence of 

the hepatitis E virus in animal reservoirs, 

particularly in pigs, underlines its status as a 

significant source of contamination for humans. 

To effectively mitigate the risk of zoonotic human 

infection, a comprehensive approach is essential. 

This involves not only the continued monitoring 

of pigs but also the active surveillance of all 

animal reservoirs. Recognizing the presence of 

HEV in animal offal’s emphasizes the critical 

need for advancing diagnostic methodologies 

within food products. Implementing rigorous 

processing procedures in the food industry is 

imperative to curtail the potential for 

contamination. Furthermore, practical cooking 

methods should be emphasized to inactivate the 

virus, thereby enhancing overall food safety and 
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minimizing the risk of transmission to humans 

during consumption. 

These multifaceted measures, encompassing 

surveillance, diagnostics, and processing 

protocols, collectively contribute to a 

comprehensive strategy aimed at reducing the 

incidence of zoonotic transmission of HEV to 

humans through the food chain. 
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