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Chapter 1 1 

1. Introduction 

Chapter 1 

In numerous countries of the world, mainly in developing regions, Hepatitis E virus 

(HEV) is endemic and responsible for a water-borne infectious hepatitis in humans. 

After the existence of a non-A, non-B hepatitis virus was confirmed in 1983 by 

immune-electron microscopy, HEV was identified as the major cause of acute viral 

hepatitis in these areas. Infections with HEV lead to an acute, self-limiting disease 

with varying outcome. 

 

HEV is a non-enveloped virus with a positive-orientated, single-stranded RNA 

genome, which can be subdivided in three open reading frames (ORFs). Today, HEV 

is classified as a member of the genus Hepevirus within the viral family Hepeviridae. 

Four major genotypes of HEV have been distinguished to this date. HEV genotypes 1 

and 2 are responsible for water-borne outbreaks in large parts of the world, whereas 

infections with genotypes 3 and 4 are considered to be of zoonotic origin.  

 

Initially, hepatitis E was considered to be a travel-associated disease in Western 

countries, since only individuals returning from HEV endemic areas were affected.  

However, sporadic indigenous hepatitis E cases of unknown origin were observed in 

later periods. The first time that domestic pigs were mentioned as a likely source for 

these autochthonous HEV infections was in 1997. During this period, a virus strongly 

resembling the human HEV was discovered in domestic pigs in the United States.  

 

To this date, the presence of HEV genotype 3 has been verified in the domestic pig 

population by detection of both viral RNA and specific antibodies against HEV in 

several countries worldwide. Importantly, HEV seems to circulate asymptomatically in 

pigs and does not appear to influence the health status of infected animals. Wild 

boars and deer have also been confirmed to carry the virus without exhibiting clinical 

symptoms. In the last decade, HEV infections took on greater significance for public 

health. Aside from the increasing number of reported locally acquired hepatitis E 
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cases, HEV genotype 3 infections were shown to be responsible for chronic hepatitis 

in immunosuppressed individuals, with the potential to induce permanent hepatic 

injury.  Contrary to Hepatitis A virus, HEV is not transmitted through direct human-to-

human contact. Hence, rising figures of HEV infections in Germany are presumably 

correlated to a heightened risk of zoonotic transfer, and this strengthens the need for 

enhanced investigations on HEV animal reservoirs and potential routes of virus 

transmission. HEV has been prevalent in the German wild boar population for several 

years. However, nothing is known on the virus distribution and the occurrence of 

HEV in domestic pig herds from Germany. Initial data on the HEV infection rate of 

domestic pigs are essential to assess the risk for the human population. Therefore, 

aim of this thesis was to investigate the current HEV distribution and its effects on 

domestic pigs.   

 

One objective of the thesis was to obtain a first insight into the dissemination of HEV 

in domestic pig herds in Germany by investigating the HEV-seroprevalence. 

Qualitative analyses of the presence of specific immunoglobulin G (IgG)-antibodies 

provide no information on the acute infection status. However, conclusions on 

previous HEV contact can certainly be drawn. The distribution of HEV-antibodies 

among different age groups of pigs might hint at the dynamics of the infection. 

Therefore, the development of an HEV-antibody assay and a screening of porcine 

sera originating from all over Germany were accomplished (Chapter 3).  

 

The second goal was to investigate the real HEV prevalence by detection of viral 

RNA in porcine liver samples. To enable a detailed insight into the dissemination of 

HEV in the pig population, different age groups of animals were sampled. In the 

course of this, quantification of the viral load and phylogenetic analyses was also to 

be performed (Chapter 4). This approach allows determining the infection rate and 

helps clarify the course of infection. Furthermore, investigation of similarities to 

previously published HEV sequences might reveal new aspects on the epidemiology 

of HEV. 
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Another purpose was to elucidate the manifestations of HEV infection in domestic 

pigs under natural as well as under experimental conditions. In humans, HEV 

infection can lead to microscopically visible hepatic injury, particularly during chronic 

HEV manifestation. Thus, the question arises whether histological examination of 

porcine liver slides might also reveal inflammatory or degenerative processes 

associated with HEV infections. To answer this question, liver samples investigated 

for the presence of viral nucleic acid were also submitted to histological examination 

(Chapter 4).  Another interesting issue involves the viral spread and manifestation of 

human-derived HEV in the porcine organism. Therefore, domestic pigs were 

experimentally infected with a virus recovered from a patient chronically infected with 

HEV (Chapter 5).  

 

The objective of this study was to provide a first overview of the situation of HEV in 

the German domestic pig population and the behaviour of HEV in the porcine host. 

Regarding a possible public health risk, the results contribute to understand the 

dynamics of this zooonotic infection. 
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2. Literature review 

Chapter 2 

2.1.  Hepatitis E virus 

 

2.1.1. Taxonomy and genotypes 

 

In 1983, the existence of a novel non-A, non-B water-borne hepatitis virus was 

confirmed when a human volunteer fell ill after inoculation with faecal material from 

epidemic hepatitis patients (BALAYAN et al., 1983). Several years later, the nucleic 

acid sequence of this pathogen was isolated (REYES et al., 1990), followed by the 

description of the full genomic sequences of two additional isolates from Mexico and 

Asia. Meanwhile the virus was named Hepatitis E virus (HEV) (TAM et al., 1991; 

HUANG et al., 1992). According to the virus morphology and the genetic structure, 

HEV was subsequently classified to the virus familiy of the caliciviridae (TAM et al., 

1991) 

 

Currently, HEV is placed in the genus Hepevirus and is the sole member of the newly 

assigned viral family Hepeviridae. The genus Hepevirus comprises four approved 

major genotypes (SCHLAUDER and MUSHAHWAR, 2001; OKAMOTO, 2007). 

Genotype 1 has mainly been isolated from sporadic and epidemic human cases in 

Asia (LU et al., 2006). Genotype 2 was first discovered in Mexico but subsequently 

emerged in central Africa (NICAND et al., 2005; LU et al., 2006). HEV genotype 3 

was first described to cause sporadic disease in the United States (KWO et al., 1997; 

SCHLAUDER et al., 1998) but has also been shown to be responsible for locally 

acquired hepatitis E cases in Europe, Argentina, Australia, Japan, Korea and New 

Zealand. Furthermore, genotype 3 is present in domestic pigs, wild boars and deer 

species in numerous industrialised countries. Genotype 4 has been found in sporadic 

hepatitis E cases in China, Vietnam, Japan and Taiwan where the virus also 

circulates in porcine as well as in deer species (LU et al., 2006; PAVIO et al., 2010) 



Chapter 2 5 

However, the detection of genetically distinct HEV strains in rats, rabbits and wild 

boars suggests the existence of further HEV genotypes (ZHAO et al., 2009a; JOHNE 

et al., 2010; TAKAHASHI et al., 2011). 

 

The family Hepeviridae comprises also the avian HEV, which is responsible for the 

Big liver and spleen disease in chicken. However, it has a 60% genome identity with 

mammalian HEV strains only (PAYNE et al., 1999).  

 

2.1.2. Morphology 

 

HEV is a non-enveloped virus with a diameter of 27 to 34 nm (BALAYAN et al., 1983; 

ARANKALLE et al., 1988). Electron microscopy studies and crystallisation of 

recombinant virus-like particles (VLP) revealed 60 truncated proteins forming the viral 

capsid, resulting in a T=1 icosahedral symmetry (XING et al., 1999; LI et al., 2005d; 

WANG et al., 2008).  

 

2.1.3. Genetic structure and viral proteins 

 

HEV possesses a single stranded RNA genome in positive orientation, which 

includes about 7.2 kilobases (kb). Beside a 5’- and a 3’-non coding region, it is 

subdivided in three partially overlapping open reading frames (ORFs) (TAM et al., 

1991). At the 5’-end of the genome a cap-structure was identified and shown to 

initiate viral replication (KABRANE-LAZIZI, 1999).  

 

ORF1 is located at the 5’-end of the genome. A number of putative functional 

domains involved in viral replication were identified in ORF1 that resemble conserved 

motives characteristic for methyltransferase, papain-like cysteine protease, helicase, 

and RNA-dependent RNA polymerase (TAM et al., 1991). It remains unclear, 

whether the ORF1 polyprotein exists as a single protein with several functions or is 

split into functional parts after translation. Cleavage was observed after baculovirus 
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expression of the ORF1, however the involvement of non-cystein proteases could not 

be excluded (SEHGAL et al., 2006). On the contrary, recombinant expression of 

ORF1 in E. coli revealed no processing of the polyprotein (ANSARI et al., 2000).   

 

Both ORF2 and ORF3 are encoded by a subgenomic RNA (GRAFF et al., 2006). 

ORF2 is situated at the 3’-end and codes for the viral capsid protein. It possesses a 

putative signal sequence at its N-terminus and three potential glycosylation sites 

(JAMEEL et al., 1996; ZAFRULLAH et al., 1999) that are indispensable for the 

formation of virions (GRAFF et al., 2008). The capsid protein is immunogenic with 

neutralising epitopes of HEV genotype 4 located at the C-terminus between amino 

acid (aa) 477 and aa 613 (ZHANG et al., 2008). Monoclonal antibodies were shown 

to bind to linear epitopes located between aa 578 and 607 (SCHOFIELD et al., 

2000). Furthermore, antibodies directed against an epitope comprising 166 aa at the 

C-terminus cross-neutralised different HEV genotypes, thereby suggesting the 

existence of common neutralising epitopes (MENG et al., 2001). Truncated ORF2 

protein is capable of forming VLPs and consists of three distinct domains: the shell, 

the middle and the protruding domain (YAMASHITA et al., 2009). Additionally, 

formation of homodimers seems to be crucial for antigenic activity in vitro (ZHANG et 

al., 2001a) and in vivo (LI et al., 2005a). Furthermore, the capsid protein was found 

to specifically bind to the 5’-end of the viral genome, and this indicates that the 5’-end 

plays a role in viral encapsidation (SURJIT et al., 2004). 

 

ORF3, the smallest open reading frame partially overlaps ORF1 and ORF2 (TAM et 

al., 1991). It encodes a small phosphoprotein assumed to have several functions and 

is associated with the cytoskeleton (ZAFRULLAH et al., 1997). Through interactions 

with the capsid protein it is thought to play a part in the structural assembly of HEV 

(TYAGI et al., 2002). The ORF3 encoded protein is located on the surface of virions 

and responsible for viral release (YAMADA et al., 2009). Moreover, the binding of the 

ORF3 encoded protein to host-specific proteins seems to influence the pathogenesis 

of HEV infections (TYAGI et al., 2004; TYAGI et al., 2005).  
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2.2.  Hepatitis E virus infection of humans 

 

2.2.1. Transmission and epidemiology 

 

HEV is mainly transmitted via contaminated drinking water (BELABBES et al., 1985; 

NAIK et al., 1992; SINGH et al., 1995; CORWIN et al., 1999). Less frequent routes of 

infection include the zoonotic, food-borne transmission (MATSUDA et al., 2003; 

RENOU et al., 2008), the transmission through blood products (MATSUBAYASHI et 

al., 2008), the materno-fetal transmission (KHUROO et al., 1995) and the zoonotic 

transmission through direct animal contact (DROBENIUC et al., 2001; MENG et al., 

2002). In contrast to Hepatitis A and other enteric viruses, human-to-human 

transmission of HEV is rare (KHUROO and DAR, 1992; SOMANI et al., 2003). 

 

In endemic regions, water is the main source for HEV infections. HEV epidemics 

have been reported in India, China, Southeast and Central Asia, the Middle East, and 

northern and western parts of Africa (Aggarwal, 2011). After floodings, when the 

population lacks access to fresh water supplies, whole communities are at risk of 

harbouring water-born infections (KHUROO, 1980). During a large hepatitis E 

epidemic in India the incidence rate reached 3.6% with higher attack rates observed 

in males than in females. Children under ten years of age are at a lower risk for the 

disease (NAIK et al., 1992). Although HEV infections are the major cause of acute 

viral hepatitis in India, previous infections with Hepatitis A virus were reported to 

augment the likelihood of an acute clinical outcome of hepatitis E (KHUROO et al., 

1994; SCHWARTZ and GALUN, 1994). 

  

In general hepatitis E is rare in the United States, Europe, Japan, Hong Kong, 

Taiwan, and Australia (Aggarwal, 2011). Initially, only travellers returning from HEV 

endemic regions were reported to be diseased; however reports on people with 

clinically apparent HEV infections who had never visited endemic areas cumulated 

and raised concerns whether a potential viral reservoir might exist in Western 
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countries (KWO et al., 1997; MANSUY et al., 2004; HERREMANS, 2007). Notably, 

indigenous HEV infections in Europe are caused exclusively by HEV genotype 3 

(PURCELL and EMERSON, 2008). HEV-seroprevalence studies from Europe 

revealed that 3.2% to 13.0% of the population have come into contact with HEV and 

confirmed the hypothesis of an unrecognised circulation of HEV in industrial 

countries (OLSEN et al., 2006; BOUTROUILLE et al., 2007; IJAZ et al., 2009). 

Evaluation of the risk factors in autochthonous hepatitis E cases indicates that 

elderly, male individuals are at a higher risk of clinical apparent hepatitis E. 

Furthermore, comorbid conditions such as diabetes mellitus, compromised immune 

status, hypertension, obesity, arthritis, ischaemic heart disease, previous Hepatitis A 

virus infection or high alcohol consumption were identified (RENOU et al., 2008; 

LEWIS et al., 2010). The main route of HEV transmission could not be established by 

LEWIS et al. (2010). Nevertheless, a statistically significant relationship between the 

consumption of raw wild boar meat or offal and indigenous hepatitis E cases was 

highlighted in a case-control study from Germany (WICHMANN et al., 2008). 

 

2.2.2. Clinical symptoms, course of infection and diagnosis 

 

On the basis of the symptoms acute HEV infection cannot be distinguished from 

hepatitis A (PURCELL and EMERSON, 2008). The disease takes a self-limiting 

course and comprises various, rather unspecific, clinical symptoms including fever, 

jaundice and abdominal pain as well as an elevation of liver enzymes (CLAYSON et 

al., 1995; WICHMANN et al., 2008; TURNER et al., 2010). However, the infection 

results in disease with varying degrees of disease severity (NAIK et al., 1992; 

KUMAR et al., 2004). In contrast to Hepatitis A virus infections, the clinical response 

to HEV is dose-dependent and low viral doses lead to an inapparent course of 

infection in non-human primates (BALAYAN et al., 1983). The incubation time ranges 

from two to eight weeks (BALAYAN et al., 1983; BELABBES et al., 1985; CHAUHAN 

et al., 1993). In 20 patients presented with acute hepatitis E, clinical symptoms were 

observed for 4 – 19 days, whereas elevated aminotransferase (ALT) levels were 

reported up to 90 days. After the onset of clinical symptoms, viral RNA could be 
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demonstrated in serum and faeces for a maximum period of 45 and 30 days, 

respectively. Thus, patients suffering from acute hepatitis E are not considered to act 

as virus reservoirs (AGGARWAL et al., 2000). However, in sporadic, acute hepatitis 

E cases faecal shedding of the virus might be prolonged (TAKAHASHI et al., 2007). 

Furthermore, in a person voluntarily infected with HEV, viraemia was detected before 

the onset of clinical symptoms, and disappeared from the peripheral blood at the 

height of the disease. Therefore, measuring antibody responses to HEV might help 

avoid non-symptomatic human-to-human transfer (CHAUHAN et al., 1993). Anti-HEV 

immunoglobulin M (IgM) antibodies appear shortly after the onset of hepatitis 

(CLAYSON et al., 1995; TOKITA et al., 2003). They decrease parallel with clinical 

symptoms, while anti-HEV immunoglobulin G (IgG) antibodies persist for several 

years (CHAUHAN et al., 1993; TOKITA et al., 2003). 

 

Recent studies revealed that immunosuppressed individuals are especially prone to 

develop chronic hepatitis. Most notably, persistent HEV genotype 3 infections are 

seen in organ transplant recipients (AGGARWAL, 2011). In 2008, a study included 

14 individuals receiving solid organ transplants and eight of them developed chronic 

hepatitis E. The diagnosis was made through long-term elevated aminotransferase 

levels accompanied by ongoing viraemia. The patients came up with microscopically 

detectable hepatic lesions of fibrosis which points towards a chronic course of the 

infection (KAMAR et al., 2008). Moreover, a HEV infection has been discussed as 

the cause of active chronic hepatitis and progression to liver cirrhosis in a patient 

receiving a kidney transplant. Interestingly, this patient exhibited viraemia for over 

nine months without seroconversion to specific IgG-antibodies (GEROLAMI et al., 

2008). Hence, an inadequate antibody response is presumed to result from 

immunosuppressive therapy (KAMAR et al., 2010b).  

 

The effects of HEV infections particularly during pregnancy remain to be clarified. 

HEV infections are associated with high attack rates and mortality in pregnant 

women. The virus is thought to be responsible for the majority of cases of fulminant 

hepatic failure in the third trimester of pregnancy and neonatal complications 
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(TSEGA et al., 1993; BENIWAL et al., 2003). Pregnant women with acute viral 

hepatitis due to HEV infections had poorer obstetric outcomes than women with 

hepatitis tracing back to other infectious agents (PATRA et al., 2007). However, a 

recently conducted retrospective study from India demonstrated no difference in the 

outcome of HEV-induced acute liver failure (ALF) in pregnant compared to non-

pregnant women. The mortality rate in HEV-related ALF of pregnant patients also did 

not differ significantly from the mortality in non-HEV-ALF in pregnant patients 

(BHATIA et al., 2008). 

 

Diagnosis of HEV infections or hepatitis predominantly relies on serodiagnosis, which 

detects specific IgM or rising titres of IgG and thus gives proof of an infection 

(DAWSON et al., 1992). Commercially available tests varied strongly in specificity 

and sensitivity when applying them on a panel of sera from blood donors of the 

United States (MAST et al., 1998). Antibody assays basing on HEV genotype 3 are 

rare, but their development has been demanded, as tests relying on genotype 1 

might not be suitable to test for antibodies in genotype 3 endemic regions 

(HERREMANS et al., 2007).  

 

Alternatively, the presence of the viral genome in patients’ serum or faeces as the 

most reliable marker for ongoing HEV infections can be demonstrated by reverse-

transcriptase polymerase chain reaction (RT-PCR). Therefore, amplification of 

various regions of the genome addressing all four human HEV genotypes has been 

proposed in in-house protocols (ERKER et al., 1999; SCHLAUDER et al., 1999; 

MIZUO et al., 2002). Conventional, gel-based RT-PCR is common, but quantitative 

RT-PCR is also widely used (ENOUF et al., 2006; JOTHIKUMAR et al., 2006). 

 

2.2.3. Pathogenesis 

 

Although neurologic symptoms and detection of viral RNA in the cerebrospinal fluid 

have been reported in hepatitis E patients (KAMAR et al., 2011), the liver is assumed 

to be the target organ for HEV (GUPTA et al., 1993). Histological examination of liver 
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biopsies reveal moderate to severe damage including swollen hepatocytes with giant 

cell formation, lymphocytic portal infiltration, cholangitis, aptoptosis of hepatocytes 

and parenchymal necrosis (MALCOLM et al., 2007; BROST et al., 2010). Chronic 

hepatitis with lymphoplasmacellular infiltration, periportal activity and fibrosis were 

observed in organ-transplanted patients suffering from chronic hepatitis E (PISCHKE 

et al., 2010). 

 

To date, the reasons for the varying manifestations of HEV infections remain 

unknown. Patients suffering from fulminant hepatitis E show less marked anti-viral 

cellular reactions but increased humoral responses than patients undergoing mild 

infections. These findings suggest a relationship of increased IgG production and a 

poorer clinical prognosis which implies a liver injury mediated by an antibody-

dependent enhanced activation of Natural Killer cells or Natural Killer T-cells 

(SRIVASTAVA et al., 2008; SRIVASTAVA et al., 2011). 

 

2.2.4. Therapy  

 

Until recently, only unspecific therapeutic strategies were available for chronic 

hepatitis E by means of lowering the immunosuppressive medication (KAMAR et al., 

2010b). However, successful therapy using pegylated interferon-α was reported in 

cases of hemodialysis and liver transplantation (HAAGSMA et al., 2010; KAMAR et 

al., 2010a). Furthermore, ribavirin, a guanosine analogue acting as a virostatic 

through inhibition of viral replication of several DNA and RNA viruses (SIDWELL et 

al., 1972; FERNANDEZ et al., 1986) was shown to be effective in chronic hepatitis E 

cases. In doses adapted to the kidney function, ribavirin monotherapy cleared the 

HEV infection in kidney transplanted patients and resulted in improved liver function 

(KAMAR et al., 2010c). 
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2.2.5. Prevention and control 

 

The general strategy for preventing HEV infections in endemic regions constitutes of 

a constant fresh water supply. During an outbreak of hepatitis E in a village in India, 

simply boiling the drinking water reduced the HEV incidence until the quality of 

pumped water could be improved (SINGH et al., 1995). A recent study conducted 

during an HEV outbreak in Uganda demonstrated that people drinking long-term 

stored water and washing their hands in a group basin were at a higher risk of 

harbouring HEV infections (HOWARD et al., 2010). 

 

In industrialised countries HEV genotype 3 infections are mainly believed to be food- 

borne. Therefore, consuming raw pork products and offal should be avoided 

(WICHMANN et al., 2008; COLSON et al., 2010). Generally, strict personal hygiene 

and prevention of cross contamination in the kitchen minimize the risk for infections 

with food-borne pathogens (LUBER, 2009; WADL et al., 2010). 

 

Based on sporadic cases of transfusion-mediated HEV infections in Japan and 

Europe (MATSUBAYASHI et al., 2004; BOXALL et al., 2006; COLSON et al., 2007), 

mandatory screening of stored blood for ALT has been proposed (MATSUBAYASHI 

et al., 2004). However, a study from Germany investigating 109 ALT positive plasma 

samples did not detect a correlation between elevated ALT levels and ongoing HEV 

infections (BAYLIS et al., 2010). 

 

Much work has been put into the development of an HEV vaccine. Animal studies 

showed that immunisation with recombinant ORF2 proteins properly protected 

cynomolgus monkeys from developing hepatitis E after being challenged with 

homologous and heterologous viruses (TSAREV et al., 1997). A recombinant vaccine 

produced in a baculovirus system proved to be effective in the prevention of hepatitis 

E. Nepalese army members completing the scheduled 3-fold administration were 

less frequently diagnosed with the disease (SHRESTHA et al., 2007). Recently, a 

bacterially expressed recombinant hepatitis E vaccine named HEV-239 passed the 
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phase three trial (LI et al., 2005b). This genotype 1 based vaccine was shown to 

prevent individuals from 16 to 65 years from acquiring hepatitis E in an environment 

were HEV genotype 1 as well as genotype 4 are endemic (ZHU et al., 2010). 

 

 

2.3.  Hepatitis E virus infection of domestic pigs  

 

2.3.1. Transmission and epidemiology 

 

Like in humans, the faecal-oral route is considered the main infection route for pig-to-

pig transmission of HEV (BOUWKNEGT et al., 2011). Additionally, urine was 

identified as a possible source for oral HEV infection (BOUWKNEGT et al., 2009). 

Virus transmission via colostrum has been suggested, whereas transplacentar 

infection of foetuses is controversially discussed (KASORNDORKBUA et al., 2003; 

DE DEUS et al., 2008a; HOSMILLO et al., 2010). 

 

To date, two of the four recognised HEV genotypes have been described to circulate 

in domestic pig populations. Genotype 3 is widely distributed in Western countries 

including Canada (LEBLANC et al., 2010), the United States (MENG et al., 1997), 

Argentina (MUNNE et al., 2006), Brazil (DOS SANTOS et al., 2009), New Zealand 

(GARKAVENKO et al., 2001), Japan (NAKAI et al., 2006), Thailand 

(SIRIPANYAPHINYO et al., 2009) and several European countries. Italy, Spain, 

Sweden, the Netherlands, France, Hungary, Denmark, and the United Kingdom 

reported this genotype to be prevalent in commercial swine herds (VAN DER POEL 

et al., 2001; DE DEUS et al., 2007; RUTJES et al., 2007; DI BARTOLO et al., 2008; 

MCCREARY et al., 2008; SEMINATI et al., 2008; KABA et al., 2009; BREUM et al., 

2010; FORGACH et al., 2010; WIDEN et al., 2011) and it was recently also detected 

in China (ZHANG et al., 2010). HEV genotype 4 has been mainly identified in China 

(WANG et al., 2002; YAN et al., 2008), Mongolia (JINSHAN et al., 2010), Japan 

(NISHIZAWA et al., 2003) and India (ARANKALLE et al., 2003). Additionally, a sole 
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identification of a porcine HEV genotype 1 has been reported from Cambodia 

(CARON et al., 2006). 

 

Varying materials have been used to assess the HEV status either on individual or on 

swine herd level. In cross-sectional studies determining the overall HEV prevalence, 

serum (KABA et al., 2009) and faecal samples (VAN DER POEL et al., 2001; 

RUTJES et al., 2007; DI BARTOLO et al., 2008; MCCREARY et al., 2008; BREUM et 

al., 2010) from live animals as well as liver, bile or lymph node tissue taken during 

necropsy or at the slaughterhouse have been used (DE DEUS et al., 2007; 

LEBLANC et al., 2010; MARTELLI et al., 2010). 

 

Recognition of viral RNA and seroprevalence studies indicate that HEV is widely 

distributed among farm pigs and the RNA prevalence rates are strongly age-

dependent. For example, KABA et al. (2009) showed that 65.0% of the three months 

old pigs were HEV positive which was in contrast to the six months old animals 

exhibiting no viral shedding in the faeces. A study from Great Britain revealed RNA 

prevalence rates from 5.0% to 35.0% in ten different swine herds with animals aged 

ten to twelve weeks being the most frequent to be tested positive for viral RNA. 

Therefore, the RNA detection rate decreased significantly with increasing age 

(MCCREARY et al., 2008). Regarding the HEV seroprevalence on herd level, very 

high detection rates of up to 100% are not unusual (MENG et al., 1997; SEMINATI et 

al., 2008; CASAS et al., 2009b). Adult sows seem to be the group of animals most 

likely to exhibit specific IgG-antibodies (60.8%) while IgM was shown to increase with 

time and was more frequently found in animals of about 12 weeks of age (50.0%) 

(SEMINATI et al., 2008). 

 

2.3.2. Clinical signs, diagnosis and course of infection 

 

The only clinical sign observable under experimental conditions was mild diarrhoea in 

pigs infected with HEV (LEE et al., 2008). Under field conditions, it is impossible to 

identify infected pigs trough a clinical check-up (MENG et al., 1997; FERNANDEZ-
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BARREDO et al., 2007; DI BARTOLO et al., 2008). Furthermore, no association 

between a positive HEV status and any other viral infections or any distinct 

pathological condition could be established (MARTELLI et al., 2010). 

 

Necropsy of experimentally infected animals revealed unspecific macroscopical 

findings in most cases. Slightly enlarged lymph nodes as well as mild inflammation of 

the small intestine have been observed. However, gross lesions of the liver have not 

been reported. During histopathological examination, development of mild to 

moderate lympho- and plasmacellular hepatitis and hepatocellular necrosis have 

been described in pigs experimentally infected with HEV (HALBUR et al., 2001; LEE 

et al., 2008; BOUWKNEGT et al., 2009; LEE et al., 2010). Whether naturally 

acquired HEV infections have an effect on the histological status of the liver remains 

unclear. Following natural HEV infection in a farrow-to-finish farm, the detection of 

viral RNA corresponded to microscopically detectable hepatic lesions (MENG et al., 

1997; DE DEUS et al., 2008a). However, the presence of HEV RNA being related to 

histological alterations of the liver could not be supported by CASAS et al. (2011). 

 

The diagnosis of HEV infections in pigs is based on the detection of viral RNA and 

the corresponding serum antibodies. Unlike in humans, no commercial antibody 

assay is available for the testing of porcine sera (PAVIO et al., 2010). To compensate 

the lack of commercially available serological assays, testing of porcine sera for 

antibodies directed against HEV relies either on modified human diagnostic tools or 

on in-house tests. ELISA and Immunoblot assays have been adapted from human 

diagnostics, by replacing the secondary, human-specific antibody by conjugates 

identifying porcine serum antibodies (LEBLANC et al., 2007; ADLHOCH et al., 2009; 

PERALTA et al., 2009b; KANAI et al., 2010). 

 

However, the majority of studies exploring the HEV seroprevalence in domestic pigs 

are based on in-house ELISA assays, namely indirect ELISA formats. Generally, it is 

believed that HEV genotypes 1 – 4 constitute one single serotype (ANDERSON et 

al., 1999). The capsid protein is believed to represent the most immunogenic 
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structural element of the viral particle (ZHANG et al., 2001b; DESHMUKH et al., 

2007). Thus, full-length or truncated ORF2 proteins deriving from HEV genotype 1 

has been widely used to screen for porcine antibodies in HEV genotype 3-endemic 

regions (MENG et al., 1997; SEMINATI et al., 2008; CASAS et al., 2009b; PERALTA 

et al., 2009b; BREUM et al., 2010). Furthermore, ORF2-derived mosaic proteins and 

synthetic peptides were used to determine the antibody status in pigs (DOS SANTOS 

et al., 2009; ZHAO et al., 2009b). Other research groups worked on the development 

of HEV genotype 3 based ELISA assays by applying methods of protein expression 

in insect cells or insect larvae (JIMENEZ DE OYA et al., 2009; PERALTA et al., 

2009b). Principally, such antibody in-house tests provided better results regarding 

sensitivity, specificity and reproducibility in comparison to the assays available for 

purchase which have to be modified accordingly (PERALTA et al., 2009b). 

 

Aside from the detection of specific serum antibodies, the diagnosis of HEV 

infections by RT-PCR is the most used method in pigs.  Similar to viral diagnostics in 

human medicine, the utilisation of varying parts of the viral genome has been 

described (LU et al., 2006). A one-step real-time RT-PCR assay with primers 

targeting ORF3 from all four major HEV genotypes was shown to reliably detect 

swine HEV RNA (JOTHIKUMAR et al., 2006). However, it has been stated that 

conventional, gel-based RT-PCR with primers unique for HEV ORF2 is more 

sensitive (KACI et al., 2008). 

 

Several different sample materials are suitable to investigate whether pigs are 

positive for HEV RNA. Appropriate materials that can be obtained from living animals 

include blood or serum and faeces. As infected animals are presumed to shed the 

virus for a longer period than the viral nucleic acid is present in the blood stream, the 

actual infectious status may be assessed more accurately by detecting viral RNA in 

the faeces (LEBLANC et al., 2007; KABA et al., 2009). However, the samples most 

likely to contain viral RNA can only be obtained post mortem. Hepatic or mesenterial 

lymph nodes, liver and bile are the most promising targets to investigate for HEV (DE 

DEUS et al., 2007; LEBLANC et al., 2010). 
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The course of the HEV infection has been predicted by studying naturally infected 

animals in their herding environment. Piglets are presumed to be protected by 

maternal antibodies (DE DEUS et al., 2008a; DOS SANTOS et al., 2009; CASAS et 

al., 2011). Moreover, IgG titres of sows correlated with the duration of antibody levels 

in suckling pigs (MENG et al., 1997; DE DEUS et al., 2008a; CASAS et al., 2011). 

After infection, specific IgM antibodies emerge at seven to twelve weeks of age and 

last for several weeks, while the IgG titres rising shortly after the detection of IgM 

antibodies persist till slaughter age (DE DEUS et al., 2008a; CASAS et al., 2011). 

RNA is most often detected in pigs at 15-18 weeks of age whereas the rate of HEV 

positive animals declines afterwards (LEBLANC et al., 2007; DE DEUS et al., 

2008a). Nevertheless, there are several reports on pigs at slaughterhouse carrying 

HEV (DI MARTINO et al., 2010; LEBLANC et al., 2010; CASAS et al., 2011). 

Interestingly, the presence of antibodies means not in every case that the virus is 

eliminated (CASAS et al., 2011). For sows, it could be also shown that shedding 

virus and IgG serum antibodies can occur simultaneously, suggesting that they act 

as viral reservoirs. Viral reactivation due to the prospective hormonal changes during 

pregnancy could be potential source for infection of newborn pigs (FERNANDEZ-

BARREDO et al., 2006; FERNANDEZ-BARREDO et al., 2007; DE DEUS et al., 

2008a; CASAS et al., 2011). However, it remains unclear whether HEV can be 

transmitted vertically in pregnant sows (KASORNDORKBUA et al., 2003). 

  

2.3.3. Experimental Hepatitis E virus infection of pigs 

 

Besides studying HEV infections in a natural environment the knowledge on the 

course of infection with respect to viraemia, seroconversion, viral shedding, targets of 

replication and histopathology rests upon observations in experimental settings. 

Comparable to natural conditions, pigs are not susceptible to infections with HEV 

genotypes 1 or 2 (MENG et al., 1998a) but showed viraemia and faecal shedding for 

eight weeks when inoculated with a human HEV genotype 4 variant (FEAGINS et al., 

2008). Because of problems with the natural route of infection the intravenous 

inoculation with HEV containing material, including serum, faeces, bile or liver 
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homogenate, has been tested to some extent (MENG et al., 1998b; HALBUR et al., 

2001; KASORNDORKBUA et al., 2004; BOUWKNEGT et al., 2009). Thus, 

intravenously as well as orally infected pigs were shown to transmit the virus 

effectively to contact animals (BOUWKNEGT et al., 2009; CASAS et al., 2009a). 

 

Clinical symptoms are not observed during experimental infection, but viraemia and 

seroconversion can be detected a few days after infection. Faecal shedding also 

starts shortly after inoculation and can last several weeks (MENG et al., 1998a; 

MENG et al., 1998b; LEE et al., 2008; CASAS et al., 2009a). It was found that the 

route of infection influences the onset of viraemia and faecal shedding as well as the 

duration of both. In intravenously infected pigs viral RNA could be found earlier and 

over a longer period in serum and faeces compared to contact-infected animals 

(BOUWKNEGT et al., 2009). Moreover, human HEV seems to be more virulent than 

the HEV recovered from pigs (HALBUR et al., 2001). 

 

Similar to observations of pigs naturally infected with HEV, viral RNA can be detected 

in various organs and tissues of experimentally infected animals (WILLIAMS et al., 

2001; BOUWKNEGT et al., 2009). WILLIAMS et al. (2001) reported HEV recovered 

from a human patient spreading to porcine organs to a greater extent than a porcine 

virus, as the human-derived HEV was also found in pancreas, heart and muscle 

tissue. Furthermore, extrahepatic replication sites have been demonstrated by 

negative RNA strand-specific RT-PCR (WILLIAMS et al., 2001). Nevertheless, 

microscopically detectable hepatic lesions such as lymphoplasmatic infiltration and 

focal necrosis support the hypothesis of the liver being the primary target organ for 

HEV in pigs (HALBUR et al., 2001; BOUWKNEGT et al., 2009). Furthermore, by 

applying in-situ-hybridisation and immunohistochemistry, HEV RNA and antigen was 

most often detected in hepatocytes, Kupffer cells and bile epithelial cells. Lymphatic 

tissue and the intestinal tract stained less frequently for HEV nucleic acid and antigen 

(LEE et al., 2008; LEE et al., 2009). A decrease of HEV infected hepatocytes seems 

to correlate with an increase of interferon-α (INF-α) and MxA protein expression of 

macrophages, hepatocytes, and Kupffer cells, indicating a viral clearance mediated 
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by the innate immune system. Thus, the number of HEV infected hepatocytes 

declined while lymphoplasmatic hepatitis increased significantly during the 

experiment (LEE et al., 2010). 

 

 

2.4.  Hepatitis E virus infection of further animal species 

 

2.4.1.  Hepatitis E virus infection of wild boars and deer 

 

In addition to domestic pigs, HEV strains have been widely detected in wild boars. 

Several countries reported high (sero-) prevalences in this species including 

Germany, Spain, Japan, Italy, Sweden, Hungary, the Netherlands and Australia 

(TAKAHASHI et al., 2004; DE DEUS et al., 2008b; KACI et al., 2008; MARTELLI et 

al., 2008; ADLHOCH et al., 2009; REUTER et al., 2009; SCHIELKE et al., 2009; 

RUTJES et al., 2010; WIDEN et al., 2011). Similar to HEV in humans and domestic 

pigs, HEV strains from wild boars show great genetic divergence (ADLHOCH et al., 

2009). Nevertheless, strains from Europe are all assigned as genotype 3 and are 

genetically closely related to human strains circulating in the respective area 

(MARTELLI et al., 2008; REUTER et al., 2009). The highest overall HEV RNA 

detection rate was reported from Germany and was estimated at 68.2% (ADLHOCH 

et al., 2009). A study from Spain reported juvenile animals the most common to be 

tested positive by RT-PCR (26.3%) in comparison to sub-adult (22.2%) and adult wild 

boars (12.7%). According to an assumed faecal-oral route of transmission, animals 

housed under intensive conditions displayed a higher IgG- and IgM-seroprevalence 

while especially young animals were often viraemic (DE DEUS et al., 2008b). 

However, in a study conducted in Germany, HEV RNA was more frequently detected 

in adult wild boars than in juvenile animals (ADLHOCH et al., 2009). 

 

Quite a few studies report the presence of HEV in different deer species in Japan 

and Europe (SONODA et al., 2004; TAKAHASHI et al., 2004; MATSUURA et al., 
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2007; REUTER et al., 2009; TOMIYAMA et al., 2009; BOADELLA et al., 2010; 

RUTJES et al., 2010). In Europe, HEV RNA was found in six out of 39 red deer 

individuals from the Netherlands in different samples including serum, faeces, liver 

and muscle tissue (RUTJES et al., 2010). Reports from Hungary and Spain where 

HEV RNA was detected in roe deer and red deer substantiate the assumption that a 

great extent of wild living ruminants is asymptomatically infected with HEV genotype 

3 (REUTER et al., 2009; BOADELLA et al., 2010). Speculations on potential 

interspecies transmission of HEV between wild boars and deer have existed ever 

since a full-length Japanese HEV strain recovered from a wild deer shared 99.7% 

nucleotide identity with a HEV sequence from a wild boar hunted in the same forest 

(TAKAHASHI et al., 2004). 

 

2.4.2. Hepatitis E virus infection of rodents and other animal species 

 

Moreover, HEV infections have repeatedly been detected in rodent species from 

urban as well as from rural areas (FAVOROV et al., 2000). Analysis of serum 

antibodies from Norway rats caught in Maryland, USA, gave evidence of this species 

being widely infected with HEV. Of 201 animals, 73.5% revealed antibodies against 

the virus (EASTERBROOK et al., 2007). Similar observations were made in Japan, 

where IgG directed against HEV was found in high proportions of sera obtained from 

Norway and black rats (HIRANO et al., 2003). The discovery of an HEV variant in 

faeces of Norway rats from Germany verifies the assumption of endemic HEV 

infections in rodents. Thus, rat HEV seems to represent a distinct genetic group, 

since the viral sequence obtained from rats is only distantly related to recognised 

HEV sequences (JOHNE et al., 2010). 

 

Recently, HEV was shown to be prevalent in farming rabbits in China and probably 

forms a separate genotype (ZHAO et al., 2009a; GENG et al., 2011). Furthermore, a 

number of seroprevalence surveys revealed various animal species to be infected 

with HEV including cattle, sheep, goats, dogs and cats (ARANKALLE et al., 2001; 

WANG et al., 2002; VITRAL et al., 2005; PERALTA et al., 2009b). However, to this 
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date, viral RNA could not be detected so in any of these species, making it difficult to 

speculate on possible infection dynamics (PERALTA et al., 2009b). 

 

2.4.3. Hepatitis E virus infection of chicken 

 

Avian HEV is considered to be the causative agent of a clinical picture named big 

liver and spleen disease (BLS) or hepatitis-splenomegaly syndrome (HS) in chicken 

(PAYNE et al., 1999; HAQSHENAS et al., 2001). It is supposed that both disease 

complexes are triggered by two different strains of the same viral pathogen 

(HAQSHENAS et al., 2002). The host range of avian HEV seems to be limited. 

Besides chicken, turkeys are susceptible to the virus, while infection of rhesus 

monkeys was unsuccessful (HUANG et al., 2004; SUN et al., 2004). The 

pathogenesis of avian HEV can be studied properly in specific pathogen free (SPF) 

chickens which develop clinical symptoms associated with the Hepatitis-

splenomegaly syndrome (BILLAM et al., 2005). Avian HEV appears to be widespread 

in chicken flocks in the United States. The overall seroprevalence was estimated at 

30%, whereas 71% of the flocks had been in contact with avian HEV. Sequencing of 

isolates indicated a high heterogeneity of the virus (HUANG et al., 2002). A 

serological study showed that avian HEV is also enzootic in Spanish poultry flocks. 

However, the clinical significance of avian HEV in Europe remains uncertain 

(PERALTA et al., 2009a). 

 

 

2.5.  Hepatitis E – a zoonosis 

 

In contrast to HEV genotypes 1 and 2 which are transmitted via contaminated water, 

human infections with HEV genotypes 3 and 4 are considered to be of zoonotic origin 

(PURCELL and EMERSON, 2008). At the present time, mainly domestic pigs and 

wild boars are thought to be predominantly involved in the HEV transmission to 

humans. Multiple findings substantiate this assumption. First, HEV genotype 3 and 
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corresponding antibodies have been shown to be prevalent in these species in 

numerous European countries as well as overseas (PAVIO et al., 2010). Moreover, 

viral sequences obtained from porcine material display very high similarities to 

human HEV sequences (MENG et al., 1997; VAN DER POEL et al., 2001; 

TAKAHASHI et al., 2003; WIDEN et al., 2011). For the Italian wild boar population it 

was demonstrated that HEV was more closely related to the human HEV strains 

present in this area than to wild boar HEV strains from Japan (MARTELLI et al., 

2008).  

 

HEV transmission presumably occurs via contaminated or infected meat or liver 

products (MATSUDA et al., 2003; COLSON et al., 2010). Conducting a case-control-

study, WICHMANN et al. (2008) established a correlation between acute, 

autochthonous HEV genotype 3 hepatitis cases and the consumption of wild boar 

meat or offal. The HEV sequences from a deer was found to be highly identical to the 

sequence recovered from Japanese patients undergoing acute hepatitis E after 

consuming the meat of the respective animal (TAKAHASHI et al., 2004). Additionally, 

porcine livers sold in grocery stores were found to be HEV RNA positive in several 

cases with HEV-infectivity confirmed to some extent (YAZAKI et al., 2003; 

BOUWKNEGT et al., 2007; FEAGINS et al., 2007). 

 

Furthermore, analyses of the HEV seroprevalence indicate that professional groups 

in daily contact with HEV are at a greater risk of being infected (DROBENIUC et al., 

2001; MENG et al., 2002; GALIANA et al., 2008; CHANG et al., 2009). GALIANA et 

al. (2008) reported the HEV seroprevalence of a Spanish pig-exposed group to be 

18.8%. In comparison, 4.1% of the control group exhibited specific antibodies 

directed against HEV. Similarly, swine veterinarians from the United States are up to 

1.51 times as probable to be positive for anti-HEV when tested against porcine HEV 

antigen compared to non-exposed individuals (MENG et al., 2002). Additional results 

obtained from Moldavian swine workers showed marked detection rates of anti-HEV-

antibodies. Hence, seropositivity could be associated with years as well as intensity 

of exposure (DROBENIUC et al., 2001). Moreover, an occupational hazard was also 
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demonstrated for infections with HEV genotype 4 (CHANG et al., 2009). Additionally, 

HEV infections through the manipulation of infected carcasses at the abattoir have 

been reported (PEREZ-GRACIA et al., 2007). 

 

Successful cross species infection experiments confirm that pigs represent a source 

of HEV infections. Domestic pigs were shown to be susceptible to infections with 

HEV genotype 3 as well as with genotype 4 obtained from human patients (HALBUR 

et al., 2001; FEAGINS et al., 2008). Moreover, non-human primates could be 

infected with HEV of porcine origin (MENG et al., 1998b).  

 

The role of other animal species including rodents, farming rabbits and pets remains 

unclear. Rabbits and rodents were shown to be widely infected with HEV. However, 

rabbit and rat HEV sequences differ a great deal from the human HEV variants 

(ZHAO et al., 2009a; JOHNE et al., 2010). Although HEV RNA has not been 

demonstrated in additional animal species, potential HEV carrier status and 

possibility of being a source of infection has to be taken into consideration 

(PERALTA et al., 2009b). 
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3. Prevalence of Hepatitis E virus-specific antibodies in sera of 

German domestic pigs estimated by different assays. 
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3.1.  Abstract 

 

Hepatitis E virus is the causative agent of an acute hepatitis in humans. In 

industrialized countries, autochthonous hepatitis E cases in the past were mainly of 

undetermined origin, whereupon nowadays some cases may be linked to zoonotic 

transmission of HEV from pigs and wild boars. In contrast to several European 

countries the HEV status of German domestic pigs and a possible risk of 

transmission are unknown so far. Here, a novel peptide-based ELISA was used to 

detect HEV-specific antibodies in 1072 sera from German domestic pigs resulting in 

an average seroprevalence of 49.8% indicating widespread HEV infections in these 

animals. A comparative testing of 321 randomly selected sera revealed a 

seroprevalence of 64.8% when using a commercially available ELISA and 43.9% for 

the novel peptide-based ELISA but concordant results were obtained in both tests 

only for 56.1% of the sera. Additional re-testing of 23 randomly selected sera with a 

modified commercially available immunoblot revealed discordant results also. The 

use of different antigens and the measurement of different immunoglobulin classes 

are considered to be responsible for the observed variations of the results. Though 

the present study revealed a high seroprevalence of HEV in the German domestic 

pig population and a potential risk of transmission to humans, the differing results of 

the tests highlight the necessity of a standardization of serological assays for 

comparative seroprevalence and longitudinal studies. 
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4. Molecular characterisation of Hepatitis E virus infection in 

German domestic pigs 
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4.1.  Abstract 

 

In industrial countries, Hepatitis E virus (HEV) transmission to humans is 

predominantly assumed to be a zoonotic infection. For several European countries it 

could be shown that HEV circulates in the domestic pig as well as in the wild boar 

population. A recent study showed a rather high seroprevalence in domestic pigs all 

over Germany but investigations concerning the distribution of HEV in different age 

groups of pigs, phylogenetic analyses and the viral load in the porcine liver are still 

pending. Therefore, liver samples of all age groups from herds in a pig-dense region 

in North-Western Germany were investigated for the presence and quantity of HEV 

RNA, and subsequently genotyped. For the phylogenetic analyses, two different 

fragments of the ORF1 and the ORF2 were amplified. Out of 251 liver samples, 34 

contained ORF2-specific RNA, whereas only 19 samples were positive using ORF1-

specific primers, resulting in an overall detection rate of 13.5% and 7.6%, 

respectively. Especially nursery pigs and growers were tested positive for viral RNA. 

Sequences could be assigned to HEV genotypes 3c, 3e and 3i, respectively. 

However, most nucleotide alterations had no effect on the deduced amino acid 

sequence. Determination of the hepatic viral load showed big differences between 

the liver samples with any regularity. HEV copy numbers from 102 to 107 per µg of 

total RNA could be detected independently of the body weight. In positive liver 

samples there were no hints for pathohistological diagnosis reflecting the HEV status. 

This study confirms the outcome of our recent serological HEV survey in German 

domestic pigs and evidences HEV circulation in the German pig population.  
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4.2.  Introduction  

 

Since Hepatitis E virus (HEV) was first discovered in a domestic pig in the United 

States over a decade ago (MENG et al., 1997), the possibility of these animals acting 

as reservoir hosts for HEV has been studied by numerous scientists in Europe and 

overseas (PAVIO et al., 2010). HEV, a single stranded, non-enveloped RNA virus, 

clusters in at least four genotypes (OKAMOTO, 2007; ZHAO et al., 2009a; JOHNE et 

al., 2010; TAKAHASHI et al., 2011). It is the foremost cause of acute viral hepatitis in 

humans in developing countries, where the pathogen is mainly transmitted via 

contaminated water. In these regions, HEV genotypes 1 and 2 are associated with 

large hepatitis epidemics. In contrast, in industrial states hepatitis E has not been 

considered a serious health problem as exclusively travellers returning from HEV-

endemic regions were reported to be diseased (BALAYAN, 1997). However, 

increasing indigenous HEV genotype 3 infections without any history of travel have 

been described, which initiated the discussion on a zoonotic transfer of HEV 

(SCHLAUDER et al., 1998; BUTI et al., 2004; MANSUY et al., 2004; WICHMANN et 

al., 2008).  

 

In Europe, wild boars and domestic pigs are the mainly suspected species to carry 

the infectious agent. By demonstrating HEV RNA and corresponding antibodies, it 

was shown that these animals may serve as a natural reservoir (VAN DER POEL et 

al., 2001; LEBLANC et al., 2007; RUTJES et al., 2007; DE DEUS et al., 2008b; DI 

BARTOLO et al., 2008; MCCREARY et al., 2008; SEMINATI et al., 2008; CASAS et 

al., 2009b; KABA et al., 2009; BREUM et al., 2010; FORGACH et al., 2010; WIDEN 

et al., 2010). By applying phylogenetic analyses, mainly the genotype 3 has been 

detected in pigs and wild boars in Europe so far. All sequences obtained from 

porcine HEV strains showed high similarities to human HEV strains. Therefore, it has 

been suggested that autochthonous infections arose from zoonotic transmission of 

HEV genotype 3. This suspicion was substantiated by the fact that notably higher 

HEV seroprevalences could be observed in occupational groups exposed to pigs 

compared to the average human population (DROBENIUC et al., 2001; MENG et al., 
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2002). Additionally, reports of food-borne infections emphasise the zoonotic 

character of HEV (Colson et al., 2011). In domestic pigs the course of infection has 

been predicted by following naturally infected animals from their birth to slaughter in 

their herding environment (LEBLANC et al., 2007; DE DEUS et al., 2008a; CASAS et 

al., 2010). It was observed that post-weaning and growing pigs are the most probable 

ones to be tested positive for viral RNA either in blood samples or in faeces, while 

suckling pigs are presumably protected by maternal antibodies. Shortly after 

weaning, animals seem to get infected and seroconvert. Thereby, faecal shedding of 

the virus reaches its peak around 12-14 weeks of age. Decreasing IgM levels go 

along with the elimination of the virus, whereas an increasing IgG reaction facilitates 

a steady immunity against following HEV infections (PAVIO et al., 2010). HEV 

infected pigs hardly suffer from any clinical symptoms, neither under natural nor 

under experimental conditions (MENG et al., 1997; HALBUR et al., 2001; DI 

BARTOLO et al., 2008; LEE et al., 2008). Moreover, the status of HEV infection in 

naturally infected domestic pigs could not be linked to any specific pathological 

condition or (sub-) clinical co-infection (MARTELLI et al., 2010). According to the 

results of histopathological examination, it remains unclear whether HEV infections 

have an impact on the progression of microscopically detectable hepatic lesions. At 

least under experimental conditions, infected animals seem to develop slight to 

moderate hepatitis (HALBUR et al., 2001; BOUWKNEGT et al., 2009). 

 

Against the background of any possible public health threat and the leading role of 

Germany in the European pig production industry, it is of great importance to gain 

more knowledge about HEV in Germany. It is well known, that the virus is present in 

the wild boar population in North Eastern Germany since several years (KACI et al., 

2008; ADLHOCH et al., 2009; SCHIELKE et al., 2009). Additionally, we could 

demonstrate a wide distribution of HEV antibody positive domestic pig herds all over 

Germany in a recent study (BAECHLEIN et al., 2010). This gives a hint for the virus 

circulation but the virus detection is still pending. To investigate the presence and 

distribution of porcine HEV we focused on the examination of porcine liver samples 

originating from pigs from North-Western Germany.  
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4.3.  Materials and methods  

 

4.3.1. Liver samples  

 

In total, 251 porcine liver samples were collected in 2008 and 2009 during routine 

pathological examination. Liver samples were stored at -20 °C until investigation.  

 

4.3.2. Isolation of RNA  

 

Small portions of liver tissue were disrupted manually. Total RNA extraction was 

performed using Qiazol (Qiagen, Hilden, Germany), following RNA purification with 

the RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA was eluted in RNase-free 

water and stored at -80 °C until further utilisation. 

 

4.3.3. Reverse transcriptase polymerase chain reaction (RT-PCR)  

 

Complementary DNA (cDNA) was synthesised using 2.5 µg of total RNA, 0.5 mM of 

each deoxynucleoside-triphosphate (dNTP) (Roche Diagnostics Deutschland GmbH, 

Mannheim, Germany), 4.0 µl of 5 x First Strand Buffer, 1.75 µl of 0.1 M DTT, 1.0 µl of 

Random Primers (3.0 µg/µl), 0.25 µl of RNase Inhibitor and 1.0 µl of Moloney Murine 

Leukemia Virus Reverse Transcriptase (Invitrogen GmbH, Darmstadt, Germany). 

The final reaction volume was adjusted to 20.0 µl with water. After breaking down 

secondary RNA structures for 5 min at 70 °C, cDNA synthesis lasted one hour at  

42 °C followed by a denaturation step at 99 °C for five minutes. Viral RNA was 

detected by using three different pairs of primers (SCHLAUDER et al., 1999). 

HEV_ORF2_s (5’-GAC AGA ATT (AG)AT TTC GTC GGC TG-3’) and 

HEV_ORF2_as (5’-CTT GTT C(AG)T G(CT)T GGT T(AG)T CAT AAT C-3’) were 

used in a single round PCR amplifying a 197 bp long fragment out of ORF2. A nested 

PCR was performed with two sets of primers targeting HEV ORF1. In the first round 
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HEV_ORF1_s1 (5’-CTG GCA T(CT)A CTA CTG C(CT)A TTG AGC-3’) and 

HEV_ORF1_as1 (5’-CCA TC(AG) A(AG)(AG) CAG TAA GTG CGG TC-3’) covered a 

418 bp long fragment. The internal primers HEV_ORF1_s2 (5’- CTG CC(CT) T(GT)G 

CGA ATG CTG TGG-3’) and HEV_ORF1_as2 (5’-GGC AG(AT) (AG)TA CCA 

(AG)CG CTG AAC ATC-3’) spanning 286 nucleotides were used in the second round 

PCR. For amplification, 4 µl of cDNA was mixed with 10 mM Tris-HCl, 50 mM KCl,  

3 mM MgCl2, 0.1 mM of each dNTP, 5 µg bovine serum albumine, 20 pmol of both 

primers and 1 unit of Taq DNA Polymerase (Fermentas GmbH, St. Leon-Rot, 

Germany). The final reaction volume was 50 µl. The amplification of HEV ORF2 

comprised an incubation step at 94 °C for 5 minutes followed by 40 cycles of 

denaturation at 94 °C (1 minute), annealing at 54 °C (1.5 minutes) and elongation at 

74 °C (1 minute). ORF1 nested PCR was conducted under the same conditions 

except the annealing temperature being 58 °C in both the first and second round 

reaction. After 1.5 % agarose electrophoresis amplicons were stained with ethidium 

bromide and visualised under UV light. RT-PCR-products exhibiting specific bands 

were purified using GeneJET PCR purification Kit (Fermentas GmbH, St. Leon-Rot, 

Germany) and submitted to sequencing (QIAGEN Sequencing Service, Hilden, 

Germany).  

  

4.3.4. Construction of cRNA standards  

 

To quantify the amount of viral RNA in liver tissues, a RNA standard for HEV ORF2 

as well as for the reference gene ß-actin was constructed. The target sequence for 

HEV ORF2 was amplified with the help of HEV_ORF2_s and HEV_ORF2_as, 

respectively. By using specific primers for porcine ß-actin (ß-actin_s: CTC GAT CAT 

GAA GTG CGA CGT; ß-actin_as: GTG ATC TCC TTC TGC ATC CTG TC), a 114 bp 

long amplicon was generated out of porcine tissue (DUVIGNEAU et al., 2005). Both 

PCR products were cloned into the vector pCR2.1 (Invitrogen GmbH, Darmstadt, 

Germany) and served as templates for in-vitro-transcription. Briefly, after linearisation 

and precipitation, the DNA was transcribed into RNA over a period of four hours at 37 
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°C by using the T7 polymerase provided with the MEGAscript Kit (Applied 

Biosystems, Darmstadt, Germany). Remaining DNA was cleared in an incubation 

step with Turbo DNase at 37 °C for 15 minutes. The RNA was purified with the 

MEGAclear Kit (Applied Biosystems, Darmstadt, Germany) and eluted in 50 µl 

Elution Solution. RNA concentrations were determined in a spectrophotometer at 260 

nm and converted into the molecule number. After preparing dilution series from 109 

to 101 copies, aliquots were stored at -80 °C until further use.  

 

4.3.5. Reverse transcriptase-quantitative PCR (RT-qPCR)  

 

Synthesis of cDNA was performed as described above. For the RNA dilution series, 

4 µl of RNA was used in each reaction. A quantitative SYBR-Green PCR was run on 

samples and standards, all of them were tested in duplicate in a 25 µl reaction 

volume. For the amplification of HEV ORF2 12.5 µl 2x QuantiTect SYBR Green PCR 

Master Mix (Qiagen, Hilden, Germany), 10 pmol HEV_ORF2_s, 30 pmol 

HEV_ORF2_as and 3 µl template were used. To further improve the PCR efficiency, 

1.5 µl of 25 mM MgCl2 was added. Detection of the reference gene ß-actin was 

carried out with 20 pmol of each primer and addition of 0.5 µl MgCl2. PCR reactions 

were done with the Mx3005P real-time thermal cycler (Agilent Technologies, 

California, USA). The PCR protocol involved a 15 minutes Taq-polymerase initiation 

step at 95 °C, followed by 44 cycles, each cycle consisting of 15 seconds 

denaturation at 95 °C, 30 seconds primer annealing at 54 °C and 30 seconds 

elongation of DNA at 72 °C. SYBR Green fluorescent dye was measured at 79 °C. 

The specificity of double stranded DNA products was verified by subsequent melting 

curve analyses ranging from 55 °C to 95 °C. 
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4.3.6. Histopathological studies   

 

After fixation in 10 % neutral, non-buffered formalin, liver samples were embedded in 

paraffin, sectioned (2 – 4 µm) and stained with haematoxylin and eosin according to 

routine laboratory procedures. Microscopic investigation was conducted 

independently by two persons scoring hepatic inflammation from 0.0 (no 

inflammation) to 3.0 (severe inflammation). 

 

4.3.7. Genetic typing and phylogenetic analysis  

 

Sequences were analysed and aligned using ClustalW as implemented in the 

software BioEdit 7.0.9 (Hall, 1999). Phylogenetic trees were calculated using the 

Neighbour-Joining algorithm realised by the computer programme MEGA 4 

(TAMURA et al., 2007).  

 

4.3.8. Statistical analyses  

 

Statistical analyses were performed using the software SPSS Statistics 17.0. To 

compare proportions, Chi-square- and Mann-Whitney test were applied, while a p-

value of < 0.05 was considered statistical significant. Spearman’s rank correlation 

coefficient was used to analyse an association of RNA copy numbers and the body 

weight of animals.  
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4.4.  Results  

 

4.4.1. RT-PCR  

 

Altogether, n = 251 porcine liver samples collected by two departments of the 

University of Veterinary Medicine were used for RT-PCR. From the Department of 

Pathology in Hannover, 77 samples have been examined, whereas 174 samples 

originated from Field Station for Epidemiology in Bakum. Regarding the samples 

descending from the Department of Pathology, 10 (13.0%) liver samples turned out 

to be HEV ORF2 RNA positive. In contrast, only 2 of them were also positive for HEV 

ORF1 RNA. In 24 (13.8%) liver samples from the Field Station for Epidemiology HEV 

RNA could be detected applying the ORF2-specific RT-PCR. Similar to the 

observation before, only 17 liver samples were tested positive for ORF1-specific 

RNA. Taken together, in 34 (13.5%; 95% confidence interval (95% CI): 9.3% - 

17.7%) samples, HEV ORF2 RNA was detectable, while the same was true for 19 

samples (7.6%; 95% CI: 4.3% - 10.8%) concerning the HEV ORF1-specific RT-PCR.  

 

To get an impression of the HEV distribution among different age groups and 

production stages, five groups ranging from < 8.0 kg up to > 120.0 kg were defined. 

Table 4.1 shows the results for the RT-PCR. Positive results were observed most 

frequently in growing pigs (HEV ORF2: 43.3% and HEV ORF1: 40.0%), whereas the 

number of HEV RNA-positive animals fell with decreasing as well as increasing body 

weight. Concerning the results of both, the HEV ORF1- and ORF2- specific RT-PCR, 

a statistical significant relation between the body weight of animals and their HEV-

status was confirmed by Chi-square-test. Surprisingly, also a reasonable amount of 

suckling pigs (8.1%) turned out to be positive for HEV ORF2. The oldest animal 

displaying viral RNA (HEV ORF1 and ORF2) had a body weight of 63.0 kg.  

 

Liver samples originating from the Field Station for Epidemiology were sorted 

according to their herd of origin. The n = 174 samples originated from 106 herds 
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located in the North-Western region of Germany, while the number of liver samples 

deriving from animals belonging to the same herd varied between 1 and 5. As a 

result, 16 herds (15.1%) held at least one HEV RNA-positive animal on the basis of 

the HEV ORF2 specific RT-PCR. By using HEV ORF1-unique primers, 11 (10.4%) 

herds proved to have one or more HEV positive pigs.   

 

4.4.2. Sequences and phylogenetic analyses  

 

Almost all positive PCR samples could be fully sequenced and were termed as HEV 

ORF1/swine/Ger/01 to HEV ORF1/swine/Ger/19 and HEV ORF2/swine/Ger/01 to 

HEV ORF2/swine/Ger/34, respectively. Due to low yield resulting in incomplete 

sequences, two ORF2 amplification products were excluded from the phylogenetic 

analysis (HEV ORF2 swine/Ger/33 and 34). The HEV sequences obtained from 

German domestic pigs belonged to the HEV genotype 3 without exception but 

showed great diversity. Thereby, the 242 nt long ORF1 sequences displayed 

similarities between 77.6% and 100.0%. As expected, most ORF1 sequences 

derived from the same herd showed high nucleotide identities around 99%, except 

HEV ORF1/swine/Ger/05 and 06 which had a nucleotide identity of 86.7% only. 

Similar results were observed comparing the 148 nucleotide comprising HEV ORF2 

sequences. Comparison of the sequences among themselves revealed a lowest 

sequence similarity of 78.3% among sequences of different origin. Again, HEV 

ORF2/swine/Ger 05 and 06 only exhibited 84.4% nucleotide identity, whereas all the 

rest of ORF2 sequences originating from one herd were highly identical (95.2% to 

100.0%).  

 

In a first step, sequences submitted to phylogenetic analyses were chosen according 

to their nucleotide identities, while sequences separating from each other with very 

low bootstrap values were eliminated afterwards. To investigate an evolutionary 

relationship, phylogenetic trees were reconstructed using previously published HEV 

sequences corresponding to the respective ORF1 and ORF2 regions which were 

downloaded from GenBank (http://www.ncbi.nlm.nih.gov/genbank/). Thereby, HEV 
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genotype 3 subgroups were designated according to LU et al. (2006). The 

phylogenetic trees indicated that HEV sequences from German domestic pigs can be 

assigned to three different HEV subgroups: 3c, 3e and 3i (figure 4.1 and figure 4.2). 

Hence, they showed strong relationship to German HEV variants but also displayed 

genetic similarities to porcine and human sequences from further European 

countries. Interestingly enough, both phylograms partially classified sequences 

resting upon ORF1 or ORF2 but descending from the same liver tissue differently. Of 

the 13 ORF1/ORF2 sequences, which were included in both phylogenetic trees, 

three ORF1 sequences clustered within genotype 3e (HEV ORF1/swine/Ger/01, 06 

and 14) while being classified as genotype 3i according to the ORF2 phylogram. 

Nearly the same was true for HEV ORF1/swine/Ger/16 which belonged to the 

subgroup 3c but came within 3i when considering the ORF2 specific fragment. The 

strains HEV ORF1/swine/Ger/10, 12 and 17 were clearly classified as genotype 3c. 

Regarding the ORF2 phylogram, they clustered between 3c and 3i, what was 

confirmed for additional four ORF2 sequences. Further two sequences recovered 

from one liver sample (HEV ORF1/2/swine/Ger/19) could not be assigned distinctly to 

any subgroup, while branching together with a Swedish strain between genotype 3e 

and 3f in both phylogenetic trees. The remaining ORF2 sequences without an ORF1 

correspondence could be found in genotype 3i.  

 

To further investigate the discrepancies arising from the phylogenetic grouping, the 

amino acid sequences encoded by the respective ORF1 and ORF2 fragments were 

investigated (figure 4.3 and figure 4.4). Regarding the ORF1 fragment comprising 80 

amino acid residues, regularly occurring amino acid substitutions at position 8 and 11 

were likely for the respective genotypes 3e and 3f compared to a genotype 3a strain. 

Interestingly, HEV ORF1/swine/Ger/19 which could not be clearly assigned to either 

genotype 3e of 3f in the phylogram, showed the same aspartic acid exchange at 

position 11. The strain recovered from a Swedish pig branching next to HEV 

ORF1/swine/Ger/19 did not exhibit this substitution. The HEV subgroups 3a and 3b 

only differed slightly and sequences belonging to HEV genotype 3c showed no amino 

acid exchange compared to 3a. Also the Argentinean strain displaying relatively high 
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nucleotide distance to genotype 3e but being closely related to 3c exhibited exactly 

the same amino acid sequence as the exemplary HEV subgroup 3a variant. 

Considering the 49 amino acid residues arising from the ORF2 fragment, the 

variations on amino acid level were even more remote. HEV subgroups 3a and 3b 

showed no variations, whereas all the other amino acid sequences revealed an 

alanine or valine substitution at position 34. 

 

4.4.3. Quantification of viral RNA levels using real time PCR  

 

A qPCR standard curve was prepared by amplifying cDNA from RNA dilutions, 

displaying a minimum detection level of 102 copies for HEV ORF2 as well as for ß-

actin in the PCR reaction. In preliminary testings asymptomatic primer concentrations 

and an increased MgCl2 concentration led to best results concerning slope and r2 of 

the standard curves (data not shown).  

 

In a second step, all HEV positive liver samples were analysed by quantitative PCR 

and RNA copy numbers were calculated. Unfortunately, not all liver samples which 

exhibited a specific HEV ORF2 band in the conventional gel-based RT-PCR gave 

now a detectable signal in the RT-qPCR although amplifying exactly the same DNA 

fragment. However, nearly all HEV ORF2 positive samples that could also be 

confirmed by nested HEV ORF1 specific RT-PCR gave a positive signal in the ORF2 

specific RT-qPCR. Taken together, 18 livers were found to be HEV RNA positive 

both for HEV ORF 2 and ORF1. Calculation of the HEV ORF2 specific RNA revealed 

copy numbers extending from 1.12 x 100 to 1.84 x 107 per µg of total extracted RNA. 

In comparison to that, the quantity of ß-actin genome copies only showed slight 

alterations, ranging from 2.94 x 107 to 4.9 x 108 copies per µg of total RNA (figure 

4.5). In regard to the observed variances of quantified HEV genome copies, no 

correlation could be addressed between the bodyweight of animals and the HEV 

copy number (r = 0.383). To facilitate the comparison of measured HEV genome 

entities, results were normalised by dividing the HEV copy number by the respective 

quantity of reference gene RNA copies. As the copy number of ß-actin only changes 
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little between different total RNA extracts, the ratio of HEV genome copies did not 

change notably after this normalisation step 

 

4.4.4. Histology  

 

Within the group of the HEV positive liver samples (n = 10) derived from the 

Department of pathology, two independently conducted examinations revealed 

hepatic inflammation from 0.0 to 1.5 in the first and in the second examination, 

respectively. In comparison, the inflammation of the non-infected group was scored 

from 0.0 to 2.0 in both examination rounds. Following the mean ranks of 

inflammation, liver samples containing HEV RNA displayed no statistically significant 

pronounced microscopic hepatitis compared to the HEV negative samples. Minimal 

necrosis was found in infected as well as in non-infected animals.  

 

 

4.5.  Discussion  

 

In recent years many studies concentrated on the enlightenment of Hepatitis E virus 

and its role as a zoonotic pathogen. Pigs and wild boars have become the most 

promising candidates to carry HEV and to serve as a natural host for the virus. It 

became obvious that HEV can be transmitted via raw pig liver or wild boar meat (LI et 

al., 2005c; COLSON et al., 2010) and a statistically significant relationship between 

the consumption of offal and symptomatic HEV infections cannot be neglected 

(WICHMANN et al., 2008). Regarding the high consumption of pork in Western 

countries it is of interest to investigate the prevalence of HEV in domestic pigs going 

for slaughter. Additionally, a risk analysis should be performed for several 

occupational groups like veterinarians, farmers, or butchers who are in close contact 

with pigs or pig carcasses every day. Because Germany has a leading role in the pig 

production industry in Europe, a close-up of the HEV situation in the German 

domestic pig population is of international interest. Hence, we decided to perform an 
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exemplary sampling in a geographical region with the highest pig density in Germany 

which is located in parts of Lower Saxony and North Rhine-Westphalia.  

 

Recent studies revealed a high seroprevalence of HEV all over Germany 

(BAECHLEIN et al., 2010). However the viral prevalence in Germany has not been 

determined yet and was one aim of this study. With different RT-PCR assays we 

could demonstrate an overall HEV detection rate of 13.5% in the samples. Moreover, 

our results indicate that the HEV status of domestic pigs is strongly influenced by the 

body weight of animals and their age, respectively. The pigs included in this study 

were submitted for necropsy due to clinical symptoms or sudden death. Considering 

wasting, energy consuming processes like inflammation and fever-induced 

decreased appetite, the body weight might be lower compared to healthy animals of 

the same age. Therefore, animal bodies were assigned according to their weight at 

the day of necropsy. Apart from this, HEV RNA was most frequently detected in 

growing pigs (28.1 kg to 40.0 kg). This result is in line with other cross-sectional 

studies from Italy observing animals younger than 120 days being most often positive 

for HEV RNA (DI BARTOLO et al., 2008). Also following the course of infection in 

farrow-to-finish herds the HEV RNA prevalence rises during the nursery period and 

peeks at age of 15 to 18 weeks (LEBLANC et al., 2007; DE DEUS et al., 2008a). 

However, we detected HEV RNA in liver samples from six piglets weighing less than 

8.0 kg. This result coincidences with a previous study demonstrating HEV RNA in 

serum samples from two week old animals which suggests viral transfer via 

colostrum or even transplacentar infection (DE DEUS et al., 2008a; HOSMILLO et 

al., 2010). Nevertheless, suckling pigs are actually thought to be protected against 

HEV infections by maternal antibodies (MENG et al., 1997; DOS SANTOS et al., 

2009). Hence, further studies are required to elucidate this issue.  

 

Several studies revealed that hepatitis E is a food-borne zoonosis. Casas et al. 

(2011) found that pigs going for slaughter were still infected with HEV and livers sold 

at grocery stores in the Netherlands and the United States contained infectious HEV 

to some extent (BOUWKNEGT et al., 2007; FEAGINS et al., 2007). Here, we 
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intended to examine a broad spectrum of liver samples originating from animals of 

different ages. Due to a small number of animals around 120 kg, it is difficult to draw 

a conclusion about a risk to consumer safety arising from pork products in Germany. 

However, clustering of porcine HEV strains with human HEV variants indicate a close 

relationship and transmission between both species. To get an overview, two 

different regions of the HEV genome had been amplified via RT-PCR. Obviously, the 

ORF1 specific PCR had a lower sensitivity which coincides with the findings of WEI 

and TO (2003) who showed that hairpin loops in the ORF1 region of HEV had a 

negative influence on the RT-PCR results. Additionally, HEV ORF2 represents the 

most conserved region throughout the whole genome (ERKER et al., 1999; LU et al., 

2006). This might substantiate the more frequent detection of HEV RNA with ORF2 

specific degenerated PCR primers even after one-step PCR. The results of our 

phylogenetic analyses revealed that the present HEV sequences recovered from 

German domestic pigs match other porcine sequences from European countries. 

Germany imports piglets from its neighbouring countries, making it easy for viral 

pathogens to cross borders and to spread among the pig population. But the viral 

sequences derived from the German pigs also showed close relationship to human 

HEV variants from Germany, France, Greece and the United Kingdom pointing at the 

zoonotic transmission of HEV genotype 3. Furthermore, the HEV sequences are 

related to sequences obtained from wild boars hunted in Germany which suggests 

transmission between both species. From domestic pigs as well as from wild boars it 

is known, that HEV sequences recovered within the same country can be assigned to 

varying subgroups of HEV genotype 3 (ADLHOCH et al., 2009; RUTJES et al., 

2009). Interestingly, we observed remarkable variations considering the classification 

into subgroups of HEV genotype 3 upon phylogenetic reconstruction basing on two 

different HEV nucleotide fragments. The subgroup 3i was a result in the ORF2 

phylogram only. Regarding the ORF1 phylogram, several strains that clustered in the 

ORF2 subgroup 3i now belong to genotype 3e and 3c, respectively. Moreover, this 

was also true for a HEV strain recovered from a German wild boar (Germany/wild 

boar (FJ705359)). HEV ORF2 is more conserved among different isolates than HEV 

ORF1 (ERKER et al., 1999; LU et al., 2006), explaining a very narrow clustering of 
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HEV strains regarding this part of the genome. Furthermore, the primers specific for 

ORF2 used in this study span a relatively short fragment, which certainly contributes 

to the difficulties of distinguishing between genotypes 3c and 3i. Within the scope of 

this study it was of special interest if the amino acid sequence encoded by the 

respective viral RNA fragment reflects the discrepancies observed on nucleotide 

level. In the ORF1 fragment distinct amino acid substitutions separating the 

respective HEV subgroups 3e and 3f from other subtypes are notable. However, this 

could not be observed for the ORF2 deduced amino acid sequence. Although only 

few HEV sequences were selected, it could be demonstrated that nucleotide 

alterations of HEV genotype 3 strains had a negligible effect on the amino acid 

sequences. Subgrouping of HEV due to phylogenetic analyses resting upon rather 

short sequences has been proposed previously (LU et al., 2004; LU et al., 2006). It is 

well known, that genetic diversity of viruses is a result of selection pressure and 

immune evasion stratagies resulting in distinct amino acid changes (SIMMONDS, 

2004). However, looking at short genomic fragments of HEV, we mainly observed 

synonymous nucleotide substitutions not altering the encoded amino acid. Hence, 

definition of HEV sub-genotypes should only be performed using full-genome 

sequences. 

 

In another part of the study we took a closer look on the viral load of HEV positive 

liver samples by RT-qPCR. The amplification of a reference gene with regard to 

normalisation of obtained HEV copy numbers demonstrated a stable expression of 

porcine ß-actin in hepatocytes and a steady extraction of total RNA out of liver tissue. 

Hence, to gain an overview on the viral load in porcine livers, it may be sufficient to 

quantify HEV-specific RNA. Our study indicates a wide range of HEV copy numbers 

up to 107 genome copies/µg RNA. Generally, detection of large viral quantities of 

virus hints at active viral replication and release of viral particles from a large number 

of infected cells (LI et al., 2006). Here, no correlation between the body weight of 

animals and the respective HEV copy number could be found but it became obvious 

that HEV replicates to high genome copy numbers in pigs after weaning up to the 

mid-fattening period. This emphasises that veterinarians and farmers should be 
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aware of a potential risk of zoonotic HEV transmission when handling animals of 

varying age.  

 

In contrast to studies conducted under experimental conditions, none of the analysed 

liver samples revealed a correlation between a positive HEV status and the 

histological appearance of the liver (HALBUR et al., 2001; BOUWKNEGT et al., 

2009). Thus, we come to the conclusion that a natural infection with HEV does not 

necessarily lead to microscopically detectable hepatic lesions as it was also shown 

before (CASAS et al., 2011). To sum up, we demonstrated that HEV is prevalent in 

the German domestic pig population and circulates subclinically in the animals. 

Histological assessment fails to presume the HEV status, confirming pigs acting 

perfectly as reservoir hosts for HEV. Whether and to what extent HEV is a food-

borne zoonosis or if virus transmission occurs mainly due to direct contact with 

infected animals and their excretions remains to be determined. 
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4.6. Table and figures 

 

Table 4.1 Summary of RT-PCR results.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
The columns give the numbers of HEV RNA positive and negative porcine liver samples after applying 
two different RT-PCR assays. 
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Figure 4.1 Phylogenetic tree based on a 242 nucleotide long fragment of HEV 
ORF1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
The phylogenetic tree was constructed using the Neighbour-Joining method. Bootstrap analysis was 
performed with 1000 replicates (figures next to the branches in %). Sequences obtained from German 
domestic pigs are underlined. Sequences downloaded from GenBank are cited with their accession 
number. HEV genotypes 1 to 4 are designated on the right. Subgroups are indicated according to Lu 
et al. (2006). Bar: number of base substitutions per site.  
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Figure 4.2  Phylogenetic tree based on a 148 nucleotide long fragment of HEV 
ORF2 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The phylogenetic tree was constructed using the Neighbour-Joining method. Bootstrap analysis was 
performed with 1000 replicates (figures next to the branches in %). Sequences obtained from German 
domestic pigs are underlined. Sequences downloaded from GenBank are cited with their accession 
number. HEV genotypes 1 to 4 are designated on the right. Subgroups are indicated according to Lu 
et al. (2006). Bar: number of base substitutions per site. 
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Figure 4.3 Sequence of amino acid residues encoded by the 242 nucleotide 
long HEV ORF1 fragment. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
The respective HEV genotype 3 subgroups according to phylogenetic grouping are indicated on the 
left. Amino acid substitutions typical for genotypes 3e and 3f are marked with a rectangle.  
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Figure 4.4 Sequence of amino acid residues encoded by the 148 nucleotide 
long HEV ORF2 fragment.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The respective HEV genotype 3 subgroups according to phylogenetic grouping are indicated on the 
left.   
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Figure 4.5 RNA copy numbers estimated by RT-qPCR. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Given are the RNA quantities of HEV ORF2 and ß-actin and the respective body weight of pigs.  
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5. Infection of domestic pigs with a human Hepatitis E virus strain – 

pathohistology and detection of viral RNA in organs and tissues 
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5.1.  Abstract 

 

Hepatitis E virus (HEV) is the causative agent of an enterically transmitted hepatitis. 

In developing countries HEV is endemic but specific antibodies are common 

worldwide. As there is an increasing number of hepatitis E cases in Europe that are 

not linked to a travel history, an animal reservoir for HEV is being discussed. After 

various studies the prime suspects to carry HEV are domestic pigs and wild boars, 

and it is assumed that HEV can be transferred to humans via insufficiently heated 

meat. To get a detailed insight into HEV replication in domestic pigs, five 

postweaning pigs were infected with two millilitres of serum from a patient chronically 

infected with HEV. In intervals of seven days post infection (dpi) one animal was 

euthanized and examined for macroscopic and histological lesions. None of the 

animals displayed clinical symptoms during the infection experiment. 

Macroscopically, no alterations were observed in the liver of any animal. 

Histopathological examination revealed a moderate lymphohistiocytic hepatitis and 

pericholecystitis in the pig euthanized six dpi and a mild lymphohistiocytic hepatitis in 

all of the other animals. Other histopathologic lesions indicated an additional infection 

with Porcine circovirus 2 (PCV2), a common and mostly subclinical infection in 

domestic pigs. This could be verified in all seven pigs by immunohistochemistry and 

in-situ-hybridisation. Fresh organ samples were taken for RNA extraction and 

Reverse transcriptase polymerase chain reaction (RT-PCR). HEV RNA was found in 

various organs and tissues including mesenterial lymphnode, liver, kidney and filet 

muscle. Phylogenetic analyses showed that the virus belonged to HEV genotype 3, 

In conclusion, domestic pigs are susceptible to infections with HEV of human origin 

irrespective of co-infections with common porcine viral pathogens. As a matter of 

fact, pigs do not exhibit clinical symptoms after HEV infection, which substantiates 

their presumed status as a reservoir for HEV.  
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5.2.  Introduction 

 

In developing countries, Hepatitis E virus (HEV) is considered to be the most 

common enterically transmitted pathogen causing acute viral hepatitis. Due to poor 

sanitation conditions in these regions, HEV genotypes 1 and 2 predominantly spread 

via contaminated water (NAIK et al., 1992; CORWIN et al., 1999). In contrast, 

infections caused by HEV genotypes 3 and 4 are thought to be of zoonotic origin 

(MENG, 2010). Since Europeans who never visited an HEV endemic area fell sick 

with HEV genotype 3, an animal reservoir is assumed for this genotype 

(SCHLAUDER et al., 1998; BUTI et al., 2004; HERREMANS, 2007). 

 

According to a number of studies, especially domestic pigs and wild boars carry the 

infectious agent without undergoing clinical symptoms (MENG et al., 1997; DI 

BARTOLO et al., 2008; PAVIO et al., 2010). Since pig farmers and veterinarians 

display markedly higher anti-HEV seroprevalences compared to individuals not 

exposed to pigs, a greater HEV infection risk is presumed for these occupational 

groups (MENG et al., 2002; GALIANA et al., 2008). Furthermore, zoonotic 

transmission of HEV via contaminated or infected wild boar meat, pork or porcine 

liver could be shown for Western countries (WICHMANN et al., 2008; COLSON et al., 

2010; LEWIS et al., 2010). Immunosuppressed patients with HEV genotype 3 

infections exhibit a poorer outcome than healthy individuals (MENG, 2010; PISCHKE 

and WEDEMEYER, 2010). Following solid graft transplantation, patients were 

reported to develop chronic HEV infections, accompanied by persistent elevation of 

liver enzymes and progression of hepatic lesions up to liver fibrosis (GEROLAMI et 

al., 2008; KAMAR et al., 2008). 

 

In domestic pigs, the natural reservoir for HEV, the clinical outcome of experimental 

infections does not differ from naturally acquired infections since infected animals 

barely exhibit any clinical symptoms (HALBUR et al., 2001; LEE et al., 2008; CASAS 

et al., 2009a). Successful infection is marked by seroconversion, viraemia as well as 

faecal shedding of the virus (KASORNDORKBUA et al., 2004; BOUWKNEGT et al., 
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2009). The liver is assumed to be the main target organ for HEV replication. HEV 

RNA is frequently detectable in porcine liver tissue and bile (DE DEUS et al., 2007; 

LEE et al., 2008; CASAS et al., 2009a) and pathoghistological examination revealed 

lymphoplasmacellular infiltration and focal necrosis (LEE et al., 2008; BOUWKNEGT 

et al., 2009). However, extrahepatic replication sites have also been demonstrated by 

negative-strand specific RT-PCR, in-situ-hybridisation and immunohistochemistry 

(WILLIAMS et al., 2001; LEE et al., 2008; LEE et al., 2009). Thus, HEV RNA and 

antigen could be detected in a number of tissues including the intestinal tract and the 

lymphatic organs. 

 

Although experimental infections of specific pathogen free pigs with HEV genotype 3 

of porcine and human origin have been conducted in the past (MENG et al., 1998b; 

HALBUR et al., 2001; WILLIAMS et al., 2001), there is little information on how the 

virus behaves in pigs with common co-infections under defined conditions. Moreover, 

the infection of domestic pigs with a virus recovered from a human patient chronically 

infected with HEV has not been reported so far.  

 

 

5.3.  Materials and methods 

 

5.3.1. Animals  

 

Seven postweaning pigs were used in this study. Animals were obtained from a non-

commercial farm affiliated with the University of Veterinary Medicine Hannover. Two 

pigs served as control animals.  
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5.3.2. Hepatitis E virus inoculum  

 

Human serum containing HEV RNA was made available from the Department of 

Gastroenterology, Hepatology and Endocrinology at the Hannover Medical School. 

The serum sample originated from a male patient who was diagnosed with chronic 

hepatitis E after liver transplantation. The serum sample was taken 20 months after 

transplantation.  

 

5.3.3. Study design  

 

Five pigs were infected intravenously with two milliliters (ml) of human serum each, 

while the control animals received two ml of sterile physiological saline solution. 

Clinical examination and assessment of body temperature was carried out daily. 

Serum samples and pooled faecal samples were taken twice a week. In intervals of 

seven days post infection (dpi) one animal was euthanized intravenously with 

pentobarbital. Five weeks pi the last HEV-infected animal as well as both control 

animals were killed, necropsied and examined for macroscopic and histological 

lesions (table 5.1). Fresh organ samples including liver, bile, mesenteric lymph 

nodes, kidney and skeletal muscle were taken for RNA extraction and RT-PCR. 

Organ and faecal samples were stored at -80 °C until further use.  

 

5.3.4. RNA isolation  

 

RNA was isolated from serum, faecal and urine samples using the High Pure Viral 

RNA Kit (Roche Diagnostics Deutschland GmbH, Mannheim, Germany). Prior to this, 

serum tubes were centrifuged for 10 minutes at 3.112 x g. A 10% solution of the 

faecal samples was prepared with sterile water by two steps of vortexing and 

centrifugation for 10 minutes at 863 x g. Small pieces of organ samples were 

disrupted manually, and total RNA was extracted using Qiazol reagent and the 
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RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA was eluted in RNase-free water 

and stored at -80 °C until further usage.   

 

5.3.5. RT-PCR and sequence analysis  

 

Synthesis of cDNA, followed by PCR steps, visualisation of PCR products and 

sequence analysis were conducted as described in chapter 4: “Molecular 

characterisation of Hepatitis E virus infection in German domestic pigs.” In addition, 

lung tissue was investigated by multiplex PCR for the presence of pathogens 

affecting the porcine respiratory tract including Porcine circovirus 2 (PCV2), Porcine 

cytomegalovirus (PCMV), Influenza A Virus, Porcine reproductive and respiratory 

syndrome virus (PRRSV), Porcine respiratory coronavirus (PRCoV) and Mycoplasma 

subspecies (HARDER and HUEBERT, 2004). 

 

5.3.6. Histolopathology 

 

Organ samples were fixed in 10 % neutral, non-buffered formalin, embedded in 

paraffin and sectioned to 2.0 – 4.0 µm according to routine laboratory procedures.  

After staining with haematoxylin and eosin, organ slides were examined 

microscopically.  
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5.4.  Results 

 

5.4.1. Clinical examination  

 

None of the HEV infected animals displayed fever or any other clinical symptoms 

during the entire experimental period. One pig of the control group exhibited slight 

diarrhea at 19 dpi, which was accompanied by decreased appetite.  

 

5.4.2. RT-PCR  

 

All serum and faecal samples were RT-PCR negative for HEV RNA in the beginning 

of the experiment. Serum and faecal samples of both control animals remained HEV 

RNA negative till the end of the experiment. In infected animals, viral RNA was 

detected irregularly in serum samples at 6, 9, 20, 27 and 34 dpi (table 5.1). 

Intermittent faecal shedding of the virus was observed from 9 dpi till 27 dpi.  

 

In several organ and tissue samples ORF2-specific RNA could be demonstrated by 

RT-PCR (figure 5.1). The mesenterial lymph node and a sample of Musculus psoas 

major (M. psoas major) were RT-PCR positive In the animal necropsied at 6 dpi 

(animal number 1; (no. 1)). Furthermore, viral RNA was also detected in samples 

taken from M. psoas major during necropsy at 13 dpi (no. 2). Liver, bile and kidney 

were positive for HEV RNA in pigs killed at 20 dpi (no. 3). However, urine samples of 

this pig were HEV RNA negative. A further tissue sample of M. psoas major was 

HEV RNA positive in the pig necropsied at 27 dpi (no. 4). The pig euthanized at  

34 dpi (no. 5) showed ORF2 specific viral RNA in the liver, the bile and the 

mesenterial lymph node. In contrast, by using HEV ORF1-specific primers no positive 

RT-PCR results could be obtained. 
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Multiplex-PCR revealed that all seven pigs were positive for PCMV. Moreover, the 

lungs of HEV infected animal no. 1, 2, 4 and 5 as well as of both control pigs were 

PCR-positive for PCV2. 

 

5.4.3. Sequence analysis  

 

Analysis of the 148 nucleotide (nt) long HEV ORF2 fragment confirmed that the virus 

belonged to HEV genotype 3. Sequences recovered from porcine tissue at different 

time points were classified as genotype 3 as well. However, looking at the HEV 

sequence from animal no. 1 revealed several nucleotide mutations. Only two 

nucleotide exchanges were seen in the HEV sequences from the pig killed at 27 dpi. 

Regarding the deduced amino acid sequence, nearly all mutations on nucleotide 

level proved to represent silent mutations (figure 5.2). 

 

5.4.4. Macroscopic lesions  

 

No gross lesions of the liver were observed in any of the animals. Other macroscopic 

alterations included leptomeningeal hyperaemia (no. 2), enlargement of 

retropharyngeal lymph nodes (no. 3), a subcutaneous abscess (no. 3) and a kidney 

cyst (no. 4). One of the control animals presented with fibrous epicarditis and 

pleuritis, whereas the other mock-infected pig showed a remote edema of the ileum 

and slightly enlarged mesenterial lymph nodes.  

 

5.4.5. Histopathology  

 

The animal necropsied at 6 dpi showed a moderate predominantly lymphocytic, 

partly lymphohistiocytic hepatitis and a moderate lymphocytic cholecystitis and 

pericholecystitis. All other pigs, including the control animals exhibited slight 
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lymphocytic infiltrations of the liver and remote lesions of the gall bladder and its 

surrounding tissue (figure 5.3).  

 

A mild lymphohistiocytic interstitial pneumonia was observed in five pigs inoculated 

with HEV (no. 1, 2, 3 and 5) and in one mock infected animal. Furthermore, 

lymphocytic depletion of lymph nodes and spleen could be seen in the animal killed 

at 6 dpi. One of the control animals exhibited slight follicular hyperplasia of the 

mesenterial lymph node. By applying in-situ-hybridisation and immunohistochemistry 

PCV2 DNA and antigen was detected in all pigs in mesenterial or lung lymph nodes. 

Additionally, the presence of PCV2 was confirmed in the bronchus associated 

lymphoid tissue in two pigs (no. 1 and mock infected animal), in the kidney (no. 1) 

and in the spleen (no. 1, 2 and control animal). However, the liver stained negative 

for PCV2 nucleic acid and antigen in all animals.  

 

Other microscopic findings reflected the macroscopic lesions and included 

lymphohistiocytic perivascular infiltrates of the brain, lymphohistiocytic leptomenigitis 

(no. 1), lymphohistiocytic interstitial nephritis (no. 1, 2), chronic follicular gastritis (no. 

2) and chronic purulent panniculitis (no. 3). One pig of the control group showed 

lymphoplasmacellular cystitis, lymphohistiocytic and plasmacellular interstitial 

nephritis, lymphoplasmacellular rhinitis and chronic proliferative pleuritis. The other 

control animal displayed splenic necrosis and lymphohistiocytic as well as 

plasmacellular rhinitis.  

 

 

5.5.  Discussion 

 

For the time being, human HEV genotype 3 infections in Western countries have 

been linked to zoonotic transmission. Field studies revealed a wide distribution of 

HEV and corresponding antibodies in the domestic pig population. Importantly, an 

HEV infection in pigs is not linked to symptomatic illness. Phylogenetic analyses of 

porcine and human HEV strains revealed a close relationship. Thus, the increasing 
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evidence of domestic pigs serving as reservoirs for HEV calls for an intensive study 

of this viral infection in its natural host.  

 

The course of HEV infection in pigs after inoculation with porcine and human HEV 

strains, respectively, has been investigated before. However, human HEV strains 

utilised for earlier infection studies stem from patients presenting with acute hepatitis 

E (MENG et al., 1998b; HALBUR et al., 2001). Therefore, the present study depicts 

an infection model for HEV in pigs with common co-infections inoculated with a virus 

strain recovered from a human patient chronically infected with HEV genotype 3.  

 

After infection, viral RNA was found to be present discontinuously in serum and 

faecal samples, which resembles a natural course as it is known for other porcine 

viral infections (CAPRIOLI et al., 2006). Porcine faecal samples were previously 

thought to be superior to serum samples for analysing the HEV status of domestic 

pigs (KABA et al., 2009). However, the results of the current experiment recommend 

multiple testing of porcine faecal material for a final decision on the infectious status 

of a distinct animal. Unlike a recent study where urinary shedding of HEV was 

observed (BOUWKNEGT et al., 2009), we could not detect viral RNA in urine 

samples of any animal, although HEV was present in the kidney of one pig. Hence, 

future investigations will have to focus on this subject.  

 

Aside from the detection of HEV ORF2-specific nucleic acid in serum and faecal 

samples, several organs and tissues were found to be positive for viral RNA. In three 

of five animals viral nucleic acid was detected in more than one location thereby 

indicating a systemic spread of the virus. WILLIAMS et al. (2001) showed HEV of 

human origin to disseminate to a wider variety of tissues than a porcine virus but 

proof of replication by negative-strand-specific RT-PCR could not be accomplished in 

every case. Admittedly, in the current experiment the detection of viral RNA does not 

provide any information on the replication sites of HEV, however, it clearly illustrates 

that the virus is located in quite a few types of tissues including filet muscle. Thus, 

the question whether or not there is active viral replication at a distinct sites is of no 
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consequence for the potential of the respective organ to cause a food-borne infection 

in human individuals.  

 

Previous experimental HEV infections of domestic pigs revealed mild to moderate 

microscopically detectable liver lesions including inflammatory cell infiltration and 

hepatic necrosis. Moreover, data of earlier experiments gave the impression that 

HEV recovered from a human individual was more virulent than a virus of porcine 

origin as it resulted in marked hepatic lesions (HALBUR et al., 2001). In the current 

experiment, prominent hepatic injury could not be observed in infected animals. Only 

in one animal (necropsied at 6 dpi) a moderate lymphohistiocytic infiltration was 

noted in the liver. It is questionable whether this finding is associated with the 

experimental HEV infection since viral RNA could not be detected in the respective 

organ. On the contrary, hepatic inflammation might occur independently of the 

presence of HEV since liver injury was discussed to be mediated by the innate 

immune system rather than by the virus itself (NAGASAKI et al., 2005; WU et al., 

2008). In general, lymphocytic hepatitis in pigs can also be induced by infections with 

PCV2 (ROSELL et al., 2000). However, it is important to note that the hepatic lesions 

observed at 6 dpi were obviously not induced by PCV2, as the liver stained negative 

for PCV2 nucleic acid as well as for antigen.  

 

Apart from that, clinical signs related to PCV2-associated diseases could not be 

observed during the experiment although all five animals inoculated with HEV carried 

PCV2 and exhibited typical pathohistological lesions. For the manifestation of clinical 

symptoms in PCV2-positive animals, further infectious, respectively non-infectious 

factors negatively influencing the host are required (GRAU-ROMA et al., 2011). 

However, the experimental infection with HEV apparently did not trigger the onset of 

symptoms habitually seen in connection with PCV2.  

 

To sum up, the experiment clearly showed that pigs infected with common porcine 

pathogens were susceptible to HEV infections. Furthermore, experimental HEV 

infection of domestic pigs, even with a human derived HEV strain, does not 
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necessarily lead to microscopically visible liver injuries. Thus, asymptomatic viraemia, 

faecal shedding and distribution to several types of tissues verify that HEV is 

completely adapted to domestic pigs.  
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5.6. Table and figures 

 
Table 5.1 Experimental setup and presence of HEV RNA in serum samples 
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Figure 5.1 RT-PCR results of different porcine organs 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amplification of a part of HEV ORF2 resulted in a 197 bp long amplicon. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) amplification was used as control. - negative RT-PCR control; + positive 
RT-PCR control 
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Figure 5.2 Sequences of nucleotides and amino acid residues encoded by the 
148 nucleotide long HEV ORF2 fragment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Sequences obtained at different time points of necropsy are compared to the sequence of the HEV 
inoculum.  
A: nucleotide sequence; B: amino acid sequence.  
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Figure 5.3 Histopathological results of the liver two different animals 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A: liver of HEV infected animal necropsied at 6 dpi: moderate lympho-histiocytic hepatitis and 
moderate acute congestion; B: liver of mock infected animal, slight lymphocytic infiltration; 
haematoxylin and eosin stain; bar = 50 µm 
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6. Overall Discussion 

Chapter 6 

At the beginning of the 21st century emerging and re-emerging infectious diseases 

are becoming increasingly important. For instance, tuberculosis or pertussis which 

were thought to be nearly eradicated have turned up again in industrialised countries, 

causing severe illness and death. On the other hand, several new diseases occurred 

that could be traced back to animal reservoirs. Pathogens such as Nipah virus, Hanta 

virus or West Nile virus successfully crossed the species barrier, resulting in clinical 

manifestations in humans. Most of those infectious agents are well adapted to their 

initial host, propagating and spreading asymptomatically among and in between 

animal populations. Recent outbreaks of avian influenza or severe acute respiratory 

syndrome (SARS) have drawn much attention of the public to animals acting as viral 

reservoirs and source of infection. In the course of this, monitoring of zoonotic 

pathogens has become a new challenge in the last decade. Enhanced attention has 

to be bestowed on such infectious agents before switching their host and causing 

severe disease in human individuals. In this context, one of the currently important 

viruses is Hepatitis E virus (HEV). Hepatitis E has increased in significance during 

the last decade, and a description of HEV in its reservoir host is of growing 

importance. Thus, the current thesis aims at the characterisation of the HEV infection 

rate and the effects of HEV infection in domestic pigs in Germany. 

 

 

6.1. Serological and biomolecular investigations on Hepatitis E virus 

prevalence in German domestic pigs 

 

Hepatitis E virus and corresponding antibodies were shown to be prevalent in 

domestic pigs in numerous countries (PAVIO et al., 2010). In cross-sectional studies, 

demonstration of specific IgG- and IgM-antibodies has revealed that the virus 

circulates to a great extent in pig herds. In a study investigating the HEV 

seroprevalence in Spanish commercial pig herds, 97.6% of sampled farms tested 
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positive for specific HEV IgG. These findings are in concert with the results of the 

analysis of the HEV-seroprevalence described in chapter 3 of this thesis. Our results 

revealed that HEV antibodies can be widely detected, confirming endemic spread of 

HEV in the German domestic pig population. Thereby, it became obvious that the 

majority of investigated pig herds has or had been in contact with HEV. However, 

reasons for remarkable variances of the anti-HEV detection rate regarding different 

regions of Germany remain to be determined. Further studies are required to 

elucidate factors contributing to HEV spread and viral entry into pig herds. For this, 

the role of air- or vector-borne HEV transfer and the intra-herd viral dissemination 

needs to be clarified. In the past, it could be shown that HEV specific IgG antibodies 

are most often found in sows and piglets, highlighting the passive transfer of 

maternal antibodies via colostrum uptake (SEMINATI et al., 2008; BREUM et al., 

2010). These results are in agreement with the findings presented in chapter 3 of this 

thesis. Antibodies of the IgG-class could be found in all age groups with evident anti-

HEV detection rates in adult animals. However, further investigations are necessary 

to answer the question whether existing antibodies directed against HEV infections 

prevent animals from future infections. The fact that faecal shedding of HEV even 

occurred in HEV seropositive sows and that HEV still propagates actively in the 

presence of serum antibodies in vitro (TAKAHASHI et al., 2010; CASAS et al., 2011), 

questions the virus neutralisation ability of serum antibodies.  

 

The results of chapter 3 also address the problem of differing results given by 

different antibody assays. This phenomenon has already been described by 

PERALTA et al. (2009b). Commercial antibody tests initially designed for human 

diagnostics which have been adapted to animal species seem to perform worse than 

in-house assays. However, varying results in the HEV-seroprevalence after 

application of commercial antibody tests are also well-known in human medicine 

(WENZEL et al., 2011). Hence, it is of great importance to establish antibody assays 

with good performance to overcome problems arising from varying sensitivities and 

specificities associated with different test characteristics.   
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To further characterise the distribution of HEV among different age groups of 

domestic pigs, detection of viral RNA was carried out. Chapter 4 explains the results 

of HEV specific RT-PCR, quantification of HEV RNA and phylogenetic studies. As 

with the HEV seroprevalence study, the RT-PCR results revealed that HEV is 

endemic in the German domestic pig population. Over 15 % of the investigated herds 

showed at least one HEV RNA positive animal. Since the sampling size of porcine 

livers per herd was rather low, accurate determination of the actual HEV-prevalence 

on herd level can not be accomplished with the given data. However, considering the 

low random sampling, the actual HEV-prevalence in Germany might be even higher. 

Although the presence of HEV genotype 4 in a domestic pig was confirmed 

occasionally (HAKZE-VAN DER HONING et al., 2009), our results substantiate the 

assumption that it is predominantly genotype 3 that circulates in pig herds in Europe. 

Although primers targeting all four major genotypes were used, obtained sequences 

belonged to HEV genotype 3 only. However, porcine HEV genotype 3 sequences 

seem to display a high genetic diversity (RUTJES et al., 2009). Here, the 

phylogenetic studies showed that HEV sequences may differ considerably even 

though they originated from the same geographical region. Nevertheless, the high 

mutation rate of HEV could be shown to influence the deduced amino acid sequence 

only marginally. Hence, the nucleotide variety probably has few effects on the 

antigenetic properties of HEV. In this context, it is of special interest that the data of 

chapter 4 revealed a high nucleotide variety within a distinct farm. This result raises 

the question, whether the observed nucleotide variances are due to RNA mutation or 

recombination in the host, or are rather a result of more than one discrete HEV 

strains circulating in one pig herd. Respecting the latter possibility, even super-

infections of individual animals should be taken into consideration. To further 

illuminate this issue, investigations of serial samples originating from a distinct animal 

should be conducted.  

 

Apart from this, it is obvious that HEV is transmitted between porcine species and 

humans, as the sequences cluster closely to each other within the HEV genotype 3. 

HEV is presumed to be a food-borne zoonosis (MATSUDA et al., 2003; WICHMANN 



Chapter 6 68 

et al., 2008). Since this study did not particularly concentrate on animals at slaughter 

age or above, a decision about the hypothesis of HEV infection via pig meat or liver 

products is difficult. Hence, in order to finally exclude an infection risk through 

contaminated or infected meat, future studies on herd level conducted with material 

obtained at the abattoir have to be taken into account. Considering the distribution of 

HEV RNA among different age groups, the data of this thesis generally supports 

previous results. Nursery and growing pigs were the most frequent to be tested 

positive for HEV RNA, identifying them to undergo acute infections. In particular, the 

detection of viral RNA in liver samples of piglets is surprising. Usually, suckling pigs 

are presumed to be protected by passively transferred maternal antibodies (MENG et 

al., 1997; DE DEUS et al., 2008a). However, the present results question the 

protective effect of passive immunisation via colostrum. This subject is related to the 

problem of intra-herd manners of HEV transmission. Aside from young animals 

acutely infected with HEV, viral shedding of sows regardless of their antibody status 

should be taken into consideration (CASAS et al., 2011). Although HEV infections via 

colostrum have been excluded for humans (CHIBBER et al., 2004), this should not 

be neglected in further studies as a potential way of HEV transmission in pigs. The 

same applies to vertical spread of HEV. In humans, intrauterine infections have been 

described (KHUROO et al., 1995). However, there is currently no unanimously held 

scientific opinion on the vertical transmission of HEV in pigs. Experimental infection 

of pregnant gilts did not lead to transplacental transmission (KASORNDORKBUA et 

al., 2003); nevertheless, HEV was recently found in aborted piglets and serum of the 

respective sow, which actually hints at the potential of HEV to cross the placental 

barrier (HOSMILLO et al., 2010). 

 

 

6.2. Characteristics of HEV infection of domestic pigs 

 

Domestic pigs have been verified to act as HEV carriers in numerous countries in the 

world. The virus is highly prevalent in pig herds, but HEV positive animals cannot be 

easily recognised. Pigs undergoing acute HEV infections do not show clinical 
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symptoms associated with HEV. Therefore, they are not recognisable via medical 

examination (MENG et al., 1997; FERNANDEZ-BARREDO et al., 2007). Serological 

and biomolecular analyses described in chapter 3 and 4 of this thesis did not include 

a clinical check-up of the animals. However, chapter 5 presents an infection 

experiment of pigs inoculated with a human derived HEV originated from a chronic 

hepatitis E case. Manifestation of chronic hepatitis E is assumed to depend on the 

host’s immune system since, to date, a self-limiting course of infection has been 

observed in immunocompetent individuals (CHAUHAN et al., 1993; TURNER et al., 

2010). Although nothing is known on virulence factors of the pathogen influencing the 

outcome of an HEV infection, it seems feasible that virus dynamics might contribute 

to the development of chronic hepatitis E. Nonetheless, the experimental HEV 

infection had no impact on the respective animals with regard to the clinical outcome. 

Therefore, our results support previous findings, where domestic pigs were shown to 

be asymptomatically infected with HEV irrespective of co-infections with other 

porcine pathogens. 

 

According to the existing literature, the influence of HEV infections of pigs on the 

histological integrity of the liver remains unclear. Hepatic lesions have frequently 

been described in experimental infections (HALBUR et al., 2001; BOUWKNEGT et 

al., 2009). However, it seems that HEV does not necessarily affect the progression of 

hepatic injury in environmental infections (CASAS et al., 2011). Thus, one objective 

of this thesis was to further elucidate this issue. To identify a possible correlation 

between the HEV status and hepatic injury, we set out and performed a 

pathohistological examination of liver samples arising from animals naturally infected 

with HEV. The results are described in chapter 4. Briefly, no relationship could be 

established between HEV RT-PCR results and histological condition of the liver. 

Moreover, as depicted in chapter 5, no prominent hepatic lesions were observed in 

pigs receiving HEV positive human serum intravenously. Admittedly, one pig 

euthanized 6 dpi showed moderate hepatic inflammation, but the livers of the 

remaining pigs closely resembled the histological appearance of the livers of mock-

infected animals.  
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Co-infections could represent one factor influencing the progression of hepatic 

lesions in HEV positive animals. Previously it was shown that HEV appears not to be 

related to the occurrence of further common porcine pathogens (MARTELLI et al., 

2010). Nevertheless, HEV was assumed to contribute to the development of hepatitis 

induced by porcine circovirus 2 (PCV2) or torque teno virus (TTV) (SAVIC et al., 

2010). Referring to the results explained in chapter 5, the presence of PCV2 nucleic 

acid and antigen was confirmed for the lymphatic organs but not for the liver. Hence, 

prominent hepatic lesions observed in the animal euthanized at 6 dpi can probably 

not be explained by the PCV2 co-infection. To conclude, HEV infections of domestic 

pigs, either natural or experimental, do not obligatorily result in microscopically visible 

hepatitis but effects of concomitant infections should be bared in mind considering 

future studies. It has been speculated if co-existing infections might influence the 

spread of HEV in the porcine organism (DE DEUS et al., 2007). As explained in 

chapter 5, HEV RNA was found in more than one type of tissue after experimental 

infection. In addition, all animals infected with HEV were subclinically infected with 

PCV2 as well. This pathogen has immunosuppressive effects in pigs resulting in 

PCV2-associated diseases like the postweaning multisystemic wasting syndrome 

(PMWS). Here, none of the experimentally infected animals showed clinical signs 

associated with PMWS, but nevertheless, the contribution of asymptomatic PCV2 

infections to the degree of HEV dissemination in pigs would be an appealing aspect 

in further studies.  

 

Another interesting issue concerns the potential replication sites of HEV. As 

described in chapter 4, high amounts of HEV RNA could be detected in porcine liver 

samples. Although the viral load of other organ samples was not determined, RNA 

quantities of up to approximately 107 copies per µg of total RNA indicate that the liver 

is a target organ for HEV. Thus, high values of viral RNA would be a result of active 

viral propagation and accumulation. Extrahepatic replication sites for HEV, lymphatic 

organs for instance, have already been identified via detection of negative-orientated 

viral RNA and application of in-situ-techniques (WILLIAMS et al., 2001; LEE et al., 

2008). Here further target organs of HEV could not be assessed. However, the 
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detection of positive-stranded viral RNA in muscle tissue substantiates the presence 

of HEV at this site and is potentially also indicative of a food-borne HEV 

transmission.  

 

 

6.3.  Domestic pigs as HEV reservoir – relevance for zoonotic infections? 

 

The current study on the occurrence and prevalence of HEV in German domestic 

pigs provides an overview of the actual situation concerning an emerging viral 

pathogen in its natural host. The results demonstrate clearly that domestic pigs and 

pig herds are widely infected with HEV without showing clinical, gross pathological or 

histopathological evidence of infection. What impact does this finding have for human 

individuals? Does contact to infected pigs or ingestion of pork products originating 

from HEV-positive herds constitute a risk for human health? If so, which kind of 

precautions should be taken to avoid zoonotic HEV infections? To answer these 

questions, elucidating the actual situation of Hepatitis E in Europe and especially in 

Germany is essential. Considering the current statistic published by the Robert-Koch-

Institut (RKI) on notifiable infectious diseases, hepatitis E cases have been 

increasing continuously during the last decade. In 2001, when hepatitis E was 

included in the list of notifiable diseases, 34 clinical cases were reported, whereas in 

2009 the number of accounted HEV induced hepatitis cases raised to 108. In 

comparison to listed hepatitis A cases (929 in 2009), the number of notified hepatitis 

E cases appears rather small. However, HEV infections can no longer be 

disregarded as a cause for acute viral hepatitis. Furthermore, over 80 % of notified 

HEV infections have been acquired in Germany (RKI: Infektionsepidemiologisches 

Jahrbuch für 2009). Since HEV is hardly transmitted through direct human-to-human 

contact, rising figures of hepatitis E cases can certainly be affiliated to an increase in 

zoonotic infections (LEWIS et al., 2010). 

 

Two pathways of zoonotic HEV transfer are predicted: infection through direct 

contact to HEV-positive animals and infection through consumption of HEV-
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containing meat. Several reports give evidence of veterinarians and pig farmers 

having an enhanced risk of becoming infected with HEV. The results of the current 

thesis clearly show that domestic pigs in Germany are infected with HEV at a high 

rate. Antibodies of the IgG class are present in a high number of herds and in animal 

sera of several age groups, underlining the omnipresence of the virus in pig herds. 

As revealed in chapter 4, animals are most likely to be infected with HEV at a certain 

age, with nursery and growing pigs being the most often to test positive for viral RNA. 

This is an important information for farmers and veterinarians who are in daily contact 

with pigs. In humans as well as in pigs, the virus is predominantly transmitted via the 

faecal-oral route (BOUWKNEGT et al., 2011). It is well known that infected pigs shed 

the virus in high amounts with their faeces and probably also with their urine 

(BOUWKNEGT et al., 2009). Hence, porcine excrements are a source of infection for 

human individuals being exposed to pigs. HEV uptake after handling infected animals 

and contaminated equipment followed by inadequate hand-washing represents one 

way of infection. Another opportunity of viral transfer from pigs to humans includes 

oral uptake of dust particles. In a non-human primate infection model, the infection 

with HEV and manifestation of disease was demonstrated to be dose-dependant 

(BALAYAN et al., 1983). In conclusion, zoonotic HEV infections require continuous 

exposition to an infectious source. DROBENIUC et al. (2001) have already 

established an association between years of occupation with pigs and HEV 

seroprevalence. Furthermore, intensive contact to pigs such as assistance at birth 

conveys an HEV infection risk (DROBENIUC et al., 2001). 

 

Although oral uptake is considered the main route of infection, HEV can generally 

also be transferred parenterally (MATSUBAYASHI et al., 2004; MATSUBAYASHI et 

al., 2008). Moreover, the infection experiment described in chapter 5 established an 

HEV infection after intravenous viral inoculation. In conclusion, human individuals 

with skin lesions may also become infected as a result of intense contact to blood of 

viraemic animals. Hence, surgical procedures like relocation of cryptorchid testes in 

the boar, which are often conducted during the nursery or growing period, pose a 

particular risk for HEV infections. The results of chapter 4 clearly indicate that 
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animals, especially at this age, undergo acute HEV infections. In conclusion, pig 

farmers, veterinarians, and veterinary pathologists should be very conscious of their 

enhanced HEV infection risk. Strict personal hygiene, skin integrity as well as 

wearing gloves when carrying out invasive surgeries are strongly advised. 

Furthermore, slaughterhouse workers are in direct contact to potentially HEV-infected 

animals (PEREZ-GRACIA et al., 2007). Although the results presented in chapter 4 

indicate that animals at slaughter age no longer carry HEV, previous analyses of 

faeces and different tissues recovered at the abattoir actually proved that HEV was 

present in excrements and several porcine organs (DI MARTINO et al., 2010; 

LEBLANC et al., 2010). Hence, future studies should focus on this particular 

occupational infection risk. 

  

Aside from direct contact to infected animals, HEV is presumed to be transferred 

through meat or meat products from virus-carrying animals. Initially in Japan, 

consumption of raw wild boar liver and deer meat was suggested to be responsible 

for cases of acute hepatitis E (MATSUDA et al., 2003; TAKAHASHI et al., 2004). 

According to WICHMANN et al. (2008), ingestion of wild boar meat or offal is crucial 

for development of disease as well. Far more interesting is the question whether the 

consumption of pig liver or pork bears an HEV infection risk. Analysis of porcine 

livers offered in groceries in The Netherlands and the United States revealed that 

these products contain infectious HEV RNA to some extent (BOUWKNEGT et al., 

2007; FEAGINS et al., 2007). Additionally, the data presented in chapter 5 signifies 

that HEV might have the potential to disseminate to muscle tissue. However, in order 

to assess if pork or pig liver represents an infection risk, careful analyses of 

carcasses on herd level is mandatory.  

 

In conclusion, the results of this thesis provide an overview of the presence of HEV 

infection and the dissemination of HEV in the German domestic pig population.  

Domestic pigs are considered to represent perfect reservoir hosts for the virus, since 

infections with HEV do not negatively influence the animals’ health status. Future 
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studies will have to concentrate on the dynamics of intra-herd spread of HEV as well 

as the zoonotic infection risk arising from HEV positive animals and pig herds.  
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7. Summary 

Summary 

The hepatitis E virus (HEV) is the causative agent of an acute, usually self-limiting 

hepatitis. In developing countries, where HEV genotypes 1 and 2 are predominant, 

the virus is transmitted via contaminated water. Since both genotypes were also 

occasionally recognised in individuals returning from HEV-endemic areas, hepatitis E 

was believed to be a classic travel-associated disease in Western countries. 

However, increasing numbers of HEV infections were recently observed in persons 

without a travel history, which induced a discussion on novel aspects involved in the 

epidemiology of HEV. During the course of this, an animal reservoir for HEV has 

been considered. Previous studies from Europe showed that it is mainly domestic 

pigs and wild boars that carry HEV. Human HEV sequences are closely related to the 

porcine HEV genotype 3 variants and this points towards  a zoonotic transmission of 

the virus. To assess the infection risk for human individuals, detailed knowledge on 

the distribution of HEV in the German domestic pig population is indispensable. 

 

Thus, the objective of the present thesis was to illuminate the presence of HEV in 

German domestic pigs, and the effects of this infection on its natural host. Therefore, 

the HEV-seroprevalence was investigated in a cross-sectional study using a newly 

established antibody assay. Investigated sera were obtained from eleven of 

Germany’s federal states. As a result, 49.8% of 1072 tested serum samples were 

positive for anti-HEV-immunoglobulin G. Regarding the HEV-seroprevalence on herd 

level, 78.1 % of investigated farms were proven to have been in contact with HEV. 

However, comparing the results of the novel ELISA with those of two commercially 

available antibody tests revealed contradictory results from all three assays, thereby 

highlighting the necessity of superior tools for the investigation of the anti-HEV-status 

in domestic pigs. Furthermore, porcine liver samples were examined for the presence 

of HEV RNA. RT-PCR analyses of 251 liver samples showed that 34 (13.5%) 

contained viral nucleic acid. Quantification of HEV RNA revealed the presence of up 

to 107 HEV copies per µg of total RNA. All obtained HEV sequences belonged to 
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genotype 3. Despite exhibiting great nucleotide divergence, HEV sequences only 

displayed few alterations on amino acid level. Pathohistological examination of liver 

slides showed no relationship between microscopically visible hepatic injury and the 

presence of HEV RNA. The finding that HEV does not necessarily affect the 

histological condition of the liver was also observed during the course of an HEV 

infection experiment. To study the pathogenesis of HEV in its reservoir host, five pigs 

were infected intravenously with HEV originating from a human patient suffering from 

chronic hepatitis E. In the animal killed at 6 days post infection (dpi), moderate 

lymphohistiocytic hepatitis was observed; the liver of the remaining four animals was 

hardly affected at all, and this was also true for the control pigs. RT-PCR analyses 

revealed HEV to disseminate to different types of tissues. Intermittent viraemia and 

faecal shedding was detected but none of the animals displayed any clinical 

symptoms associated with the HEV infection. The infection experiment demonstrated 

that domestic pigs carrying common porcine viral pathogens such as Porcine 

circovirus type 2 were susceptible to HEV infections with a human-derived HEV 

strain. However, co-infections had no impact on the clinical outcome of the HEV 

infection. This PhD thesis shows for the first time that German domestic pigs are 

asymptomatically infected with HEV to a great extent. Considering the zoonotic risk 

arising from those animals, the importance of further investigations and intensive 

education of the population become evident. It is especially crucial to raise the 

awareness of HEV in all individuals in daily contact with pigs, such as veterinarians, 

farmers or slaughterhouse workers.  
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8. Zusammenfassung 

Zusammenfassung 

Das Hepatitis E-Virus (HEV) ist der Erreger einer akuten, in der Regel 

selbstlimitierenden Hepatitis. In Entwicklungsländern wird das Virus über 

kontaminiertes Trinkwasser übertragen. Dabei handelt es sich hauptsächlich um den 

Genotyp 1 und 2. Auch in Industriestaaten wurden vereinzelt Infektionen mit diesen 

beiden Genotypen beschrieben, vornehmlich bei Personen, die aus 

Endemiegebieten zurückgekehrt waren, so dass man hier von einer klassischen 

reiseassoziierten Erkrankung ausging. Zunehmend traten jedoch in den letzten 

Jahren auch HEV-Infektionen bei Personen ohne entsprechende Reisehistorie auf, 

so dass die Epidemiologie dieser Infektionskrankheit in Industriestaaten überdacht 

werden musste und für HEV ein Erregerreservoir in Tieren diskutiert wurde. 

Untersuchungen haben gezeigt, dass in Europa vor allem Haus- und Wildschweine 

als Virusträger fungieren. Die zoonotische Übertragung des Virus wird dabei durch 

die große Ähnlichkeit humaner und porziner HEV-Genomsequenzen gestützt. Um 

das Infektionsrisiko für den Menschen abschätzen zu können, sind detaillierte 

Kenntnisse über die Verbreitung des Virus in der Schweinepopulation in Deutschland 

unerlässlich.  

 

Ziel der vorliegenden PhD-Arbeit war es, das Vorhandensein von HEV in der 

Hausschweinepopulation in Deutschland und die Auswirkungen der Virusinfektion im 

natürlichen Wirt zu charakterisieren. Mit Hilfe eines neu entwickelten Antikörper-

ELISA wurden Serumproben aus 11 verschiedenen Bundesländern untersucht. Von 

1072 untersuchten Seren wiesen 49,8 % HEV-spezifisches Immunglobulin G auf. Auf 

Bestandsebene hatten gut dreiviertel der untersuchten Bestände (78,1 %) bereits 

Kontakt zum Virus gehabt. Ein Vergleich des ELISA mit zwei kommerziellen 

Antikörpertests ergab nach Anwendung aller drei Testsysteme allerdings große 

Schwankungen innerhalb der Ergebnisse. Die Intensivierung der Entwicklung 

geeigneter Testsystemen ist daher von größter Bedeutung. Des Weiteren wurden 

porzine Leberproben auf HEV RNA untersucht. Mittels Reverser Transkriptase-
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Polymerase Kettenreaktion (RT-PCR) wurden 34 von 251 analysierten Leberproben 

als HEV RNA-positiv befundet (13,5%). Die Quantifizierung viraler RNA ergab, dass 

bis zu 107 HEV-Genomkopien pro µg Gesamt-RNA in den Leberproben vorhanden 

waren. Alle HEV-Sequenzen gehörten zum HEV Genotyp 3. Dabei fiel auf, dass die 

virale Nukleinsäure viele Mutationen aufwies, diese Änderungen im Genotyp aber in 

den seltensten Fällen Auswirkungen auf den Phänotyp hatten. Das Vorhandensein 

von HEV RNA in den Leberproben korrelierte nicht mit pathohistologischen 

Veränderungen und  auch die experimentelle Infektion mit HEV beim Schwein führte 

nicht zwangsläufig zu hepatischen Alterationen. Um die Pathogenese von HEV in 

seinem Reservoirwirt näher zu charakterisieren wurden fünf Tiere intravenös mit 

humanem Serum eines an chronischer Hepatitis E erkrankten Patienten infiziert. 

Sechs Tage nach der Infektion wies die Leber des entsprechenden Tieres eine 

mittelgradige lympho-histiozytäre Hepatitis auf, bei den restlichen infizierten 

Schweinen trat lediglich eine geringgradige Veränderung der Leber auf, die auch bei 

den nicht mit HEV infizierten Kontrolltieren beobachtet wurde. Virale RNA wurde mit 

Hilfe der RT-PCR in unterschiedlichen Organen und intermittierend in Serum- und 

Kotproben nachgewiesen. Keines der Tiere zeigte klinische Symptome. Der 

Infektionsversuch zeigte, dass Schweine, die mit häufig auftretenden viralen 

Erregern wie z.B. dem Porzinen Circovirus Typ 2 infiziert sind, für eine Infektion mit 

einer humanen HEV-Variante empfänglich sind, dass es aber auch durch die Co-

Infektionen nicht zu einer klinisch apparenten HEV-Infektion im Hausschwein kommt. 

Die vorliegende Arbeit zeigt damit zum ersten Mal, dass Hausschweine in 

Deutschland zu einem hohen Anteil asymptomatisch mit HEV infiziert sind. Bedenkt 

man das zoonotische Risiko, dass von solchen Tieren ausgeht, wird die Relevanz 

weiterführender Untersuchungen und die Bedeutung einer intensiven Aufklärung der 

Bevölkerung vor allem aber schweineexponierter Berufsgruppen wie Tierärzte und 

Schlachter besonders deutlich.  
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