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Abstract 
The objectives of the present study were to establish the presence of hepatitis E virus (HEV) in 
New Zealand pigs, first by testing for HEV antibody in pig herds throughout New Zealand to 
measure the herd prevalence, then by attempting to amplify HEV genomic sequences by PCR. 
Antibody was measured by two independently designed ELISA serology tests. HEV RNA 
fragments were amplified by RT-PCR of nucleic acid extracted from faeces of 10-12-week-old 
piglets using primers targeting ORF1, ORF2, and ORF2/3. PCR products were subject to 
phylogenetic analysis. Antibody to HEV was found throughout New Zealand pig herds as well as 
in the different age groups within the herds. Twenty herds from 22 tested were positive for HEV 
antibody (91% herd prevalence). Phylogenetic analysis of the amplified sequences placed this 
New Zealand strain of HEV closest to the human European strain It-1 (AF 110390) and U.S. 
swine strain (AF 082843) with 88% and 83% similarity respectively in ORF1. It was concluded 
that HEV is widely distributed in the New Zealand pig population. Phylogenetic analysis shows 
that this is a new HEV strain, grouping most closely with the United States/European cluster, 
which includes HEV strains of both human and swine origin.  
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INTRODUCTION 
    Human hepatitis E (HEV) is rarely diagnosed in developed countries and, when reported, has 
usually been found in individuals recently returned from HEV endemic areas [Bradley, 1992; 
Purdy and Krawczynski, 1994; Krawczynski, 1998]. However, some cases described in Western 
Europe [Pavia et al., 1998; Pina et al., 1998; Sylvan et al., 1998; McCrudden et al., 2000], 
Greece [Dalecos et al., 1998; Mateos et al., 1998], United States [Schlauder et al., 1998; Tsang et 
al., 2000], Taiwan [Wu et al., 2000], Australia [Bowden, 1994], and two cases in New Zealand 
[Chapman, 1993; unpublished data, 1999], had no identifiable association with endemic regions. 
In the United States, antibodies to HEV can be found in a significant proportion in high-risk 
populations [Khuroo, 1980], with up to 23% seropositive among injection drug users [Thomas et 
al., 1997]. According to other data, the seroprevalence of HEV antibody can be as high as 55% 
among blood donors in nonendemic countries [Meng X-J et al., 1999]. Some studies have 
demonstrated a high prevalence of HEV antibody in samples collected at hemodialysis units 
[Dalecos et al., 1998; Arankalle and Chobe, 1999], indicating a possible transmission route for 
HEV other than faecal-oral. It should be noted that seroprevalence of HEV antibody in different 
human populations is an open question since there is low concordance between different 
serology tests [Ghabrah et al., 1998].  
    HEV isolates from contiguous geographical regions tend to be closely related to each other 
and distinct from those in more remote geographical areas [Tsarev et al., 1999]. The observed 
correlation between the evolutionary tree and geography is consistent with the hypothesis of an 
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animal reservoir of HEV, restrained within geographically distinct areas [Tsarev et al., 1999]. 
This hypothesis was directly supported by Clayson et al. [1995] when HEV was detected by 
polymerase chain reaction (PCR) in Nepalese pigs. It was later shown that human HEV from 
Nepal was closely related to that detected in Nepalese pigs [unpublished data; cited in Tsarev et 
al., 1999].  
    Similar data were reported for swine and human HEV strains from the United States [Meng  
X-J et al., 1997, 1998a] and Taiwan [Wu et al., 2000]. Furthermore, under experimental 
conditions it has been shown that human HEV is capable of infecting other species such as pigs 
[Balayan et al., 1990], rats [Maneerat et al., 1996], sheep [Usmanov et al., 1994], and nonhuman 
primates [Meng X-J et al., 1998b]. Recently the high seroprevalence of antibody to HEV has 
been established among rodents in the United States [Kabrane-Lazizi et al., 1999; Favorov et al., 
2000]. Where studied, very high seroprevalence of HEV antibodies in pig populations has been 
reported around the world, with up to 95% in U.S. pigs [Meng X-J et al., 1997], 45% among  
6-month-old piglets in Canada [Meng X-J et al., 1999], and up to 90% in Australian pigs 
[Anderson et al., 1999, Chandler et al., 1999]. No antibody studies have been done in New 
Zealand pigs. However, two human cases of acute hepatitis have been reported as HEV antibody 
positive [Chapman, 1993; and unpublished data, 1999], and each year there are many cases of 
non-A-C acute hepatitis.  
    The aim of the present study was to check the assumption that hepatitis E virus infection is 
wide spread in domestic animals (pigs) and thus human infection can represent, in part, a 
zoonosis. 
MATERIALS AND METHODS 
Sample Collection  
    Swine serum samples were obtained from sows (n=24), 1-week-old (n=23), and from  
20-week-old (n=25) pigs from one herd. Additionally, sow serum samples from the blood bank 
were used to check the herd prevalence of HEV antibody throughout New Zealand. It was 
estimated that 11 herds from the North Island and 11 herds from the South Island would 
represent the New Zealand pig population, and testing three serum samples for HEV antibody 
per herd would identify a herd prevalence of 25% with a 95% confidence level, assuming a 
minimum “within-herd” prevalence of 80%. Thus, 66 blood-bank sera from sows of average age 
3 years were screened as “herd prevalence” samples. Additionally, sera were collected from six 
6-month-old feral pigs from the Auckland Islands, a sub-Antarctic island group to the south of 
New Zealand. This population of pigs has been isolated from other pigs for approximately 200 
years. Faecal samples from 21 10-week-old, 7 12-week-old, and 17 7-week-old piglets from two 
herds were collected and processed on the day of collection. 
ELISA for Detecting HEV Antibody 
    Pig IgG HEV antibody was measured using an enzyme-linked immunosorbent assay (ELISA) 
kit [Anderson et al., 1999] in which wells are coated with a recombinant GST-ORF2.1 antigen. 
Alternatively IgG HEV antibody was measured with an enzyme immunoassay (EIA) in which 
three fragments of the ORF2-encoded protein of the HEVBurma strain [Meng J et al., 1999, 
2000], namely pN393 (L4), pN421 (L5), or pN452 (L6), were used. Wells of Immulon II EIA 
microtiter plates (Dynatech Lab., USA) were coated with proteins at a concentration of 5-10 
mg/ml dissolved in carbonate-bicarbonate buffer (CBB), pH 9.6, and incubated overnight at 4°C. 
After extensive washing the plates were incubated for 1 hr at 37°C with 200 ml of 1% nonfat 
milk in CBB. Specimens were diluted 1/200 in phosphate-buffered saline (PBS) containing 
0.05% Tween 20 (PBST), 5% NGS, and 1% nonfat milk and incubated at 37°C for 30 min. After 
extensive washing the antibodies bound to the antigens were detected by adding 100 ml of 
horseradish peroxidase (HRP)-labeled rabbit anti-pig IgG (Sigma) diluted 1:8,000 in PBST with 
5% normal goat serum (NGS), and 1% nonfat milk and incubated for 30 min at 37°C. The 
antibody complexes were detected by the addition 100 ml of orthophenylendiamine (Abbott, 
USA) for 10 min. The cutoff was statistically established as the mean of the optical density (OD) 
value at 492 nm of known negative samples plus 4.0 standard deviations of the mean. 



RNA Extraction and Amplification 
    RNA from the faeces was extracted with TRIZOL reagent (GIBCO-BRL, Gaithersburg, MD), 
either from 100 µl of a 20% faecal suspension or directly from faeces (30 mg) in accordance with 
the manufacturer’s protocol. cDNA was generated using 2 U M-MLV reverse transcriptase (Life 
Technologies, BRL) according to the manufacturer's protocol. RNA was reversetranscribed in 
the presence of random primers at 42°C for 1 hr. PCR was performed with cDNA 
encompassing one-fifth of the total reaction volume (50 µl) in the presence of 200 ng/reaction of 
primers to the ORF1, ORF2, or ORF2/3 [Erker et al., 1999; Schlauder, 1999], 2.U Taq 
polymerase (Life Technologies, BRL) 200 µM (each) dNTP, 10 mM Tris buffer (pH 8.3), and 
1.5 mM MgCl2. The degenerate ORF1 primers, HEVORF1-sl positioned at nucleotides 56-79 
(Burmese isolate numbering) and HEVORF-al, positioned at nucleotides 473-451, amplify a 
product of 418 base pairs. The degenerate primers from ORF2, HEVORF2-sl, positioned at 
nucleotides 6298-6321 and HEVORF2-al, positioned at nucleotides 6494-6470 produce a 
product of 197 base pairs. The degenerate primers from the overlap of ORF2 and 3, 
HEVORF2/3-sl positioned at nucleotides 5093-5118 and HEVORF2/3-al positioned at 
nucleotides 5305-5330 produce a product of 237 base pairs. No positive controls were used at 
the commencement of the study to avoid any possible contamination with HEV RNA. 
Amplification cycles were as described previously [Erker et al., 1999; Schlauder et al., 1999]. 
Amplified products were separated on a 1.8% agarose gel and examined for the presence of PCR 
products of the appropriate size. PCR products were purified using the Highly Purified PCR 
Product Purification Kit (Boehringer) according to the manufacturer's protocol, and sequenced 
utilising an ABI 373A sequencer (Center for Gene Technology, Auckland University). Computer 
analysis was performed by BLASTN and DNASTAR programs. 
RESULTS 
    Antibody to HEV was found throughout New Zealand pig herds using the ELISA ORF2.1 
test. Twenty herds from twenty-two tested were positive for HEV antibody (91% herd 
prevalence). The same assay was used to identify the seroprevalence of HEV in one particular 
High Health status herd. The highest seroprevalence within the herd was found in 20-week-old 
pigs (94%). Sows had a reactivity of 73%. One-week-old piglets had a reactivity of 52.1% 
(Table I).  
 
TABLE I. HEV Seroprevalance in Different Age Groups  
                  of Pigs From High Health Status Herd 
 
Age groups No. tested No. positive (%) 
Sows 24  18 (73) 
20-week-old  25  24 (94) 
1-week-old  23  12 (52.1) 
Total  72  54 (75) 
 
Pigs from the Auckland Islands were nonreactive. These data have been confirmed with a second 
ELISA serology test that uses three recombinant proteins from open reading frame 2 (ORF2) of 
the HEV Burma strain: L4 393-660 aa, L5 421-660 aa, L6 452-660 aa. The concordance of the 
two tests is about 84%. Auckland Islands pigs were negative in both tests. 
    All faecal samples (n=17) from 7-week-old piglets tested negative for HEV RNA. Ten from 
21 faecal samples of 10-week-old piglets, and seven from seven tested faecal samples from 12-
week-old piglets, were positive for HEV RNA with primers for three regions of viral genome. 
Seven amplimers were sequenced and compared. The nucleic acid sequence identity between 
different New Zealand isolates is 99.4% for ORF1, and 97-99% for ORF2. Only one amplimer 
has been sequenced for overlap of ORF2/3. Amplimers of isolate N1 for ORF1 and ORF2, and 
ORF2/3 have been compared with the homologous regions of human HEV isolates from 
different geographic areas and with a swine isolate from the United States (Figs. 1-3) and was 
found to segregated with human HEV strains from nonendemic areas (Figs. 1,2,3), in  



accordance with previously observed data on phylogenetic analysis of different HEV strains 
[Tsarev et al., 1999]. Thus the New Zealand swine strain showed 88% similarity in ORF1 region, 
91% similarity in ORF2 region, and 93% similarity in ORF2/3 with the European strain  
It-1(AF110390), and 83% similarity in ORF1, 90% similarity in ORF2, and 91% similarity in 
ORF2/3 with the U.S. swine HEV-strain (AF035437). 
 

 
 
Fig. 1. Phylogenetic tree of ORF1 region of HEV isolates. 
 
As previously reported, there was little distinction between groups in the ORF2 fragment, 
presumably due to the short region used for comparison and the high level of conservation 
observed in this region [Erker et al., 1999; Schlauder et al., 1999]. ORF1 appears to be the most 
divergent region. The New Zealand sequences for ORF1, ORF2, and ORF2/3 have been 
submitted to the GenBank database and have the corresponding accession numbers: AF 215661, 
AF 200704, and AF 215662. 
DISCUSSION 
    HEV is transmitted primarily by the faecal-oral route, frequently by faecal contamination of 
the drinking water supply. The possibility of zoonotic infections from pigs to humans was 
originally postulated after experimental infection of pigs with a human strain of HEV [Balayan 
et al., 1990] and subsequently by Meng X-J et al. [1998a]. Studies from other domestic livestock 
and from feral rodents have supported the existence of an animal reservoir for HEV [Balayan et 
al., 1990; Usmanov et al., 1994; Maneerat et al., 1996; Meng X-J et al., 1998b; Anderson et al., 
1999; Kabrane-Lazizi et al., 1999; Favorov et al., 2000]. The identification of HEV-related 
sequence from swine herds in the United States [Meng X-J et al., 1997b], and Taiwan [Wu et al., 
2000] and the observation that the sequences are most closely related to the human isolates from 
the United States [Schlauder et al., 1998] and Taiwan, respectively, suggested that zoonotic 
infection between pigs and humans may occur. 

 
 
 

Fig. 2. Phylogenetic tree of ORF2 region of HEV isolates. 



 

 
 
Fig. 3. Phylogenetic tree of ORF2/3 region of HEV isolates. 
 
The relatedness between swine and human isolates from the United States and Taiwan, as well as 
the identification of unique isolates from nontravellers in Italy and Greece [Schlauder et al., 
1999] and from the United Kingdom [McCrudden et al., 2000] suggest that human and animal 
HEV strains may also coexist in other nonendemic areas. 
    The discovery of novel HEV variants from geographic areas not considered endemic for HEV 
is important in understanding the worldwide distribution of HEV infection as well as for 
increasing awareness of HEV as a cause of acute hepatitis in these areas. The existence of 
zoonotic strains of HEV in so-called nonendemic areas may be responsible for some human 
cases of acute hepatitis that are currently not linked to infection with this virus. For instance, four 
cases of sporadic acute hepatitis E were reported in the United Kingdom. Individuals who 
presented with acute hepatitis had no links between one another and had not travelled in endemic 
areas [McCrudden et al., 2000]. Similarly, cases of HEV in Australia [Bowden et al., 1994] and 
New Zealand [Chapman, 1993] had no link with travel to endemic areas. Similar results were 
reported for patients from Greece and Italy [Schlauder et al., 1999]. Viral RNA has been isolated 
from serum of some of these patients. Phylogenetic analysis indicated that the Italian and two 
Greek isolates represent three new genotypes of HEV, distinct from the other described 
genotypes. The discovery of HEV in geographic areas not considered endemic for the virus can 
explain the unexpected prevalence of antibody to HEV in these areas [Meng X-J et al., 1999] 
despite the rarity of HEV-associated hepatitis cases. 
    The epidemiology of HEV in New Zealand is unclear. There was no prior data on the 
prevalence of HEV either in human or in pig populations. Only two cases of acute hepatitis in 
humans have been reported as HEV antibody positive [Chapman, 1993, unpublished data, 1999], 
although a number of non-A-C acute hepatitis cases are recognised each year. Presented data 
strongly suggest that HEV is widespread in New Zealand pigs, with a pattern of seroprevalence 
remarkably similar to that previously described in Australia [Anderson et al., 1999; Chandler et 
al., 1999]. It is well known that anti-HEV reactivity is highly variable and dependent on the 
assay used and the concordance between available commercial tests is low [Mast et al., 1998]. 
Thus we confirmed the seroprevalence pattern in the pig herds by assaying with two 
independently designed tests. 
    For isolation of HEV the group of postweaned piglets younger than 20 weeks was targeted. By 
deliberately eschewing a positive control we avoided any possibility of contamination. 
Furthermore, no amplification or isolation of HEV RNA had previously been done in the 
laboratory. The results clearly showed that HEV was present in the herd and was preferentially 
isolated from 12-week-old piglets. Sequencing of the virus revealed that the New Zealand swine 
strain segregates with human HEV strains from nonendemic areas (Figs. 1,2,3), in accordance 
with previously observed data on phylogenetic analysis of different HEV strains [Schlauder et 
al., 1999; Tsarev et al., 1999]. Recently, a unique HEV strain was recovered from a human case 
of hepatitis E possibly acquired in Thailand, a nonendemic area for HEV. The sequence of the 



virus was most similar to, but not identical with, the New Zealand swine strain presented in this 
study [Kabrane-Lazizi et al., 2000]. 
    The results from this study suggest that HEV is widespread in the New Zealand pig 
population. The observation that HEV infection is endemic in swine in remote countries such as 
Australia and New Zealand, which have had a long history of animal quarantine, suggests that 
HEV has been present in an animal reservoir for many years. Interestingly, the pig population 
from the Auckland Islands is apparently free of HEV. This population has been isolated from 
other pig populations for about 200 years and is only very infrequently exposed to humans. 
The reported prevalence of past infection in human populations of nonendemic countries varies 
from 2% in Australia [Anderson et al., 1999] to 25% in the United States [Thomas et al., 1997] 
using assay systems, each of which detected almost 100% prevalence in the swine populations of 
the respective countries [Meng X-J et al., 1997; Chandler et al., 1999]. Future studies will be 
required to determine the true incidence of human (zoonotic) HEV infection and disease in 
nonendemic countries. Additional studies on the prevalence of HEVrelated sequences and HEV-
reactive antibodies in swine and other animal species would be important for understanding the 
potential impact they may have on sporadic HEV in nonendemic countries. 
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