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Abstract
Background—Antibody to hepatitis E virus (anti-HEV) is prevalent in Western countries, where
clinical hepatitis E is rarely reported. The aim of this study was to determine the prevalence of anti-
HEV among Danish blood donors and Danish farmers. In addition, we compared the prevalence
among 2 sets of serum samples obtained from blood donors 20 years apart.

Methods—Samples from 291 Danish farmers and 169 blood donors that were collected in 1983
and samples from 461 blood donors that were collected in 2003 were tested for anti-HEV. Relevant
information on HEV exposure was collected by self-administered questionnaire.

Results—Anti-HEV testing was performed on samples after 20 years of storage at −20°C. The
prevalence of anti-HEV was 50.4% among farmers and 32.9% among donors in 1983 and 20.6%
among donors in 2003 (P < .05). Presence of anti-HEV was significantly correlated with increasing
age in all 3 groups (P < .05). Among donors who had serum samples obtained in 2003, age, contact
with horses, and the presence of antibody to hepatitis A virus were associated with the presence of
anti-HEV in multivariate analysis. Among farmers, only age was independently associated with the
presence of anti-HEV.

Conclusion—Anti-HEV was highly prevalent among Danes but has decreased in prevalence over
the past 50 years. Our study supports the hypothesis that HEV infection in Denmark may be an
asymptomatic zoonotic infection.

Hepatitis E virus (HEV) is a single-stranded, nonenveloped virus with an RNA genome of ~7.5
kb. It is in the genus Hepevirus in the family Hepeviridae and can be further divided into 5
genotypes (including avian HEV) [1]. HEV has been the cause of waterborne outbreaks of
hepatitis in Asia and Africa and is a major cause of sporadic hepatitis in these regions. Acute
infection primarily affects young adults and is generally mild, except in women during late
pregnancy, among whom 20% mortality has been reported. HEV infection usually does not
become chronic, but chronic infections have recently been reported in transplant recipients
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[2]. Because of the development of an effective vaccine against hepatitis E, it has become
increasingly important to understand the epidemiology of HEV infection [3].

Presence of antibody to HEV (anti-HEV) is more common than expected in areas where HEV
infection is not endemic in western Europe and the United States, where cases of clinical
hepatitis E are rarely reported [4–6]. Several findings suggest that HEV infection may be an
asymptomatic zoonotic infection in industrialized countries [7–9].

Denmark is a country of low endemicity for viral hepatitis, including hepatitis E, which
accounts for only 0–2 reported cases per year. In contrast, in a recent study, we found a high
prevalence of anti-HEV among Danish prisoners and drug users (16.9%) [10]. The presence
of anti-HEV was associated with the presence of antibody to hepatitis A virus (anti-HAV), but
the study did not identify risk factors associated with injection drug use or imprisonment, and
it was suggested that the high prevalence merely reflected the prevalence among the general
population. The purpose of this study was to extend our previous study to serum samples
obtained from Danish blood donors in 2003 and from Danish blood donors and farmers in
1983.

PATIENTS, MATERIALS, AND METHODS
Study Populations

Contemporary blood donors (serum samples obtained in 2003)—Consecutive
volunteer blood donors at the blood bank of Odense University Hospital were recruited after
written informed consent was obtained. They completed a questionnaire with demographic
information, risk factors for viral hepatitis, hepatitis A vaccination status, ethnic origin, history
of travel abroad, history of injection drug use, sexual orientation, water supply and sanitation,
contact with animals (including pets), employment, and contact with farming.

Blood donors and farmers (serum samples obtained in 1983)—We included
repository serum samples and questionnaires from blood donors and farmers participating in
a study of farm-related allergy and respiratory illness that was performed in Aarhus during the
period 1982–1983 [11]. The repository samples had been stored at −20°C since collection. The
farmers were members of the Danish Farmers Association in 2 districts in the County of Aarhus.
The group was selected by association officials to include farms with varying land area and
livestock that used different farming methods. Among the farmers selected, 92% volunteered
for the study. Serum samples from farmers were compared with those from consecutive
voluntary blood donors from the blood bank at Aarhus University Hospital who were selected
to match the age and sex distribution of the farmers. These donors were not screened for HIV
infection and hepatitis C, because these tests were not performed at that time. Blood donors
living on farms or with occupations related to agriculture were excluded from the initial study.
This study did not contain information on risk factors for viral hepatitis.

The blood banks of Aarhus and Odense each covered a population of ~500,000 inhabitants,
and the populations were comparable with regard to demographic characteristics. At both blood
banks, the majority of blood donors were of urban origin.

Prisoners and drug users—For comparison, we included the results of a hepatitis E survey
performed in 1996 with the same assay for 467 prisoners and drug users, as described elsewhere
[10]. For comparison of the prevalence of anti-HEV, we included all 467 participants. For
comparison of the prevalence of anti-HAV, we included only the 138 Danish prisoners who
were not drug users, because these persons were comparable to blood donors (both foreign
nationality and drug use were strongly associated with presence of anti-HAV in this
population).
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Laboratory Analysis
Anti-HEV was analyzed with use of an in-house assay that was developed at the National
Institutes of Health, as described elsewhere [10,12]. Briefly, a baculovirus vector containing
a cDNA fragment corresponding to the major part of ORF2 of the Pakistani HEV strain SAR-55
was expressed in insect cells. A purified 55-kDa antigen representing a truncated form (aa112–
607) of the 660aa capsid protein of HEV was coated on microtiter plates, and specific antibodies
against this antigen were detected with horseradish-peroxidase–labeled antihuman IgG [13].
The assay was calibrated by a World Health Organization anti-HEV standard to a detection
limit of 10 mU/mL. The assay was found to have a sensitivity of 96% and a specificity of 98%
and to be superior to available commercial and in-house assays in a blinded evaluation of serum
panels [14]. Positive results of this assay were previously confirmed by a blocking assay and
by Western blot (unpublished data) [4].

Samples that were repeatedly reactive were classified as positive. Samples with anti-HEV
levels within 10% of the cutoff level were retested. Because a higher background level was
expected in the samples that had been stored since 1983, we retested all samples with anti-
HEV levels within 30% of the cutoff level for this group. In addition, a subset of samples with
low, medium, or high reactivity, including samples that had been stored since 1983 and samples
that had discordant or borderline results, were retested with an antigen-specific blocking assay.
Finally, 34 samples were tested against avian HEV capsid protein prepared in the same way
as the human HEV capsid antigen. Avian HEV is sufficiently different from mammalian HEV
to avoid significant cross-reaction in the ELISA, although the 2 antigens are structurally
similar. This assay was included as a test for nonspecific binding of serum samples that could
have occurred as a result of long-term storage.

Contemporary donors and prisoners were tested for the presence of anti-HAV with use of a
commercial assay, as reported elsewhere [15]. In addition to being tested for the presence of
anti-HAV, the contemporary donor samples were tested for the presence of antibody to HIV,
hepatitis B surface antigen, and antibody to hepatitis C virus, and the results of all tests were
negative. We compared the current age-specific prevalence of anti-HAV with the prevalence
found in a study performed with use of samples from the same blood bank in 1980 [16].

Statistical Analysis
Data processing and statistical analysis were performed with use of EpiInfo (Centers for
Disease Control and Prevention) and SPSS (SPSS). Nonparametric tests were used for
univariate analysis; the χ2 test, Fisher’s exact test, the Mann-Whitney U test, and the Mantel-
Haenszel stratified χ2 test were used as appropriate. Statistical significance was set at P < .05.
The magnitude of the association between possible risk factors and seropositivity was
expressed as ORs with 95% CIs in univariate analysis. To identify variables that were
independently associated with presence of anti-HEV, we performed a multivariate logistic
regression analysis. We included variables with P < .10 or with theoretical importance using
stepwise backward elimination of insignificant variables according to the log rank statistic;
interaction terms were not included in the model. The study was approved by the ethics
committee for Vejle and Funen Counties (reference number VF 20020195).

RESULTS
Anti-HEV assay validation

To analyze for nonspecific reactivity of stored serum samples, we performed a confirmatory
blocking assay for anti-HEV on a subset of old samples (from 6 donors and 30 farmers),
including 10 samples that were positive for anti-HEV, 15 that were borderline positive, and 11
that were negative. The initial results for 34 of the 36 samples were confirmed by specific
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blocking, whereas results for 2 borderline-positive samples were not confirmed by blocking
(data not shown). Of the 36 samples, 34 were tested for reactivity with avian HEV antigen,
and only 2 were reactive with the avian antigen (2 samples were not tested, including 1 sample
that was borderline positive and 1 that was negative, because the amount of the samples was
insufficient for analysis). Both reactive samples were specific for human HEV antigen in the
blocking assay. In summary, the status of these serum samples, with the exception of 2
borderline positive samples, was confirmed as originally classified, and a low level of cross-
reactivity with avian anti-HEV was also confirmed [17].

Contemporary donors
Of 488 consecutive blood donors, 461 (94.5%) completed the questionnaire and had a blood
sample obtained. Five samples for which results were inconclusive (repeated gray zone) were
excluded. Among the remaining 456 samples, 94 (20.6%) were anti-HEV positive (table 1).

In univariate analysis, older age (P < .001), male sex (P = .03), having children (P = .007),
contact with horses (P = .02), and being anti-HAV positive (P = .005) were associated with
the presence of anti-HEV. No association was found between presence of anti-HEV and
traveling, water supply and sewage system, contact with children, contact with pet animals,
farm exposure (only 4 donors were working as farmers, and only 2 had ever worked with pigs),
or ABO and RhD blood types.

We examined the geographical variation by county of residence for the donors and the
distribution of pig farms. One-third of donors lived in rural areas, and the median pig density
in the area of residence was 179 pigs per km2 (range, 19–669 pigs per km2). For comparison,
the mean pig densities in Denmark and Funen were 270 pigs per km2 and 315 pigs per km2,
respectively. There was no geographical clustering of anti-HEV and no relationship to pig
density in the area of residence.

Most correlations were confounded by age; older donors were predominantly male, were more
likely to have children and to be anti-HAV positive, and were less likely to have a history of
travel. In a backwards stepwise logistic regression analysis that included only variables of
univariate significance (age, sex, having children, presence of anti-HAV, and contact with
horses), only age (OR, 6.8; 95% CI, 2.8–16.5; P < .001) and contact with horses (OR, 2.2; 95%
CI, 1.1–4.6; P = .035) were associated with presence of anti-HEV. However, this analysis was
restricted to only 311 of 456 donors (excluding 87 donors who had received HAV vaccination
and 58 for whom there was a lack of information on contact with horses). Substituting contact
with horses for any contact with farms allowed inclusion of 357 donors in the model, and in
this analysis, both age (OR, 4.5; 95% CI, 1.9–10.5; P < .001) and the presence of anti-HAV
(OR, 2.8; 95% CI, 1.1–7.0; P = .039) were associated with presence of anti-HEV.

Donors from 1983
One hundred sixty-nine (79.7%) of the 212 original donors from 1983 had a case form available
and serum samples available for testing. We excluded 2 samples for which the test results were
inconclusive. Among the remaining samples, the prevalence of anti-HEV was 32.9% (55 of
167 samples). Prevalence of anti-HEV increased significantly with age (P = .04), and antibodies
were acquired earlier in life in the donors from 1983 than in the donors from 2003 (table 1).
No difference in sex was found. The 1983 donors were younger and had a more equal sex
distribution, compared with the 2003 donors, because the 1983 group was selected by age and
sex to match the age and sex of the farmers.
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Farmers
Of the 291 farmers with complete data, 5 were excluded because of inconclusive test results.
Of the remaining 286 samples, 144 (50.3%) were anti-HEV positive. There was a strong
correlation between age and presence of anti-HEV (table 1). Among farm exposures, only pig
farming was significantly associated with presence of anti-HEV (OR, 1.9; 95% CI, 1.02–3.5;
P = .046), but the association between working as a full-time farmer and presence of anti-HEV
nearly reached statistical significance (OR, 2.8; P = .055). In a logistic regression analysis of
age, sex, pig farming, and full–time farming, only age was independently associated with
presence of anti-HEV (OR, 2.7; 95% CI, 1.5–4.8; P = .001).

When stratified by age, the prevalence of anti-HEV was significantly different between each
group and the other 2 groups (table 1). To determine whether the increasing prevalence of anti-
HEV with age was the result of constant exposure to HEV over time, resulting in a progressively
higher prevalence of anti-HEV that paralleled age, or was the result of a higher frequency of
exposure to HEV infection in the past, manifested as a higher prevalence of anti-HEV related
to year of birth rather than age (i.e., the “cohort effect”), we repeated the analysis after
substituting each individual’s age with his or her year of birth. A strong cohort effect was
demonstrated among the blood donors, regardless of age (figure 1). In addition, we
demonstrated that, within birth cohorts, the prevalence of anti-HEV was significantly higher
among farmers who had blood samples obtained in 1983 than among donors in the same year
(OR, 1.8; P < .001, by stratified Mantel-Haenzel test). Among the old and new donors, there
was no difference in the prevalence of anti-HEV by year of birth. Based on these data, the
incidence of HEV transmission has been decreasing since World War II and is currently at a
low level. This finding is similar to what has been reported previously for transmission of HAV
infection; for the comparison in Denmark, we included data on the prevalence of anti-HAV
over time by year of birth among the blood donor population in Odense and among non–drug-
using Danish prisoners who had blood samples obtained in 1996 (figure 2) [15,16]. There has
been a sharp decrease in the rate of transmission of HAV infection in a pattern similar to (but
not identical to) that of the decrease in the rate of transmission of HEV infection. However,
the rates of transmission of both HEV and HAV infection reached very low levels in the 1970s.

DISCUSSION
This study confirms a high prevalence of anti-HEV in a country where clinical hepatitis E is
not endemic. Our findings are consistent with previous studies that have found a higher
prevalence of anti-HEV with use of the ELISA that we used than with commercial assays
[14,18]. This may be because the National Institutes of Health assay uses a recombinant ORF2-
derived capture antigen with a higher sensitivity and with a high level of detection of antibody
to both HEV genotype 1 and HEV genotype 3 [12]. This assay may also detect remote infections
better than commercial assays that were developed for diagnosis of acute HEV infection [14].
The high prevalence of anti-HEV that was found in industrialized countries has been suggested
to reflect false-positive or nonspecific serum reactions [6]. The strong birth cohort effect in
our surveys, with uniform decrease in prevalence among different populations tested at
different times, is unlikely to have been the result of a non-specific reaction; a similar decrease
in prevalence was found in our previous study involving Danish prisoners [10]. Furthermore,
we found very little reactivity of stored serum samples with avian HEV capsid antigen, a marker
that we used to test for nonspecificity.

The prevalence of anti-HEV increased with age in all populations studied; furthermore, this
is, to our knowledge, the first time that a cohort effect on prevalence of anti-HEV has been
demonstrated. If the increasing prevalence of anti-HEV by age was the result of ongoing low-
level exposure, we would expect to find the same prevalence among persons of the same age,
regardless of their year of birth. If, on the other hand, a cohort effect (e.g., higher levels of
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HEV exposure in the past) was the explanation, we would expect higher prevalence among
persons born in the past and unchanged prevalence among each birth cohort, regardless of year
of testing, as was found in our study (figure 1). The results of the comparison of birth cohorts
suggest that the rate of exposure has decreased significantly in the recent past, especially among
persons (both donors and farmers) born after World War II. How long anti-HEV is maintained
in the absence of new exposure is not well documented, but long-term persistence was found
in studies of hepatitis B virus markers, in which antibodies were demonstrated 40 years after
exposure [19].

Few studies have monitored the prevalence of anti-HEV over time. In Japan, no statistically
significant difference was detected in overall prevalence between 1974 and 1994; the
prevalence increased with age, and there was a significantly higher prevalence in 1974 only
among male persons (among whom the prevalence was highest) [20]. In India, the age-specific
prevalence of anti-HEV and anti-HAV did not change between 1982 and 1992, suggesting that
both HEV and HAV infection were endemic and transmission was ongoing [21]. In contrast,
the prevalence of anti-HAV significantly decreased during the same period, both in our study
and in several others [15,20,22].

Because both HAV and HEV infection are transmitted through the fecal-oral route,
improvement in sanitation and general living conditions could be an explanation for the
decreasing rate of transmission of both viruses over time. Indeed, the historical record is
consistent with a high incidence of both HAV and HEV infection in industrialized countries
before the 20th century [1].

A main unanswered question remains: how did 20% of the Danish population became infected?
Our results suggest a reservoir of HEV in Denmark, and multiple case reports have confirmed
transmission of HEV infection in industrialized countries that are not located near regions of
endemicity [23–30]. HEV has been demonstrated in domestic pigs worldwide, and prevalence
of anti-HEV was shown to be higher among pig handlers and veterinarians working with swine
than among matched control subjects [7,31–33]. In Sweden, the prevalence of anti-HEV was
higher among pig farmers than among others and increased with age, but the differences were
not statistically significant [6]. The higher prevalence among farmers in our study is in
agreement with findings of most other studies, but this does not explain the high prevalence
among donors; only one-half of our donors reported contact with farms, and farm exposure
was not associated with presence of anti-HEV. HEV RNA has been demonstrated in pig urine
and stool samples, and we speculated that the heavy use of manure as fertilizer in Danish
agriculture could lead to low-level exposure to HEV in the general rural population. Several
studies have found significant geographical variation in the prevalence of anti-HEV, but we
could not confirm this finding [6,33].

Recently, in 2 independent surveys of raw pig liver purchased in Dutch and US butcher shops,
HEV RNA was detected in 6% and 11% of specimens, respectively, and transmission of virus
from HEV-positive livers to pigs was demonstrated [34,35]. Although raw pig liver is rarely
consumed in Western countries, handling and preparing liver may pose a risk for transmission.
This factor, in addition to the documented transmission of HEV to humans through eating raw
deer meat and boar liver in Japan, suggests a transmission route for human infection that could
partly explain the high prevalence of anti-HEV in developed countries [36–38].

The association between the presence of anti-HEV and contact with horses is in agreement
with a recent Egyptian study that showed a 13% prevalence of anti-HEV in serum samples
from work horses [39]. However, contact with horses was infrequently reported by Danish
blood donors.
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In conclusion, the prevalence of anti-HEV was significant but decreasing in Denmark. The
prevalence of anti-HEV was higher among farmers than among blood donors, and this supports
the hypothesis that HEV infection is a zoonotic infection transmitted from domestic animals.
However, direct contact with farms is probably not the primary route of infection in the Danish
population.
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Figure 1.
Prevalence of antibody to hepatitis E virus (anti-HEV) among blood donors who had serum
samples obtained in 2003, compared with prevalence among donors who had samples obtained
in 1983, farmers who had samples obtained in 1983, and prisoners who had samples obtained
in 1996, by year of birth.
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Figure 2.
Prevalence of antibody to hepatitis A virus (anti-HAV) among blood donors who had serum
samples obtained in 2003, compared with prevalence among donors who had samples obtained
in 1980 and prisoners who had samples obtained in 1996, by year of birth. Prisoners included
only Danes who were not drug users (n = 138).
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