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ABSTRACT
Objectives: The present study is aimed at describing
the seroprevalence and exploring potential risk factor
(s) for hepatitis E virus (HEV) in participants who
voluntarily underwent anti-HIV antibody testing.
Study design: Seroprevalence study.
Setting: The HIV prevention unit at the National
Institute for Infectious Diseases Lazzaro Spallanzani,
serving as a referral centre for HIV infection in Lazio,
an Italian Region with about 5.6 million inhabitants.
Participants: Participants are a random sample of all
subjects who receive counselling and undergo
serological tests for anti-HIV antibody (Ab) between
2002 and 2011.
Risk factors and outcome: A set of 16
epidemiological variables (risk factors) were assessed
for association with positivity to anti-HEV IgG
(outcome).
Results: Between 2002 and 2011, 27 351 serum
specimens and related epidemiological information were
collected; of these 1116 were randomly selected and
analysed. The overall anti-HEV IgG prevalence was 5.38%
(60 out of 1116) with evidence of potential heterogeneity
between years of sampling (p=0.055). Multivariate
analysis provided evidence that anti-HEV IgG prevalence
increases by 4% per year of participants’ age (95% CI 1%
to 7%, p=0.002). In addition, men who have sex with
men and participants who were born outside Italy have an
OR for past HEV infection that is about two times higher
than in those who were not (p=0.040 and p=0.027,
respectively). Analysis of temporal trend showed that
variation of anti-HEV IgG can be well explained by a cubic
logistic regression model, which describes the variation of
prevalence over time as a fluctuation within a 3-year
period (p=0.032).
Conclusions: This study provides new evidence that
besides the orofecal and zoonotic routes, intimate
contacts between males may be a significant mode of
HEV transmission.

BACKGROUND
Hepatitis E virus (HEV) infection is one of
the most common causes of enterically trans-
mitted hepatitis in countries with low and

intermediate healthcare standards.1 In indus-
trialised countries, autochthonous cases of
acute infection with HEV are often reported
as sporadic cases occurring in clusters asso-
ciated with occupational exposure (mainly
pig handlers)2 3 and/or consumption of con-
taminated food.4 5 Nevertheless, recent
studies have pointed out that, in Europe and
North America, infections with HEV might be
more frequent than expected,6 suggesting
that a direct human-to-human contact may
play a significant role in the transmission of
the virus in these settings. In particular, it has
been proposed that HEV may share transmis-
sions pathways with sexually transmitted
pathogens such as HIV.7 8 This latter observa-
tion has a topical clinical interest since it has
been recently proved that HEV may produce
severe chronic infections in immunocom-
promised participants, including those
infected with HIV.9 10

The aim of this study is to explore poten-
tial risk factors (other than food and occupa-
tional exposure during animal handling)
associated with evidence of past HEV

Strengths and limitations of this study

▪ Recent studies have pointed out that, in Europe
and North America, infections with hepatitis E
virus (HEV) might be more frequent than
expected.

▪ Here, we carried out a seroprevalence study to
describe HEV epidemiology and to assess poten-
tial risk factors associated with past infections
(ie, positivity to anti-HEV IgG).

▪ People born outside Italy and men who have sex
with men have an increased risk of testing posi-
tive to anti-HEV IgG.

▪ Despite its limitation (the study population
mainly comprises healthy young adults whose
HEV genotypes could not be established on a
serological basis), this study provides new
insights about the spreading of HEV in industria-
lised countries.
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infection in a large sample of participants living in
Rome (Italy) and its suburbs, who voluntarily underwent
anti-HIV antibody (anti-HIV Ab) testing between 2002
and 2011. The study is reported according to the
STROBE statement.11

MATERIAL AND METHODS
Study design
The study is based on a 10-year seroprevalence study
carried out at the unit for HIV prevention of the Italian
National Institute for Infectious Diseases Lazzaro
Spallanzani (INMI-Spallanzani) between 2002 and 2011.

Setting
INMI-Spallanzani is a 200-bed hospital and research
centre which serves as a referral centre for HIV infection
diagnosis and therapy for Lazio, an Italian Region with
about 5.6 million inhabitants. About 47% of Lazio inha-
bitants live in Rome, the only large city. All other people
live in the 347 municipalities, mainly towns (median
habitants 2674 IQR 1120–7997). The unit for HIV pre-
vention at INMI-Spallanzani is an outpatient clinic
where people may receive counselling for HIV infection,
have access to diagnostics and receive pre-exposure/
postexposure prophylaxis. The unit prescribes about
2500 HIV tests per year to patients who come from all
over the region.

Participants
Participants are a random sample of all patients who
receive counselling and undergo serological tests for
anti-HIV Ab (for any reason) at INMI-Spallanzani
between 2002 and 2011.

Variables
A set of 16 epidemiological variables (risk factors, see
table 1, left column) were assessed for potential associ-
ation with positivity to anti-HEV IgG (outcome) which
was used as a marker for past infection with HEV. All
risk factors were analysed as binary variables apart form
patient’s age and the year of sampling which were ana-
lysed as continuous variables.

Data source and virology assessment
Participants’ epidemiological information was prospect-
ively collected by the doctors on a standard form on the
day each patient underwent the test for anti-HIV Ab.
Serum samples were prospectively collected according to
the Lazio directive which disposes of mandatory sera col-
lection for each patient who undergoes HIV testing.
Sera were stored at the INMI-Spallanzani biorepository
and preserved at −20°C.
Anti-HEV IgG assays were carried out on specimens

preserved in the bio-repository by means of a commer-
cially available ELISA kit (DIA.PRO, Milan, Italy) and
according to the manufacturer’s instructions. In our

experience, clinical sensitivity is ≥97.6%, while specificity
is >96.7%.

Study size
The study was powered in order to discern risk factors
which can increase the prevalence of anti-HEV IgG
prevalence from 5% (the estimate for the Italian general
population) to 7% (ie, an OR of 1.4), with a power of
0.80 and an α error of 0.05. The null hypothesis for all
inferential analyses was that the HEV IgG prevalence
among subjects with a specific risk factor is equal to the
prevalence for the general population.

Statistical methods
ORs and 95% CIs were used as measures of association.
The association between HEV IgG positivity and poten-
tial risk factors was assessed in univariate and multivari-
ate logistic regression models.
The best set of variables for the final multivariate

model was chosen according to simplicity and fitness cri-
teria using a manual stepwise approach. Variables with
an OR ≥1.40 at univariate analysis were included in sub-
sequent multivariate models (intermediate model)
whose fitness was assessed by a likelihood ratio test
(LRT). Subsequent intermediate models were set up by
removing variables with OR <1.40. A simpler model was
assumed whenever the LRT p value was >0.10. Age,
results of anti-HIV test and year of sampling (as a
10-level categorical variable) were considered as a priori
confounders and included in all the models.
Potential secular trends of anti-HEV IgG prevalence in

our population were studied in additional multivariate
logistic models to assess linear and non-linear associa-
tions between anti-HEV IgG and year of sampling (as a
continuous variable). Model fitness was assessed using
the LRT test.
According to standard terminology, the association

between outcome and risk factors was referred to as: ‘no
evidence’ when p value was ≥0.100, ‘weak evidence’ for
p value between 0.099 and 0.050 or ‘strong evidence’ for
p value<0.050.
The STATA V.12.0 statistical package was used for all

analyses.

RESULTS
Participant and sample description
Between 2002 and 2011, 27 351 serum specimens and
related epidemiological information were collected; of
these, 1200 were randomly selected and 1116 were ana-
lysed (figure 1 and table 1). Nine samples were
excluded because of insufficient volume for analysis and
75 because they were from participants living outside
Lazio (figure 1). The main characteristics of the sample
are reported in table 1.
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Main results
The overall anti-HEV IgG prevalence was 5.38% (60 of
1116) with evidence of potential heterogeneity between
years of sampling (p=0.055, see tables 1 and 2).
Univariate analyses (table 1) provided weak to strong

evidence that age (p=0.008), men who have sex with
men (MSM; p=0.091) and being born outside Italy
(p=0.027) were all risk factors significantly associated
with positivity to anti-HEV IgG.
Multivariate analysis (table 1) included eight inde-

pendent variables (ie, three as a priori confounders and
five selected through the stepwise process). This analysis
confirmed and strengthened the results of the univariate
models. In particular, this model estimated that:
anti-HEV IgG prevalence increases by 4% per year of
participants’ age (95% CI 1% to 7%, p=0.002) and that
MSM and participants who were born outside Italy have
an OR for past infection with HEV that is about two
times higher than for those who were not (ie, 1.90 95%
CI 1.03 to 3.50, p=0.040 and 2.25 95% CI 1.10 to 4.61,
p=0.027, respectively). In addition, the analysis provided
weak evidence that prevalence of anti-HEV IgG varied
throughout the period (p=0.062).

Other analyses
Since all the analyses suggested a variation of HEV IgG
prevalence over time, we carried out an additional ana-
lysis to improve the inferential power of the model for
describing at best this observation (figure 2). For this
purpose, additional multivariate logistic models, includ-
ing the year of sampling as a continuous variable, were
implemented using the same set of variables included in
the final multivariate model. In this way, we assessed

linear and non-linear (ie, quadratic and cubic) associa-
tions between the year of sampling and anti-HEV IgG
(outcome). The analysis reported in figure 2 showed
that the change of anti-HEV IgG prevalence throughout
the period could be, at best, described by a multivariate
logistic model which included year of sampling as a
cubic term, modelling the variations of prevalence as a
fluctuation with a period of about 3 years (p=0.032).

DISCUSSION
This study was carried out among a population that
mainly comprised young adults who lived in the city of
Rome and its suburbs and who underwent an anti-HIV
Ab test either for sexual or occupational exposure. The
results indicate that, besides age, being MSM and being
born outside Italy are both risk factors independently
associated with past infection with HEV. In addition, we
observed that in the study population the prevalence of
anti-HEV IgG was not constant between 2002 and 2011.
The association with age, although observed in a

population quite homogeneous for age, is expected on
the basis of the presumed long persistence of IgG after
HEV acute infection, and is consistent with previous evi-
dence from studies carried out in different settings.12 In
fact, age was considered as an a priori confounder and
included in all inferential models.
The increased risk for HEV infection among MSM is

noteworthy, though not unexpected.13 14 The association
between homosexual intercourses among males and the
increased risk of HEV has been recently suggested by
Payne et al13 who carried out a study in the UK among a
population of young adults at risk of sexually transmitted
infections and obtained results very similar to ours. The
mechanisms for HEV transmission among MSM are
most probably associated with oro–anal sexual practices,
which were also implicated in a recent outbreak of HAV
in Rome among HIV-positive MSM.15 In contrast, we
observed that anti-HEV IgG positivity was not independ-
ently associated with HIV infection, which suggests that
HEV and HIV do not share similar pathways of transmis-
sion, though a special population, such as MSM, may be
at increased risk of both infections due to concurrent
behaviours (eg, penetrative anal intercourse for HIV and
oro–anal sexual practice for HEV).
Owing to the still significant prevalence of HIV infec-

tion among MSM (12.4% in our study, data not shown)
and to the possibility that HIV-positive participants may
develop severe chronic hepatitis E,16 17 HEV could
become a clinical issue for MSM in Europe in the near
future, if the increasing trend of infection is
confirmed.18–21

Participants who were born outside Italy were at
higher risk for HEV infection than those who were born
in Italy. Our data do not permit us to establish an
unequivocal explanation for this finding; however, con-
sumption of undercooked pork meat and/or poor
health condition in several of the countries of origin

Figure 1 Flow chart for serum samples selection.
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Table 1 Descriptive and inferential analysis for risk factors of HEV infections

Risk factors*

Descriptive analysis ULR model Final MLR model†

All Per cent

HEV IgG

OR 95% CI p Value OR 95% CI p ValuePositive Negative

Age‡ – – – – 1.03§ 1.01 1.06 0.008 1.04 1.01 1.07 0.002

Sex

Female 414 37.10 18 396 Base – – – – –

Male 702 62.90 42 660 1.40¶ 0.79 2.47 0.244 – – – –

MSM

No 879 78.76 42 837 Base – base –-

Yes 237 21.24 18 219 1.64 0.92 2.90 0.091 1.90 1.03 3.50 0.040

HCW

No 882 79.03 44 838 Base – – – – –

Yes 234 20.97 16 218 1.40¶ 0.77 2.52 0.267 – – – –

Sex worker

Yes 19 1.70 1 18 Base – – – – –

No 1097 98.30 59 1038 1.02 0.13 7.80 0.982 – – – –

HIV Ab

Pos. 55 4.93 3 52 Base – base

Neg. 1061 95.07 57 1004 0.98§ 0.30 3.25 0.979 1.23 0.35 4.29 0.742

IDU

No 1066 95.52 56 1010 Base – base –

Yes 50 4.48 4 46 1.57 0.55 4.51 0.404 2.18 0.72 6.56 0.168

Born in Italy

Yes 1006 90.14 49 957 Base – base –

No** 110 9.86 11 99 2.17 1.09 4.31 0.027 2.25 1.10 4.61 0.027

Living in Rome

Yes 986 88.35 49 937 Base – Base –

No 130 11.65 11 119 1.77 0.89 3.49 0.101 1.77 0.87 3.60 0.115

Preconception care

No 1067 95.61 57 1010 Base – – – – –

Yes 49 4.39 3 46 1.16 0.35 3.83 0.813 – – – –

HIV-positive partner

No 919 82.35 47 872 Base – – – – –

Yes 197 17.65 13 184 1.31 0.70 2.47 0.403 – – – –

Legal††

Yes 145 12.99 6 139 Base – – – – –

No 971 87.01 54 917 1.36 0.58 3.23 0.480 – – – –

New partnership

No 1012 90.68 52 960 Base – Base –

Yes 104 9.32 8 96 1.54 0.71 3.33 0.275 1.83 0.81 4.12 0.143

Condom rupture

Yes 50 4.48 2 48 Base – – – – –

No 1066 95.52 58 1008 1.38 0.33 5.82 0.660 – – – –

Occasional sex

No 869 77.87 46 823 Base – – – – –

Yes 247 22.13 14 233 1.08 0.58 1.99 0.818 – – – –

Year of testing‡‡ – – – – –§ – – 0.087 – – – 0.062

All 1116 100.00 60 1056 – – – – – – – –

The final MLR model was set using three a priori confounders and five additional variables selected by a stepwise approach. The variable
with an OR≥ 1.40 in the ULR analysis and intermediate MLR models (not shown) were included in the final model whose fitness was
eventually assessed versus the full MLR model (not shown) which included all the variables.
†Likelihood ratio test to assess final model nested in full model p=0.988.
‡Age is included as a continuous variable (mean 34.60; SD 10.15).
§A priori confounders.
¶OR<1.40 in the intermediate models (not shown).
**This is: 34 in eastern Europe, 32 in Latin America, 20 in Africa, 16 in western Europe, 4 in North America, 3 in Asia and 1 in Australia.
††Anti-HIV test required by law (eg, adoption).
‡‡Year of testing for HIV is included as a categorical 10-level variable.
Ab, antibody; HCW, healthcare workers (occupational exposure); IDU, injective drug user (ever in life); MLR, multivariate logistic regression;
MSM, men who have sex with men; ULR, univariate logistic regression.
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might have contributed to the increased risk in this sub-
group. Moreover, our findings are consistent with other
surveillance studies carried out in Italy. In particular, a
recent surveillance that aimed to assess the spread of
HEV in Apulia (Southern Italy) indicated that the preva-
lence of anti-HEV IgG was much higher among immi-
grants (19.7%) than among Italian people (3.9%). It is
noteworthy that this study also shows no evidence for an
increased prevalence of anti-HEV IgG among partici-
pants with HIV infection.22

The time pattern observed here for the fluctuation of
anti-HEV IgG prevalence across the period is not
entirely consistent with the expected lifelong antibody
response against HEV. Nonetheless, existing data on the
persistence of anti-HEV IgG after the resolution of the
acute infection are not univocal. In fact, while some
authors have provided evidence for a long persistence of
IgG,12 23 24 other (most recent) studies suggest a poten-
tial decline of humoral response over time, which can
partially justify our results.25 26 However, it cannot be
excluded that the observed fluctuation of prevalence
may be an artefact due to the study design and/or the
effect of uneven distribution across the period of
unknown/uncontrolled predisposing conditions which
can have introduced a (secular) selection bias. A large
cohort study or a specifically designed case–control
study is necessary for an in-depth investigation of the
temporal trends of HEV seroprevalence in our geo-
graphical area.
The participants in this study are mainly young adults

in apparently good health and at self-perceived high risk
of HIV infection; therefore, attention must be paid
while generalising results. In particular: (1) the 5.38%
overall prevalence observed in this study may underesti-
mate the actual prevalence of HEV infection as the
study participants are younger than the general popula-
tion of the area (in fact, a strong direct log-linear associ-
ation between age and prevalence of anti-HEV IgG was
found); (2) results cannot be directly generalised to

special population groups such as immunocompromised
hosts, patients with haemodialysis and/or persons with
chronic viral hepatitis; (3) MSMs are the only group
represented in the study which is likely to have increased
exposure to oro–anal intercourse; therefore, we cannot
exclude that behaviours other than oro–anal practices
can be involved in the increased risk of HEV infection
in this group.
Available data suggest that in Europe anti-HEV preva-

lence varies widely, ranging between 0.26% (Greece)27

and 52.50% (France).28 It has been suggested that these
differences could be due to the variable performance of
the different tests used.29 Thus, a direct comparison
between the anti-HEV IgG prevalence reported in this
study and that reported in other studies, based on differ-
ent tests, might be inappropriate.30 Nevertheless, we feel
that this issue is unlikely to bias the results of our risk
analysis as: (1) the commercial kit used in this study has
been recently reported to have good performance in
comparison to other commonly used tests;31 (2) the

Table 2 Distribution results of anti-HEV IgG according to year of sampling

Years of sampling

HEV IgG

All tested Odds of prevalence (95% CI)Positive (%) Negative

2002 5 (4.50) 106 111 0.05 (0.02 to 0.12)

2003 6 (5.41) 105 111 0.06 (0.03 to 0.13)

2004 3 (2.56) 114 117 0.03 (0.01 to 0.08)

2005 5 (4.35) 110 115 0.05 (0.02 to 0.11)

2006 4 (3.74) 103 107 0.04 (0.01 to 0.11)

2007 3 (2.56) 114 117 0.03 (0.01 to 0.08)

2008 13 (11.71) 98 111 0.13 (0.07 to 0.24)

2009 8 (7.48) 99 107 0.08 (0.04 to 0.17)

2010 9 (8.11) 102 111 0.09 (0.04 to 0.17)

2011 4 (3.67) 105 109 0.04 (0.01 to 0.10)

Total 60 (5.38) 1056 1116 0.06 (0.04 to 0.07)

The odds of prevalence are calculated as the frequency of positive tests divided by the frequency of negative ones. 95% CI is calculated with
the square root of the variance of the score statistic. The χ2 test for homogeneity provides evidence that the prevalence may significantly
change in the different year of sampling (p for no difference across the period=0.057).

Figure 2 Variation of anti hepatitis E virus (HEV) IgG

prevalence according to the year of sampling. The line

indicates the odds of prevalence of anti-HEV positivity

predicted according to the polynomial logistic regression

model, which included years of sampling as a third power.

Dots within horizontal bars represent observed odds of

prevalence with respective 95% CI.
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occurrence of differential misclassification affecting the
internal validity of the study (ie, information bias) is
unlikely as specimens were all tested in the same labora-
tory with the same test and identical procedures.
Finally, the study did not assess several risk factors

already known to be associated with the exposure to HEV
such as food habits and occupational exposure among
animal handlers (but this was outside our intents), and
given that we assessed only humoral response (anti-HEV
IgG), we could not provide any information about the
spread of HEV genotypes in the area.
In conclusion, despite its limitation, this study provides

new insights about modes of transmission of hepatitis E
in industrialised countries. Here, we propose that in
industrialised countries, beside the already known oro-
faecal route through contaminated food/water or zoo-
notic exposure, HEV can be directly transmitted
between humans through oro–anal intercourse similar
to other enterically transmitted pathogens such as
HAV15 and salmonella.32
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