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ABSTRACT

Background: The hepatitis E virus (HEV) is an emergent causative agent of acute hepatitis worldwide,
transmitted by fecal-oral route. In Argentina it is considered rare, so differential laboratory testing is not
routinely performed. Besides, in Argentina’s central area epidemiological and molecular characteristics
of HEV are still unknown.
Objectives: Provide evidence of local circulation of HEV by molecular detection on environmental samples
and by serological survey in healthy adult population of Cérdoba city, Argentina.
Study design: Environmental surveillance was conducted in river and sewage samples collected between
2007 and 2009-2011. Viral detection was performed by RT-Nested PCR of ORF-1 and ORF-2 partial
regions. Anti-HEV IgG was determined by EIA in 433 serum samples collected between 2009 and 2010.
Results: HEV was detected in 6.3% of raw sewage samples and in 3.2% of riverine samples. Nucleotide
sequencing analyses revealed that all isolates belonged to genotype 3, subtypes a, b and c. The prevalence
of IgG anti-HEV was 4.4%. Seroprevalence increased with the age of the individuals (OR: 3.50; 95% CI
1.39-8.87; p=0.0065) and, although the prevalence was higher in low income population, no statistical
relation was found between anti-HEV and socioeconomic level.
Conclusions: The environmental findings added to serological results, demonstrate that HEV circulates
in central Argentina. Contamination of water with HEV could represent a route of transmission for local
populations, which have a high number of susceptible individuals. This fact alerts local health care systems
in order to include detection of HEV in the diagnostic algorithm of viral hepatitis.

© 2014 Elsevier B.V. All rights reserved.

Abbreviations: HEV, hepatitis E virus; RNA, ribonucleic acid; Nested RT-PCR,

1. Background

The hepatitis E virus (HEV) (Hepevirus, Hepeviridae) is the
causative agent of human acute hepatitis E with a worldwide

reverse transcription reaction followed by a nested polymerase chain; ORF, open
reading frame; IgG, immunoglobulin G; anti-HEV IgG, anti-HEV IgG antibodies; EIA,
enzyme immunoassay; higG, human immunoglobulin G; CO, cut-off; S, sample;
HAV, hepatitis A virus.
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distribution [1,2], responsible for both sporadic cases and large hep-
atitis epidemics in developing countries [3,4]. It is a single strand,
positive sense, RNA non-enveloped virus which is classified into
4 genotypes of mammalian HEV [5]. HEV is mostly transmitted
by fecal-oral routes following ingestion of contaminated water
or consumption of fruits and vegetables that have been washed
with contaminated water [6]. Two epidemiological patterns are
observed for HEV infection. In areas of high endemicity, hepati-
tis E is mainly caused by genotypes 1 (Gnt-1) and 2 (Gnt-2), and
primarily transmitted via the fecal-oral route. The second epidemi-
ological pattern occurs worldwide, and consists of sporadic cases of
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hepatitis E of zoonotic and/or foodborne transmission, mainly from
pigs, caused by genotypes 3 (Gnt-3) and 4 (Gnt-4) [1].

With the exception of Venezuela - where outbreaks of HEV
Gnt-1 have been reported, no epidemics of hepatitis E have been
documented in South America yet [7]. Sporadic cases E have been
documented in Argentina (Metropolitan region), Brazil, Venezuela,
Peru, Chile and Uruguay [7] by IgM detection and/or RNA amplifi-
cation. Until recently, Gnt-3 was the only genotype of HEV detected
in autochthonous cases [8-10]. But recent studies placed Gnt-1 as
the responsible of an autochthonous case of hepatitis in Uruguay
[11], showing more than one genotype circulating in Latin America.
Gnt-3 has also been detected in swine and effluent samples from
farms and slaughterhouses from Brazil [8,12].

Argentina is considered a low endemic country for hepatitis
E [7]. However, seroprevalence data reported are scarce. Previ-
ous studies performed ten years ago in the metropolitan region
of Buenos Aires showed seroprevalence rates of 0.15% in pediatric
population [13], 1.8% in blood donors and 6.6% in HIV infected
individuals [14]. Furthermore, human clinical cases of hepatitis E
have been diagnosed in the same area [10,15-17]. HEV has also
been detected in pigs of commercial farms in many provinces [18].
However, there are no studies on environmental monitoring or
serological surveys involving healthy adult population in our coun-
try. The lack of epidemiological information is, in part, due to the
absence of commercial kits for detection of IgG and IgM anti-HEV
until the middle of 2013, when the National Administration of
Medicine, Food and Technology (ANMAT) of Argentina approved
their use in our country.

Environmental surveillance using molecular technology is an
additional tool to determine the epidemiology of different viruses
circulating in a given community [19,20]. Previous studies in our
area have shown a correlation between virus detected in sewage
and clinical cases [ 18], showing that this type of study is very useful
for virus monitoring.

Herein, we present the data from the first study of environ-
mental surveillance and serological survey of HEV in Cérdoba,
Argentina.

2. Objectives

The aim of this study was to provide evidence of HEV circulation
in central region of Argentina. For that, molecular detection of HEV
was performed on environmental samples, as well as detection of
IgG-anti HEV in healthy adult population of Cérdoba city.

3. Study design
3.1. Environmental samples collection

Wastewater samples (n=48) were monthly collected in the
years 2007,2009,2010 and 2011 from the main pipe that enters the
treatment plant which receives sewage discharges from about 61%
of the population of Cérdoba city (1,330,023 inhabitants, census
2010). Samples of the Suquia River (n=31) were collected season-
ally during 2010 in eight sampling points that cover the whole of
its course across Cérdoba city. During spring, point 7 could not be
sampled (Fig. 1).

For each sample, 1500 mL of water were collected in sterile
plastic bottles, stored at 4°C and transported to the laboratory for
immediate analysis.

3.2. Sample concentration, viral extraction and reverse
transcription

Samples were concentrated 100x by centrifugation and
polyethyleneglycol precipitation (10). RNA was extracted from
140 pL of concentrated samples using a QIAamp® Viral RNA Kit
(Qiagen GmbH, Germany). Then, reverse transcription was per-
formed adding 10 L of extracted RNA to 10 pL of mix containing:
1 1L Reverse Transcriptase (ImPromll - Reverse Transcriptase —
Promega, Madison WI, USA), 0.5 p.L RNase Out (RNase Out Recom-
binant Ribonuclease Inhibitor, 40 U/L - Invitrogen, CA, USA), 4 pL
buffer 5x (ImPromll - Reverse Transcriptase — Promega, Madison
WI, USA), 2.4 wL MgCl; 25 mM, 1 pL random primers (10 pmol/uL)
(Promega, Madison WI, USA), 1 nL dNTPs 10 mM and 0.1 pL free
RNase water (final volume of 20 u.L).

3.3. PCR, Nested-PCR and molecular analyses

During this study, two Nested-PCR assays were performed, tar-
geting ORF 1 and ORF 2 regions, following protocols previously
described [21,22]. Amplification of ORF 2 was utilized as screening,
and positive specimens were processed for ORF 1 detection.

Specific PCR products of 418 bp and 348 bp respectively were
sequenced directly in both directions by Macrogen automatic
sequencing service, Korea. Phylogenetic analyses were performed
using MEGA software v5.0 [23]. Phylogenetic trees were con-
structed with neighbor-joining method and Kimura two-parameter
as model of nucleotide substitution. Bootstrap values were deter-
mined with 2000 resamplings of the datasets. A consensus tree was
generated and bootstrap values greater than 50% provide signifi-
cant evidence for phylogenetic grouping.

3.4. Nucleotide sequence accession numbers

Nucleotide sequences analyzed in this work were deposited at
GenBank under accession numbers KF751218-KF751221 for ORF
2 genomic region and KF765479 for ORF 1 genomic region (see
Table 1).

3.5. Serum samples

A retrospective study was carried out with 433 serum samples
from individuals who attended health care centers of Cérdoba city
during September 2009 and September 2010. The enrolled individ-
uals were classified into three groups according to age (range 18-78
years old: younger than 30 years old, 31-45 years old and older
than 46 years old) and two groups according to socioeconomic level
(low-income population and middle/high-income populations) fol-
lowing a classification provided by the Municipality of Cérdoba,
which is based on the economic, social and educational level of each
person [24]. The location of collected samples is shown in Fig. 1.

3.6. Serological test

A third generation enzyme immunoassay (EIA) for the determi-
nation of IgG specific antibodies against HEV (Diapro, Milan, Italy)
was used. EIA microplates were coated with HEV-specific synthetic
antigens encoding for conservative and immunodominant deter-
minants derived from ORF2 and ORF3 of all genotypes. This EIA was
performed strictly following the manufacturer’s instructions. Test
results were interpreted as ratio of the sample (S) and the cut-off
(CO) (S/CO). Samples with ratio below 0.9 were considered nega-
tive, between 0.9 and 1.1 as equivocal result and above 1.1 were
considered positive results.
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Fig. 1. Map showing the location of the city of Cérdoba (31°23'51” S 64°10'57” 0), in the province of Cérdoba, Argentina, with the location of the sampling points throughout
the Suquia River: (1) Funnel San Roque Dam, (2) Villa Warcalde Bridge, (3) San Antonio Ford, (4) Zipoli Bridge, (5) Ducks Island, (6) Centennial Bridge, (7) Sargento Cabral
Ford and (8) San Jose Bridge. Sewage treatment plant is located between sampling points 7 and 8. This figure also shown the approximate location of the serum samples

collected for this study as black dots.

3.7. Statistical analysis

Prevalence values were expressed as percentages and the uni-
variate analysis (2 test and the Fisher exact test) was performed
to check out possible correlations between the serological marker
and the risk factors assessed. Exact 95% confidence intervals (Cls)
were calculated. Association between the variables was expressed
as odds ratio (OR). Statistical significance was defined at p <0.05.

The statistical package STATISTIC version 6.0 (2300 EAST 14th
Street, Tulsa, OK, USA, 2005) for windows from Satatsoft was used
for the model fitting process.

4. Results
4.1. Environmental surveillance

HEV was detected in 6.3% of sewage samples (3/48: April-2007,
September-2010 and March-2011) and in 3.2% of river samples
(1/31: Spring-2010) by amplification of ORF 2 genomic region.
From these, only one sample tested positive to ORF 1 amplifi-
cation, probably due to a low sensitivity of the technique. The
nucleotide sequencing analysis of both regions allowed assigning
all HEV strains as Gnt-3. All samples formed distinct sequence clus-
ters with high nucleotide similarity (Fig. 2). No segregation of the
sequences was found and they grouped intermittently between
samples from different geographic regions, years of isolation and
origins (human or pig). Analyses of partial ORF2 sequences showed
that samples obtained from the river in 2010 and the wastewa-
ter sample of 2007 (AmbRCbaArg02 and AmbSCbaArg04) clustered
within subtype G3c and showed high homology between them.
Sequence AmbSCbaArg03 was classified as G3b and AmbSCbaArg01
clustered within subtype G3a (Fig. 2).

4.2. Serological survey

The overall prevalence of IgG anti-HEV was 4.4% (19/433). The
percentages for each group studied are shown in Table 2.

Seroprevalence increased with age (OR: 3.50; 95% CI 1.39-8.87;
p=0.0065): the higher prevalence was found in older than 46 years
old group (8.1%), while in young adults (<30 years old) prevalence
was low (0.7%) (Table 2).

Although higher anti-HEV prevalence was found in the low
income population (5.9%), compared to middle/high income popu-
lation (2.8%), this gap was not statistically significant. Nevertheless,
in the group between 30 and 45 years, significant differences
between both groups (middle/high income population vs. low
income population) was found (0-8.6%) (p=0.0150). It is necessary
to increase the number of samples to corroborate these results.

5. Discussion

The epidemiology of viral hepatitis has changed in several parts
of the world since the introduction of hepatitis A and hepatitis
B immunization programs and the incidence of acute infections
caused by these viruses has been declining [25]. Hepatitis E virus
has been worldwide recognized as an increasingly important cause
of acute hepatitis, but testing is not widely available.

This study reports, for the first time in Argentina, the presence
of Gnt-3 HEV on environmental samples. Having found HEV in
wastewater samples suggests its circulation in general population
and its discovery in riverine samples would indicate the existence
of an environmental reservoir in the city of Cérdoba. This fact alerts
local health care systems in order to consider HEV as a possible eti-
ological agent of hepatitis, because it is not yet considered in the
diagnosis algorithm of this group of pathologies. HEV has been asso-
ciated with serious acute hepatitis disease in pregnant women and
in patients with pre-existing chronic liver disease [26]. Chronic HEV
infections with clinical relevance have been described in immuno-
compromised patients, such as organ transplant recipients [27],
and HIV patients [28]. This previous reports, together with our
findings, show the importance of the implementation of specific
diagnostic of HEV in our area, not only in individuals with acute
hepatitis, but also in other populations, like pregnant women and
immunocompromised patients.

Waterborne transmission of HEV from watercourses in direct
contact with humans poses a serious public health problem, espe-
cially in the summertime when these water sources can be used
recreationally.

Phylogenetic analyses based on ORF-2 detection showed envi-
ronmental circulation of HEV Gnt-3 (subtypes 3a, 3b, and 3c).
Sequences of the ORF-1 region could not be obtained in all sam-
ples, possibly due to a sensitivity problem, as a result of the low
number of viral particles present in water samples. This is also

Please cite this article in press as: Martinez Wassaf MG, et al. First detection of hepatitis E virus in Central Argentina: Environmental
and serological survey. ] Clin Virol (2014), http://dx.doi.org/10.1016/j.jcv.2014.08.016



dx.doi.org/10.1016/j.jcv.2014.08.016

G Model
JCV-3111; No.of Pages6

4 M.G. Martinez Wassaf et al. / Journal of Clinical Virology xxx (2014) Xxx-xXx

100 — ¢ AmbRCbaArg020RF-2
@ AmbSCbaArg04ORF-2
G3/Bolivia* (JQ424442)
G3/Uruguay (JX880202) G3c
G3/Brazil* (JN983192)
G3/Brazil* (EF491206)
G3/Nethelands* (AY032756)
G3/Netherlands* (AF336297)
G3/Japan* (AB073912)
4@ AmbSCbaArg030RF-2
G3/Japan (AB291963) G3b
N G3/China* (FJ527832)
G3/Japan (AP003430) o
] G3/Canada* (AY115488) 1 G3j
G3/Taiwan* (AF296165) G3d
G3/USA* (AF060668)
88 € AmbSCbaArg010RF-2
G3/Japan (AB107366)
G3/USA* (AF082843)
——— G3/South Corea* (FJ426404)
G3/Japan (AB089824)
Er— G3/USA (AB074920)
G3/Kirgizstan* (AFA55784) ] G38
G3/Japan (AB291958)
G3/UK* (AF503511)
G3/Japan* (AB094231) G3e
G3/UK* (AF503512)
G3/ltaly (HM446628)
G3/Bolivia (JQ424448)
G3/Germany (FJ956757)
67 G3/Spain* (EU723512)
G3/Netherands* (AF332620)
G3/Thailand (AB369687)
G3/Spain (AF195062)
G3/Brazil* (JN983195)
G3/Netherlands* (AY032758)
G3/Thailand* (EU375463)
G3/Spain (AF195061)
G3/Japan (AB291961)
G3/Netherlands* (AY032759)
G3/ltaly (HM446627)
Gé4/Japan (AB108537)
—93: G4/Japan (AB220976)
G2/Mexico (M74506)
L —— G1/Morocco (AY230202)
G1/China (L08816)
9% —|__ G1/Myanmar Burma(M73218)
81L G1/India (AF459438)
Avian HEV (AY535004)

G3a

G3f

92

P
0.1

Fig. 2. Phylogenetic tree for subtyping studies reconstructed by the neighbor-joining method with common 280 nt ORF-2 sequences from 49 HEV isolates. Each viral strain is
identified by the Genebank accession number, also there is indicated the name of the country of origin and its respective genotype. An avian HEV was included as outgroup.
The Argentine environmental sequences are marked with a 4. Asterisks indicate swine* HEV reference strains. Bootstrap values are indicated for the major nodes as a
percentage of the data obtained from 2000 replicates (bar: 0.1 substitutions per site). AmbSCbaArg01 corresponded to sewage sample/September-2010, AmbRCbaArg02 to
river sample/Spring-2010, AmbSCbaArg03 to sewage sample/March-2011 and AmbSCbaArg04 to sewage sample/April-2007, respectively.
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Table 1

Source, date of sampling and accession numbers of the nucleotide sequences deposited in GenBank.

Sample ID Source Date ORF 2 amplification - acc. number ORF 1 amplification - acc. number
AmbSCbaArg01 Sewage Sep-10 Yes - KF751218 Yes - KF765479
AmbRCbaArg02 River Spring 2010 Yes - KF751219 No
AmbSCbaArg03 Sewage Mar-11 Yes - KF7512120 No
AmbSCbaArg04 Sewage Apr-07 Yes - KF7512121 No
Table 2

Percentage of individuals within each age group and socioeconomics characteristics with anti-HEV IgG serum antibodies.

Age (y) N anti-HEV IgG+, %(n) Middle/high income population anti-HEV IgG+, %(n) Low income population anti-HEV IgG+, %(n) p value
<30 0.7 (1/149) 1.4(1/71) 0(0/78) NS
31-45 4.4(6/136) 0(0/66) 8.6 (6/70) 0.0150
>46 8.1(12/148) 6.8 (5/74) 9.5(7/74) NS
Total 4.4 (19/433) 2.8(6/211) 5.9(13/222) NS

" A p value >0.05 was considered non statistically significant.

evidenced in other reports [21,29]. Even though ORF-2 region
has been extensively studied to infer phylogenetic relationships
among HEV genotypes and subtypes [30-32], phylodynamic and
coalescent studies among this region has been recently reported
[12,29,33,34]. Detection of subtypes 3aand 3b agrees with subtypes
previously detected in clinical samples from Argentinean patients
[10]. Subtype 3c had not been previously described in our region.

Interestingly, the two sequences of 2010 (from river and
sewage) did not cluster together, which could indicate more than
one strain circulating simultaneously. Moreover, the clustering of
the wastewater-2007 sequence with the riverine-2010 sequence,
could show circulation of the same strain in the general population
through several years.

Detection of IgG anti-HEV antibodies in general population con-
tributes to improve and actualize the epidemiological knowledge
of HEV circulation in specific geographic areas, such as the central
area of Argentina, where there is no previous data. In this sense,
conducting studies of IgG detection in individuals without previous
history of acute hepatitis is a useful tool for estimating the presence
of asymptomatic HEV infection [35]. Seroprevalence studies of HEV
in the general populations of Latin America are scarce. The preva-
lence found in our population (4.4%) was slightly higher than that
reported in Brazil (3.3%) [36], but lower than the found in Cuba
(10%) [35]. Nevertheless, these studies are difficult to compare due
to the different populations studied and different diagnostic tests
used [37].

In accordance with previous studies, seroprevalence obtained of
anti-HEV increased with age [35,38-40]. The low levels of anti-HEV
in young adults (<30 years old) confirmed the susceptibility of this
group to HEV infection, as reported in Cuba [41] and Brazil [39,42].
The high rates observed in elderly groups could be explained by a
combination of cumulative exposure overtime and a cohort effect
on prevalence, reflecting higher levels of HEV exposure in the past.

Some reports show the important role of low socio-economic
factors in the transmission of water-borne infections [40,43]. In
Cérdoba, it has been reported that low income populations had
higher prevalence of anti-HAV [44] antibodies. For HEV, more
research is needed to establish whether the anti-HEV prevalence
follows the same behavior. It is important to note that most of the
people included in the study (90%) lived in houses with tap water,
but some individuals lived in suburban areas where the potable
water supply was not available. It cannot be excluded that HEV
infection could be associated with the possibility of water contami-
nation with sewage containing HEV. Another contamination source
may be the use of recreational waters that are not appropriate for
that purpose and may contain the virus. However, the international
travel history, ingestion of raw or undercooked pork meet and risk
occupations were not explored among the persons studied.

On the other hand, the findings of IgG anti-HEV show that there
is a portion of the general population that has suffered subclini-
cal infections. This absence of symptoms could be explained by
the circulating genotype 3, found in environmental local samples,
which produces mild or asymptomatic clinical presentation [1].
Sub-clinical HEV infection may well contribute to the perpetuation
of the virus in endemic areas because it promotes its circulation in
the community and its maintenance over the years.

The serological results, added to environmental findings,
demonstrate that HEV circulates in central Argentina and that
contamination of water could represent a significant route of trans-
mission for local human populations. Sewage may act as a possible
reservoir of HEV in this area. This fact alerts local health care
systems in order to include detection of HEV in the diagnostic algo-
rithm of viral hepatitis. Recent incorporation of serological kits and
optimized molecular technology, will allow further investigations
gain inside into the knowledge of this virus in our region.
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