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The co-circulation of the enterovirus and norovirus species was evaluated by culture
and molecular methods, in the framework of the risk assessment for importation of
vaccine-derived poliovirus type 1(VDPV1), from Ukraine in Romania. 56 sewage water
samples collected from the north and southeast Romania, between April and August 2017
were investigated. Xpert EV assay and Xpert Norovirus assay, standardized methods for
the detection of human enterovirus (HEV) in the cerebrospinal fluid respectively for the
detection of norovirus genogroups in stool samples, were used for the molecular detections
of these viruses in the concentrated sewage water. Additionally, the cell culture lines were
used for human enterovirus isolation. 18 human enteroviruses (32,14%) were detected by
using the Xpert EV assay and 17 (30,35%) nonpolio enteroviruses (NPEV) were isolated on
cell culture lines. Norovirus genogroup G Il was detected in 20 samples (35,7%), followed
by norovirus genogroups Gl and GllI, in 8 samples (14,28%). Taking into account our results,
a new diagnostic algorithm could be evaluated in an emergency situation, the sewage water
concentration by using the WHO method, and screening by molecular detection.
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Introduction

The environmental habitats, such as rivers and
streams, are ideal vectors for selected genetic modified
viruses and the bacteria with antibiotic resistance, creating
new scenarios for the potential outbreaks (MARINESCU
& al [1]). In our study was evaluated the co-circulation
of enteroviruses and noroviruses in the sewage water in
the framework of the circulation of the vaccine-derived
poliovirus type 1(cVDPV1) strain in Ukraine in 2015, at
the border with Romania (MORALES & al [2]). Human
enteroviruses and noroviruses infect the human intestinal
system, spread mainly by the fecal-oral route and the mean
duration of viral shedding is four, six weeks after viral
ingestion. These viruses can remain viable in contaminated
soil and water for weeks or months (COHEN [3]) and
sewage contamination of water supplies, can result in
outbreaks (BERGIER & al [4]). The accidental release
of live poliovirus, a human enterovirus by a vaccine
producer may have consequences for the worldwide
polio eradication (DUIZER & al [5]). The environmental
surveillance for poliovirus circulation takes place when
there is the risk of reintroduction of this virus in polio
“free” country. No poliovirus strains were isolated from
2009 to 2019 in Romania (BAICUS & al [6]).

Human enteroviruses (HEVSs) are single-stranded
RNA viruses, within a non enveloped icosahedral
symmetric protein capsid, in the genus Enterovirus, from
the Picornaviridae family. Poliovirus, a member of the
Enterovirus genus is the etiological agent of poliomyelitis,
an acute paralytic disease. Most of the enteroviral
infections are asymptomatic or are associated with milder
respiratory illness or a rashes disease. Some strains
(HEV 68, 71, Coxsackieviruses A9, Echovirus 9) were
isolated from patients with viral bronchopneumonia
(CHANG & al [7], OBERSTE & al [8], JACQUES & al
[9]) and other strains are responsible for severe illness,
meningitis (Echovirus 30) myocarditis (Coxsackieviruses
B3, B5).

Norovirus is single-stranded RNA, non-enveloped
virus in the genus Norovirus, from the Caliciviridae family,
which cause acute gastroenteritis in humans (ROBILOTTI
& al [10]). Genus is subdivided into at least seven
genogroups based upon sequence homology. Genogroups
Gl, Gll, and GIV include human pathogens with multiple
genotypes within each genogroup (VINJE [11]). The most
common human norovirus involved in infection is GllI,

followed by GI and GIV. GIl.4 viruses have been
associated with epidemic infection (LOPMAN & al [12],
CDC [13]). From 2005 to 2006, two Gll.4 variants were
responsible for outbreaks in Australia and New Zealand, in
2012, Gl1.4 Sydney strain becomes the predominant strain
in the United States (CDC [14]) and in 2014 a GII.17
variant emerged in Japan and has spread worldwide
(MATSUSHIMA & al [15], de GRAAF & al [16], LEE
& al [17]). In 2015, GII.P17-Gl11.17 strain was detected in
Arad, a county in the western part of Romania, during
an outbreak of acute gastroenteritis (DINU & al 18]).
Enteroviruses resist to ether and alcohol but inactivated
at temperatures above 50°C, and Noroviruses resist to
chlorine, alcohol, and heating to 60°C (ATMAR & al [19],
KESWICK & al [20], CHAN & al [21]).

The objectives of this study were to assess the
occurrence of the enterovirus and norovirus strains in
the sewage water samples, collected from the north and
southeast Romania, between April and August 2017 and
to evaluate the efficacy use of the molecular methods in
the environment surveillance system.

Material and Methods

Grab sampling was used for monthly collection
of 1000 ml sewage water for virological analysis from
different counties/towns, Botosani (BT)/ (Stefanesti,
Darabani, Botosani), Bucuresti (B), Constanta (CT) (North,
South collection points), Maramures (MM)/ (Sighetu
Marmatiei, Viseu, Borsa), Satu Mare (SM)/ (Tarna Mare,
Tasnad, Agris, Turt), Suceava (SV)/ (Balca, Radauti, Siret,
Veresti), Tulcea (TL)/ (Babadag) Tab. 1. Several (56)
sewage water samples were concentrated and virological
investigated at the Enteric Viral Infections Laboratory,
Cantacuzino Medico Military National Institute of
Research and Development, Bucharest, Romania. From
each sample, 490 ml of sewage water were concentrated by
the two-phase separation method [Polyethylene Glycol
(PEG)-dextran] and decontaminated by chloroform
extraction, as recommended by the WHO guidelines for
environmental surveillance (WHO [22]). After treatment,
6 ml of concentrated samples were obtained, corresponding
to an approximately 80 fold volume reduction. 10 ml of
sewage water were concentrated by centrifugation at
1500 g in a refrigerated centrifuge for 10 minutes, and 8 ml
of concentrated samples were obtained, corresponding
to an approximately 1,25 fold volume reduction.
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For human enterovirus detection, they have used two
methods, first, the virus isolation on cell culture lines, RD
and L20B, the WHO method (WHO [23], WHO [24]) and
the second, the molecular detection by using the Xpert EV
Assay and the GeneXpert System. This system integrates
sample purification, nucleic acid amplification, and
detection of the target sequence in samples using real-time
PCR and RT-PCR assays. The Xpert EV assay is designed
to detect RNA human enterovirus genome 5’ untranslated
region (UTR) between nucleotides 452 and 596, in the
cerebrospinal fluid, in 2 hours and 30 minutes.

The Xpert Norovirus assay which detects norovirus
genogroup | and genogroup Il RNA, in stool specimens in
less as one hour, it was used for the norovirus detection
in the sewage water.

Enterovirus Detection

0,8 ml from 6 ml obtained after concentration of
490 ml sewage water using the WHO method, were
inoculated on two cell monolayers RD tubes (0,2 ml/tube)
(derived from human rhabdomyosarcoma) (selective for all
enterovirus strains) and two cell monolayers L20B
(murine cell line L, genetically modified, transfected
with receptor for human poliovirus, selective for
poliovirus) (0,2 ml/tube). The time interval for enterovirus
isolation and characterization on cell culture lines must be
at least 10 days (minimum of 5 days post-inoculation,
and a minimum of 5 days post-passage, before a reported
negative test).

0,14 ml from 8 ml obtained after concentration of
10 ml sewage water by centrifugation, at 1500 g in a
refrigerated centrifuge for 10 minutes, were tested using
the Cepheid GeneXpert System and Xpert EV assay in
according with the manufacturer protocol for enterovirus
detection.

Norovirus Detection

0,2 ml from the sewage water concentrated using the
WHO method were add in the Sample Reagent bottle from
the for Xpert Norovirus assay kit and it was tested in
according with the manufacturer protocol for norovirus
detection.

Results and Discussions

18 HEV (32,14%) were detected by using the Xpert
EV assay, and 17 (30,35%) nonpolio enteroviruses (NPEV)

were detected by isolation on cell culture lines. The entero-
viruses were detected in samples collected from different
sites: Siret (SV), Constanta North, Babadag (TL), Darabani
(BT), Viseu (MM), Bucuresti, Sighetu Marmatiei (MM),
Agris (SM), Tab. 1.

Concerning the norovirus detection, the genogroup
G Il was mostly detected in 20 samples (35,7%), the
genogroup G | was detected in 3 samples (5,35%) and
both norovirus genogroups Gl and GII were detected in
8 sewage water samples (14,28%). The circulation of the
norovirus genogroup G Il was detected in Babadag (TL),
Darabani (BT), Siret, Veresti, Balca (SV) Viseu (MM),
Agris (SM), Bucuresti, Constanta North, Constanta South,
Sighetu Marmatiei (MM), the genogroup G | was detected
in Constanta South, and both norovirus genogroups Gl and
GIl were detected in a sample collected from Babadag
(TL), Darabani (BT), Viseu (MM), Tarna Mare (SM),
Sighetu Marmatiei (MM), Tasnad (SM). Constanta North.
The co-circulation of enteroviruses and noroviruses was
observed in May in Suceava and Constanta, in June
in Tulcea, Botosani, Maramures, and Bucuresti, in July in
Maramures and Satu Mare, and in August in Maramures.

The intense co-circulation of enteroviruses and
noroviruses was observed in June and in July in the
investigated areas. In this study could observe that from
17 nonpolio enteroviruses identified on cell culture lines,
only 11 HEV (64,70%) were detected by molecular
method, and 6 strains (35,29%) were not detected, because
of the small volume of the sample concentrated (10 ml).
From 18 HEV identified by molecular method, 7 entero-
viruses were not isolated on cell culture lines. Taking into
account the number of nonpolio enteroviruses isolated
on cell culture lines and those identified by molecular
method, a total of 24 enteroviruses were recorded
(42,85%). When compare with our anterior study, from
15 sewage samples investigated, 2 nonpolio enteroviruses
were identified on cell culture lines and 4 HEV (26,66%)
were detected by Xpert EV assay, but not the same with
the isolated strains, a total of 6 enteroviruses were
recorded (40%) (BAICUS [25]). The comparable percents
of the enterovirus detection were recorded in both studies,
42,85% versus 40%. The molecular method used for the
norovirus detection was very sensitive, 31 (55,35%) from
56 samples were positive. The norovirus genogroup G Il
was mostly detected in samples (35,7%).
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Table 1. Results of the samples investigations

County / Town Sampling date* Xpert Xpert Isolation on
2017 Norovirus assay Enterovirus cell culture lines
day.month assay RD/L20B**

TL/Babadag 19.04 Gl-negative; Gll-negative Negative Negative
10.05 Gl-negative; Gll-positive Negative Negative
13.06 Gl-negative; Gll-positive Negative NPEV
12.07 Gl-positive; GlI-positive Negative Negative
26.04 Gl-negative; Gll-negative Negative Negative

BT/Stefanesti 19.06 Gl-negative; Gll-negative Negative Negative
18.07 Gl-negative; Gll-negative Negative Negative
26.04- Gl-negative; Gll-positive EV positive Negative

BT/Darabani 22.05 Gl-positive; Gll-positive Negative Negative
19.06 Gl-negative; Gll-positive EV positive NPEV
18.07 Gl-positive; Gll-positive EV positive Negative

BT/Botosani 26.04 Gl-negative; Gll-negative negative Negative
2.05 Gl-negative; Gll-negative EV positive Negative

MM/Sighetu 6.06 Gl-negative; Gll-negative EV positive NPEV

Marmatiei 4.07 Gl-negative; Gll-positive EV positive Negative
1.08 Gl-positive; Gll-positive EV positive NPEV
2.05 Gl-negative; Gll-negative negative Negative

MM/ Viseu 6.06 Gl-negative; GlI-positive negative NPEV
4.07 Gl-positive; Gll-positive EV positive Negative
1.08 Gl-negative; Gll-positive EV positive NPEV
6.06- Gl-negative; GlI-negative negative Negative

MM/Borsa 4.07 Gl-negative; Gll-negative negative Negative
1.08 Gl-negative; Gll-negative negative Negative

SV/Balca 8.06 Gl-negative; Gll-positive negative Negative

SV Radauti 12.07 Gl-negative; Gll-negative negative Negative

SV /Siret 10.05 Gl-negative; Gll-positive negative NPEV
10.05 Gl-negative; Gll-positive negative Negative

SV /Veresti 8.06 Gl-negative; Gll-negative negative Negative
12.07 Gl-negative; Gll-positive negative Negative
10.04 Gl-negative; Gll-positive negative Negative

Bucuresti 23.05 Gl-negative; GlI-positive negative Negative
22.06 Gl-negative; Gll-positive EV positive NPEV
5.07 Gl-negative; Gll-positive EV positive Negative
3.08 Gl-negative; Gll-positive EV positive NPEV

SM /Tarna Mare | 11.07 Gl-negative; Gll-negative negative Negative
18.07 Gl-negative; Gll-negative negative Negative
26.07 Gl-negative; Gll-negative negative Negative
1.08 Gl-negative; Gll-negative negative Negative

SM/Tasnad 4.07 Gl-positive; Gll-positive negative NPEV
18.07 Gl-positive; GllI-negative EV positive NPEV
31.07 Gl-positive; Gll-negative EV positive Negative

SM /Agris 7.08 Gl-positive; Gll-positive negative Negative
11.07 Gl-negative; Gll-negative negative Negative
18.07 Gl-negative; Gll-positive EV positive NPEV
1.08 Gl-negative; Gll-positive EV positive NPEV
8.08 Gl-negative; Gll-negative negative Negative

SM /Turt 11.07 Gl-negative; Gll-negative negative Negative
18.07 Gl-negative; Gll-negative negative Negative
26.07 Gl-negative; Gll-negative negative Negative
1.08 Gl-negative; Gll-negative negative Negative
18.05 Gl-negative; Gll-positive negative NPEV

CT/N 14.06 Gl-negative; Gll-negative negative NPEV
31.07 Gl-positive; Gll-positive EV positive NPEV
18.05 Gl-positive; Gll-negative negative negative

CTI/S 14.06 Gl-negative; Gll-positive negative negative
31.07 Gl-negative; Gll-positive EV positive NPEV

*Samples were transported at 4°C from the collection site to the laboratory; **The isolate are recorded as nonpolio
enterovirus (NPEV) if the samples were positive on RD and negative on L20B cell culture lines, and the samples were
recorded as negative if there were negative on RD and L20B cell culture lines .
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Conclusion

The molecular detection of enterovirus and norovirus
strains in the sewage water help us in the evaluation of the
viruses circulation. This study demonstrates that we can use
in an emergency situation these standardized molecular
methods for the detection of human enterovirus (HEV) and
norovirus genogroups in the sewage water. Taking into
account our results, a new diagnostic algorithm could be
evaluated in an emergency, the sewage water concentration
by using the WHO method, and screening by molecular
detection.
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