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The effluents of wastewater treatment plants may contain infectious human viruses representing a
major public health issue. Wastewater must be analyzed for viruses' detection using easy and rapid

To compare between two viral concentration methods used for detection of enteric viruses in
wastewater and treated effluent. Then assess the presence of viral genomes by cell culture and

Fifty samples of wastewater were collected from two wastewater treatment plants during one year
survey (January-December 2009) in order to compare two virus concentration methods; the
polyethylene glycol (PEG) precipitation and the two-phase separation method, advised by the
World Health Organization guidelines. Then assess the presence of viral genomes of human
enteroviruses (EV), human adenoviruses (HAdV), hepatitis A and E viruses (HAV and HEV), human
noroviruses (HuNoV), human rotaviruses (RV) and human astroviruses (HAstV) by cell culture and

This study, using three statistical tests, showed that there was no significant difference between
the two concentration methods: the PEG precipitation and the two-phase separation (P>0.05).
Considering this study with protocol time, cost and simplicity. The PEG precipitation seems to be an
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Introduction
wide variety of pathogenic organisms
pass through municipal wastewater
treatment systems, including viruses (),
The enteric viruses found in human feces

belong to more than 140 types (2. According to
public health data, those types can colonize the
gastrointestinal tracts and cause a wide variety
of illnesses, inducing variable epidemiological
features and some water-related diseases ©.
EV, HAV, HEV, HAdV, HuNoV, RV and HAstV
have been detected in raw wastewater and
treated effluent in different studies ).
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There are several studies, which have
demonstrated the advantage of environmental
surveillance as an additional tool to determine
the epidemiology of different viruses
circulating in a given community (1911, The
availability of improved detection techniques,
combined with an increased awareness of
gastroenteritis-causing viral pathogens, has
also led to the establishment of surveillance
systems in various countries (12, While a
number of techniques have been developed
and refined, it has been proven difficult to
achieve the detection of all relevant virus types
over the spectrum of water quality matrices
that exist in nature and human-constructed
facilities (3. The detection of viruses in
wastewater, especially at low concentrations,
is a major challenge. Because relatively few
viral particles are present in wastewater
samples, it is necessary to concentrate the
viruses in a large volume of water, commonly
from 13 to 21 ml 415) Hence, many virus
concentration methods have been developed:
the two-phase separation (1%, methods using
an electronegative filter 17, polyethylene
glycol  (PEG) precipitation (1819 the
ultracentrifugation ) and methods using an
electropositive filter 9. Furthermore, two
virus concentration methods from wastewater
are advised by the WHO for environmental
poliovirus surveillance @Y. The first one uses
bags with sorbent macroporous glass to trap
viruses and the second uses the two-phase
separation, which is applied in this study.
Regarding the  comparison of  virus
concentration methods in water, several
studies have been conducted using polymerase
chain reaction (PCR) and cell culture (13:22),

In the present study, a one-year survey
(January - December 2009) was conducted in
order to compare two virus concentration
methods, the PEG precipitation and the two-
phase separation using three statistical tests,
to analyze the correlation between the cell
culture and PCR for both EV and HAdV and to
assess the presence of viral genomes of EV,
HAV, HEV, HAdV, HuNoV, RV and HAstV by

each method. Furthermore, the presence of
infectious EV and HAdV in raw wastewater and
treated effluent was also evaluated.

Methods

Sample collection

From January to December 2009, fifty samples
(25 raw wastewater and 25 treated effluents)
were collected monthly from two wastewater
treatment plants (WWTPs): Zone 1 (Z1) and
Zone 2 (Z2). The plants are officially registered
as secondary treatment plants by lagooning
and located at 70 km from Casablanca. All 50
samples were collected in plastic bottles during
sampling and delivered to the laboratory for
immediate concentration.

Concentration methods

The wastewater samples were concentrated
using two methods. The first one “PEG
precipitation” was carried out as described
elsewhere (18 with modifications. Five hundred
milliliters of sample were clarified by
centrifugation (30 min, 1000 g) and the pellet
was resuspended in 10 ml of the supernatant.
The remaining portion of supernatant was
saved. Chloroform was added to the
resuspended sample to a concentration of 10%
(v/v, Sigma, USA) and mixed, and the mixture
was centrifuged again (5 min, 1000 g). The first
and second supernatants were combined. The
volume was measured and the pH was
adjusted to (7.5). The PEG—NaCl technique as
described by 3 was used with modification.
The combined supernatants were
supplemented with NaCl and PEG until a final
concentration of 2.2% (w) NaCl (Sigma, St
Louis, USA) and 7% (w) PEG 6000 (Fluka,
Steinheim, Germany) was obtained. The
mixture was stirred 4 h at 4 °C and then
centrifuged for 2 h at 2000 g at 4 °C.
Supernatant was discarded and the pellet was
suspended in 5 ml of phosphate buffer saline
(PBS).

In the second method “two-phase separation”
(1621) 500 ml of sample was centrifuged for (10
min at 1000 g). The pellet was stored and the
pH of the supernatant was adjusted to neutral




pH (7-7.5). The supernatant was mixed with
39.5 ml of 22 % dextran (Sigma Aldrich, St
Louis, USA), 287 ml of 29 % PEG 6000 (Fluka,
Steinheim, Germany), and 35 ml of (5 N) NacCl
(Sigma, St Louis, USA) and kept in constant
agitation for 1 h at 4 °C using a magnetic
stirrer. After overnight incubation at 4 °C in a
separation funnel, the entire lower layer and
the interphase were collected. The pellet from
the first centrifugation was resuspended in this
concentrate and the suspension was extracted
with 20% volume of chloroform by shaking
vigorously, followed by centrifugation for (5
min at 1000 g). The supernatant (10 ml) was
recovered and decontaminated by antibiotic
(e.g., penicillin G and streptomycin to final
concentrations of 100 IU/ml and 100 g/ml,
respectively).

Detection of EV and HAdV by cell culture

Two cell lines, human rhabdomyosarcoma
tumour tissue (RD) and laryngeal carcinoma
cells (Hep2), were used for inoculation. Cells
were cultivated in minimum essential medium
(MEM; Gibco) supplemented with 2% fetal
bovine  serum (FBS), penicillin and
streptomycin, then incubated at 37 °C with 5%
CO; for 5 days. For cell culture infection, cells
were grown in 24-well microplates. The water
concentrates were filtered through a 0.22 um-
pore-size membrane filter, and 100 ul of
filtered water samples was inoculated in
duplicate wells. Virus replication was
monitored daily under the microscope up to 7
days. All cultures with or without cytopathic
effect (CPE) were frozen and thawed up to
three times to release the virus, the debris was
removed by centrifugation at 1500xg for 20
min and virus suspensions were stored at -80
°C until further processing. Echovirus 7 (EV-7)
and adenovirus C5 (HAdV-C5) used as positive
controls were obtained from patient fecal
samples and maintained in Institut Pasteur du
Maroc Medical Virology and BSL3 Laboratory
Casablanca Morocco. Titers of EV-7 and HAdV-
5 were 107 and 106 TCID50 per 100 pl,
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respectively, determined by 50% tissue culture
infective dose (TCID50).

Detection of EV, HAV, HEV, RV, HuNoV GI,
HuNoV GIl and HAstV by PCR

All PCR done on cell culture supernatant even if
the cells are not specific for viruses because
The use of integrated cell culture/PCR (ICC-
PCR) helps to dilute the PCR inhibitors present
in environmental samples and allows the in
vitro amplification of the virus on different
cellular systems as reported by Reynolds, 2004
(24)

Nucleic acid extraction: The High Pure Viral
Nucleic Acid Kit (Roche, California, USA) was
used to extract the DNA and RNA from the
samples according to manufacturer’s
instructions. DNA and RNA extracts obtained
were performed on 200 upl of sample
concentrate and eluted in 50 pl.

Positive controls: HAV type IB and RV type G9P
(2) were obtained from patient fecal samples
and maintained in Institut Pasteur du Maroc
Medical Virology and BSL3 Laboratory. HEV
type G3 was kindly provided by Dr. Leena
Maunula from the Faculty of Veterinary
Medicine, university of Helsinki, Finland.
HAstV- 1 and NoV Gll.4 were kindly provided by
Dr. Nicole Gregoricus from the Calicivirus
Laboratory, CDC, Atlanta, GA. These virus
samples were used as positive controls during
molecular detection. All virus stocks were
stored at -80 °C until use.

PCR for adenovirus detection: Polymerase
chain reaction for HAdV was performed
following the protocol of Casas et al., 2005 (%),
The primers for the first round of PCR were
ADHEX1F (5-CAACACCTAYGASTACATGAA-3’)
and ADHEX1R (5-KATGGGGTARAGCATGTT-3’),
yielding an amplicon of 473 bp, and the
primers for the second round of PCR were
ADHEX2F (5’-CCCITTYAACCACCACCG-3’) and
ADHEX2R (5’-ACATCCTTBCKGAAGTTCCA-3’)
with a resulting amplicon of 168 bp. Seven
microlitres of sample was used in 50 ul reaction
mixture containing 1X PCR buffer, 2 mmol I-| 1
MgCl,, 200 Imol |-l  deoxynucleoside
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triphosphate (dNTP), 0.5 umol I-I concentration
of each primer and 1.5 U of Tag DNA
polymerase (Invitrogen, London, UK). The PCR
cycles for the first round and nested PCR were
94°C for 5 min, followed by 35 cycles of 94 °C
for 30s, 50 °C for 30s and 72 °C for 30s; and a
final extension at 72 °C for 7 min. PCR products
were resolved by electrophoresis on 2%
agarose gel.

Reverse transcription PCR (RT-PCR) for EV,
HAV, HEV, RV, HuNoV and HAstV detection: For
RT-PCR  reaction, cDNA synthesis was
performed following the protocol of Amdiouni
et al., 2012 %) 3 pd (N) 6 random primer and 5
ul of RNA were mixed, heated at 70°C for 5 min
and quickly chilled on ice. 200 umol -1 of
dNTP, 20 U of RNAsin, 20 U of reverse
transcriptase (MMLV) and 5 pl of 5X buffer
MMLV were added in the tubes and incubated
at 37 °Cfor 60 min and 94 °C for 5 min.

For PCR reaction of all retrieved enteric viruses,
5 ul of cDNA was used as template for PCR
amplification carried out in a final volume of 50
pl that included: 5 pl of 10X PCR buffer, 200
pmol I-1 of each dNTP, 2 mmol I-1 MgCl2, 1.5 U
of Tag DNA polymerase, 0.3 Imol |-1 of each
primers. The thermocycler profile was 5 min at
94 °C followed by 35 cycles of 20s at 94 °C, 30s
at Tm and 30s at 72 °C; and a final extension of
10 min at 72 °C. The PCR products were
analyzed on ethidium bromide (EtBr)-stained
agarose gels. The Tm and primers used are
listed in table 1.

Statistical analysis

All statistical analyses were carried out with
GraphPad Prism software version 6.03 using
binary variables (presence or absence) of
independent groups, except the analysis results
of the presence of infectious EV and HAdV in
raw wastewater and treated effluent was
calculated using the Excel program. The
comparison of the ability of the two virus
concentration methods to concentrate
infectious EV and HAdV was carried out by
Fischer exact test, the correlation between the
cell culture and PCR was determined by chi-

squared (X2) test and the assessment of the
viral genome by method was performed by
student test (t-test). Differences were
considered significant if P<0.05.

Results

Presence of infectious EV and HAdV by cell
culture

To detect both infectious and non-infectious
HAdV and EV on the Hep2 and RD monolayer,
all cultures with or without CPE were analysed
by PCR (Fig. 1). The results obtained by cell
culture infection showed that 12% (6/50) of
samples induced positive CPE for culturable EV
on the RD cell line and 10% (5/50) of samples
on the Hep2 cell line using the PEG
precipitation method and 8% (4/50) and 2%
(1/50) of samples were positive on the RD and
Hep?2 cell lines respectively using the two phase
separation method. HAdV was detected on the
RD and Hep2 cell lines, in 8% (4/50) and 12%
(6/50) of samples, using the PEG precipitation
method, and in 6% (3/50) and 12% (6/50) of
samples using the two phase separation,
respectively (Fig. 2). However, the difference
between the two methods was statistically not
significant for the EV and HAdV concentration
(n=50, P = 0.24 and P = 0.74, respectively,
Fisher exact test).

Correlation between the cell culture and PCR

Among the fifty wastewater samples analyzed
for EV and HAdV, 26% (13/50) and 30% (15/50)
samples were positive by PCR, whereas 22%
(11/50) and 20% (10/50) were positive for the
cell culture, respectively using the PEG
precipitation method. However, the results of
the two-phase separation method showed that
22% (11/50) and 26% (13/50) of samples were
positive by PCR for EV and HAdV, while 10%
(5/50) and 18% (9/50) were positive by cell
culture, respectively (Fig. 3 and 4). This study
found that there is no correlation between the
detection of infectious EV and HAdV and viral
genomes, for both methods: the PEG
precipitation and the two phase separation (n =
50, P =0.34 & P = 0.74, respectively, X2 test).
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Table 1. Primers used for the various RT-PCR

Virus

Sequence

Region

Tm
(°c)

Amplicon
(pb)

References

EV

292
(MIGCIGYIGARACNGG)

222
(CICCIGGIGGIAYRWACAT)

VP1

45

340 appr

Obertse et al.
2003 (27

HAV

HAVU2167
(GTTTTGCTCCTCTTTACCATGCTATG)

HAVL2413
(GGAAATGTCTCAGGTACTTTCTTTG)

VP3-VP1

54

247

Hot et al.
2003 (28)

HEV

ConsORF2-s1
(GACAGAATTRATTTCGTCGGCTGG)

ConsORF2-al1
(CTTGTTCRTGYTGGTTRTCATAATC)

ORF2

54

197

Wang et al. 1999
(29)

RV

ROT2U23
(GCTTTAAAARMGAGAATTTCCGT)

ROT376L23
(TAAACWGAWCCWGTYGGCCAWCC)

VP7

58

376 appr

Hot et al.
2003 (28)

VP4-F
(TATGCTCCAGTNAATTGG)

VP4-R
(ATTGCATTTCTTTCCATAATG)

VP4

50

663 appr

Simmonds et al.
2008 (30)

HuNoV
Gl

G1SKF
(CTGCCCGAATTYGTAAATGA)

G1SKR
(CCAACCCARCCATTRTACA)

VP1

50

330

HuNoV
Gll

G2SKF
(CNTGGGAGGGCGATCGCAA)

G2SKR
(CCRCCNGCATRHCCRTTRTACAT)

VP1

50

344

Kojima et al.
2002 (Y

HAstV

Mon269
(CAACTCAGGAAACAGGGTGT)

Mon270
(TCAGATGCATTGTCATTGGT)

ORF2

50

449

Matias et al.
2007 32)

Assessment of the viral genome by PCR

The viral genome was detected by PCR from
cell supernatant in 28%, 30%, 4%, 10%, 2%, 6%
and 2% of samples for EV, HAdV, HAV, HEV, RV,
HuNoV GIlI and HAstV respectively, for PEG
precipitation method, while 20%, 26%, 8%, 0%,
10%, 4% and 2% were positive by PCR for EV,

HAdV, HAV, HEV, RV, HuNoV GIl and HAstV,
respectively using the two phase-separation.
No sample was found positive for HuNoV Gl for
both methods. The difference between the two
methods was not statistically significant to
detect viral genome (n = 50, P= 0.5, t-test) (Fig.

5).
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Figure 1. Typical cytopathic effect on the Hep-2 cell line infected by the propagation of the
Enterovirus. (A) Normal Hep-2 cell line, (B) Enterviruses infected Hep-2 cell line showed
rounding of the cells, shrinkage and detachment of surface
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Figure 2. Comparison of infectious EV (a) and HAdV (b) using the PEG precipitation method and
the two phase separation method with cell culture CPE. M1. PEG precipitation. M2. Two phase-
separation
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Figure 3. A: PCR of EV detection. Line 1: Negative control. Line 2: Positive control. Lines 3, 4,5, 8,
10, 11, 12: Negative samples. Lines 6, 7, 9: Positive samples. Line 13: 100 pb ladder. B: PCR of
HAdV detection. Line 1: 100 pb ladder. Line 2: Negative control. Line 3: Positive control. Lines 3
to 11: Positive samples
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Presence of infectious EV and HAdV in raw
wastewater and treated effluent

By combining the cell culture results of EV and
HAdV for both methods. In the Z1, HAdV were
found in 31% (4/13) and 38.5% (5/13) of
positive raw wastewater and treated effluent
samples, respectively. While, the EV were
detected in 46.5% (6/13) and 8% (1/13) of raw
wastewater and treated effluent samples,
respectively. HAdV were the most infectious
viruses detected in treated effluents of this
zone. The reverse results were found in the Z2.
Indeed, infectious EV were more common in
treated effluent than wastewater with 42%
(5/12) and 25% (3/12) positive samples

respectively, while HAdV were found in 33%
(4/12) and 8.5% (1/12) of raw wastewater and
treated effluent (Fig. 6).

Discussion

Presence of infectious EV and HAdV by cell
culture

The obtained results showed that Hep2 cells
were more suitable for adenovirus detection as
reported in previous study 22, The use of both
cell lines was useful for us to isolate the most
of HAdV and EV in samples. Current virus
concentration methods are founded on cell
culture to detect infectious enteric viruses that
can grow on lines selected from host cells.
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There are a number of cellular systems in
which different viruses found in aquatic

environments are likely to multiply, causing a
specific cytopathic effect.

B EV

OHA4QV

4 —

Percent of positivesamples (%)
| B B ¥ ]

Zl

Raw wastewater | Treated effluent

Raw wastewater | Treated effluent

Z2

Figure 6. Comparison of the presence of infectious EV and HAdV in the two studied zones

The cell culture sensitivity can be increased by
a combination of different cell lines for virus
surveillance in water #3). However, to detect a
wide range of infectious HAdV and EV. Several
cell lines were used: Hep 2 and BGM ©%, RD
and L20B 3% and Vero 39),

Taking into account the difficulty to detect all
infectious enteric viruses, virological
surveillance of water could be based on the
detection of virological indicator for the
presence of human enteric viruses. Indeed, EV
and HAdV have been proposed and used as
indicators of viral contamination or treatment
efficiency, because they are relatively easy to
grow in cell cultures because of their presence
at higher rates than other enteric viruses
(21,373839)  The difference between the two
methods to concentrate infectious EV and
HAdV was not significant, which explains that
the two methods were able to concentrate EV
and HAdV similarly. Rodriguez et al., 2008 (49
showed that the organic flocculation method,
could also concentrate infectious EV and HAdV
similarly using the PLC/PRF/5 and BGM cells,
while Schlindwein et al., 2010 “Y) were able to
detect a higher rate of HAdV grown on three

cell lines: FRhK-4 cells (derived from monkey
kidney epithelial cells), A549 (basal epithelial
cells of the human alveolar carcinoma) and
Hep-2 than PV on Vero cells (derived fibroblast
African green monkey kidney cells), using the
electronegative membrane-elution. The use of
cell culture followed by PCR helps to dilute the
PCR inhibitors present in environmental
samples and allows the in vitro amplification of
viruses in different cell systems (24,

Correlation between the cell culture (CC) and
PCR

The results of cell culture and PCR are different
and depend on the state of the viral particle.
To explain the simultaneously negative and
positive results of the CC and PCR, This could
be due to that during the transport and
treatment of wastewater, some viral particles
undergo alterations that reduce their infectivity
in vitro which decrease the positive samples by
CC @2, The inactivation of viruses could be
caused by virus contact with wastewater
treatment lagoons sides or natural inactivation
by sunshine 28, To increase the sensitivity of
the cell culture, the ICC-PCR has been widely




used for the detection of EV, HAdV, HAstV and
HAV from environmental samples (36:42),

The correlation between cell culture and PCR
has been reported previously in different
studies while a Tunisian study showed that
there is no correlation between the cell culture
and PCR of HEV in raw sewage using the
adsorption-elution (n = 26 technical, P = 0.077,
X2 test ) 39, Hewitt et al., 2011 3 detected
HAdV in 90% (27/30) samples of raw sewage by
PCR while 80% (24/30) were positive by cell
culture, and EV in 100% (30/30) and 60%
(18/30) by PCR and cell culture, respectively,
using the beef extract extraction - precipitation
with PEG. All the results highlight a significant
increase in sensitivity of detection of
pathogenic viruses in relation to the only
technique CC. In fact, the ICC-PCR is a perfectly
interesting technique for enteric viruses that
do not cause CPE in cell lines “4. PCR can
recover defective or non-culturable strains of
virus particles but it is sensitive for the
inhibitors  which are present in the
environmental samples.

Assessment of the viral genome by PCR

The results correlate with those obtained in
our previous study, in which we have detected
more HAdV than HEV using the PEG
precipitation method %), The same results
were obtained by Kokkinos et al., 2010 ) when
the ultracentrifugation method was used, with
40% (10/25) rate of EV and HAdV, and 4%
(1/25) of HAV. Using the same method,
Kokkinos et al., 2011 @ detected HAdV in
45.8% (22/48) of samples, followed by 8.3%
(4/48) for HAV, 6.3% (3/48) for HuNoV, with
none of HEV. A Tunisian study detected a
prevalence of RV with 32% (80/250) of
wastewater samples, followed by HuNoV in
4.4% (11/250) and one HAdV “3),

Hugues et al., 1993 “®) showed that according
to the technique used to concentrate the EV in
treated wastewater (adsorption-elution on
glass wool or glass powder), 94% or 46% of
samples were found positive. Until now, there
are no technical consensus protocols for the
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extraction and amplification of viral genomes.
However, the PCR is the only technique used to
isolate all enteric viruses in all types of
environmental samples.

Presence of infectious EV and HAdV in raw
wastewater and treated effluent

Many studies of HAdV and EV in wastewater
were conducted previously. In previous study
(26) 'we have seen a decrease in infectious
viruses in treated effluent for EV and HAdV in
11.5% (1/9) and 22.5% (2/9), respectively.
Otherwise, Hewitt et al., 2011 “3) reported that
the rate of positive treated effluents samples
from activated sludge WWTP has decreased to
half for HAdV and quarterback for EV. The
efficiency of wastewater treatment by
lagooning fluctuates enormously (from 0 to
99.9%) and depends particularly on the
duration of the treatment 7).

The impact of temperature on the inactivation
of enteric viruses has been widely reported
with a different survival. In this study, the
temperature for both studied WWTPs ranged
from 24.5 to 25°C for waste water and from 23
to 24.9 °C for treated effluent. In the same
temperature, the differences in virus survival
were observed between the PV and HAdV
where PV was the most sensitive and HAdV the
most resistant Enriquez et al.,, 1995 “8)
Actually, the temperature parameter is difficult
to setting because it may have a role in some
chemical reactions 49,

The comparison between the presence of
infectious EV and HAdV in sewage and treated
effluent provides us with information about
their presence in both sewage and treated
effluent. It can be suggested that EV and HAdV
could be very interesting indicators of viral
contamination as reported previously by
several studies in different countries. Some of
them advised EV 759 and others advised HAdV
(38,51).

Current study results are in agreement with
those obtained in previous study when the
same methods were compared using Echovirus
7 as a model of enteroviruses (2,
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This follow-up study confirms that, considering
the protocol time, the cost and the no
significant  difference between the two
methods, the PEG precipitation seems to be an
alternative method of the two-phase
separation method.
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