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water and investigation of the efficiency of their removal
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Abstract Enteric viruses, especially human rotaviruses
present in aquatic environments, are microbial criteria in
quality assessment of water resources. The present re-
search aimed to investigate molecular monitoring of
human rotavirus and efficacy evaluation of Isfahan wa-
ter treatment plant (WTP) in the elimination of viruses.
In total, 60 water samples were collected from different
units of WTP. Zeta plus electropositive Virosorb car-
tridge filter and elution buffer was used for concentrat-
ing water samples. Enzyme-linked immunosorbent as-
say (ELISA) was used for detecting rotavirus antigen.
Quantitative real-time reverse transcription PCR (qRT-
PCR) with SYBR Green I fluorescent dye was per-
formed for molecular detection of rotavirus. Multiplex
nested reverse transcription-polymerase chain reaction
(RT-PCR) was used for rotavirus G genotyping. Total
coliform count varies from 10°~10° CFU/mL in the raw
water resources. Rotavirus antigen was detected in 17
samples (28.33%) by ELISA, and 13 samples (21.67%)
were found positive by RT-PCR. These included
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41.18% (7 cases) of raw water influent, 29.41% (5
cases) after sedimentation, 23.52% (4 cases) after ozon-
ation, and 5.88% (1 case) after filtration in ELISA
method. The highest number of rofaviruses was detect-
ed by qRT-PCR in autumn (46.15% (6 cases)). The
commonest circulating G type in the sampling points
was the mixed types, which was identified in 6 samples
(46.15%), followed by non-typeable (23.07%), G3
(15.38%), G1 (7.69%), and G8 (7.69%), respectively.
Despite the presence of rotavirus in raw water, after
clarification and ozonation, filtration and treated water
did not show the presence of rotavirus. The results of
this study showed that multi-stage treatment has a pos-
itive effect on virus removal in WTP.

Keywords Human rotavirus - Virus removal - qRT-
PCR - ELISA - Genotyping

Abbreviations
IWTP Isfahan water treatment plant
ELISA Enzyme-linked immunosorbent assay
rpm Revolutions per minute
MPN Most probable number
NT Non-typeable samples
CFU Colony-forming unit
OD Optical density
NSP Nonstructural proteins
PMMoV Pepper mild mottle virus
Nested RT-PCR  Nested reverse transcription
(RT) PCR
RT-PCR Reverse transcription-polymerase

chain reaction
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WHO/CDC World Health Organization and
Centers for Disease Control
and Prevention.

EC Electrical conductivity

RVA Rotavirus A

PAC Poly aluminum chloride

NTU Nephelometric turbidity unit

Ct Cycle threshold

WTP Water treatment plant

DWTP Drinking water treatment plant

VP Viral protein

PBS Phosphate-buffered saline

FC Fecal coliform

Introduction

Life is heavily influenced by the presence of intestinal
pathogens caused by the sewage entering the water.
Despite progress made in water and wastewater treat-
ment in recent decades, diseases caused by contaminat-
ed water are still a serious risk to human health world-
wide, so about 605 million human beings suffer from
unsafe drinking water (Assis et al. 2015; Asami et al.
2016; Hamza et al. 2011). Continuous discharge of
sewage into water sources has a direct role in the circu-
lation of gastroenteric viruses into the aquatic environ-
ments. A wide range of viruses is found in human
excretion, varying from 10'° to 10"* numbers per gram
of feces (Fongaro et al. 2012). The World Health Orga-
nization (WHO) scientific group estimated that even a
virus in a large volume of drinking water can be a life-
threatening agent for a human being (WHO 2009).
Water quality and the health of people are seriously
compromised due to the uncontrolled discharge of ef-
fluents from human activities in water resources. Con-
sumption of food and contaminated water is one of the
prominent factors in developing some lethal diseases for
humans (Delgado-Gardea et al. 2017).

It is possible that enteric viruses (e.g., rotavirus)
cause viral gastroenteritis via water-borne routes.
Replication of such viruses is done in the intestinal
tract of the infected person. Afterwards, these viruses
are excreted with feces in great concentrations. En-
teric viruses detection was observed in rivers, reser-
voirs, and groundwater, which are applied as sources
of drinking water (Asami et al. 2016). Combining
insufficient sanitation, bad hygiene, and insecure
drinking water causes the expected annual burden
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of 0.7 million diarrheal mortalities, which make di-
arrhea as the 4th important reason for mortality
among children under 5 years old (Kiulia et al. 2015).

In general, viruses have low concentrations in
water. In addition, they are adequately purified via
drinking water treatment plants. Nonetheless, when
there is failure in one or more procedures of the
water treatment, possibly a high population is sub-
jected to enteric viruses through tap water (Asami
et al. 2016). The WHO (2014) reported that vaccine-
preventable rotavirus infections cause death by ap-
proximately 21,5000 children aged less than 5 years
each year, predominantly among those in low-
income countries (WHO 2014). Gastroenteritis is
an inflammation of the stomach and intestines
caused by rotavirus as a contagious virus, whose
clinical sings are severe watery diarrhea, vomiting,
fever, and abdominal pain. Rofavirus diseases occur
among infants and young children as high-risk
group, which severely develop dehydration and hos-
pitalization, and even lead to death (CDC 2014).

Rotaviruses are non-enveloped particles (resistant
to lipid solvents) with a diameter of 60 to 80 nm and
a genome length of 18.5 Kb, whose genome in-
cludes double-stranded RNA (dsRNA) with 12 seg-
ments that encode 6 nonstructural (NSP1-NSP6) and
6 structural proteins (VP1 to VP4, VP6, and VP7)
(Silva et al. 2016; Bosch et al. 2008; Kargar et al.
2013; Kluge et al. 2014). The RNA is surrounded by
a three-layered icosahedral capsid. The outer layer
of the capsid consists of VP4 and VP7 proteins, the
inner layer of VP6 glycoprotein, and the inner core
of VP2. VP6 is found abundantly in the protein of
virus, and accounts for about 51% of the virion
capsid, which is a criterion for classification of
viruses into eight groups of A-H. The rotavirus
genotypes are divided into VP4 (P-genotype) and
VP7 (G-genotype) based on two external proteins
of the capsid glycoprotein VP7 and the protease-
sensitive VP4 that are targeted by neutralizing anti-
bodies (Silva et al. 2016; Liu et al. 2015).

Asami et al. surveyed drinking water treatment plant
for removal efficiency of virus in the coagulation-
sedimentation and rapid sand filtration stages in Bang-
kok, Thailand. Their findings showed that the most
abundant viruses in raw waters are pepper mild mottle
virus (PMMoV) and JC polyomavirus (JC PyV) at
concentrations of 10 2.88 = 0.35 and 10 3.0 6 + 0.42
copies/L (geometric mean + S.D.) (Asami et al. 2016).
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Ye et al. (2012) detected enteric viruses in the treated
drinking water and source water using qRT-PCR tech-
nique in Wuhan, China.

Fecal contamination of water sources possibly con-
tributes importantly to the transmission and epidemiol-
ogy of enteric viruses (Bosch et al. 2008; Adefisoye
et al. 2016). Reuse of wastewater for agriculture or
industrial purposes may pollute the environment; there-
fore, environmental monitoring of the rotavirus A
(RVA) in the environments is essential. There are a
few studies conducted to evaluate the quality of drinking
water in developing countries. The studies just focused
on the bacterial indicators, including coliforms and het-
erotrophs, whereas viruses have been neglected. There-
fore, it is very important to create a quick and precise
detection to protect public health from the risk of enteric
viruses (Asami et al. 2016; Ibfelt et al. 2016).

However, the lack of basic information of
gastroenteric viruses in water resources used for drink-
ing water and the significance of these viral infections
among humans made us to conduct this study aiming at
optimization of treatment plant. Until this time, we
found only a study by Kargar et al. who used RT-PCR
for molecular detection of group A rotavirus in hospital
and urban sewage systems in Shiraz, Iran (Kargar et al.
2013). The present research aimed at assessing efficien-
cy of removal group A human rotavirus in water treat-
ment plant (WTP) of Isfahan, Iran.

Materials and methods
Area of study

This study was conducted in WTP of Baba Sheikh Ali
located in Zayanderud city of Isfahan, Iran. This treat-
ment plant is the largest water treatment plant in Iran,
which provides drinking water for Isfahan, 56 cities,
more than 300 villages, and a large number of industries
in Isfahan province. The Isfahan WTP provides drinking
water for around 4 million people. Therefore, providing
safe drinking water for this large population is strategi-
cally important (Fig. 1).

Sample collection
From October 2016 to September 2017, sixty water

samples were collected from different units of Isfahan
water treatment in 5 points (raw water, sedimentation,

filtration, disinfection (ozonation), and treated water)
using the grab sampling procedure, so that 20 L water
samples were obtained from each point, which were
poured in sterile plastic bottles and stored at 4 °C (cold
chain) (Fout et al. 1996).

Detection of indicator bacteria

Total and fecal coliforms testing was measured from 100 ml
raw water and treated water samples by using the standard
multiple-tube fermentation method based on the standard
methods of water and sewage testing (Rice et al. 2012).

Used filters for virus concentration

Primary concentration was performed for recovery effi-
ciency of the virus by Zeta plus 1IMDS cartridge filter
(Rames et al. 2016). Twenty-liter water samples were
passed through 1MDS filter with air pressure created by
a vacuum pump. Zeta plus Virosorb 1 MDS (Cuno, 3M
Germany) is an electropositive charged modified glass
and cellulose medium. One MDS cartridge filter used in
this study was 25.4 cm (10 inches) in length. The elution
and flocculation steps were performed after filtration
according to Lee et al. (2016). Briefly, elution of viruses
loaded on the IMDS filter was performed by 400 mL of
elution buffer (1.5% beef extract and 0.05 M glycine at
pH 9.5) using a constant flow at the pressure vessel of 4—
8 psi for 5 min. During secondary concentration, poly-
ethylene glycol (PEG 6000, Merck)/sodium chloride
(NaCl, Merck) was added and shaken at 4 °C for 1 h
and stationery for 1 h at 4 °C to enhance flocculation
(Grendahl-Rosado et al. 2014). Centrifuging the mixture
of virus particles was done at 15,000g at 4 °C for 15 min
for further concentration, followed by maintenance at —
70 °C (Fig. 2) (Verheyen et al. 2009).

Detection of rotavirus antigen by enzyme-linked
immunosorbent assay

ELISA technique through the kit (EIA) (Rotavirus Ag
ELISA, DRG/Germany) was used to screen the existence
of rotavirus antigens in each concentrated water sample in
accordance with the protocol instructed by the manufac-
turer in the laboratory (Najafi et al. 2012). A sandwich type
method was used to coat the microwell plates by mono-
clonal antibodies against the middle layer antigen of RV
(VP6). The specimen with optical density (OD) of more
than the cut-off value was considered to be positive, and
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Fig.1 Geographical map of points sampling in Isfahan WTP, with total two-stage capacity is 12.5m>/sec of treated water. Located in 55 km
from Road Isfahan-Shahrekord in the village of Baba Sheikh Ali. Source: Google Earth

the OD of the negative control was + 0.15 (Kargar et al.
2013; Yousuf et al. 2017; Maite 2016).

Extraction of nucleic acids and synthesis cDNA

The extraction of viral RNA was done from 140 pL of
each antigen-positive water samples. Firstly, the sample
suspension was prepared by phosphate-buffered saline
(PBS), and centrifugation was conducted at 1500g for
10 min. The RNA was extracted from supernatant using a
QIAamp viral RNA mini kit (Qiagen, Hilden, Germany)
based on the company instructions, followed by reverse-
transcribed to cDNA PrimeScript strand cDNA synthesis
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kit (Takara, Japan) with the following procedures: 30 °C
for 10 min, 42 °C for 10 min, 70 °C for 15 min. After-
wards, it was cooled immediately to 4 °C. The RT prod-
uct was kept at — 20 °C for subsequent gPCR (Asami
et al. 2016; Banerjee et al. 2008; Salvo et al. 2018).

Quantitative real-time reverse transcription PCR

Quantitative real-time reverse transcription PCR (qRT-
PCR) was performed for cDNA through SYBR Green I
fluorescent dye approach. Each 20 uL RT-PCR mix
contained 10 puL 2x SYBR Premix (Takara, Japan), and
2 uL DNA template, and 100 nM each primer. Primers of
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rotavirus designed for the present research (Accession =
LC178569) include RVA-F: 5'-CAAACTGACGAAGC
GAATAAATG-3' and RVA -R: 5'-TGTA
GCATCAGTTGTCAAGCATC-3"[Tm] at 61 °C. The
amplification processes were run in Rotor-Gene 6000:
40 cycles involving denaturation at 95 °C for 15 s, an-
nealing at 61 °C for 30 s, and extension at 72 °C for 30 s.
Emitting all sample was recorded in thermal cycling, and
the raw fluorescence data were included in SDS software
(Rotor-Gene 6000) for obtaining the threshold cycle (Ct)
values, accompanied by calculation of the standard curve
through Ct values of the diluted standards. Next, Ct values
were applied for extrapolating absolute amounts for the
unspecified specimens (Ye et al. 2012).

Standard curve
For obtaining the representative positive control

standards, the former mentioned plasmid pcDNA3.1
(+) was employed for quantifying (Delgado-Gardea

Virus concentration procedures in this study

Y

Water sample

|

20 L sample

|

et al. 2017). To evaluate the exclusivity of primers
used in this study, the primers were firstly BLAST-
specific on NCBI website (Accession = LC178569),
and it was determined that they are correct for the
genome of the rotavirus. Then, a 110 bp PCR
amplicon was cloned into the pcDNA3.1 (+) plas-
mid (pcDNA3.1 vector, Invitrogen, USA.). After-
wards, the primers were transformed into the com-
petent cells of E. coli TOP10F" by calcium chloride
(CaCl,) chemical method. To screen the recombi-
nant vectors, the transformants were selected on
LB-ampicillin agar plates.

Nanodrop 2000p equipment (Thermo Fisher Scien-
tific Inc., Boston, MA, USA) was applied for determin-
ing DNA concentration (ng/L). After calculating the
numbers of RNA copies, a standard curve was plotted
from ten-fold serial dilutions of the RNA standard
ranged at 10>-10%. All samples were analyzed in dupli-
cate. Two methods were recruited to obtain the efficien-
cy of PCR process, including the Rotor-Gene 6000 qRT-
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PCR software and the equation of % Efficiency = [10 (—
1/slope) — 1] x 100 (Delgado-Gardea et al. 2017).

Multiplex nested reverse transcription-polymerase chain
reaction for rotavirus G genotyping

The G typing was administered using cDNA products as
templates for amplifying PCR VP7 gene with pair primers.
For G genotyping G1 to G4, G8 to G9 and G10 and G12,
specific primers were employed in the RT-PCR (Table 1).
Briefly, first round PCR was carried out with 5 uL of
dsRNA, DMSO, 5x RT buffer, dNTPs, primers Beg9,
End9, and distilled water. The cycling variables applied
included 30 cycles (94 °C for 1 min, 42 °C for 2 min, & 72
°C for 2 min) and a final extension (72 °C for 5 min). The
2nd round VP7 RT-PCR was performed with 5 pL of the
Ist round VP7 amplicons in 40 pL of the 2nd round VP7
reagent mixes. Cycling included 20 cycles of the cycling
protocol similar to the 1st reaction. PCR mixes contained
MgCl, (50 mM), deoxy nucleoside triphosphates (10
mM), primers (10 pmole), 10 x PCR buffer, and Taq
DNA polymerase (1 U). Analysis of the amplicons was
done by 2% agarose gel electrophoresis along with
ethidium bromide (10 pg/mL) to increase the products
resolution. Primer sequences are shown in Table 1
(Grassi et al. 2010; Kargar et al. 2013).

Statistical analysis

Cultivation or qRT-PCR on 10-fold serially diluted
RNA (endpoint dilution) was used to count the virus

Table 1 Primers sequence used in this study

particles in water. SPSS 16.0 software (SPSS Inc., New
York 10504-1722, USA) was applied to analyze the data
statistically using chi-square test at the significance level
of p value less than 0.05.

Results
Detection of indicator bacteria

Outputs of the physicochemical parameters and bacteri-
al indicator of raw water and the treated water at Isfahan
WTP are represented in Table 2. According to bacterio-
logical analyses, mean of total and fecal coliforms was
estimated 10°~10° MPN/mL in raw water samples of
water treatment plant; of course, no samples of treated
water were contaminated to coliforms (Fig. 3). Statisti-
cal analysis showed a significant association between
the concentration of bacterial indicators and rotaviruses
(p <0.01).

The standard curve
The standard curve for each run based on the cycle

threshold value (Ct) for each standard was calculated
by the SDS software (Fig. 4).

Distribution of rotaviruses

From 60 water samples that were collected from 5 points
in Isfahan WTP, rotavirus was detected by ELISA in 17

Primer Primer sequence (5'—3") nt. Position Type

First round VP7-F GGC TTT AAA AGA AAT TTC CGT CTG G 1-28 Beg9
VP7-R GGT CAC ATC ATA CAATTC TAATCT AAG 1062-1036 End9

Second round RVA CAAACTGACGAAGCGAATAAATG 1034-1049 F
RVA GTAGCATCAGTTGTCAAGCATC 963-982 R
aBT1 CAA GTA CTC AAATCA ATG ATG G 314-335 Gl
aCT2 CAA TGA TAT TAA CAC ATT TTC TGT G 411-435 QG2
aET3 CGT TTG AAG AAG TTG CAA CAG 689-709 G3
aDT4 CGT TTC TGG TGA GGA GTT G 480498 G4
aAT8 GTC ACA CCATTT GTA AAT TCG 178-198 G8
aFT9 CTA GAT GTA ACT ACA ACT AC 757-776 G9
mG10 ATG TCA GAC TAC ATATAC TGG 666687 G10
Gl12 CCG ATC GACGTAACGTTGTA 548-567 G12

@ Springer
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Table 2 Physicochemical and indicator bacteria of raw and treated water at water treatment plant

Parameters analyzed Raw water Treated water
Physicochemical Turbidity (NTU) 1-152 03>
pH 7.7-8 7.5-7.7
Conductivity (1S/cm) 370-390 350-360
Chlorine (ppm) 0 0.8-0.9
Indicator bacteria (MPN)/100 mL total coliform 540-1100 0
Fecal coliform (MPN)/100 mL 130-330 0

Ppm parts per million, N7TU nephelometric turbidity unit, ;.5/cm micro siemens per centimeter

samples (28.33%) and by qRT-PCR in 13 samples
(21.67%). EIA showed that detection of the largest
number of rotaviruses is related to the input samples
41.18% (7 case), and the lowest is related to the output
samples (0 cases) of the treated water (Fig. 5). Detection
of the highest number of rotaviruses by qRT-PCR was
observed in autumn (46.15%), followed by winter
(38.46%), spring (7.69%), and summer (7.69%), respec-
tively (Table 3). Generally, analyses of the removal
efficacy of rotaviruses showed that the highest removal
efficiency was in filtration and treated water units. Ac-
cording to the seasonal distribution, the cold seasons
showed significantly higher number of rotaviruses.

Distribution of rotavirus genotypes

G typing was determined via the RT-qPCR on 13
positive samples. The result showed the maximum
circulating G type in the sampling points for mixed
types. It was identified in 6 samples (46.15%), follow-
ed by non-typeable (23.07%), G3 (15.38%), Gl
(7.69%), and G8 (7.69%), respectively. No individual
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Fig. 3 Total coliform (TC) and fecal coliform (FC) in 100 mL of
raw water and treated water of Isfahan WTP

detection of the G types G2, G4, G9, G10, and G12
was observed during this research. The commonest
rotavirus type reported was the mixed types and non-
typeable in raw water and clarification in cold seasons.
The G types G3 and G8 were detected in ozonation
points. None of the rotavirus genotypes was observed
after filtration. The rotavirus genotype distribution
obtained from various sampling points of the Isfahan
water treatment plant is shown in Table 4.

Discussion

The microbiological quality of treated water in water
treatment plant is traditionally evaluated via indicator
organisms as total and fecal coliforms. Nonetheless,
such indicators do not refer to the danger of additional
microbial pathogens, including viruses. It is possible
that human rotaviruses entered environmental waters
via different pathways such as discharging the untreated
or insufficiently treated wastewater. Human rotaviruses
were suggested as probable viral indices of human fecal
pollution in aquatic contexts because of their host spec-
ificity, higher prevalence (60 to 70% of viral diarrhea are
in children with rotavirus), and stability in the environ-
ment (Barril et al. 2016). The detection of viral genomes
in treated water of different regions is not a usual event.
However, some research reported the existence of rota-
viruses in tap water purified by conventional processes
(Karim et al. 2009; Verheyen et al. 2009). For proper
assessment and management of the risks of infections
through enteric viruses in tap water, it is necessary to
have a quantitative evaluation for virus removal effi-
ciency for distinct procedures in real drinking water
treatment plants (DWTPs). Yet, a limited research was
done because of technical problems in quantification of
low virus concentrations in water samples (Asami et al.

@ Springer
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2016). Because rotaviruses frequently have higher re-
sistance to water treatment processes compared with the
bacterial indicators, and the high inefficiency of such
would be accompanied by higher risks of transmission
in comparison with the bacteria and protozoa, the im-
portance of rotavirus is revealed for evaluating the
drinking water quality compared with other viruses.
The viruses recoveries from various water matrix-
es depends on both the viral concentration tech-
niques employed and the kind of water
experimented. Due to the low concentration of virus-
es in the water matrix compared with the sewage
samples, effective concentration methods are essen-
tial for large amounts of water. In most studies, the
use of electronegative and electropositive filters and
buffer for viral elution was suggested to increase the
recovery of enteric viruses from smaller amounts of
water. In this study, a novel surveillance method was
implemented by filtration with cartridge Zeta plus
Virosorb 1 MDS filters and glycine buffer elution
for the first time in order to enhance the concentra-
tion and recovery rotavirus of water samples of

14 4

12

10
]
2 81
E
z 6

4 4

2

0 -

Treated. Wat  Filtration Ozonation Clarifier Raw. Wat

M Positive
M Negative 12 11 8 7 5

Sampling points

Fig. 5 The number of rotavirus-positive in different units of
Isfahan WTP by EIA
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Isfahan WTP (Inker et al. 2012; Karim et al. 2009;
Verheyen et al. 2009).

The WHO recommends methods for detecting rota-
virus, based on viral antigens and molecular methods.

Since outputs obtained from ELISA method may
provide improper positive specimens based on the de-
tection of proteins, qRT-PCR process was employed.
The antibody-based experiments have a restriction to
detect rotaviruses that include the necessity of great
concentration of free antigen for generating a positive
reaction. The free antigen would be considerably de-
clined during a disease. Hence, such experiments enjoy
lower sensitiveness, and are mostly designed for a diag-
nostic laboratory as compared with qRT-PCR. Quanti-
tative PCR method is a molecular instrument that has
high sensitivities and specificity, and is commonly ap-
plied on viruses in aquatic matrices (Assis et al. 2015;
Atabakhsh et al. 2019; Soltan et al. 2016).

In this study, RVA detected in 17 of the 60 samples
(28.33%) examined from water samples through ELISA
and 13 samples (21.67%) through qPCR (Table 4, Fig.
5). Group A rotavirus was found in 7 specimens of 12
raw water samples, but no samples were found after
filtration. Even though microbiological factor is com-
monly applied for determining fecal contamination
levels of water, various researches published the ab-
sence of correlation between the existence of viruses
and fecal coliform counts in various water matrices
(Assis et al. 2015). The analysis of the bacterial indica-
tors showed that the coliforms are completely removed
at ozonation points, but rotaviruses are found in ozon-
ation (15.38%).

Our results showed a significant relationship between
seasonal conditions and the presence of rotavirus,
indicating maximum prevalence in autumn and winter.
Thus, this is in line with previous reports made by Assis
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Table 3 Distribution of rotaviruses in difterent seasons in IsfahanWTP by qRT-PCR

Type of samples Influent Clarification Ozonation Filtration Effluent
Spring 1(7.69) 0 (0) 0 (0) 0(0) 0 (0)
Summer 1(7.69) 0(0) 0 (0) 0(0) 0 (0)
Autumn 3(23.08) 2(15.38) 1(7.69) 0 (0) 0 (0)
Winter 2 (15.38) 2 (15.38) 1(7.69) 0 (0) 0 (0)
Total 7 (53.84) 4 (30.76) 2 (15.38) 0 (0) 0(0)
Removal efficiency (%) 0 42.81 50 100 100

et al. (2015) and Asami et al. (2016). Such a finding
suggests greater distribution of rotaviruses during the
cold seasons of the year (Table 3).

Moreover, the commonest rotavirus genotype pub-
lished was non-typeable and mixed (each 23.08%) and
G3 (15.38%) in raw water and clarification during the
cold seasons of the year.

Similar to our study, some international studies
found that the rotaviruses pervasiveness was 2-31%
in water samples (Ye et al. 2012; Gibson et al. 2011;
Barril et al. 2016). The highest circulating genotype
was G1 (73.33%), accompanied by G1G4 (20%) and
non-typeable (6.67%), that has been reported by
Kargar et al. (2013).

Ibrahim et al. (2018) counted human adenoviruses
(HAdVs) for genotyping their species and evaluating
HAdVs removal efficiency in the samples from hospital
pilot wastewater treatment plant (PWWTP) in Tunis
City, Tunisia. The sequencing and PCR were used to
obtain the genotype of the samples positive for HAdVs.
The researchers revealed 64% (65/102) positive waste-
water samples (Ibrahim et al. 2018). Thirty-five percent
of water samples from drinking water treatment plants in

Karachi, Pakistan were contaminated by rotavirus. This
might be due to diversity of the methodologies used to
detect rotavirus or high pollution of drinking water
(Yousuf et al. 2017).

Kargar et al. employed RT-PCR to evaluate the group
A rotavirus in samples collected from urban and hospi-
tal sewage systems in Shiraz (Iran). They found 25% (15
cases) positive sewage samples. Higher concentration of
rotavirus was detected in autumn (Kargar etal. 2013). In
their study, temporal distribution showed that rotavi-
ruses isolates were observed in autumn>winter>spring,
but there was no rotavirus detected in summer (Rizk and
Allayeh 2018). Nevertheless, environmental monitoring
of genotyping rotavirus may present worthwhile region-
al insight into the transmissions of human rotavirus
genotypes in Isfahan province for providing accurate
vaccine to immunize children. Result showed that filtra-
tion unit in Isfahan WTP is an essential section for
rotaviruses removal, because all rotaviruses were not
removed after clarification and ozonation. Asami et al.
applied qRT-PCR to evaluate the indigenous virus re-
moval efficiency by counting viruses during pre and
post treatment processes (Asami et al. 2016)

Table 4 Rotavirus genotypes distribution in sampling points of the Isfahan WTP

Indicators Coliforms Rotavirus G-typing rotavirus

Methods (MPN/100 mL)  ELISA qRT-PCR RT-PCR

Sampling points TC FC Positive of total ~ Positive of total G1 G3 G8 Mix N.T. A
Raw water 1100 790 7 (41.17%) 7 (53.85%) 1(7.710%) - - 3(23.07%) 3 (23.07%)
Clarifier 220 170 5(29.41%) 4 (30.77%) - 1(7.70%) - 3(23.07%) -
Ozonation <1l <11 4(2353%) 2 (15.38%) - 1(7.70%) 1(7.70%) - -

Filtration <11 <1.1 1 (5.89%) 0 (0) - - - - -

Treated water <11 <1.1 0 (0) 0 (0) - - - - -

Total - - 17 (100%) 13 (100%) 1(7.70%) 2 (15.38%) 1(7.70%) 6 (46.15%) 3 (23.07%)

*NTA non-typeable genotypes
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The increased positive samples observed in winter
and autumn may be due to favorable environmental
conditions such as lower temperature compared with
other seasons of the year. Moreover, due to rainfall in
these seasons and changes in the parameters of the input
water treatment plant, conditions for the survival of
rotavirus are available. Despite the presence of rotavirus
antigen in raw water, after clarification and ozonation,
filtration and treated water revealed absent rotavirus
antigens. As observed in the study, the treatment pro-
cesses did completely remove rotaviruses from the sam-
ples collected from river raw water.

Conclusion

For accurate assessment and management of the
risks of infections via enteric viruses in tap water,
it is necessary to evaluate virus removal efficiency
for treatment procedures in DWTPs especially in
urban water supply systems with high population.
After traditional purification, this reservoir water is
employed for supplying a population containing po-
table water. Yet, its consumption is possibly a potent
danger to the public health, because researchers
previously showed that the RVA is resistant to the
increased concentrations of residual chlorine that is
a chemical agent with a widespread application in
the disinfection procedure to produce potable water.

This study provided valuable information regarding
the prevalence of group A rotavirus in Isfahan WTP;
that is, this system has the necessary efficiency for
removal of rotaviruses. Moreover, new information of
rotaviruses circulating in the environment of Isfahan,
Iran, was studied for the first time. Rotaviruses moni-
toring carried out in our work showed that the existing
system in Isfahan water treatment plant, which consists
of sedimentation, ozonation, and filtration processes, is
an acceptable system.

Therefore, the lack of the detection of rotavirus in the
drinking waters suggests that the methodology used in
the Isfahan water treatment plant is efficient for the
removal of viruses.

Thus, we suggest that this molecular monitoring be
done routinely. It is also recommended to monitor other
viruses in all water treatment plants. On the other hand,
the process in Isfahan WTP is proposed as a pattern.
Previous studies suggested comparing the methods for
removing other viruses (norovirus, adenovirus,

@ Springer

enterovirus, etc.) in order to achieve a precise monitor-
ing protocol. Continuous environmental monitoring of
rotaviruses can provide useful information on rotating
rotavirus genotypes in order to find out an appropriate
pattern for regional vaccination.
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