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Abstract
Following the official announcement of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) worldwide pandemic
spread by WHO on March 11, 2020, more than 300,000 COVID-19 cases reported in Iran resulting in approximately 17,000
deaths as of August 2, 2020. In the present survey, we investigated the presence of SARS-CoV-2 RNA in raw and treated
wastewater samples in Tehran, Iran. Untreated and treated wastewater samples were gathered from four wastewater treatment
plants over a month period from June to July 2020. Firstly, an adsorption-elution concentration method was tested using an avian
coronavirus (infectious bronchitis virus, IBV). Then, the methodwas effectively employed to survey the presence of SARS-CoV-
2 genome in influent and effluent wastewater samples. SARS-CoV-2 RNA was found in 8 out of 10 treated wastewater samples
utilizing a reverse transcription-quantitative polymerase chain reaction (RT-qPCR) test to detect ORF1ab and N genes.
Moreover, the rate of positivity in wastewater samples increased in last sample collection that shows circulation of SARS-
CoV-2 was increased among the population. In addition, the high values detected in effluent wastewater from local wastewater
treatment plants have several implications in health and ecology that should be further assessed.
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Introduction

Coronavirus disease 2019 (COVID-19) is the ongoing global
pandemic, caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) and was first described in Wuhan,
China, in December 2019 (WHO 2020b). From the first de-
tected case, in less than 6 months, SARS-CoV-2 has caused
approximately 14 million infections and more than half a

million deaths. Initial COVID-19 in Iran was reported on
February19, 2020, followed by the first reported case in
Tehran on February19, 2020 (WHO 2020a).

The name “coronavirus” is derived from a Latin word “co-
rona,” meaning “crown” or “wreath,” due to the morphology
of the virus, the name has been given. This morphology is
formed by the viral spike peplomers that are proteins on the
virus envelope. These surface proteins are involved in several
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features of the virus life cycle, such as assembly, envelope
formation, and pathogenesis. Inside the envelope is the helical
capsid holding nucleoprotein and the RNA genome. The co-
ronavirus genome is encoded in a positively polarized RNA
strand of approximately 30,000, making it the largest known
RNA virus with a non-fragmented genome (Mlejnkova et al.
2020).

Coronavirus infection can lead to mammals and avian dis-
eases. In humans, they are commonly responsible for mild to
severe respiratory involvement and even death in some cases.
Some of the coronaviruses can cause mild disease like com-
mon cold, on the other hand, other coronaviruses including
SARS, MERS, and COVID-19 may create lethal diseases.
The symptoms of COVID-19 patients include cough, fever,
and difficulty in breathing; moreover, 2–10% of them had
gastrointestinal symptoms, comprehend diarrhea (Cai et al.
2020; Gao et al. 2020; Holshue et al. 2020; Liu et al. 2020;
Tang et al. 2020; Wölfel et al. 2020; Zhang et al. 2020a, b).
Side effects of COVID-19 disease include changing or even
losing of smell and taste senses, nausea, sore throat, body
aches, and headache (NCIRD 2021).

The main transmission route of SARS-CoV-2 is through
respiratory secretion droplet generation during breathing,
sneezing, coughing, and also direct/indirect contact. Though,
the genomic RNAs of these viruses have been found in pa-
tients stool and also urine specimens. Recent publications re-
vealed that SARS-CoV-2 RNA has also been detected in feces
and anal/rectal swabs (Cai et al. 2020; Gao et al. 2020;
Holshue et al. 2020; Tang et al. 2020; Wölfel et al. 2020;
Xiao et al. 2020; Zhang et al. 2020a, b). Wang and colleagues
found that SARS-CoV-2 RNA could be isolated from stool
samples in around 29% of patients (Wang et al. 2020a, b, d;
Xiao et al. 2020). Also SARS-CoV-2 RNA has been more
seen in fecal samples from hospitalized patients. Even after
resolution of respiratory symptoms, persistence shedding of
viral RNA in stool samples continues in some cases (Xiao
et al. 2020). In addition, the scale of the virus shedding may
vary widely from 102 up to 108 RNA copies per gram
(Lescure et al. 2020; Pan et al. 2020; Wölfel et al. 2020).
These studies recommended that viral fecal shedding could
persist for several days in individuals without gastrointestinal
symptoms. Therefore, asymptomatic individuals with nega-
tive nasopharyngeal test result may disperse SARS-CoV-2
into the environment (Jiang et al. 2020). Also a recent study
suggests that SARS-CoV-2 remains in the stool (medium, 22
days) longer than the respiratory form (18 days) (Zheng et al.
2020).

As public urban wastewater network collects significant
amounts of symptomatic and asymptomatic patients’ feces,
SARS-CoV-2might be found for approximately a long period
of time in public wastewater pipe network, becoming a sec-
ondary spreading source. In addition, treated sewage from
hospitals also adds a notable risk of SARS-CoV-2

accumulation into sewage collection systems. Consequently,
in addition to direct contact and respiratory droplets, fecal-oral
spread route can be another important transmission route to
increasing the virus circulation in different populations.

Recently, the presence of SARS-CoV-2 RNA has been
reported in wastewater treatment plants in Australia, Italy,
Spain, the Netherlands, USA, Japan, Germany, UAE,
Istanbul, and Brazil (Ahmed et al. 2020a, Haramoto et al.
2020, La Rosa et al. 2020a, b, Medema et al. 2020,
Randazzo et al. 2020b, Sherchan et al. 2020, Prado et al.
2021, Kocamemi et al. 2020, Westhaus et al. 2021,
Albastaki et al. 2020) and some studies have also examined
the presence of this virus in river water (Rimoldi et al. 2020a;
Haramoto et al. 2020; Guerrero-Latorre et al. 2020).

Method for concentration and detection of SARS-CoV-2
was one of the main technical challenges in WBE studies
(Ahmed et al. 2020b). Due to the difference between recovery
and detection in enveloped and non-enveloped viruses,
SARS-CoV-2 as an enveloped virus, we have a lack of infor-
mation about its recovery in wastewater. Recent studies have
used several virus concentration methods to recover and ac-
cumulate SARS-CoV-2 fromwastewater. According to recent
studies, different recovery methods such as centrifugal ultra-
filtration device (Medema et al. 2020; Ahmed et al. 2020a),
the adsorption-extraction technique utilizing electronegative
membrane (La Rosa et al. 2020a, b), a two-phase PEG-dextran
method, and aluminum hydroxide adsorption-precipitation
technique (Randazzo et al. 2020b) have been recently applied.

Based on this background and our previous study on
Torque teno virus (TTV) in a wastewater treatment plant in
Tehran (Tavakoli Nick et al. 2019), in the present study, we
investigated the presence of SARS-CoV-2 RNA and demon-
strated the first report of the presence of it in untreated and
treated wastewater samples in Iran collected from four differ-
ent wastewater treatment plants (WWTPs) in Tehran.

Materials and methods

Collection of water samples

Eleven samples were collected between the 30th of June and
the 31st of July 2020, from four WWTPs, located in Tehran
(four distinct plants, reported as A, B, C, and D, respectively).
A total of eleven samples were collected, including one sam-
ple from the input of one of theWWTPs and ten samples from
the final effluent of each WWTP. Samples were collected in
sterilized 4-L plastic bottles taking precautionary measures
and transported to the Virology Laboratory in Research
Institute for Gastroenterology and Liver Diseases, Shahid
Beheshti University of Medical Sciences, Tehran, Iran, on
ice and processed within 6 h of collection.
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Virus concentration

Viruses in samples were concentrated by an adsorption-
elution method using an electronegative filter (Katayama
et al. 2002). Briefly, 2.5 MMgCl2 was included to the sample
to reach to a final concentration of 25mM. Then, 1-L effluents
and 200-mL influent were filtered using a six-branch filtration
system (Sartorius, Goettingen, Germany) and sterile 47-mm
cellulose nitrate membrane (Sartorius, Goettingen, Germany)
with pore size 0.45 μm. Afterwards, the filter was rinsed with
200 mL of 0.5 mMH2SO4 (pH 3.0) followed by elution of the
viruses from the membrane filter using 10 mL of 1.0 mM
NaOH (pH 10.8). The filtrate was recovered as a primary
concentrate in a vessel containing 50 μL of 100 mM H2SO4

and 100 μL of 100× Tris–EDTA buffer. Eluates containing
viruses were further concentrated by polyethylene glycol
(PEG-6000, Merck, Darmstadt, Germany) precipitation meth-
od as described previously (Vilagines et al. 1997) with some
modifications. In brief, 12.5% PEG-6000 and 2.5% NaCl at
final concentration were included, the eluate was mixed at 4
°C for 2 h and centrifuged at 10,000 ×g for 30 min. The pellet
was suspended in 200 μL of PBS (pH 7.2) and the suspension
was stored at −20 °C until used (Fig. 1).

Viral RNA extraction

Viral nucleic acids were extracted from 140 μL of the final
elute obtained from the second concentration step using a
QIAamp RNA mini kit (Qiagen, Germany) according to the
manufacturer’s protocol. The extracted nucleic acid was kept
at − 20 °C until additional downstream analysis.

RT-qPCR analysis

The occurrence of SARS-CoV-2 RNA in wastewater was
detected by real-time reverse transcription polymerase
chain reaction (RT-qPCR) using the kits of Sansure
Biotech Inc. (Changsha, China) and Shanghai Zhijiang
Biotechnology Co. (Shanghai, China), according to the
manufacturer’s instructions and quantitative analysis of
gene N individually conducted with probes and primers.

In quantitative analysis, the standard curve was plotted
according to different dilutions of in vitro transcription
RNA (N gene). Specificity of the assay targeting two
parts of the SARS-CoV-2 genome is declared by the man-
ufacturer. Samples with a cycle quantification value (Cq)
< 40 were considered positive. For positive and negative
controls of PCR, the positive control kit, containing
in vitro transcriptional RNA target genes (ORF1ab, N
gene) and its internal standard gene fragments (Rnase
P), and negative control, namely normal saline, were
used. Amplification and fluorescence detection were per-
formed on a Rotor-Gene® Q (Qiagen, Germany).

Result

Among the eleven wastewater samples which were tested, the
amplification of SARS-CoV-2 RNA genes ORF1ab and N
was successful in the influent of one of the WWTPs on
June 30th, 2020. Moreover, ten samples were gathered from
WWTP A, WWTP B, WWTP C, and WWTP D outlets on
three separate sampling events (10/07/2020, 21/07/2020, and
31/07/2020) which all were positive for SARS-CoV-2 except
of WWTP A that means the 80% (8 positive samples out of
10) of effluent samples were tested positive for both SARS-
CoV-2 RT-qPCR targets (Table 1). Samples were considered
positive for Ct below 40. Ct values ranged from 29.62 to 34.45
(ORF1ab) and 27.60 to 30.53 (N), respectively. Positive sam-
ples that were quantitatively evaluated for the N gene were
RNA copies found in them ranging from 7.18E + 01 to 1.09E
+ 03 GC/mL (Fig. 2). The modified electronegative method
was tested by spiking effluent with IBV. On average, IBVwas
recovered at ranges of 11.78 ± 1.76.

Discussion

Characteristically, concentrating enteric viruses from
wastewater and environmental waters was done by
adsorption-elution method based on electronegative mem-
brane. Thus, electronegative membrane is one of the

Fig. 1 Different stages of virus concentration method
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suitable candidates for concentrating enveloped viruses.
Previous studies confirmed that utilizing the electronega-
tive membrane provides a superior adsorption of
enveloped viruses such as Pseudomonas phage Φ6 and
mouse hepatitis virus to the solid fraction of wastewater
compared to non-enveloped viruses (Ye et al. 2016).
Other than electronegative membranes, the polyethylene
glycol (PEG) has been extensively applied to re-
concentrating SARS-CoV-2 in wastewater samples. On
the other hand, just one study to date has reported the
percent recovery of SARS-CoV from wastewater which
was estimated to be only 1% using an electropositive
membrane (Wang et al. 2005). Meanwhile, the differences
between SARS-CoV-2 and enteric viruses showed that
more research is necessary for the effective recovery of
SARS-CoV-2 from wastewater.

In the current investigation, we used an enveloped vi-
rus, namely, avian coronavirus (IBV), for the detection of

SARS-CoV-2 in wastewaters. Avian coronavirus (IBV) is
a member of Coronaviridae family that infects birds, caus-
ing the associated disease avian infectious bronchitis (IB).
It is a highly contagious avian pathogen which influences
on the respiratory tract, kidney, gut, and reproductive sys-
tems of chickens (Casais et al. 2001; Cavanagh 2001).
IBV belongs to the genus Gammacoronavirus (Bande
et al. 2016), or group 3 (Cavanagh 2007), with a single-
stranded RNA genome. The mean recovery efficiency was
acceptable, representative that there was no considerable
inhibition or loss occurred during the RNA extraction and
RT-qPCR (Acevedo et al. 2013), moreover electronega-
tive membrane was satisfactory as a concentration method
for an enveloped virus.

Recently, SARS-CoV-2 RNA in influent water has been
detected and described worldwide (Ahmed et al. 2020a; La
Rosa et al. 2020a, b; Lodder and de Roda Husman 2020;
Medema et al. 2020; Nemudryi et al. 2020; Randazzo et al.

Table 1 Ct values of real-time
PCR amplification of SARS-
CoV-2, as obtained for WWTPs.
Genes code refers to the N gene
and Orf1ab gene

Sample origin Station Treatment Date Gene positivity

Orf1ab N

WWTPs A Raw June 30th 29.62 29.96 Positive

A Treated – – Negative

B Treated July 10th 33.76 30.53 Positive

C 31.66 28.39 Positive

D 33.33 30.42 Positive

B Treated July 21st 33.96 30.10 Positive

C 34.45 30.39 Positive

A Treated July 31st – – Negative

B 30.78 27.85 Positive

C 33.65 30.13 Positive

D 30.61 27.60 Positive
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Fig. 2 SARS-CoV-2 specific
RNA fragment detected by N
gene RT-qPCR in the effluents.
Results of a single PCR measure-
ment are shown for N gene. For N
gene RT-qPCR, CT values for the
standard ranged between 21.8
(standard 1 = 106) and 32.6
(standard 4 = 103). Values of
tested wastewater above CT 40
were considered negative for
SARS-CoV-2
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2020a; Randazzo et al. 2020c; Rimoldi et al. 2020b; Wang
et al. 2020c; Wu et al. 2020; Wurtzer et al. 2020; Prado
et al. 2021; Kocamemi et al. 2020; Westhaus et al. 2021;
Albastaki et al. 2020). A similar study conducted in Paris
demonstrated the detection of viral genome in effluent
(Wurtzer et al. 2020). According to Wurtzer et al. (2020),
all raw wastewater samples and 6 out of 8 treated waste-
water samples were positive for SARS-CoV-2. Recently, a
similar study was published in Germany, in which the pres-
ence of the virus in raw and treated wastewater was quan-
titatively investigated. The results of this study indicate the

presence of the virus in all influent and effluent samples of
treatment plants. Therefore, in this study our focus was on
effluent and just grabbed one raw wastewater to confirmed
presence of the SARS-CoV-2. Of the eleven wastewater
samples tested, SARS-CoV-2 RNA was not detected only
in 20% (2/10) of effluent wastewater samples by Sansure
COVID-19 RT-qPCR, which had been collected from
WWTP A (Fig. 3).

The concentration of SARS-CoV-2 in the effluent in this
study (101 to 103 GC/mL) is almost similar to other studies
such as the one conducted in Germany (Westhaus et al. 2020).

Fig. 3 SARS-CoV-2 RNA detection in wastewater and cumulative
confirmed cases and new deaths in Iran. Squares represent sampling
dates and sampling type (raw and treated wastewater). Orange filled

squares denote positive SARS-CoV-2 RNA detection from WWTPs.
Orange and blue line plots denote new deaths and cumulative established
COVID-19 cases, respectively
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Fig. 4 Concentration of SARS-
CoV-2 RNA in wastewater as
determined by the ORF1ab gene
assay in cycle threshold (Ct value)
against the number of new re-
ported COVID-19 cases in the
wastewater catchment for all
WWTPs combined. Blue line
plots denote new established
COVID-19 cases and orange,
gray, and yellow line plots denote
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Of course, the wider range of the presence of the virus in the
sewage indicates changes in the number of patients in differ-
ent time periods.

These results show that wastewater treatment in main
WWTPs, such as WWTP A, is performed correctly, unlike
local wastewater treatment plants. Meanwhile, the local
wastewater treatment plant discharges its treated effluent into
urban rivers and canals. Consequences of this occurrence in-
cluded; first, there is a risk of infection for the population in
contact with downstream water due to the presence of SARS-
CoV-2, like other microbial pathogens, which is discharged
into open river water. In addition, the persistence of SARS-
CoV-2 RNA in water can cause the recirculation of COVID-
19 in our communities. However, it is noteworthy that only
genomic material has been identified in the wastewater, the
detection of viable and the titer of the intact virus are essential
in contaminated wastewater need to be determined, and also
its ability to transmit through fecal-oral route has not yet been
established. Second, the transmission of the virus in the envi-
ronment has an unknown effect on the food safety such as
vegetables and other foods that are eaten raw, through them
can cause further spread of the disease.

Nowadays, in the second peak of COVID-19 pandemic in
Iran, comparison of the average level of SARS-CoV-2 ge-
nomes in the last wastewater samples with the earlier waste-
water samples confirmed that the increase of viral genome in
effluent perfectly monitored the increase in the number of new
cases confirmed in the country on the onset of the second peak
of COVID-19 (Fig. 4).

Conclusion

In this study, raw and treated wastewater samples were col-
lected from 4 treatments plants in Tehran and concentrated by
membrane filtration and PEG perception. Meanwhile, raw
wastewater along with 8 treated wastewater samples were in-
fected with SARS-CoV-2 virus. Given these results, as well as
the discharge of effluents from these treatment plants into
rivers and urban canals, it warns governments to have more
oversight and control over the performance of urban and local
treatment plants.
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