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We made the first ever successful effort in India to detect the genetic material of SARS-CoV-2 viruses to under-
stand the capability and application of wastewater-based epidemiology (WBE) surveillance in India. Sampling
was carried out on 8 and 27 May 2020 at the Old Pirana Waste Water Treatment Plant (WWTP) at Ahmedabad,
Gujarat that receives effluent from Civil Hospital treating COVID-19 patients. All three, i.e. ORF1ab, N and S genes
of SARS-CoV-2, were found in the influent with no genes detected in effluent collected on 8 and 27 May 2020.
Increase in SARS-CoV-2 genetic loading in the wastewater between 8 and 27 May 2020 samples concurred
with corresponding increase in the number of active COVID-19 patients in the city. The number of gene copies
was comparable to that reported in untreated wastewaters of Australia, China and Turkey and lower than that
of the USA, France and Spain. However, temporal changes in SARS-CoV-2 RNA concentrations need to be substan-
tiated further from the perspectives of daily and short-term changes of SARS-CoV-2 in wastewater through long-
term monitoring. The study results SARS-CoV-2 will assist concerned authorities and policymakers to formulate
and/or upgrade COVID-19 surveillance to have a more explicit picture of the pandemic curve. While infectivity of
SARS-CoV-2 through the excreted viral genetic material in the aquatic environment is still being debated, the
presence and detection of genes in wastewater systems makes a strong case for the environmental surveillance
of the COVID-19 pandemic.
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1. Introduction

The current ongoing global Coronavirus disease (COVID-19) pan-
demic, caused by the infection of severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), has spread to 216 countries and territories,
with 7.7 million of the confirmed cases and more than 425,000 deaths
worldwide, as of June 12, 2020 (WHO, 2020). The active replication of
infectious SARS-CoV-2 particles in enterocytes of human intestine due
to expression of ACE2 receptor causes shedding of virus in the faeces
(Lamers et al., 2020; Qi et al., 2020). The clinically reported symptoms
in COVID-19 patients mainly include cough, difficulty in breathing,
fever and diarrhoea (Gao et al., 2020; Kumar et al., 2020a). However,
during a previous study of COVID-19 patients, SARS-CoV-2 RNA was de-
tected in faeces more frequently than gastrointestinal symptoms (17%)
such as diarrhoea (Cheung et al., 2020). These results suggest a large
number of asymptomatic individuals along with symptomatic patients,
discharge the virus which ultimately reaches sewage treatment plants
(Haramoto et al., 2020). The virus can be shed in faeces for several
days, even after the patient stops exhibiting respiratory symptoms
(Wu et al., 20204, 2020b). Zheng et al. (2020), reported detection of
SARS-CoV-2 RNA in faeces for a median duration of 22 days. Though
the residence time of SARS-CoV-2 virus has not been well studied, evi-
dence from studies reporting detection of SARS-CoV-2 RNA suggest
the possibility of detection in wastewater.

Wastewater-based epidemiology (WBE) is a promising approach to
understand the status of disease outbreak in a certain catchment by
monitoring viral load in the wastewater, as it contains excrement
from both symptomatic and asymptomatic individuals (Xagoraraki
and O'Brien, 2020; Choi et al., 2018; Yang et al., 2015). WBE was an ef-
fective tool during past outbreak of other enteric viruses, such as polio-
virus, hepatitis A and norovirus (Hellmér et al., 2014; Asghar et al.,
2014; Kitajima et al., 2020; Kumar et al., 2020a, 2020b), it can be used
as an early warning tool for the disease outbreak in a community and
used to inform the efficacy of the current public health interventions
(Ahmed et al., 2020a, 2020b). WBE data can help estimate actual in-
fected population due to the virus, as it also covers asymptomatic and
pre-symptomatic the patients, which may be underestimated by clinical
surveillance (Bivins et al., 2020; Tang et al., 2020; Walfel et al., 2020;
Zhang et al., 2020; Kumar et al., 2020a).

Detection of, SARS-CoV-2 RNA in wastewater has been reported
in Australia, China, France, Israel, Italy, Japan, Netherlands, Spain
and the US (Ahmed et al.,, 2020a, 2020b; Bar-Or et al.,, 2020;
Haramoto et al., 2020; La Rosa et al., 2020; Medema et al., 2020;
Nemudryi et al., 2020; Randazzo et al., 2020; Rimoldi et al., 2020;
Wau et al., 2020a, 2020b; Wurtzer et al., 2020; Kumar et al., 2020). Ac-
cording to some of these studies, after the number of confirmed cases
reached to 1-100 per million population, SARS-CoV-2 RNA was de-
tected in wastewater (Ahmed et al., 2020a; Bar-or et al., 2020;
Medema et al., 2020; Nemudryi et al., 2020; Wu et al., 2020a,
2020b; Wurtzer et al., 2020; Kumar et al., 2020). To date of submis-
sion of this work, there is no study reporting detection of SARS-
CoV-2 in wastewater in India. As of June 12, 2020, the number of con-
firmed cases in India was 223 per million population. The first case of
COVID-19 in India was reported on January 30, 2020 and the number
of confirmed cases has reached more than 300,000 as of June 12,
2020 (Ministry of Health and Family Welfare, India, 2020). The
state of Gujarat has reported >22,500 confirmed cases of COVID-19,
as of June 12, 2020, with >12,000 confirmed cases in Ahmedabad
city (Ministry of Health and Family Welfare, India, 2020).

To further understand the capability and potential application of
WBE surveillance, we made the first successful detection of genetic ma-
terial of the SARS-CoV-2 virus in India. We also analysed the temporal
variation in genetic material loadings in the same wastewater treatment
plant during a lockdown period in India. Finally, we evaluated the effect
of traditional treatment systems on SARS-CoV-2 genetic material and
aim to assist concerned authorities and policymakers to formulate

and/or upgrade COVID-19 surveillance to include an explicit picture of
the pandemic curve.

2. Material and methods
2.1. Sampling

Wastewater samples were collected on 8 and 27 May 2020 from the
0ld Pirana Waste Water Treatment Plant (WWTP) at Ahmedabad, Guja-
rat which is the largest wastewater treatment plant in Asia with a capac-
ity of >180 m?/day. The WWTP is equipped with an Upflow Anaerobic
Sludge Blanket (UASB) as an advanced process to treat the wastewater.
This WWTP is designed to produce treated water with pH, biological ox-
ygen demand (BOD), total suspended solids (TSS), and chemical oxygen
demand of 7-8.5, <20 mg.L™', <30 mg.L~" and <100 mg.L~"' respec-
tively. The sampling location for this study was selected based on the
fact that Pirana WWTP receives the sewage waste of a government
civil hospital treating COVID-19 patient.

Wastewater samples (influents, and final effluents after UASB and
aeration pond) were collected on 8 and 27 May 2020 to understand
the temporal variation and the effect of wastewater treatment of
SARS-CoV-2 RNA. In-situ water quality parameters (pH, temperature,
electrical conductivity; EC, dissolved oxygen; DO, oxidation-reduction
potential; ORP, and total dissolved solids) of the influent and effluent
were measured using a YSI Multiparameter probe (YSI ProDSS handheld
with GPS Model No. 626870-2, USA) prior to the sampling. A composite
sample was made from three samples simultaneously taken in each lo-
cation. Samples taken on 8 May were transported in an ice-box and re-
frigerated at 4 °C till 27 May when the next batch of samples were
brought to the laboratory and analysed on the same day. Both days
the grab hand sampling were done at 11:30 am using sterile bottles
(Tarsons, PP Autoclavable, Wide Mouth Bottle, Cat No. 582240, India)
and blanks in the same bottles were analysed to determine if there
was any contamination during the transport.

To ensure accuracy and precision, duplicated analyses of the samples
were also performed for a raw wastewater, in which the reproducibility
was fairly high (average Cr difference of 1.2). Several blanks were pre-
pared and run to check the cross-contamination, and sensitivity of the
protocol, extraction and instrumentation. All analyses were conducted
at the Indian Council of Medical Research (ICMR), New Delhi, an ap-
proved facility of the Gujarat Biotechnology Research Centre (GBRC).

2.2. Method for extraction and detection of viral RNA from sewage samples

Viral RNAs were isolated from sewage samples using following
steps: precipitation of viral particles; viral RNA isolation and quality
checking.

2.2.1. Precipitation of viral particle

The sewage samples (50 mL) were centrifuged at 4500 xg (Model:
Sorvall ST 40R, Thermo Scientific) for 30 min followed by filtration of su-
pernatant using 0.22 um filters (Mixed cellulose esters syringe filter,
Himedia). Each sewage filtrate was then concentrated using the poly
ethylene glycol (PEG) methods. For this method, PEG 9000 (80 g/L)
and NaCl (17.5 g/L) were mixed with 25 mL filtrate and this was incu-
bated overnight at 17 °C and 100 rpm (Model: Incu-Shaker™ 10LR,
Benchmark). The following day the mixture was centrifuged at
13000 xg (Model: Kubota 6500, Kubota Corporation) for 90 min. After
centrifugation, the supernatant was discarded and the pellet resus-
pended in 300 pL RNase-free water. This was further used as a sample
for RNA isolation (Fig. 1).

2.2.2. RNA isolation

RNA isolation was carried out using a commercially available kit
(NucleoSpin® RNA Virus, Macherey-Nagel GmbH & Co. KG, Germany).
Concentrated viral particles (200 pL) were mixed with 10 uL MS2
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Fig. 1. lllustrative flowchart of the modified polyethylene glycol (PEG) precipitation of centrifugated viral isolation from wastewater samples followed by RNA isolation and reverse

transcription polymerase chain reaction (RT-PCR) with 40 amplification cycles.

phage, 20 pL Proteinase K (20 mg/mL) solution and 600 pL of RAV1
buffer containing carrier RNA. Here, MS2 phage was taken as a molecu-
lar process inhibition control (MPC; Haramoto et al., 2018) for evaluat-
ing the efficiency of nucleic acid extraction and PCR inhibition. It is to be
noted that MS2 may naturally occur in wastewater, it is therefore there
is possibility that recovered MS2 may consist both the spiked and back-
ground viral content. Further steps were carried out as instructed in the
product manual (Macherey-Nagel GmbH & Co. KG). Final elution was
carried out with 30 pL of elution buffer (provided by kit). RNA concen-
trations were determined using a Qubit 4 Fluorometer (Invitrogen).

2.2.3. Real time PCR for detection of SARS-CoV-2

RNAs were analysed for the detection of ORFlab, N gene and S gene
of SARS-CoV-2 and MS2 (internal process control) by RT-PCR using
TaqPath™ Covid-19 RT-PCR Kit (Applied Biosystems). Amplification
was performed in a 25 pL reaction mixture containing 7 pL extracted
nucleic acids of each samples. Positive control (2 pL) (TaqPath™
COVID-19 Control) and purified negative control (5 L) were used in
case of positive and negative control respectively. Nuclease free water
was used as no template control in this study. Further procedures
were carried out as described in product manual. RT-PCR experiment
consisted of UNG incubation at 25 °C for 2 min, reverse transcription
at 53 °C for 10 min and activation at 95 °C for 2 min, followed by 40 cy-
cles, each involving denaturation at 95 °C for 3 s followed by annealing/
extention at 60 °C for 30s. The reactions were performed in Applied
Biosystems™ 7500 Fast Real Time PCR system (Applied Biosystem),
and interpreted as instructed in the manual.

2.2.4. Semi-quantitative SARS-CoV-2 gene detection

Although there is no direct correlation of the Cr value to copy num-
bers as the kit used for the detection is qualitative assay yet we put an
effort to calculate number of gene copies present in a unit volume of
the sample. For this the well-established principle of 3.3 Cr change cor-
responds to 10-fold change has been used. More precisely, 500 copies of
SARS-CoV-2 genes were taken as positive control with Cy of average 26
for all the three genes i.e. ORFlab, N and S, which were then extrapo-
lated to compare it with sample Cy values and derive approximate cop-
ies of genes in the wastewater sample. The amount of RNA used as

template was multiplied with the enrichment factor to derive an esti-
mated copy numbers for each wastewater sample (Fig. 2).

3. Results and discussion

We examined three genes of SARS-CoV-2, ORF1ab, N protein genes
and S protein genes, from the influent samples and the final effluent
after UASB treatment and aeration pond, both from WWTP Pirana, on
May 8 and May 27. The MS2 was added in each sample as MPC as well
as in negative control to verify the efficacy of RNA extraction and the ab-
sence of inhibitors in the RT-PCR reaction. The Cr values of MS2 in these
samples were all similar: 22.46, 22.35 in the influents on May 8 and May
27, respectively, and 22.4 and 22.2 in the final effluents on May 8 and
May 27, respectively, and 22.07 in the negative control. This indicates
that there was no significant difference in inhibitory effects by waste-
water matrix in RNA extraction as well as on RT-PCR performance.
The positive control sample had Cy values of the three SARS-CoV-2
genes ranging 27.92 to 29.52, while these genes were not detected in
the negative control sample.

WWTP samples from both May 8 and May 27 were positive with all
of the ORF1ab, N protein genes and S protein genes, which were exam-
ined as SARS-CoV-2 genes, with the estimated maximum concentration
of 3.5 x 10? copies/L (Table 1). To the best of our knowledge, this is the
first available proof of detection of SARS-CoV-2 genes in wastewater
samples from India. The ORF1ab assay and N protein assay have been
used for SARS-CoV-2 RNA detection by RT-PCR from raw wastewater
and river water samples in Milano, Italy (Rimoldi et al., 2020). The S pro-
tein gene has also been used in evaluating raw wastewater in Italy (La
Rosa et al,, 2020).

Smaller Cr values on 27th May suggested that all three genes were
more abundant in the May 27 wastewater influent samples than in
May 8 samples. This is consistent with increasing infection numbers in
the city, the daily new confirmed cases in the previous 10 days of the
survey were approximately double, 3844 and 5383 in the case of May
8 and May 27, respectively. Table 1 shows the number of active cases
for the city i.e. Ahmedabad and India, obtained by deducting recovered
cases from total confirmed cases since 17 March 2020. Consistency be-
tween abundance of SARS-CoV-2 genetic materials and number of
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Table 1
Amplification cycles (Cr) of raw wastewater and final effluents, along with total number of cases reported positive and discharged since 17th March 2020 in Ahmedabad (AMD) and India
(IND).
ORFlab N protein gene S protein gene MS2
Raw wastewater 8-May 35.52 35.39 39.56 22.46
27-May 32.65 34.18 34.83 22.35
Final effluent 8-May - - - 22.40
27-May - - - 22.20
Confirmed case AMD IND Discharged/recovered case AMD IND
*COVID-19 case Since 17 March 2020 7-May 4912 56,352 985 16,776
26-May 10,674 150,857 4666 64,291

*COVID patient number has been enumerated using the government data displayed on the webpage https://ahmedabadcity.gov.in/portal/web?requestType=ApplicationRH&actionVal=
loadCoronaRelatedDtls&queryType=Select&screenld=114 (Accessed on 14th June 2020) https://www.covid19india.org/ (Accessed on 15th June 2020).

confirmed cases was observed in the previous reports in Australia,
France, Italy, Spain and Japan (Ahmed et al., 2020a, 2020b; Hata and
Honda, 2020; Randazzo et al., 2020; Wurtzer et al., 2020), showing
that WBE is a promising tool for surveillance of COVID-19 spread in a
community. In future studies, standards of SARS-CoV-2 RNA should be
used for determining actual concentrations of SARS-CoV-2 RNA in
wastewater samples and for comparing results among studies.

Final effluent samples taken on May 8 and May 27 were negative (Cr
values >40) with all three SARS-CoV-2 genes examined, showing that
the genes were significantly reduced by the UASB treatment and aera-
tion pond. The SARS-CoV-2 genes were shown to decrease during treat-
ments by a secondary treatment and a tertiary treatment including
decantation, coagulation, flocculation, sand filtration, disinfection,
NaClO, peracetic acid or UV in Spain and Italy (Randazzo et al., 2020;
Rimoldi et al., 2020; Kumar et al., 2020e). Our results are the first to sug-
gest the reduction of SARS-CoV-2 RNA after UASB and aeration pond
treatment.

We employed the PEG precipitation method for concentrating vi-
ruses, which has been used to detect SARS-CoV-2 RNA (Hata and
Honda, 2020; La Rosa et al,, 2020; Wu et al., 20203, 2020b). The recovery
of spiked MS2 as a MPC was stable in our study (Cr values ranging from
22.2 to 22.46), showing efficient removal of wastewater matrix poten-
tially inhibiting RNA extraction and RT-PCR. In Hata and Honda
(2020), the recovery of indigenous F-phages during PEG concentration
was high and stable (57% geometric mean), indicating efficient recovery
of SARS-CoV-2 with PEG concentration method. In the future, virus con-
centration performance of the PEG method should be evaluated against
multiple other methods (e.g., ultrafiltration, aluminium hydroxide
adsorption-precipitation) in analysing raw wastewater.

Table 2 shows a comparative analysis of protocol and results of de-
tection of SARS-CoV-2 genetic material. Overall, we successfully de-
tected ORFlab, N protein genes and S protein genes, from Indian
wastewater samples by RT-PCR and observed a significant decrease in
the final effluents after treatment by UASB and aeration pond. A 10-
fold increase in the estimated number of gene copies was observed be-
tween 8 and 27 May 2020, i.e. 5.6 x 10 copies L™ and 3.5 x 10 copies
L~! corresponding to more than double the number of active COVID-19
patients in Ahmedabad city 4912 and 10,674 individuals on 8 and 27
May, respectively. The estimated number of gene copies was compara-
ble to that reported in untreated wastewaters of Australia, China and
Turkey and lower than that of in the USA, France and Spain.

Further, referring to the limitations of the present study owing to
lockdown scenario, we recommend that although based on MPC analy-
sis, the efficiency of RNA extraction and RT-PCR is considered high for all
the wastewater samples collected for this study, the efficiency of PEG
method could have been better established. Further, based on indige-
nous F-phage analysis Hata and Honda (2020) reported a high efficiency
of PEG method in Japanese wastewater, yet an evaluation of sample
concentration efficiency, using the whole process control (WPC) to-
gether with MPC is recommended (Haramoto et al., 2018). We

recommend longer monitoring with several replicated analyses to eval-
uate the correlation as well as uncertainties involving RT-PCR (Stuart
etal, 2014) and then replace the semi-quantitative method employed
in this study with precise copy calculations using suitable methods.

Nevertheless, the bottom line is that the patterns of obtained
values suggest successful detection of SARS-CoV-2 RNA from the waste-
water samples, their increasing abundance together with an increase of
COVID-19 confirmed cases, and their reduction by UASB treatment and
aeration pond. In summary, results demonstrated the capability of
wastewater-based epidemiology in Indian settings and strongly advo-
cates that despite the lack of quality sewer infrastructure or other
wastewater collection issues, WBE can be applicable and thus we
strongly implementing environmental surveillance of the CVOID-19
pandemic in India, starting with major cities.

4. Conclusions

While the world is providing high resolution proofs of the WBE con-
cept, India needed indigenous proof of concept and its applicability. In
this context, we achieved two major outcomes: i) for the first time in
India and top 10 efforts in the world, we isolated SARS-CoV-2 genetic
material and detected it during a lockdown period owing to good coor-
dination among the government organizations; ii) temporal variation in
Cr value demonstrated the capability of WBE surveillance in India; and
iii) for the third time in the world treated water was analysed for the
presence and confirmation of SARS-CoV-2 genetic material. The results
were of good resolution and provided significant indication of temporal
variation in COVID-19 patient loadings. However, owing to limited sam-
ples analysed in this preliminary study, even though the case numbers
align with increased RNA concentrations in wastewater, the temporal
changes in SARS-CoV-2 RNA concentrations needs to be further investi-
gated from the several perspectives of daily, short-term and long-term
changes. Our results demonstrated that a conventional treatment
plant is capable of removing genetic materials of SARS-CoV-2, however
there may not be the complete elimination. In a country like India
where sewer systems are not complete and only a part of the waste is
received at WWTPs, it is essential to study each treatment stage to de-
termine the effectiveness of treatment. This will help reduce the com-
monly perceived fear of the commons pertaining to the effectiveness
of treatment plants as well as transmission through wastewater.
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Table 2
Comparative details of reported molecular detection of SARS-CoV-2 in the wastewater of various countries.
Country State/city Water type  Virus concentration method Positive rate Maximum RT-(q)  Reference
concentration PCR
(copies/L) target
region
India Ahmedabad Untreated  PEG precipitation of centrifugated 8 May: 100% 5.6 x 10 ORFlab Present study
wastewater supernatant 27 May:100% 3.5 x 10? gene
Treated 8 May: 0% - S gene
wastewater 27 May: 0% N gene
Australia Brisbane, Queensland Untreated  Electronegative membrane-direct — 2/9 (22%) 12 x 103 Ngene (Ahmed
wastewater RNA extraction; ultrafiltration et al,, 2020a,
2020b)
Centricon (Merck) ultrafiltration of N_Sarbecco: 1/9 1.9 N gene
centrifugated supernatant NIID_2019-nCOV_N:
0/9
The Amsterdam, The Hague, Utrecht, Untreated  Centricon (Merck) ultrafiltration of 14/24 (58%) NA Ngene (Medema
Netherlands Apeldoorn, Amersfoort, Schiphol, ~ wastewater centrifugated supernatant N1: 14/24 Egene et al,2020)
Tilburg N2:0/24
N3: 8/24
E: 5/24
USA Massachusetts Untreated  PEG precipitation of filtered sample NT1: 4/6 N1:10%-2 x 10° Ngene (Wuetal,
wastewater N2:1/6 N2: 3 x 10%-10° 2020b)
N3:4/6 N3: 10*-10°
Bozeman, Montana Untreated  Corning Spin-X ultrafiltration of 7/7 (100%) N1:10°-10° Ngene (Nemudryi
wastewater filtered sample N1:7/7 N2:10%-3 x 10° et al., 2020)
N2:7/7
New Haven, Connecticut Primary Direct RNA extraction 44/44 1.7 x 105-4.6 x 10° Ngene (Peccia et al.,
sludge 2020)
France Paris Untreated  Ultracentrifugation 23/23 (100%) >107° Egene  (Wurtzer
wastewater et al,, 2020)
Treated 6/8 (75%) ~108 E gene
wastewater
Untreated NA (100%) 10%-107 Egene  (Wurtzer
wastewater RdRp et al., 2020)
gene
Italy Milan and Rome, Untreated ~ PEG/dextran precipitation of 100% NA (PCR detection) ORFlab (LaRosa
wastewater centrifuged supernatant 12/12 gene et al., 2020)
S gene
China Wuchang Fangcang Hospital Untreated  PEG precipitation of centrifuged 0/4 0.05-1.87 x 10° ORF1 (Zhang et al.,
wastewater supernatant Ngene 2020)
Treated 77%
wastewater 7/9
Israel Various locations Untreated  Primary: PEG or Alum precipitation 38% NA Egene  (Bar-Oret al,
wastewater of centrifuged supernatant. 10/26 2020)
Secondary: Amicon ultrafiltration
Spain Murcia Untreated  Aluminium flocculation - beef N1:21/42 N1:1.4 x 10° Ngene (Randazzo
wastewater extract precipitation N2: 23/42 N2:3.4 x 10° et al,, 2020)
N3:27/42 N3:3.1 x 10°
Treated Secondary: 2/18 <2.5 x 10°
wastewater Tertiary: 0/12
Ourense Untreated  Amicon ultrafiltration of Influent: 5/5 NA Ngene (Balboaet al,
wastewater centrifugated supernatant Egene  2020)
Treated Primary effluent: 1/4 RdRp
wastewater Effluent: 0/5 gene
Sludge Glycine/beef extract 41%
elution -centrifugation - 14/34
filtration - PEG precipitation
Valencia Untreated  Aluminium flocculation - beef 80% 10°-10° Ngene (Randazzo
wastewater extract precipitation 12/15 et al., 2020)
Treated 0/9 0
wastewater
Turkey Istanbul Untreated  Amicon ultrafiltration OR PEG 77% 10°-10° RdRp (Kocamemi
wastewater precipitation of centrifuged 7/9 gene et al., 2020)
supernatant
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