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ARTICLE INFO ABSTRACT

Keywords: In this work, we present an eight-month longitudinal study of wastewater-based epidemiology (WBE) in
Coronavirus Ahmedabad, India, where wastewater surveillance was introduced in September 2020 after the successful
COVID-19

containment of the first wave of COVID-19 to predict the resurge of the infection during the second wave of the
pandemic. The study aims to elucidate the weekly resolution of the SARS-CoV-2 RNA data for eight months in
W . wastewater samples to predict the COVID-19 situation and identify hotspots in Ahmedabad. A total of 287
astewater surveillance

Wastewater-based epidemiology samples were analyzed for SARS-CoV-2 RNA using RT-PCR, and Spearman’s rank correlation was applied to
Early warning system depict the early warning potential of WBE. During September 2020 to April 2021, the increasing number of
positive wastewater influent samples correlated with the growing number of confirmed clinical cases. It also
showed clear evidence of early detection of the second wave of COVID-19 in Ahmedabad (March 2021). 258 out
of a total 287 samples were detected positive with at least two out of three SARS-CoV-2 genes (N, ORF- 1 ab, and
S). Monthly variation represented a significant decline in all three gene copies in October compared to September
2020, followed by an abrupt increase in November 2020. A similar increment in the gene copies was observed in
March and April 2021, which would be an indicator of the second wave of COVID-19. A lead time of 1-2 weeks
was observed in the change of gene concentrations compared with clinically confirmed cases. Measured
wastewater ORF- 1 ab gene copies ranged from 6.1 x 102 (October 2020) to 1.4 x 10* (November 2020) copies/
mL, and wastewater gene levels typically lead to confirmed cases by one to two weeks. The study highlights the
value of WBE as a monitoring tool to predict waves within a pandemic, identify local disease hotspots within a
city, and guide rapid management interventions.
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Second wave
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1. Introduction

The global pandemic caused due to the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has infected about 43.5 million
people across India by July 2nd, 2022 (WHO, 2022). Cases with mild or
no symptoms are often overlooked, leading to inaccuracy in epidemio-
logical models and assessment of disease prevalence. A large number of
asymptomatic patients employed a never seen challenge over the veri-
fied estimation of disease spread based on clinical surveillance (Rimoldi
et al., 2020; Medema et al., 2020). According to earlier studies, 18-45%
of patients infected with COVID-19 are asymptomatic, but they are
capable of spreading the disease, thereby adversely affecting the actual
containment of the disease (Lavezzo et al., 2020; Yang et al., 2020;
Mizumoto and Chowell, 2020; Nishiura et al., 2020). Wastewater-based
epidemiology (WBE) surveillance has gained tremendous recognition as
a viable option for COVID-19 surveillance since nearly 67% of infected
people showed the presence of SARS-CoV-2 RNA in feces (Chan et al.,
2020; Cheung et al., 2020; Wong et al., 2020). COVID-19 patients may
shed viruses to wastewater through sputum and saliva (Li et al., 2022a).
It can be used to detect the arrival and subsequent decline of pathogen as
well as provide an early warning of the forthcoming prevalence of the
disease within a community (Aguiar-Oliveira et al., 2020; Hata et al.,
2021; Kumar et al., 2021a, b). There are certain advantages of using
WBE over clinical testing, which include reduced analytic costs. In
addition, wastewater contains viruses shed from a large number of
people and thus requires far fewer samples and less labor than clinical
testing to know the presence of infected persons in particular location.
However, WBE is less sensitive towards detection of SARS-CoV-2 in
comparison to norovirus, probably due to its enveloped nature and low
SARS-CoV-2 load in the patient’s fecal matter and other shedding
sources (Hata et al., 2021). Further, it is essential to explore a rela-
tionship between the SARS-CoV-2 genetic load in wastewater and the
number of cases at the district level in different geographical locations to
evaluate WBE’s potential as an early prediction tool for COVID-19
pandemic.

Clinical surveillance of COVID-19 is often inadequate to classify the
city into specific zones based on the requirement of more tests or
attention. This is particularly true for poorly resourced regions where a
lower number of confirmed cases may be linked to underreporting. In
such cases, Surveillance of Wastewater for Early Epidemic Prediction
(SWEEP)-based information may prove to be critical in the zonation of
the city and locating hotspots on a city scale. The concentration of SARS-
CoV-2 RNA detected in wastewater would shed light on the true prev-
alence of COVID-19 infection in the sewer catchment, whereas the
numbers reported from the clinically reported cases only account for the
diagnosed patients, thereby excluding the undiagnosed or asymptomatic
patients from the process. Even though the capability of WBE surveil-
lance to detect RNA of SARS-CoV-2 has been proven, several constraints
and bottlenecks exist regarding its practical applicability (Zhu et al.,
2021; Tran et al., 2020). It is extremely necessary to match the
time-series data of SARS-CoV-2 RNA concentration in the wastewater
with the actual clinical survey data in order to confirm the utility and
predictability of wastewater surveillance (Wu et al., 2021). This is also
essential for the adaptation of the SWEEP on the policy level, which has
been suspended for various reasons in major parts of the globe (Tiwari
et al., 2021). The effectiveness of WBE has been debated actively on the
basis of watersheds, catchment type, complexity of sewer systems, and
population (Tiwari et al., 2022). If cases reported from a given city have
been substantially high, it is pertinent to check the efficacy of SWEEP on
the urban scale. Under this framework, four major directions in the
domain of SWEEP may be compiled i) validating the data to unravel the
early warning capability of wastewater surveillance for COVID-19
through temporal studies on SARS-CoV-2 RNA detection; ii) the need
for an increase of WBE monitoring in various parts of the world to
generate data from all the levels of COVID-19 situation; iii) developing
the model that can utilize Ct-value acquired through SWEEP into
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significant predictions for effectual COVID-19 pandemic preparedness;
and iv) collectively reaching to the comprehension of crucial issues like
removal, discharge, decay, dilution, and infectivity due to the presence
of SARS-CoV-2 RNA in wastewater (Kumar et al., 2022; Kumar et al.,
2021a; Prevost et al., 2015).

Taking these points into consideration, the present study aims to
present the wastewater surveillance results from Ahmedabad, India, and
its association with the second wave of the COVID-19 pandemic (starting
March 2021) by drawing a comparison between the detected concen-
tration of SARS-CoV-2 RNA in wastewater of various parts of the city and
the COVID- 19 confirmed clinical cases. In this study, we analyzed SARS-
CoV-2 RNA in the wastewater samples (n = 287) from 9 different lo-
cations, including wastewater pumping stations and sewage treatment
plant (STP) of Ahmedabad, India, from September 3rd’ 2020 to April
12th, 2021 (thirty-two weeks). The main objectives of the study were: a)
to evaluate the implementation of WBE for the prediction of the second
wave of COVID-19 in Ahmedabad; b) weekly resolution of the SARS-
CoV-2 RNA data for eight months in wastewater samples; and ¢) expli-
cate the potential of WBE for identifying hotspots and public health
monitoring at the city level.

2. Materials and methods
2.1. Study area

Ahmedabad is the seventh largest city in India and the second biggest
trade centre in the western part of India, with an estimated population of
8.25 million in 2020 (UN world urbanization prospects 2018). It has a
sewage network of 2500 km along with 9 sewage treatment plants
(STPs) and 45 sewage pumping stations (SPSs). Sampling locations were
Motera, Ranip, Paldi, Santivan, Maninagar, Satyam, Vinzole, Odhav,
and Vatva, as considered in the previous study by Kumar et al. (2021a),
which has been extended for wastewater-based epidemiology prediction
for Ahmedabad, India (Fig. 1). The existing treatment capacity of the
wastewater treatment plant in the city is 990 MLD (MoHUA, 2021).

2.2. Sampling approach

The sampling locations were determined by following the approach
of Kumar et al. (2021a) for the same study area (Ahmedabad). A total of
287 samples from nine different sites in Ahmedabad were analyzed
weekly to detect SARS-CoV-2 RNA in wastewater. Grab sampling
method was used to collect the samples in 250 mL sterile bottles (Tar-
sons, PP Autoclavable, Wide Mouth Bottle, Cat No. 582240, India). In
order to detect any contamination during the transport, we examined
blanks in the same type of bottle. The samples were transported and
maintained at the cooling condition in an icebox until further process-
ing. The samples were processed on the same day after bringing them to
the laboratory. All the analyses were conducted in Gujarat Biotech-
nology Research Centre (GBRC), a laboratory approved by the Indian
Council of Medical Research (ICMR), New Delhi.

2.3. SARS-CoV-2 gene detection

2.3.1. Precipitation of viral particles

Firstly, 30 mL of each sample was centrifuged at 4000xg (Model:
Sorvall ST 40R, Thermo Scientific) in a 50 mL sterile falcon tube for 40
min, followed by filtration of supernatant using 0.22-pm syringe filter
(Mixed cellulose esters syringe filter, Himedia). After filtrating 25 mL of
the supernatant, 2 g of PEG 9000 and 0.437 g of NaCl (17.5 g/L) were
mixed in the filtrate, which was incubated at 17 °C, 100 rpm overnight
(Model: Incu-Shaker™ 10LR, Benchmark). The following day, the
mixture was centrifuged at 14000xg (Model: Kubota 6500, Kubota
Corporation) for a period of about 90 min. After centrifugation, the
supernatant was discarded, and the pellet was resuspended in 300 pL
RNase-free water. The concentrated sample was stored in 1.5 mL



M. Kumar et al.

Environmental Pollution 337 (2023) 122471

T2530"E T2°8'30"E T°31'30"E T2°34'30"E T2°37'30°E 72°40°30"E

\
"MoteraPs_ §
.4

S Paladi’PS
Santivan PS Maﬁ}naga( :

.4 Vatva PS (Commercial)

STP,Vinzol (100 MLD)
P

Same: B
AdwiflD, 18, mé R Gty

Ahmedabad City

72°43'30"E

mmmmmmm = |
" A !

/

DIA

=3

T°46'30"E T2°49'30"E

~

P

.\j;

23°7°30"N

<
Yy
A

23°4'30""'N

N
\} £

23°1'30"N

SR'I0TN

22°

SS'30"N

22°

Gujarat

I:—

1000 1500 0000

Fig. 1. Location of sampling points in Ahmedabad, Gujarat, India.

eppendorf at —40 °C, and this was subsequently used as a sample for
RNA isolation.

2.3.2. RNA isolation, RT-PCR and gene copy estimation

NucleoSpin® RNA Virus (Macherey-Nagel GmbH & Co. KG, Ger-
many) isolation kit was used to perform RNA isolation from the pellet
with the concentrated virus. MS2 phage provided by TagPath™ COVID-
19 RT-PCR Kit was utilized as an internal control. Some other particulars
include a) the nucleic acid extraction performed by NucleoSpin® RNA
Virus Kit (Macherey-Nagel GmbH & Co. KG, Germany) (and Qubit 4
Fluorometer (Invitrogen) was used to estimate RNA concentrations, b)
evaluation of molecular process inhibition control (MPC) was done
through MS2 phage for QC/QA analyses of nucleic acid extraction and
PCR inhibition (Haramoto et al., 2020). The methodology has been
described in author’s previous works (Kumar et al., 2020; 2021a). The
steps were carried out according to the instructions provided in the
Macherey-Nagel GmbH & Co. KG product manual, and RNAs were
detected using real-time PCR (RT-PCR).

The detection of SARS-CoV-2 was performed by using TagMan-based
chemistry on Applied Biosystems 7500 Fast Dx Real-Time PCR Instru-
ment (version 2.19 software). For each run, a template of 7 pL of
extracted RNA was used with TagqPath™ 1 Step Multiplex Master Mix
(Thermofischer Scientific, USA). The final reaction mixture (25 pL)
consisted of nuclease-free water (10.50 pL), Master Mix (6.25 pL) and
COVID-19 Real-Time PCR Assay Multiplex (1.25 pL). Positive control
(TaqPath™ COVID 19 Control), negative control (from extraction run
spiked with MS2), and no template control (NTC) were run with each
batch. 40 cycles of amplification were set, and results were explained on
the basis of the Ct values for three target genes i.e., ORFlab, N
(Nucleocapsid), and S (Spike) proteins of SARS-CoV-2 along with that of
MS2 used as an internal control.

Results were considered conclusive/positive only if two or more
genes are detected in the samples. Effective genome concentration was
computed semi-qualitatively using the equivalence of 500 copies of
SARS-CoV-2 genes as 26 Ct-value (provided with the kit). After this, the
RNA amount used as a template and the enrichment factor of wastewater
samples during the experimentation were multiplied by the result.

2.3.3. Method of Spearman’s rank correlation coefficient

Since the relationship between the SARS-CoV-2 gene concentration
in wastewater and the number of new daily confirmed clinical cases
(COVID-19, India, 2022) is considered to be non-linear, the relationship
was evaluated by Spearman’s rank correlation coefficient. Clinical in-
formation is based on data from Ahmedabad City, and the number of
new daily clinical cases for a total of seven days (the reference date and
three days before and after that day) was used to analyze the rank
correlation coefficient with the concentration of the SARS-CoV-2 gene in
wastewater (to be precise, the virus concentration was substituted by the
Ct value). This is because the number of new daily clinical cases is
affected by day-of-week variations in the number of tests, including PCR
and antigen examination, etc. Specifically, the sampling date was used
as the reference, and that reference date was shifted back and forth from
the sampling date to analyze the respective rank correlation coefficients.
The time lag between the increase or decrease of the SARS-CoV-2 gene
concentration (Ct value) in wastewater and that of the number of new
daily clinical cases was estimated from the gap between the reference
date and sampling date when the rank correlation coefficient was the
highest. A negative time lag indicates that wastewater is detecting trends
in the viral infection status faster than the clinical tests.

3. Results and discussion

Variations in SARS-CoV-2 RNA were detected and quantified from
influent wastewater samples for eight months (September 2020 to April
2021) to understand the pandemic situation in Ahmedabad, Gujarat,
India. Out of 287 samples analyzed in the study, 258 were found posi-
tive, comprising two out of three target genes. Whereas, 253 samples
displayed positive RT-PCR results for all of N, ORF 1b, and S genes. The
average Ct values for S, N, and ORF 1 ab genes were 32.89, 31.84, and
32.48, respectively. The average Ct value of internal control (MS2
bacteriophage was 27.42. Also, no SARS-CoV-2 gene was detected in the
negative control samples.

3.1. Monthly variation

Monthly variation portrayed a notable decline of 89.7%, 63.7%, and
90.8% in N, ORF-1ab, and S gene concentration (copies/L), respectively,
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in October 2020 compared to September. This was followed by a sharp
increase in November 2020, i.e., about 25, 22, and 26 folds in the N, ORF
1 ab, and S genes, respectively. The concentration of all three genes
started decreasing in the month of December and continued till February
2021. After this, there was a pronounced increase in the concentration of
all three genes in March 2021 as compared to February 2021, i.e., about
19, 10, and 6 folds in the S, ORFlab, and N genes, respectively. In April,
the average gene concentrations for N, ORF-1lab, and S genes were
10.5x10°, 8.3x10%, and 3.6x10° per liter, respectively. The highly in-
fectious and fatal Delta variation (B.1.617.2), which caused the second
wave in India, and is responsible for the dramatic increase in gene
concentration in March 2021 and April 2021.

The descending order of monthly variation in ORFlab gene con-
centration in wastewater samples was: November 2020> April 2021>
March2021> September2020> December2020> January2021>
October2020> February2021. Likewise, the decreasing order of N gene
in wastewater samples followed a similar pattern and was found in the
order of November 2020> April 2021> March 2021 > September 2020>
December 2020> January 2021> February 2021> October 2020 and
that of S gene was found to be November 2020> March 2021> April
2021> September 2020> January 2021> December 2020> February
2021> October 2020 (Fig. 2 a-d). The genome concentration of SARS-
CoV-2 RNA was maximum in the month of November 2020 (1.1)(104
copies/L), followed by April 2021 (7.5x10° copies/L), March 2021
(4.5x10° 524 copies/L), September 2020 (3.0x10° copies/L), December
2020 (1.8)(103 copies/L), January 2021 (1.6x103 copies/L), February
2021 (4.7x10? copies/L) and October 2020 (4.4x102 copies/L).

There had been a decrease of 20.47% in active cases in October 2020
with respect to September 2020, followed by a rise of 1.82% in
November 2020 compared to the preceding month, October 2020. The
rise of active cases of November 2020 with respect to October 2020 is
analogous to a change of 59 cases (3234 cases on November 1,
2020-3293 on November 26, 2020). Though the percentage change in
active cases appears to be insignificant, the sharp increase in SARS-CoV-
2 gene concentration can be attributed to a huge 37.93% increase in
average daily confirmed cases in November 2020 (i.e., 252 cases) as
compared to October 2020 (i.e., 183 cases). The casual and reluctant
attitude of people during the festive season in India (mid-Oct 2020 to
mid-Nov 2020) might be the reason for the surge in COVID-19 cases.
This was followed by a decline of 2.27% in active cases in December
2020 with respect to November 2020 (2998 cases on December 14,
2020-2930 cases on 28th December 2020). In January 2021, there was a
further decrease of 49% in the number of active cases with respect to
December 2020 (2894 cases on January 4, 2021-1478 cases on January
29, 2021). Likewise, in February 2021, there was a reduction of 36% in
active cases with respect to January 2021 (855 cases on February 8,
2021-548 cases on February 22, 2021). Finally, a 3-fold increase in the
number of active cases was noticed in the month of March 2021 with
respect to February 2021. This corresponds to a change of 1455 cases
(642 cases on 1st March 2022-2097 cases on 30th March 2022). Lock-
down was imposed upon the city in April 2021, when the number of
active cases had already reached 7165 (as on 12th April 2021). A
whopping rise in the average daily confirmed cases in March 2021 (i.e.,
317 cases) and April 2021 (i.e., 1017 cases till 12th April) was noticed

Table 1
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due to the second wave of COVID-19. Like WBE surveillance in Ahme-
dabad, other countries including New Zealand (Medema et al., 2020),
Spain (Vallejo et al., 2020), Italy (La Rosa et al., 2020), Australia
(Ahmed et al., 2021), England (Martin et al., 2020), Japan (Hata et al.,
2021), and Brazil (Fongaro et al., 2021) have also confirmed presence of
SARS-Cov-2 RNA in wastewater, first reported cases, and national
lockdown in respective countries (Table 1). These results showed that
outbreak for COVID-19 can be predicted via trends of viral loads in
wastewater through WBE surveillance.

One of the main purposes behind WBE for COVID-19 detection is its
capability to make an early warning of the disease outbreak or emer-
gence of new trends within communities. The distinctive increase in the
number of active cases, viz. 7165 appeared on April 12, 2021, which is 2
weeks post the significant increase in the viral genome concentration in
wastewater samples (on March 30, 2021) (Fig. 3). Therefore, this time
period of 2 weeks could be adequately utilized to control the pandemic
situation in the city. Some other studies around the globe reported early
detection of SARS-CoV-2 RNA in wastewater even before the first report
of clinical diagnosis. For example, in Netherlands, SARS-CoV-2 genetic
material was detected in wastewater in early February 2020, even before
the official declaration of the first case in late February 2020 (Medema
et al., 2020). Similarly, La Rosa et al. (2020) reported SARS-CoV-2 ge-
netic material in wastewater samples from two different cities in Italy
before the first official documented report. Likewise, Randazzo et al.
(2020) identified SARS-CoV-2 RNA in wastewater samples from Spain.
Thereafter, various studies have been carried out where the presence of
SARS-CoV-2 RNA in wastewater samples were detected and reported
successfully (D’Aoust et al., 2021; Ahmed et al., 2021, Kumar et al.
2020). The researchers from Gujarat found the genomic traces of the
B.1.617.2 in wastewater samples before a month of a clinically
confirmed case of the same variant in Ahmedabad (Joshi et al., 2022). A
few studies, however, focused on evaluating the potential of WBE on the
temporal scale with respect to the changes in COVID cases. Conversely,
in USA, Nemudryi et al. (2020) have reported that SARS-CoV-2 RNA
concentration in municipal wastewater lagged behind the laboratory
test results by 8-days (Pearson’s r = 0.989) in mid-March 2020, whereas
preceded clinical results by 2 days (r = 0.92) in May—June 2020. Li et al.
(2022b) have reported that genome concentrations in longitudinal
monitoring of SARS-Cov-2 in wastewater lagged 7-days behind the
clinical test reported. Recently, Swift et al. (2023) have reported that
RNA genome counts in multiple WWTPs were lagged 2-days were
strongly correlated 6 out of 7 WWTPs than clinical tests, due to
SARS-Cov-2 signals being diluted at one WWTP, which needs to be taken
care of while performing lag-optimization.

3.2. Early warning capability

The current investigation is based on our first proof of concept study,
in which we discovered SARS-CoV-2 genetic material in wastewater and
asserted that it may be used for community COVID-19 surveillance
(Kumar et al., 2020). The percentage change in genome concentration
level on a particular date maintained a positive correlation with the
confirmed cases registered 1-2 weeks later by the regulatory authority
based on clinical tests (Fig. 3). This authenticated the early warning

Country-wise detection of SARS-Cov-2 viral RNA in wastewater before the confirmed COVID-19 cases and related casualty data.

Name of the country Confirmed presence in wastewater

First reported cases

Date of National Lockdown Measures ~ National casualties =~ Reference

Amsterdam (New Zeeland) Feb 6, 2020 Feb 27, 2020
Barcelona (Spain) Jan 25, 2019 Feb 25, 2020
Milan (Italy) Dec 18, 2019 Feb 21, 2020
Brisbane South (Australia) Feb 27, 2020 Mar 13, 2020
Southeast England Feb 11, 2020 Feb 13, 2020
Ishikawa (Japan) Feb 19, 2020 Feb 21, 2020
Toyama (Japan) Mar 30, 2020 Apr 4, 2020

Santa Catarina, (Brazil) Nov 27, 2019 Mar 03, 2020

Mar 15, 2020 3134 Medema et al. (2020)
Mar 14, 2020 18276 Vallejo et al. (2020)
Mar 9, 2020 31106 La Rosa et al. (2020)
Apr 3, 2020 2121 Ahmed et al., 2021
Mar 23, 2020 1800 Martin et al. (2020)
July 29, 2020 316 Hata et al., 2021
July 29, 2020 236 Hata et al., 2021
Mar 21, 2020 51 Fongaro et al., 2021




M. Kumar et al.

q) 30000
25000 as
£ o] - .
~ 20000 - £ w0 :
@ ¢ -
o u |
‘3 15000 - oL S&k b
g .
- : I ;
2 100004 3 .
(? -
Z 5000 - .
. 4
o L =
-5000 T T T T T T T T
N N Q Q A A A A
‘,LQ,L & ,L()'L " PN ¥ o .ad,)p'l— . ,LQ’L 6\,19‘1 (\\,Lg'l
X
BQ\B‘“ oc® O\Le‘(\ 5 60?"(\ 3@(“5 ?6‘0“} W ot
) e ~
vt
25000 ~
—~ 20000
<
@
[0]
‘a. 15000
[o]
A
2 10000 *
@
Q
2 » .
5000 s :
= g
04 = = ==
-5000 T T T T T T T T
N A A A A
3 0° y ,LQ’L 3 ,LQ'lQ 4 ,Lg'lg ,LQ'L ,291 (.;\,LorL A ,LQ'L
\B«\‘o RO cﬂ«\b ?S\‘@ IRTCAIRS o
e (e) V\(ﬁ oF ¥ <@

Environmental Pollution 337 (2023) 122471

b) 30000
25000 +
'8 20000 - gom
o g o ﬁ ¢ q
8 ol e i 4t H
5 15000 1
S B I N RN ]
B o O @ e @ W
Q 10000 - .
o] . " B
L .o :
L 5000 4
% é - P— : &
== ==y
5000 T T T T T T T T
N 0 0 A A A A
P ¥ » o ” oF - PN . o ” P «x\"‘& PQ(\\@'L
Q\e;(‘ OC\O o o o 5,&\\) ep(\) W

d)30000
* 70000
o3 25000 -
@
0
& 20000 -
T
c
2 150004 *
o
5
© 10000
g .
3] t =
g i é ; i
o]
c
S ol - é %’ =
-5000 T T T T T T T T
0 A A A A
"ﬁ(ﬂ ‘,LQ"L (1()'7« "Lo(ﬂ ,Lg’l '7«0'1 ,,LQ'l _\Q’Q'L
i o? i o o & »
& . Y e o W a4
P O ¥ o ¥ <@

Fig. 2. Monthly variations in average SARS-CoV-2 gene copies collected from different STPs in Ahmedabad, a) N-Gene, b) ORF1 ab Gene, c) S-Gene, and d) Genome

concentration.

capability of WBE for COVID-19 surveillance on a temporal scale. A
temporal variation in SARS-CoV-2 genetic material loading in effluent
samples from different treatment plants and active cases for eight
months is shown in Table 2. However, no linear relationship exists be-
tween the SARS-CoV-2 gene concentration and epidemiological data.
Therefore, we demonstrated the relationship between percentage
changes in SARS-CoV-2 genome concentration and daily confirmed
cases (Fig. 3), which can be used as a pre-alarming tool, as it offers a lead
of around 2 weeks for the upcoming scenario. From the present study,
we can see that on 8th October 2020, a sharp decline of 134% was
noticed in the percentage change in the genome concentration, followed
by 4.8% decline in the percentage change in daily confirmed COVID-19
cases on 22nd October 2020. Similarly, on 5th November 2020, a sig-
nificant increase of >22-folds was noticed in the in the genome con-
centration compared to the earlier sampling date, which was followed
by 11.16 and 45.58% increment in the percentage change in confirmed
COVID-19 cases on 19th November and 26th November 2020, respec-
tively. In contrast, more than >1000% and 500% increase were
observed in percentage change in SARS-CoV-2 genome concentration in
wastewater in early September and mid- October, respectively. How-
ever, no notable increase in the number of confirmed cases was detected
1-2 weeks later. In spite of this, the aforementioned technique exhibited
positive prediction in most of the cases during the study period.

The variations in SARS-CoV-2 RNA in wastewater were further
detected and quantified to understand the pandemic situation during the
second wave in Ahmedabad. On March 30th, 2021, a steep hike of

>1800% in the percentage change in the genome concentration was
noticed compared to the earlier sampling date, which was followed by
120% increment in the percentage change in confirmed COVID-19 cases
on April 12th, 2021 (Fig. 3). Therefore, the severity of the pandemic
situation can be predicted 1-2 weeks prior to the official reports based
on clinical tests. The results from the study highlighted the potential of
WBE surveillance as an early warning tool for COVID-19 in the presence
of adequate SARS-CoV-2 genetic material in wastewater samples. The
findings of the study further supported those of Ahmed et al. (2021),
who detected a longitudinal decline in the presence of SARS-CoV-2 RNA
with the subsidence of the first epidemic wave.

These findings were further supported by Spearman’s rank correla-
tion for the early warning potential of WBE. The results showed the
highest rank correlation coefficient was observed in the ORF1 ab fol-
lowed by S and N genes for all pumping stations (PS) and sewage
treatment plants (STP). In the three PS, Santivan PS, Paldi PS and Ranip
PS, the time lag was negative for all viral genes, i.e., the gene detection
preceded clinical test results. Furthermore, for the ORF-1ab gene, having
the highest rank correlation coefficient, the time lag was —8 days for
Santivan PS (r = 0.45, p < 0.01), —10 days for Paldi PS (r = 0.54, p <
0.01), and —11 days for Ranip PS (r = 0.60, p < 0.01) (Fig. 4). These PS
results showed that we could detect trends in viral infection status of the
community from the wastewater analysis, approximately 10 days earlier
than the clinical examination. Although the rank correlation coefficients
were smaller than those in the ORF-1 ab gene, the same three PS also
showed negative time lags in the N and S genes at about the same time as
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Fig. 3. Potential and evidence of wastewater-based epidemiology surveillance of Covid-19 pandemic as an early warning tool in Ahmedabad.

Table 2

Temporal variation in SARS-CoV-2 genetic material loading found in the influent and effluent samples collected from different wastewater treatment plants.

Sampling October, 2020 November, 2020 December, 2020 January, 2021 February, 2021 March, 2021 ‘April, 2021

date 3.09(10.1 (171|241 |0.1.10{ 8.1 | 15.1]22.1|29.1|5.11|12.1|19.1 | 26.1 | 14.1 | 21.12| 28.12| 4.01| 8.01| 11.01| 15.01| 22.01| 29.01| 8.02| 15.02| 22.02| 1.03| 8.03| 15.03| 22.03| 30.03| 5.04| 12.04|
S | Active
2 | cases 3671|4168 | 4038 | 4252 | 4122 | 3614 | 3472 | 3451 | 3372 | 3283 | 3280 | 3362 | 3293 | 5908| 200a| 2930| 289a| 2848| 2706| 2552| 1001| 1478 sss| sas| sas| ea2| 720) 909 150a) 2007 2586 7165
& ["sARs-

Cov-2 Gene Copies (copies/ L) x 102

Genes
© | N | 199 120 [1086| 156 7.99 | 2.64 [ {4281 308 | ND | 28.7 | 70.8 [522.7] 57.8 | 7.29 | 5.85 | 50.81 | 34.39 | 8.48 | 31.48 11.79] 11.27] 19.38 | 6,55 | 5.01 | 15.24] 4.08 | 21.48 | 8.04 | 55.55 |384.68] 68.52 | 15.90
& ORF 5.84 16 143 [ 573 | 1.7 | 1.16 10 20.8 | ND | 3.86 | 104 |783.2| 44.4 | 6.06 | 2.31 | 24.44 | 9.75 | 6.59 | 3.69 | 6.51 |12.91| 3.12 ND | 1.01 | 408 | ND |17.73 | 2.84 | 26.43 |208.25| 56.77 | 37.53
% N 44 7111078 | 46 | 127|132 |3.17 | 113 | 0.34 | 3.65 | 63.9 [350.8| 18.2 | 7.40 | 2.30 | 8.06 | 22.30 | 5.02 | 431 | 3.13 | 6.08 | 3.77 | 0.26 | 3.53 | 7.58 | 0.73 | 34.73 | 4.51 [17.13 |667.28| 19.37 | 14.36
= [Genome | 10.1 | 69.1 | 086 | 3.96 | 3.65 | 1.77 | 48 | 21 | ND | 12.1 | 795 |552.2] 40.1 | 692 | 3.49 | 27.77 | 22.15 | 6:69 | 13.16] 7.14 | 10.09] 8.76 | 2.27 | 3.48 | 8.97 | 1.60 | 24.64 | 5.13 | 33.04|420.07| 48.22 | 22.60
@ N 3.18 |310.4| 9.8 54 | 661|373 | 217 | 068 | 0.17 | 64.2 | 33.1 | 471 |124.7|22.50 | 4.34 [433.41| 13.64 | 27.00[24.21|12.03 | 65.62 | 15.55 | 4.09 | 5.07 | 1.97 | 3.82 [250.46|14.36| 8.42 |123.57| 95.99 |112.15
a ORF ND | 51.9 [ 41.7 [ 148 | 0.86 | ND | 13.3 | 3.59 | 0.95 | 29.9 | 30.5 |463.2|101.9|28.27 | 0.27 | 70.13 | 5.67 |17.14[15.33| 0.00 | 5.92 ND ND | 2.07 | 1.18 | 1.20 | 84.07 |13.24| 2.93 | 49.88 | 49.88 | 95.99
E S 0.46 | 105 | 39.2 | 152 [ 1.67 [ 0.51 | 591 | 0.18 [ 0.78 | 15.8 | 24.8 | 289.9|37.04|39.97 | 0.42 | 47.54 [ 7.49 |14.81)| 8.92 | 2.94 |15.83| 1.74 ND | 1.19 | 1.68 | 3.26 [136.20| 8.48 | 0.48 /190.00| 15.79 | 35.72
= [Genome | 1.22 [155.8] 30.2 | 11.8 | 3.05 | 1.41 | 7.14 | 148 | 0,63 | 36.6 | 29.4 |408.1] 87.9 |30.25| 1.68 [183.69] 8.93 [19.65|16.15] 4.99 [29.13| 5.76 | ND | 2.78 | 1.6 | 2.76 |156.91| 12.03| 3.95 [121.15] 53.89 | 81.29
w N 5 40.5|3.26 | ND | 12.1 [0.27 [ 0.23 | 055 | 0.3 | 8.69 | 12.6 | 99.8 | 39.1 | 2.21 | 8.90 | 25.69 [ 26.03 | 21.90| 8.57 | 23.51|56.48 | 32.00 | ND |31.03| 8.41 | 2.64 | 15.79 | 40.86 | 10.14 |339.23|306.46| 42.63
; ORF 173 | 11.7 [ 111 | 0.28 | 3.31 | 0.9 | 0.69 | 2.17 | 0.27 | 5.77 | 24.4 [140.5] 21.9 | 1.29 | 0.96 | 7.88 | 22.00 | 8.95 ND | 5.10 | 8.85 ND ND [13.78| 346 | ND 5.23 |40.57| 5.88 |141.42|250.46| 23.01
s[5 [079(296] 98 075 [176] N0 | 0,66 278 | 0.69[3:52 | 27.2 [118.9] .93 | 1.74 | 0,58 [10:841] 10.72 [ 6.32 [ 3.87 | 6.44 [22.38] No | 10861 11.80| 5.28 | ND | 28.14 [37.79[10.62|350.04] 79.87 | 14.9

Genome | 2,51 | 27.2 | 8.07 | 0.34 | 5.74 [ 0.15 | 0.53 | 1.83 [ 042 | 599 | 21.4 |119.7| 23.6 | 1.75 | 3.48 | 11.47 [ 19.58 | 12.39| 4.18 | 11.68|29.24| ND 0.00 | 18.87| 5.72 ND | 16.39 |39.74| 5.55 |276.90|212.26| 26.87
z N 12.4 | 100 | 3.07 | 1.37 | 2.15 | 2.37 [ 0.87 | 096 [ ND | 15.1 | 2.74 | 116.3| 12 9.72 | 9.82 | 4.30 | 66.61 |36.93| 6.54 | 11.34|22.72| ND 9.20 | 11.00|23.27 | 1.73 | 13.79 | 74.24| 14.76 |214.73| 13.33 | 41.74
S| oRF [ 4 |304|974|413 | 065024 3.9 |517| N0 | 12.2 | 3.89 [129.6] 12.9 | 7.36 [2.42| 3.41 | 24.28 |24.30|10.91| 3.5 | 4.70 [N072N|I0:82] ND |11.41]3.66 | 5.80 |57.18| 5.84 | 77.00 | 5.80 | 20.33
2[5 [314866]| 104|457 | 22 | ND | 187 | 1.55 [105)] 6.03 | 4.24 |141.9] 3.67 [10.78| 148 | ND |57.41[14.26| 2.74 | 6.03 [19.12| ND | .21 | 436 | 8.44 | 5.37 | 1.79 | 20.33| 3.05 [200.43[ 3.03 | 18.22
& | Genome | 651 | 72.3 | 7.74 | 3.36 | 1.33 |10:87 | 2.21 | 2.56 | ND | 111 | 3.63 [129.3] 9.5 | 9.29 | 4.57 (2557 | 49.43 [25.16| 6.73 | 6.88 1551 ND 3.74 | 5.12 |14.37| 3.59 | 7.13 |50.58| 7.88 |164.05| 7.39 | 26.76
a N 5.8 | 485|615 [062| 154 | 3.5 | 278 | ND | 0.45]| 83 NA |168.6| 34.5 | 3.49 | 7.01 | 16.26 | 67.67 | 3.51 |18.52|63.21|27.96| 48.70 | 12.60| 3.26 | 2.00 | 10.91| 2.40 | 7.43 [18.34| 45.46 |230.10| 98.87
@ [ ORF 105 103 | 26.3 | 2.62 | 3.95 | 0.26| 26.1 | 254 | 1.68 | 5.93 | NA |172.7] 28.3 | .38 | 5.68 | 5.13 | 248 | 2.54 | 6.17 |25.1213.69| 30| ND | 1.96 | 0.82 | 547 | ND | 5.7 | 8.65 | 18.85 [151.34] 44.49
€| s |28 206352 [208| 284073 121 | ND |0.47 [ 247 | NA |105.2] 10.4 | 296 | 4.73 | 2.21 | 36.99 | 2.75 | 5.44 | 23.56|14.31| 2.46 [10M8)| 3.7 [ 131 | 1.73 | ND | 4.34 | 9.00 | 41.74 | 51.70 | 43.87
S | Genome | 2.68 | 26.4 | 22.5 [ 1.78 | 739 | 1.5 | 13.7 | ND | 0.77 | 5.47 | NA |148.8| 24.4 | 2.61 | 5.80 | 7.87 | 35.62 | 2.93 | 10.04|37.30|18.65| 17.49 | 4.36 | 2.80 | 1.38 | 6.04 ND 5.65 | 11.99 35.35 |144.38( 62.41
© | N |141141.7[ 491 6.48 | 304 | 4.88 | 203 [§01N| 0.28 | 10.2 | 8.21 | 23.2 | 29.5 | 1.89 | 2.54 | 14.25 |133.93|12.03 [J0M31] 15.70| 36.81| 81.68 | 2.16 | 19.05 | 7.06 | 2.34 | 4.02 | 3.05 | 7.53 |110.50] 63.27 | 36.48
€ [ ORF |44 [39.9] 23 [24.8] 108|805 17.2[3.34 [ 2.05 [ 7.52 [ 5.82 | 133 [ 27.6 | ND | 104 [ 324 | 47.25 | 637 | 105 [11.76]19.64] N0 | 118 3.69 | 3.79 | 2.70 [ 1088 | 4.02 [[0.401 49.53 [42.03 | 13.24
Z S 2 78 233|248 | 7.01 | 036 | 7.09 | 1.69 | 0.51 | 0.68 | 3.03 | 12.1 | 10.3 [ 0.92 | 0.81 | 0.74 | 55.06 | 3.21 [ 0.89 | 4.80 | 11.25| ND 0.52 | 3.23 | 5.49 | 0.54 ND 2.27 | ND |168.24| 17.49 | 16.67
A | 'Genome | 5.82 | 865 [ 17.1 [ 18.7 [ 16.1 | 2.1 | 8.85 | 1.75 | 098 | 6.15 | 5.69 | 16.2 | 22.5 | 0.93 | 1.46 | 6.08 | 78.75 | 7.20 [[0.79 | 10.75[22.56| ND 1.28 | 8.66 | 545 | 1.86 | 1.63 | 3.11 | 2.54 |109.42| 40.93 | 22.13
SN | 11 [922[257] ND [ 206 N0 [681] 3.16 [[092 [ 111.5[127.4[4709] 56.4 |36.71[29.42] 1850 [ 2581 [14.53| 9.37 [62.92] 693 [154.19| 27.95]13.52| 8.72 | 5.44 | 3.80 | 12.98]13.42154.80[133.17[208.25
§ ORF 397 | 223 [ 347 | ND | 644 | ND | 16.8 | 34.7 | 6.8 | 43.9 |187.1 1049 | 17.1 |19.94|15.57| 18.03 | 6.22 | 1.67 | 6.31 | 77.78| 5.20 | 2.07 | 2.85 | 5.21 | 2.24 |10.62| 3.52 | 2.86 | 6.27 | 61.91 |126.37[155.98
o S 6.23 | 51.1 [ 373 | ND | 497 | ND | 598 | 11.6 | 2.52 | 18.5 | 105 [374.5| 11.7 |12.11| 4.87 [17.30| 4.18 | 0.30 | 4.02 |[23.70| 8.78 | 537 | 3.61 | 2.56 | 4.06 | 8.53 | 1.48 | 2.74 | 2.92 |127.32| 36.74 | 87.22
% [Genome | 7.06 | 55.2 | 24.9 | ND | 10.7 | ND | 8.15 | 16.5 | 3.41 | 57.9 [139.8|6315] 28.4 22.92[16.62| 17.97 | 12.07 | 550 | 6.57 |54.80| 6.97 | 53.88 |11.47] 7.10 | 5.01 | 8.20 | 2.93 | 6.19 | 7.54 |114.68| 98.76 [150.48
o N 38.1 |427.5| 5.84 | 1.69 | 22.7 | 0.29 | 2.2 ND | 1.61 |155.2[305.2 | 249.9|401.7|45.53|40.30| 58.17 | 11.84 |11.64|12.65|19.17| 4.06 | 51.22 | ND | 4.02 | ND | 4.26 | 14.07 | 1.42 | 4.81 |190.00| 18.47 [170.81
H ORF 179 | 914 | 31 3.46 | 9.05 | ND | 21.3 | 40.5 [ 8.38 [132.5|512.1|277.8|305.5|24.79|15.90| 29.69 [ 15.43 | 5.61 | 2.94 [12.41| 5.76 | 3.11 ND ND ND | 9.87 | 7.53 | 3.59 | 2.19 |106.47| 14.36 |111.32
£ s [687[3292|315] 743|696 | ND | 8.57 [10461] 3.36 | 69.3 [316.5|206.4|131.7|21.61[ 8.32 | 46.51 | 7.44 | 2.45 | 3.72 [11.55[ 1,95 | 1033 [J0800] Nb | no [1052)| 0.86 | 0.62 | 1.81 [237.30| 4.72 |100.34)
O [Genome | 209 |282.7] 22.8 | 419 | 12.9 | 5.74 | 10.7 | 0.2 | 4.45 | 119 |377.9]244.7]279.6| 30.64| 21.51| 44.79 | 11.57 | 6.56 | 6.44 | 14.38] 3.92 | 21.55| ND | ND | ND | 4.8 | 7.49 | 1.8 | 2.94 [177.92] 12.52 |127.49
@ N 13.2 | 110 | 3.12 | 0.87 | 10.3 | 0.8 | 0.22 | 2.02 | 0.46 | 23.9 | 285 | 34.7 | 15.2 | 1.39 | 26.20| 10.31 | 6.05 |24.35[38.47[15.01| 8.67 | 92.96 | 7.35 | 6.82 | 4.79 | 10.00| 5.30 | 9.55 | 9.36 |155.98|160.77| 64.66
© ORF 7.94 | 354 | 155 |'0.43 | 463 | 044 | 7.7 | 17.2 | 214 | 6.54 | 23.2 | 31.8 | 10.8 | 1.63 | 5.99 | 2.05 ND |15.88]16.81|15.51|11.45| 0.73 | 0.94 | 2.54 | 3.34 | 5.27 | 4.18 | 4.91 | 3.12 | 69.02 |244.73| 45.78
2 s |ms3 487|202 |201]3.01 | ND |19 8.56 | 0.76| 7.93 | 17.5 | 25.3 | 5.62 | 2.22 [10:88)| 6.08 [41661| 6.64 | 9.12 | 8.27 | 363 | 46.65 | ND | 5.24 | 3.12 | 3.12 | 6.9 | 2.62 | 4.54 |218.05] 68.52 | 25.53
> [Genome | 7.51 | 64.7 | 12.9 [ 067 597 [\0A7| 3 | 9.27 | 2.12| 128 | 23 | 306 | 10.5 | .75 | 11.02] 6.15 | 2.57 | 15.62]21.47|12.93] 7.92 | 46.78 | 2.76 | 4.87 | 3.75 | 6.13 | 5.48 | 5.69 | 5.68 |147.68|158.01] 45.32

in the ORF1 ab gene. In Motera PS, the time
genetic regions except ORF-1 ab. Among N,

lag was negative for all the
S, and average genome re-

coefficient was observed for ORF1 ab gene (r = 0.38, p < 0.02) with alag
time of —19 days. However, in the case of STP Vinzol, Odhav, Satyam,

gions, S showed the highest rank correlation coefficient (r = 0.48, p <
0.01) with a time lag of —8 days (Fig. 4). Likewise, In Vatva PS, negative
time lag was noticed for all genes except N. The highest rank correlation

and Maninagar PS, no negative lead time was noticed for all the genes.
The latter can be ascribed to i) grab sampling approach in the present
study rather than composite sampling; ii) the clinical cases used for the
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Fig. 4. Rank correlation coefficient with the concentration of the SARS-CoV-2 gene in wastewater during September 03, 2020 to April 12, 2021.

rank correlation analysis were the numbers for the whole area, not for
the specific catchments of PS/STPs. The different time lag implies that
the center of infection moves around the city, from catchments such as
Santivan, Paldi, Ranip, which had negative lags, to Odhav, Vinzole,
Satyam, which had positive lags, can possibly due to different sampling
characteristics, i.e., sampling from boundaries of the wastewater sample
(the relevant PS) and the clinical cases (the relevant residential region);
iii) two peaks in Satyam PS may mean that center of infection visited
twice in this catchment; iv) disparity in the actual infected individuals
and clinical data. Nevertheless, the following observations were critical
in Spearman’s rank correlation between new daily positive cases and Ct
values of different RT-PCR detection genes of different sites: i) ORF1 ab
gene can be used as a marker gene for the early detection or changes in
the spike of COVID-19 cases, and ii) WBE can be used for the early
detection of COVID-19 at sub-city levels reflected by a clear-cut lead
time. Therefore, it is suggested that we would be able to predictably
capture the signs of the trend of increase or decrease in the number of
infected people from wastewater.

At least, wastewater surveillance provides a real-time situation of the
pandemic, nearly on the day of wastewater sample collection. An
infected individual (symptomatic, asymptomatic, pre-symptomatic,
post-symptomatic) immediately starts to contribute virus particles to a
sewage network (through feces, nasal mucus, and sputum), and if the
WW sample collection event, particularly with grab sampling as in this
study, matches with the time of arrival of such infected wastewater, then
SARS-CoV-2 can be detected (Grijalva et al., 2022). However, regarding
clinical cases, many factors such as symptoms of the infected individual,
his/her willingness to be tested, availability of the testing facility,
waiting in the queue for testing, collection of nasal swab samples,
sample processing, and analysis (RNA extraction from clinical samples,

and RT-PCR), may delay the reporting at least three to four days.
Therefore, WBE information could be available in advance than clinical
reporting. Further, an infected individual is mostly reported once as a
clinical case, but biologically she/he continuously contributes virus
particles to the sewage system for an average of 17.0 days (Cevik et al.,
2021).

On comparing the SARS-CoV-2 genome concentration in wastewater
of Ahmedabad, we found high genome concentration during the first
wave (November 2020) compared to the second wave (April 2021),
while daily new confirmed cases were much higher in the second wave
in comparison to the first wave. The latter can be ascribed to i) the
greater infectivity and transmissibility of the Delta variant (B.1.617.2)
compared to the Alpha variant (B.1.1.7), which might lead to increased
clinical testing during the second wave; ii) more asymptomatic patients
and less clinical testing during the first wave. The mass vaccination
campaigns could have a role in a surge of infection, mainly in heavily
populated countries like India, as such campaigns concentrate crowds at
a single facility. But, later, due to vaccination, the host immune could be
improved and infectivity and load of virus particles per infected indi-
vidual could be lowered. Therefore, a huge number of infected in-
dividuals could need to have a similar detection rate during the second
wave of infection (Tiwari et al., 2022). Also, the virus particles in the
sewage system are continuously degrading. Mass, vaccination in com-
munities could affect not only the virus load in infected individuals but
also the fate and decay in sewage networks. Therefore, the detection
trend of virus RNA targeted with three different genes was varied
(Fig. 4). However, for clinical sampling, it could not be the case; virus
particles are always more intact and healthier for molecular processing.
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3.3. SWEEP-based city zonation and identification of hotspots

On the basis of SARS-CoV-2 genome concentration in wastewater
samples, we successfully recognized locations that are highly susceptible
for COVD-19 infection and its transmission among the community.
Despite not having explicit epidemiological data at the ward level/
sampling locations, the variations of SARS-CoV-2 gene concentration in
wastewater samples were sufficient to classify the city. In September
2020, maximum effective gene concentration was displayed by the
wastewater samples collected from the east zone (5.7x10° copies/L),
followed by the north zone (3.5x10° copies/L) (Fig. 5). Likewise, in
November 2020 the north (Motera and Ranip) and east (Odhav and
Satyam) zones were particularly affected, with an average genome
concentration of 1.6x10* and 1.3x10* copies/L, respectively (Fig. 5).
Even though areas present in the north and east zones revealed high
virus genetic load, a sharp rise in SARS-CoV-2 RNA could be seen in all
the zones in November 2020. On 28th December 2020 the north zone
showed higher SARS-CoV-2 genome concentration (1.1x 10* copies/L)
as compared to the other zones. On 8th March 2021 an ascent in virus
genetic load (9.1x10° copies/L) could be seen from the north zone. At
the end of March 2021 (30th March 2021), the wastewater samples
collected from the north zone showed maximum genome concentration
(2.7x10% copies/L), followed by the west zone (2.2x10% copies/L), even
though sharp rise in SARS-CoV-2 RNA was noticed in all the zones.

This implies the capability of SWEEP technology to distinguish the
study area at the sub-city or zone level based on SARS-CoV-2 gene
concentration. SWEEP data can offer insight into the actual extent of the
infection due to the SARS-CoV-2 since it covers both asymptomatic and
symptomatic patients. It is, thus, possible to identify hot spots within the
city, which can assist in increasing preparedness in advance. Contrarily,
clinical surveillance usually falls short while classifying the city into
distinct zones as it is primarily dependent upon the location of test
centres. Also, it does not take the number of asymptomatic patients into
account.

4. Conclusions

Wastewater-based epidemiology holds a lot of promise as a favorable
tool that could be used to detect real-time and early disease signals. It
could also be utilized to determine emerging hot spots in the surveil-
lance of COVID-19 prevalence at the community level. WBE could prove
to be extremely essential in an Indian context, where there is a scarcity
of resources both in terms of disease management and diagnosis. In the
present study, the relation between the percentage change in SARS-CoV-
2 genome concentration and confirmed cases for a period of eight
months more or less followed a similar trend on the temporal scale,.
Additionally, the findings of the study successfully detected the resurge
of viral RNA load in wastewater, approximately 2 weeks prior to the
second wave of COVID-19 in Ahmedabad, India. This gap of 2 weeks
between the change in genome concentration in wastewater samples
and the number of confirmed cases of COVID-19 unveils the potential of
WBE surveillance as an early warning. Likewise, Spearman’s rank cor-
relation suggested the highest rank correlation coefficient for ORF1 ab
gene followed by S and N genes. Also, the results showed that we could
detect trends in viral infection status from the wastewater approxi-
mately 10 days earlier than the clinical examination. This time gap may
prove to be sufficient to take effective management interventions to stop
the spread of the disease and further assist the authorities in identifying
the hotspots within a city. However, additional research should be
promoted to develop a predictive model that can interpret SWEEP data
to policymakers to boost the awareness and management of pandemics.
Besides, advancements in detection of RNA copies, prompt analysis,
daily-to-daily lead/lag-time analysis, and effective sampling technique
need to be followed in order to avoid dilution of the wastewater samples
to predict and monitor COVID-19 outbreak prior to utilizing resources
effectively in a short time span to save humanity.
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Fig. 5. Zone-wise COVID-19 pandemic status in Ahmedabad city.
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