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• First detection report of SARS-CoV-2
RNA in the wastewaters of Bangladesh

• Probably first report onwastewater sur-
veillance in the vicinity of COVID-19 iso-
lation center

• Secondary/tertiary drains of sewer net-
work exhibited RNA accumulation of
SARS-CoV-2

• Distance in few meters from the excre-
tion point has no significant influence
on Ct-value.
⁎ Corresponding authors.
E-mail addresses: firoz@nstu.edu.bd (F. Ahmed), mani

https://doi.org/10.1016/j.scitotenv.2021.145724
0048-9697/© 2021 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 3 October 2020
Received in revised form 2 February 2021
Accepted 4 February 2021
Available online 9 February 2021

Editor: Damia Barcelo

Keywords:
SARS-COV-2
Environmental surveillance
Sewage waste
Wemade thefirst and successful attempt to detect SARS-CoV-2 geneticmaterial in the vicinitywastewaters of an
isolation centre i.e. Shaheed Bhulu Stadium, situated atNoakhali, Southeastern Bangladesh. Owing to the fact that
isolation centre, in general, always contained a constant number of 200 COVID-19 patients, the prime objective of
the study was to check if several drains carrying RNA of coronavirus are actually getting diluted or accumulated
along with the sewage network. Our finding suggested that while the temporal variation of the genetic load de-
creased in small drains over the span of 50 days, the main sewer exhibited accumulation of SARS-CoV-2 RNA.
Other interesting finding displays that probably distance of sampling location inmeters is not likely to have a sig-
nificant impact on the detected gene concentration, although the quantity of the RNA extracted in the down-
stream of the drain was higher. These findings are of immense value from the perspective of wastewater
surveillance of COVID-19, as they largely imply that we do not need to monitor every wastewater system, and
probably major drains monitoring may illustrate the city health. Perhaps, we are reporting the accumulation of
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Isolation Centre
COVID-19
SARS-CoV-2 geneticmaterial along with the sewer network i.e. from primary to tertiary drains. The study sought
further data collection in this line to simulate conditions prevailed in most of the developing countries and to
shed further light on decay/accumulation processes of the genetic load of the SARS-COV-2.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
the strain of coronavirus that causes coronavirus disease 2019
(COVID-19), which are now being frequently reported in samples col-
lected from the wastewater treatment plants around the world
(Ahmed et al., 2020a; Haramoto et al., 2020; Kumar et al., 2020a,
2020b, 2020c; La Rosa et al., 2020; Lodder and de Roda Husman,
2020; Medema et al., 2020; Nemudryi et al., 2020; Barcelo, 2020a,
2020b, Bivins et al., 2020). However, the wastewater surveillance of
COVID-19 (WWSoC-19) hasmostly been reported from thewastewater
treatment plants, and there is a dearth of SARS-CoV-2 RNA data in the
ambient waters, and in the sewer system (Orive et al., 2020, Prevost
et al., 2015; Randazzo et al., 2020; Rimoldi et al., 2020; Sherchan et al.,
2020; Verbyla and Mihelcic, 2015; Wu et al., 2020; Wurtzer et al.,
2020a, 2020b; Tang et al., 2020; Zhang et al., 2020). On the other
hand, several developing countries like India, Bangladesh, Pakistan,
and others do not have plenty of wastewater treatment plants and
thus there requires a need of WBE validity and effectiveness to monitor
a sewer system. The results may help the policymakers of these coun-
tries tomake a decision pertaining to the national scale implementation
of WWSoC-19.

Further, while the infectivity issues of SARS-CoV-2 RNA are not yet
neglected or proved in the scholarly world, the public around the
globe is sceptical about the wastewaters generating from the isolation
centres. There have been some reports on the decay of genetic loading
of SARS-CoV-2 (Ahmed et al., 2020b; Kumar et al., 2020b, 2021) in the
wastewater systems, yet accumulation/decay needs to be still investi-
gated in sewer networks. Overall, there is a lack of explicit understand-
ing of the process of SARS-CoV-2 gene enrichment in the sewer systems
alongwith the distance (downstreamof the source/COVID-19 hotspot);
and following the sewer network i.e. from small to larger drains; larger
drains to the canal, and canals to the main sewer system (Kumar et al.,
2021; Prevost et al., 2015; Tran, 2021).

Further, a broad observation is that most of the WWSoC-19 studies
either correlated Ct-value or gene copies with the total infected person
in the corresponding city or community. Uncertainties are high
pertaining to the average amount of SARS-CoV-2 genes being shredded
by an infected person, and its relationshipwith the number of genes de-
tected duringWWSoC-19. While we already know about the variations
that exist in the length of viral shedding (Wu et al., 2020; Xu et al.,
2020), the magnitude of the shedding keeps varying that ranges be-
tween 102 and 108 copies of RNA per gram of human waste (Lescure
et al., 2020; Pan et al., 2020; Wölfel et al., 2020). The general trend has
been to see the fluctuation in the Ct value and then estimate the corre-
sponding increase or decrease of the COVID-19 patient in a given vicin-
ity of the treatment plants. However, there has been a complete lack of
studies on WWSoC-19, with known variation in infected symptomatic
and asymptomatic individuals.

Accordingly, we conducted a preliminary detection survey of SARS-
CoV-2 RNA in wastewater samples collected from the sewage network
in the vicinity of the isolation centre at Noakhali, Bangladesh. The pri-
mary objective of the studywas to understand the genetic load variation
along with the sewer network in the vicinity of the isolation centre,
under the preview of tracing the decay/accumulation processes of the
SARS-CoV-2 RNA. We intended to contribute in policy decision regard-
ing the WBE inclusion in developing countries by tracing the change
among the primary, secondary and tertiary drains. The results are likely
2

to appeal to the policymakers worldwide especially of the developing/
low sanitation countries to adopt the wastewater surveillance for
COVID-19 pandemic.

2. Material and methods

2.1. Sampling

We collected 16 samples between 10th July and 29th August 2020
from the drain, sewage, and toilets near Shaheed Bhulu Stadium Deten-
tion Centre (DC) for COVID-19 patient at Noakhali, Bangladesh. Waste-
water samples were collected from the three different drains,
i.e., coming out of Shaheed Bhulu Stadium at Noakhali, Bangladesh
(22.8763° N, 91.0973°E), which connect to a canal (secondary drainage
system) and eventuallymeets themain sewer system (tertiary drainage
system) (Fig. 1). For this study, the sampling location was selected
based on the fact that Shaheed Bhulu Stadium is the largest detention
Centre for COVID-19 patients in the Noakhali district, Bangladesh. This
facility has been established to accommodate more than two hundred
COVID-19 positive patients for isolation purposes but kept around 200
patients all the time during the monitoring period. Hence, the prime
source of SARS-CoV-2 RNA remains the isolation centre which we
targeted to understand accumulation/dilution of it alongwith the drain-
age system. It is noteworthy that the main sewer is constructed as a
drainage system for municipal sewage that connects the Maijdee city
with ~0.1 million inhabitants in the upstream to the Bay of Bengal. In
order to understand the weather during sampling, physico-chemical
characteristics of sampled drains, canal and main sewer, and the num-
ber of patients being treated on the date of samples collected, informa-
tion is given in supplementary data Table S1aa, b, and c.

This work is the part of a regular monitoring effort for SARS-COV-2
genes in the ambient water of isolation centre that was initiated in
July 2020 following Kumar et al. (2020a) publication. Owing to several
obstacles till a valid analyses and data quality, in this manuscript we in-
cluded the data obtained during the one-month sampling period of
August (7th to 29th August) with three main events i.e. on 7th August,
17–18th August and on 26th August 2020. Initially, we just focused on
understanding the genetic decay/dilution/accumulation process along
the sewer system and main interest was to find if various drains that
connects to main sewer contribute to these processes, for which we
had selected the distances of 100 m, 200 m, and 300 m (Table 1).
However, further in order to add the discussion on the variation at
400 m and pre-condition of canal before main sewer we have re-
analyzed two preserved samples (Table 1) collected in July i.e. canal
samples collected on 10th July 2020 and Drain 3 at 400 (D3–4) on
26th July 2020. At these two occasions in July 2020 we did not have
data at other locations, because we were checking our analytical capa-
bilities with only two samples of drain and canal. It is worthmentioning
that there were no significant changes in the rainfall, temperature, and
humidity for each day during the duration of sampling (Supplementary
Information-IA); as well as number of the patients in the isolation
centre remains similar (Supplementary Information-IB).

Samples were aseptically collected in a 50 ml sterile falcon tube,
transported in the laboratory keeping inside the ice-box, refrigerated
at 4 °C during preparatory activities, and were analyzed on the same
day. Sterile falcon tubes for sampling with identical blanks were ana-
lyzed to determine any possible contamination during the transport.
All analyses were done at the Microbiology Laboratory of the



Fig. 1. Study area depicting, geographical locations of a) Bangladesh; b) Noakhali District in the Southern Bangladesh; c) Stadium location in the district; d) Stadium and isolation Centre
established at the Shaheed Bhulu Stadium; and e) Schematic detail of the sampling location at various drains outlets, canal and main sewer line.
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Department of Microbiology, Noakhali Science and Technology Univer-
sity (NSTU), Bangladesh. One argument is quite obvious that the main
drain and canal may have some traces of SARS-CoV-2RNA before
reaching to the vicinity of isolation centre and/or before the confluence
with drains coming out of the isolation centre. However, we assume
that owing to all identified patients being kept at the isolation centre,
the genetic load prior to the confluence of the isolation centre's drain
should remain negligible. Although, the presence of SARS-CoV-2 RNA
traces cannot be nullified due to the presence of asymptomatic cases
in the community.

2.2. Sample preparation, and procedure for the RNA extraction and
concentration

We followed the same extraction procedure, as described by Kumar
et al. (2020a). Briefly, sewage samples (50 ml) were centrifuged
(Thermo Scientific) at 4500 ×g for 30 min followed by filtration of su-
pernatant using 0.22-μm filters (Himedia). Further, each sewage filtrate
was concentrated using the polyethylene glycol (PEG) method. In this
method, PEG 6000 (80 g/l) and NaCl (17.5 g/l) were mixed in 25 ml fil-
trate, which was then incubated at 17 °C in 100 rpm shaking for over-
night. The next day, the mixture was centrifuged at 13000 ×g for
90min. The supernatantwas discarded after centrifugation, and the pel-
let was resuspended in 300 μl RNase freewater. Thiswas further used as
a sample for RNA isolation using a commercially available Favor Prep™
Viral Nucleic Acid Extraction Kit. In brief, PEG concentrated samples
were transferred in a collection tube with a VNE-carrier RNA buffer.
After the appropriate mixing of samples with proper incubation, a con-
ventional column-based ethanol extraction procedure was followed
using the VNE column. The RNase P (RP) primer and probe set was in-
cluded with the commercial Sansure RT-PCR kit.

In addition, all the experimentswere performed three times for con-
firmation of the results and accepted where variations were less than
10%. Covid-19 positive patient samples were used as an extraction
3

control in each run. We employed qualitative measurement, and
hence, increasing and decreasing viral load is measured based on the
Ct value. RNA concentrations were measured by NanoDrop (Thermo
Scientific™ NanoDrop 2000 and 2000c, BioRad) and were stored at
−70 °C until further use.

2.3. RT-PCR analysis

RNAs were analyzed for the detection of SARS-CoV-2 by RT-PCR
(CFX96, BioRad) using the Sansure RT-PCR kit (Sansure Biotech Inc.,
China). As described in the product manual, technical procedures car-
ried out, and interpretations of results were made. In brief, we set the
samples layout with RT-PCR protocol covering 45 cycles containing
FAM fluorescence select for ORF1ab, ROX for N gene as well as CY5 for
Internal control. As quality control measures, one positive control and
one negative control were also run to validate the test procedure. The
Novel Coronavirus (2019-nCoV) Nucleic Acid Diagnostic Kit (PCR-Fluo-
rescence Probing) is a real-time reverse transcription polymerase chain
reaction (rRT-PCR) test. The 2019-nCoV primer and probe set(s) is de-
signed to detect RNA from SARS-CoV-2.

2.4. Methods for gene copies calculations

We used qualitative estimation of gene copies per unit of sample
volume based on the correlation of the CT value to copy numbers pro-
vided by the Sansure kit that was used for the gene detection. Correla-
tion diagram was prepared using the principle of 3.3 CT change
equivalence to the 10-fold change in gene copies as described by
Kumar et al. (2020a, 2020b). For relative quantification, we quantified
extracted RNA of the SARS-Cov-2 positive samples and calculated the
enrichment factor based on the least Ct value that has been described
to contain 200 gene copies as per the Sansure kit protocol. A gradient
with various dilutions was prepared to get linear regression lines

Image of Fig. 1


Table 1
Summary of the results of amplification cycles (Ct) of various sampledwastewater alongwith the distance of sampling in the vicinity of isolation center with 50 days temporal resolution
i.e. in between 10th July and 29th August 2020.

Source Distance 
(m) and 
Sample 
ID

Date of 
Sample 
collec�on

RNA Quan�ty Ct Value Gene Copies (gc/ml)

(Sansure Kit)
Conc.
(ng/μl)

Ra�o 
(260/280)

FAM ROX Cy5 FAM ROX Cy5
ORF1ab N gene RnaseP ORF1ab N gene RnaseP

Drain 1 100 (D1-1) 18-08-2020 12.42 1.97 34.69 32.25 37.91 524 1,385 725
29-08-2020 25.5 1.95 ND ND 36.42 ND ND 1747

200(D1-2) 17-08-2020 12.37 1.99 40.72 ND 36.95 14 ND 1277
300(D1-3) 07-08-2020 24.68 1.92 ND ND ND ND ND ND
400(D1-4) 26-08-2020 12.23 2 39.43 ND ND 31 ND ND

Drain 2 200 (D2-2) 18-08-2020 13.18 1.92 36.94 35.78 37.57 137 153 886
400 (D2-4) 26-08-2020 14.37 2.01 ND ND 36.14 ND ND 2060

Drain 3 200 (D3-2) 17-08-2020 17.47 1.97 36.78 35.82 39.08 151 149 363
18-08-2020 22.61 1.98 22.35 20.42 32.3 827,624 2,225,489 19863

300 (D3-3) 17-08-2020 15.97 1.92 31.03 29.03 37.08 4,655 10,330 11863
26-08-2020 22.16 1.99 32.85 30.47 40.13 1,571 4,206 196

400 (D3-4) 26-07-2020 15.31 1.95 32.84 30.35 34.52 1,581 4,533 5359
Canal NTS 10-07-2020 27.31 1.97 40.77 39.38 38.79 14 16 431

26-08-2020 18.14 2 32.18 30.18 35.32 2,344 5,040 3343
Main 
Sewer

NTS 07-08-2020 24.63 1.96 ND ND ND ND ND ND
18-08-2020 16 1.94 34.85 33.24 37.94 476 747 712

NTS = Distance not to scale; ND: Not Detected.
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between Ct values and gene copies, and then each obtained Ct values
from RT-PCR were converted into gene copies per ml of the sample.

3. Results and discussion

A summary of the results of amplification cycles (Ct) of various sam-
pled water along with the distance of sampling in the vicinity of isola-
tion centre with 50 days temporal resolution i.e. in between 10th July
Fig. 2. Amplification plots obtained through RT-PCR in
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and 29th August 2020 has been presented in Table 1 and amplification
plots obtained through RT-PCR illustrating temporal variation through
Ct value in various sampling drains, (a) Drain 1 (b) Drain 2 (c) Drain
3, and (d) Main sewer is presented in Fig. 2.

Table 1 summarizes the Ct values obtained during the wastewater
monitoring which ranged between 20.42 and 39.38 for N genes which
correspond to 10,000 gc/ml to not detected, and 22.35 (8620 gc/ml) to
40.72 (ND) for ORF1ab genes, implying a huge variation in gene copies
the samples from the drains and the main canal.

Unlabelled image
Image of Fig. 2
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Fig. 3. Box-whisker plot illustrating the Ct-value variations of three genes for the entire
monitoring period along with the outliers.
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of SARS-CoV-2. Interestingly as their lowest and highest values belong
to corresponding samples of the same date i.e. 17th and 26th August,
it seems sewer systems played a critical factor in WWSoC-19. Other
than this anomaly, 17th August samples exhibited higher loading of ge-
netic material than 29th August 2020, while the number of patients in
the containment remained the same during the monitoring period.
This emphasizes the fact that just becoming COVID-19 positive is not a
measure of the viruses shedding by the infected person, but perhaps
the state of infection matters. It is easy to speculate that with each day
passing owing to aggressive testing and capacity building of carrying
out the tests, early detections of COVID-19 positive people were hap-
pening, and thus probably it is reflecting on the genetic load. Moreover,
temporal environmental variations due to huge rainfall with tempera-
ture and humidity fluctuations along with inadequate sewage treat-
ment might have an insignificant impact on the quantitative
variations of SARS-CoV-2 viral genetic material.

As far as different characteristics of sampled drains are concerned, as
depicted in Fig. 2, drain 3 seems to carry the greater RNA load of
SARS-CoV-2 followed by drain 2 and drain 1. Although dissimilarities
observed between the primary drainage line (drain samples) and sec-
ondary drainage system (canal) and tertiary drainage system (main
sewer), however, a trend of higher genetic material loading in the sec-
ondary and tertiary system was also found. This is a unique finding
where gene accumulation has been observed instead of the general ex-
pectation of dilution in the larger sewer system. The probable reason-
ing, other than the accumulation of loading from various drains of
the isolation centre, in support of this observation can be the addi-
tional contribution of RNA excreted from the asymptomatic patient
as well as yet to be diagnosed people into the sewer system.

The Ct values of different genes are presented as Box and Whisker
plots in Fig. 3. The average calculated for different genes viz. ORF1ab,
N genes, and RNase P were found to be 34.62, 31.69 and 36.93, respec-
tively. N genes showed the lowest Ct values, followed by ORF1 ab and
RNase P. Also, 50% Ct values (Q1 and Q2) were ranged between 29.03
and 31.36 for N genes and 31.03 to 34.78 for ORF1ab. We employed
the distance factor in our sampling strategies and the results are pre-
sented in Fig. 4. While drain 3, in general showed the increased concen-
tration of ORF1ab and N genes, drain 1 did not follow a consistent trend
in genetic material loading of SARS-CoV-2 along with the distance. We
tend to propose that probably distance inmeters is not likely of a critical
factor capable of producing a trend. However, it will be interesting to in-
vestigate the variation in results. If wastewater travels downstream
more than 400 m in open drain or if sewer pipes are extended beyond
400 m.
5

Table 2 shows a comparative analysis of the monitoring period, per-
centage of positive samples detected, and range of Ct-value along with
their reference (Ahmed et al., 2020a; Balboa et al., 2020; Kocamemi
et al., 2020; Kumar et al., 2020a, 2020b, 2020c; Medema et al., 2020;
Rimoldi et al., 2020;Wu et al., 2020;Wurtzer et al., 2020a). One finding
stands out on this comparison is the Ct value of 20.42 which corre-
sponds to much higher genetic material loading of SARS-CoV-2 than
any other study reported. This may be because we sampled in the vicin-
ity of the isolation centre, while other studies compared in Table 2 have
reported the values from the wastewater treatment plant. Overall, we
successfully detected ORF1ab and N protein genes from thewastewater
samples of Bangladesh, which is for the first time, reported the data
from the containment centre. Our study provides an opportunity to pro-
duce a realistic coefficient in the future for the conversion of geneticma-
terial loading with the number of infected people in the community.

Further, referring to the limitations of the present study, surrogate
samples were sent to other laboratories to check how precisely the
Sansure kit data matches with others. We also tested the filtration
methods to check the efficiency of the PEG method used in this study.
Although, Hata and Honda (2020) reported a high efficiency of the
PEG method in wastewater collected from Japan, and the same has
been found true by Kumar et al. (2020a) while testing the sample con-
centration efficiency between PEG and filtration. While lack of supply
always poses critical challenges in any research, during the lockdown
we could not find a supply of MS2, as used by Kumar et al. (2020a) or
could perform the whole process control (WPC) together with MPC as
recommended by Haramoto et al. (2020). We had to use a swab sample
of a symptomatic person as our control as indicated by CY-5 as quality
control of our analyses, which makes sense and provides a low-cost
control for such analyses, yet it may be controversial, less precise and
sometimes comes negative as the case in a few samples in our case
(drain 1 samples at 300 and 400 m and main sewer sample on 07th
and 26th August). By applying fluorescence quantitative RT-PCR
technology, this test utilized the novel Covid-19ORF1ab and the spe-
cific conserved sequence of coding nucleocapsid protein N gene as
the target regions, which were designed for conserved sequences
of the double target genes to achieve detection of wastewater sam-
ples RNA through fluorescent signal changes. The PCR detection sys-
tem used the positive internal control, which monitors the presence of
PCR inhibitors in test samples by detectingwhether the internal control
signal is normal, to avoid a false negative result when used for human
RT-PCR experiments. In our experiments withwastewater, few samples
were negative for CY5, indicating that the human gene RNase P gene
was missing in the samples. Hence it has been noted that the human
RNase P gene is more vulnerable to degradation than Covid-19 viral
genes.

In the present study, we also abstained from putting any semi-
quantitative calculation of gene copies due to lack of enough replicates,
kit intended for the human sample, as well as uncertainties involving
RT-PCR (Stuart et al., 2014). Nevertheless, the bottom line is that the
patterns of obtained Ct values suggest successful detection of SARS-
CoV-2 RNA from the wastewater samples in Bangladesh. Also, their in-
creasing abundance in tertiary drain demonstrated that it is not difficult
to employ the COVID-19 surveillance through wastewater in the sewer
systems to know the community health aswe probably do not need ex-
tensive and rigorous sampling. However, the major drains may be
enough to use the capability of wastewater-based epidemiology in
south-Asian settings.

Pertaining to the limitation of this study, the sampling design strat-
egies, influences of environmental factors, the contribution of viral
loads other than the symptomatic/asymptomatic patients at the isola-
tion centre, as well as the condition of sewer (canals/drains) system
are not explicitly characterised. It may also be argued that the assump-
tion that the discharge from the isolation centre is constant due to the
constant number of COVID-19 patients, can introduce a bias in the inter-
pretation. This biasness discussion is far-fetching asWBE capabilities are

Image of Fig. 3


Table 2
Comparative positive sample and the range of Ct value reported of ORF-lab genes of SARS-CoV-2 in the wastewater of various countries.

Country Period of examination Positive sample from total samples Ct Reference

Italy 14/04/2020–22/04/2020 4(12) – (Rimoldi et al., 2020)
Spain 06/04/2020–21/04/2020 7(7) 33.61–39.60 (Balboa et al., 2020)
Turkey 21/04/2020–25/04/2020 7(9) 34.67–39.54 (Kocamemi et al., 2020)
Netherlands 05/02/2020–16/03/2020 10(24) – (Medema et al., 2020)
France 05/03/2020–23/04/2020 100% of samples – (Wurtzer et al., 2020a)
Australia 20/03/2020–01/04/2020 2(9) 37.5–39 (Ahmed et al., 2020a)
U.S.A. 08/01/2020–25/03/2020 10(12) 33.87–38.39 (Wu et al., 2020)
India 04/05/2020–12/06/2020 100% of samples 32.65–34.18 (Kumar et al., 2020a)
Israel 10/03/2020–21/04/2020 10(26) 32.76–38.5
Bangladesh 10/07/2020–29/08/2020 12 (16) 20.42–40.77 (Present study, 2020)

Fig. 4. Trend in genetic material loading of SARS-CoV-2 along with the distance.
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too limited to determine the number of viruses being shredded from the
patients (before, during and after COVID-19 infection). Thus the obser-
vation still holds fairly well with or without that assumption.

Further, since the sampling of different parts of the network were
not sampled on the same day, another argument is quite possible
about the validity of RNA loading comparisons among different dates.
However, the focus of the present studywas to understand the distance
impact on SARS-CoV-2 gene loading along with the sewage network
under the preview of possible decay/accumulation of the same in a
given sewer network.We put effort to generate information on the per-
tinent question related to theminimum number of samples required in
a given sewer network of the community. Such informationwill be vital
for the promotion ofWBE study for COVID-19. To the best of our knowl-
edge, this is the first- ever study aimed at understanding the accumula-
tion and decay of SARS-CoV-2 in a sewer/ drain system that can be
helpful in triggering further research, and comparisons on decay/accu-
mulation alongwith the drainage system, which is vital for ascertaining
monitoring locations for COVID-19.

4. Conclusions

While thewastewater surveillance of COVID-19 has been focused on
wastewater treatment plantsworldwide, we have opted for drainwater
monitoring in the vicinity of the isolation centre, which is the first of its
kind. Apart from this is the first detection report of SARS-CoV-2 RNA in
thewastewaters of Bangladesh. Further, the uniqueness of the study has
been the tracing of the genetic load in the vicinity of the isolation centre
that contains almost the constant number with 200 COVID-19 patients,
which takes the variable of the number of infected persons out of the
equation. This has been the key feature of this study as most of the
study reported worldwide has either reported total infected person in
the city or country. There has been a complete lack of infected person in-
formation contributing to the total genetic load to the sampled waste-
water. We have found about 75% of our sampled water positive based
on the absence or presence of ORF1ab gene. However, the critical obser-
vation has been the temporal variation where small drains showed an
easing of the genetic load,while the bigger canal, andmain sewer exhib-
ited temporal accumulation of SARS-CoV-2 RNA genetic materials. On
the other hand, the distance of sampling location appears to be insignif-
icant from the perspective of wastewater surveillance of COVID-19. We
intend to analyze further samples taken in June, July, and August and
preserved to shed further light on the temporal variation and decay/ac-
cumulation processes of the genetic load of the SARS-CoV-2.

Ethics statement

The work did not involve any human subject and animal
experiments.

CRediT authorship contribution statement

Firoz Ahmed: Conceptualization, Formal analysis, Funding acquisi-
tion, Investigation, Methodology, Project administration, Supervision,
Writing – review & editing. Md. Aminul Islam: Conceptualization,
Data curation, Formal analysis, Investigation, Methodology, Validation,
Writing – original draft, Writing – review & editing. Manish Kumar:
Conceptualization, Visualization, Methodology, Data curation, Formal
analysis, Writing – original draft. Maqsud Hossain: Conceptualization,
Formal analysis, Resources. ProsunBhattacharya:Data curation,Meth-
odology, Project administration.Md. Tahmidul Islam: Project adminis-
tration, Funding acquisition. Foysal Hossen: Data curation,
Investigation, Visualization. Md. Shahadat Hossain: Data curation.
Md. Sydul Islam: Data curation, Software, Visualization, Writing – re-
view & editing. Md. Main Uddin: Investigation, Validation, Writing –
original draft. Md. Nur Islam: Data curation, Investigation, Software.
Newaz Mohammed Bahadur: Funding acquisition, Writing – review
7

& editing. Md. Didar-ul-Alam: Writing – review & editing. Hasan
Mahmud Reza:Writing – review & editing.Md. Jakariya: Conceptuali-
zation, Funding acquisition, Project administration, Supervision.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

We acknowledge the sincere help extended by several COVID-19
Diagnostic Lab Volunteers to name a few are: Md. Shariful Islam, Md.
Sahedul Islam, MD. Amzad Hossain, Mahmudul Islam Rakib, Golam
Shamdani, Amor Chandra Nath, and Md. Julker Nyne, of Noakhali
Science and Technology University, Bangladesh.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.145724.

References

Ahmed, W., Angel, N., Edson, J., Bibby, K., Bivins, A., O’Brien, J.W., Choi, P.M., Kitajima, M.,
Simpson, S.L., Li, J., Tscharke, B., Verhagen, R., Smith, W.J.M., Zaugg, J., Dierens, L.,
Hugenholtz, P., Thomas, K.V., Mueller, J.F., 2020a. First confirmed detection of SARS-
CoV-2 in untreated wastewater in Australia: a proof of concept for the wastewater
surveillance of COVID-19 in the community. Sci. Total Environ. 728. https://doi.org/
10.1016/j.scitotenv.2020.138764.

Ahmed, W., Bertsch, P.M., Bivins, A., Bibby, K., Farkas, K., Gathercole, A., Haramoto, E.,
Gyawali, P., Korajkic, A., McMinn, B.R., Mueller, J.F., Simpson, S.L., Smith, W.J.M.,
Symonds, E.M., Thomas, K.V., Verhagen, R., Kitajima, M., 2020b. Comparison of virus
concentration methods for the RT-qPCR-based recovery of murine hepatitis virus, a
surrogate for SARS-CoV-2 from untreated wastewater. Sci. Total Environ. 739.
https://doi.org/10.1016/j.scitotenv.2020.139960.

Balboa, S., Mauricio-Iglesias, M., Rodríguez, S., Martínez-Lamas, L., Vasallo, F.J., Regueiro,
B., Lema, J.M., 2020. The fate of SARS-CoV-2 in wastewater treatment plants points
out the sludge line as a suitable spot for incidence monitoring. medRxiv https://doi.
org/10.1101/2020.05.25.20112706.

Barcelo, D., 2020a.Wastewater-based epidemiology tomonitor COVID-19 outbreak: pres-
ent and future diagnostic methods to be in your radar. Case Stud. Chem. Environ. Eng.
2. https://doi.org/10.1016/j.cscee.2020.100042.

Barcelo, D., 2020b. An environmental and health perspective for COVID-19 outbreak: me-
teorology and air quality influence, sewage epidemiology indicator, hospitals disin-
fection, drug therapies and recommendations. J. Environ. Chem. Eng. https://doi.
org/10.1016/j.jece.2020.104006.

Bivins, A., North, D., Ahmad, A., Ahmed, W., Alm, E., Been, F., Bhattacharya, P., Bijlsma, L.,
Boehm, A.B., Brown, J., Buttiglieri, G., Calabro, V., Carducci, A., Castiglioni, S., Cetecioglu
Gurol, Z., Chakraborty, S., Costa, F., Curcio, S., De Los Reyes, F.L., Delgado Vela, J.,
Farkas, K., Fernandez-Casi, X., Gerba, C., Gerrity, D., Girones, R., Gonzalez, R.,
Haramoto, E., Harris, A., Holden, P.A., Islam, M.T., Jones, D.L., Kasprzyk-Hordern, B.,
Kitajima, M., Kotlarz, N., Kumar, M., Kuroda, K., La Rosa, G., Malpei, F., Mautus, M.,
McLellan, S.L., Medema, G., Meschke, J.S., Mueller, J., Newton, R.J., Nilsson, D., Noble,
R.T., Van Nuijs, A., Peccia, J., Perkins, T.A., Pickering, A.J., Rose, J., Sanchez, G., Smith,
A., Stadler, L., Stauber, C., Thomas, K., Van Der Voorn, T., Wigginton, K., Zhu, K.,
Bibby, K., 2020. Wastewater-based epidemiology: global collaborative to maximize
contributions in the fight against COVID-19. Environ. Sci. Technol. https://doi.org/
10.1021/acs.est.0c02388.

Haramoto, E., Malla, B., Thakali, O., Kitajima, M., 2020. First environmental surveillance for
the presence of SARS-CoV-2 RNA in wastewater and river water in Japan. Sci. Total
Environ. 737, 140405. https://doi.org/10.1016/j.scitotenv.2020.140405 In this issue.

Hata, A., Honda, R., 2020. Potential sensitivity of wastewater monitoring for SARS-CoV-2:
comparison with norovirus cases. Environ. Sci. Technol. https://doi.org/10.1021/acs.
est.0c02271.

Kocamemi, B.A., Kurt, H., Hacioglu, S., Yarali, C., Saatci, A.M., Pakdemirli, B., 2020. First
data-set on SARS-CoV-2 detection for Istanbul wastewaters in Turkey. medRxiv
https://doi.org/10.1101/2020.05.03.20089417.

Kumar, M., Patel, A.K., Shah, A.V., Raval, J., Rajpara, N., Joshi, M., Joshi, C.G., 2020a. First
proof of the capability of wastewater surveillance for COVID-19 in India through de-
tection of genetic material of SARS-CoV-2. Sci. Total Environ. 746. https://doi.org/
10.1016/j.scitotenv.2020.141326.

Kumar, M., Mohapatra, S., Mazumder, P., Singh, A., Honda, R., Kumari, R., Goswami, R., Jha,
P.K., Vithanage, M., Kuroda, K., Chuxia, 2020b. Making waves perspectives of model-
ing and monitoring of SARS-CoV-2 in aquatic environment for COVID-19 pandemic.
Curr. Pollution Rep. https://doi.org/10.1007/s40726-020-00161-5.

Kumar, M., Thakur, A.K., Mazumder, P., Kuroda, K., Mohapatra, S., Rinklebe, J.,
Ramanathan, A., Cetecioglu, Z., Jain, S., Tyagi, V.K., Gikas, P., Chakraborty, S.,

https://doi.org/10.1016/j.scitotenv.2021.145724
https://doi.org/10.1016/j.scitotenv.2021.145724
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.scitotenv.2020.139960
https://doi.org/10.1101/2020.05.25.20112706
https://doi.org/10.1101/2020.05.25.20112706
https://doi.org/10.1016/j.cscee.2020.100042
https://doi.org/10.1016/j.jece.2020.104006
https://doi.org/10.1016/j.jece.2020.104006
https://doi.org/10.1021/acs.est.0c02388
https://doi.org/10.1021/acs.est.0c02388
https://doi.org/10.1016/j.scitotenv.2020.140405
https://doi.org/10.1021/acs.est.0c02271
https://doi.org/10.1021/acs.est.0c02271
https://doi.org/10.1101/2020.05.03.20089417
https://doi.org/10.1016/j.scitotenv.2020.141326
https://doi.org/10.1016/j.scitotenv.2020.141326
https://doi.org/10.1007/s40726-020-00161-5


F. Ahmed, M.A. Islam, M. Kumar et al. Science of the Total Environment 776 (2021) 145724
Tahmidul Islam, M., Ahmad, A., Shah, A.V., Patel, A.K., Watanabe, T., Vithanage, M.,
Bibby, K., Kitajima, M., Bhattacharya, P., 2020c. Frontier review on the propensity
and repercussion of SARS-CoV-2 migration to aquatic environment. J. Hazard.
Mater. Lett. 1. https://doi.org/10.1016/j.hazl.2020.100001.

Kumar, M., Kuroda, K., Patel, A.K., Patel, N., Bhattacharya, P., Joshi, M., Joshi, C.G., 2021.
Decay of SARS-CoV-2 RNA along the wastewater treatment outfitted with upflow an-
aerobic sludge blanket (UASB) system evaluated through two sample concentration
techniques. Sci. Total Environ. 754. https://doi.org/10.1016/j.scitotenv.2020.142329.

La Rosa, G., Iaconelli, M., Mancini, P., Bonanno Ferraro, G., Veneri, C., Bonadonna, L.,
Lucentini, L., Suffredini, E., 2020. First detection of SARS-CoV-2 in untreatedwastewa-
ters in Italy. Sci. Total Environ. 736. https://doi.org/10.1016/j.scitotenv.2020.139652.

Lescure, F.X., Bouadma, L., Nguyen, D., Parisey, M., Wicky, P.H., Behillil, S., Gaymard, A.,
Bouscambert-Duchamp, M., Donati, F., Le Hingrat, Q., Enouf, V., Houhou-Fidouh, N.,
Valette, M., Mailles, A., Lucet, J.C., Mentre, F., Duval, X., Descamps, D., Malvy, D.,
Timsit, J.F., Lina, B., van der Werf, S., Yazdanpanah, Y., 2020. Clinical and virological
data of the first cases of COVID-19 in Europe: a case series. Lancet Infect. Dis. 20.
https://doi.org/10.1016/S1473-3099(20)30200-0.

Lodder, W., de Roda Husman, A.M., 2020. SARS-CoV-2 in wastewater: potential health
risk, but also data source. Lancet Gastroenterol. Hepatol. https://doi.org/10.1016/
S2468-1253(20)30087-X.

Medema, G., Heijnen, L., Elsinga, G., Italiaander, R., Brouwer, A., 2020. Presence of SARS-
coronavirus-2 RNA in sewage and correlation with reported COVID-19 prevalence
in the early stage of the epidemic in the Netherlands. Environ. Sci. Technol. Lett. 7.
https://doi.org/10.1021/acs.estlett.0c00357.

Nemudryi, A., Nemudraia, A., Wiegand, T., Surya, K., Buyukyoruk, M., Cicha, C.,
Vanderwood, K.K., Wilkinson, R., Wiedenheft, B., 2020. Temporal detection and phy-
logenetic assessment of SARS-CoV-2 inmunicipal wastewater. Cell Rep. Med., 100098
https://doi.org/10.1016/j.xcrm.2020.100098 In this issue.

Orive, G., Lertxundi, U., Barceló, D., 2020. Do we really need to invoke heroic measures for
early SARS-CoV-2 outbreak detection? Eur. J. Epidemiol. https://doi.org/10.1007/
s10654-020-00654-z.

Pan, Y., Zhang, D., Yang, P., Poon, L.L.M., Wang, Q., 2020. Viral load of SARS-CoV-2 in clin-
ical samples. Lancet Infect. Dis. https://doi.org/10.1016/S1473-3099(20)30113-4.

Prevost, B., Lucas, F.S., Goncalves, A., Richard, F., Moulin, L., Wurtzer, S., 2015. Large scale
survey of enteric viruses in river and waste water underlines the health status of the
local population. Environ. Int. 79. https://doi.org/10.1016/j.envint.2015.03.004.

Randazzo, W., Truchado, P., Cuevas-Ferrando, E., Simón, P., Allende, A., Sánchez, G., 2020.
SARS-CoV-2 RNA in wastewater anticipated COVID-19 occurrence in a low preva-
lence area. Water Res. 181. https://doi.org/10.1016/j.watres.2020.115942.

Rimoldi, S.G., Stefani, F., Gigantiello, A., Polesello, S., Comandatore, F., Mileto, D., Maresca,
M., Longobardi, C., Mancon, A., Romeri, F., Pagani, C., Moja, L., Gismondo, M.R.,
Salerno, F., 2020. Presence and vitality of SARS-CoV-2 virus inwastewaters and rivers.
Sci. Total Environ. 744 (140911).
8

Sherchan, S.P., Shahin, S., Ward, L.M., Tandukar, S., Aw, T.G., Schmitz, B., Ahmed, W.,
Kitajima, M., 2020. First detection of SARS-CoV-2 RNA in wastewater in North
America: a study in Louisiana, USA. Sci. Total Environ. 743. https://doi.org/10.1016/
j.scitotenv.2020.140621.

Stuart, J.I., Delport, J., Lannigan, R., Zahariadis, G., 2014. Determination of real-time poly-
merase chain reaction uncertainty of measurement using replicate analysis and a
graphical user interface with Fieller’s theorem. Can. J. Infect. Dis. Med. Microbiol. 25
(4), 207–210. https://doi.org/10.1155/2014/404517.

Tang, A., Tong, Z., Wang, H., Dai, Y., Li, K., Liu, J., Wu,W., Yuan, C., Yu, M., Li, P., Yan, J., 2020.
Detection of novel coronavirus by RT-PCR in stool specimen from asymptomatic
child. China. Emerg. Infect. Dis. 26. https://doi.org/10.3201/eid2606.200301.

Tran, H.N., et al., 2021. SARS-CoV-2 coronavirus in water and wastewater: a critical re-
view about presence and concern. Environ. Res. 193, 110265. https://doi.org/
10.1016/j.envres.2020.110265.

Verbyla, M.E., Mihelcic, J.R., 2015. A review of virus removal in wastewater treatment
pond systems. Water Res. https://doi.org/10.1016/j.watres.2014.12.031.

Wölfel, R., Corman, V.M., Guggemos, W., Seilmaier, M., Zange, S., Müller, M.A., Niemeyer,
D., Jones, T.C., Vollmar, P., Rothe, C., Hoelscher, M., Bleicker, T., Brünink, S., Schneider,
J., Ehmann, R., Zwirglmaier, K., Drosten, C., Wendtner, C., 2020. Virological assessment
of hospitalized patients with COVID-2019. Nature 581. https://doi.org/10.1038/
s41586-020-2196-x.

Wu, Y., Guo, C., Tang, L., Hong, Z., Zhou, J., Dong, X., Yin, H., Xiao, Q., Tang, Y., Qu, X., Kuang,
L., Fang, X., Mishra, N., Lu, J., Shan, H., Jiang, G., Huang, X., 2020. Prolonged presence of
SARS-CoV-2 viral RNA in faecal samples. Lancet Gastroenterol. Hepatol. https://doi.
org/10.1016/S2468-1253(20)30083-2.

Wurtzer, S., Marechal, V., Mouchel, J.-M., Moulin, L., 2020a. Time course quantitative de-
tection of SARS-CoV-2 in Parisian wastewaters correlates with COVID-19 confirmed
cases. medRxiv https://doi.org/10.1101/2020.04.12.20062679.

Wurtzer, S., Marechal, V., Mouchel, J.M., Maday, Y., Teyssou, R., Richard, E., Almayrac, J.L.,
Moulin, L., 2020b. Evaluation of lockdown impact on SARS-CoV-2 dynamics through
viral genome quantification in Paris wastewaters. medRxiv https://doi.org/10.1101/
2020.04.12.20062679.

Xu, Y., Li, X., Zhu, B., Liang, H., Fang, C., Gong, Y., Guo, Q., Sun, X., Zhao, D., Shen, J., Zhang,
H., Liu, H., Xia, H., Tang, J., Zhang, K., Gong, S., 2020. Characteristics of pediatric SARS-
CoV-2 infection and potential evidence for persistent fecal viral shedding. Nat. Med.
26. https://doi.org/10.1038/s41591-020-0817-4.

Zhang, W., Du, R.H., Li, B., Zheng, X.S., Yang, X., Lou, Hu, B., Wang, Y.Y., Xiao, G.F., Yan, B.,
Shi, Z.L., Zhou, P., 2020. Molecular and serological investigation of 2019-nCoV in-
fected patients: implication of multiple shedding routes. Emerg. Microbes Infect. 9.
https://doi.org/10.1080/22221751.2020.1729071.

https://doi.org/10.1016/j.hazl.2020.100001
https://doi.org/10.1016/j.scitotenv.2020.142329
https://doi.org/10.1016/j.scitotenv.2020.139652
https://doi.org/10.1016/S1473-3099(20)30200-0
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1021/acs.estlett.0c00357
https://doi.org/10.1016/j.xcrm.2020.100098
https://doi.org/10.1007/s10654-020-00654-z
https://doi.org/10.1007/s10654-020-00654-z
https://doi.org/10.1016/S1473-3099(20)30113-4
https://doi.org/10.1016/j.envint.2015.03.004
https://doi.org/10.1016/j.watres.2020.115942
http://refhub.elsevier.com/S0048-9697(21)00791-9/rf0105
http://refhub.elsevier.com/S0048-9697(21)00791-9/rf0105
https://doi.org/10.1016/j.scitotenv.2020.140621
https://doi.org/10.1016/j.scitotenv.2020.140621
https://doi.org/10.1155/2014/404517
https://doi.org/10.3201/eid2606.200301
https://doi.org/10.1016/j.envres.2020.110265
https://doi.org/10.1016/j.envres.2020.110265
https://doi.org/10.1016/j.watres.2014.12.031
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1016/S2468-1253(20)30083-2
https://doi.org/10.1016/S2468-1253(20)30083-2
https://doi.org/10.1101/2020.04.12.20062679
https://doi.org/10.1101/2020.04.12.20062679
https://doi.org/10.1101/2020.04.12.20062679
https://doi.org/10.1038/s41591-020-0817-4
https://doi.org/10.1080/22221751.2020.1729071

	First detection of SARS-�CoV-�2 genetic material in the vicinity of COVID-�19 isolation Centre in Bangladesh: Variation alo...
	1. Introduction
	2. Material and methods
	2.1. Sampling
	2.2. Sample preparation, and procedure for the RNA extraction and concentration
	2.3. RT-PCR analysis
	2.4. Methods for gene copies calculations

	3. Results and discussion
	4. Conclusions
	Ethics statement
	CRediT authorship contribution statement
	Declaration of competing interest
	section12
	Acknowledgement
	Appendix A. Supplementary data
	References




