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ARTICLE INFO ABSTRACT
Keywords: Wastewater-based epidemiology (WBE) has emerged as a valuable approach for forecasting disease outbreaks in
Wastewater-based epidemiology (WBE) developed countries with a centralized sewage infrastructure. On the other hand, due to the absence of well-

Onsite sanitation
SARS-CoV-2 monitoring
National surveillance program

defined and systematic sewage networks, WBE is challenging to implement in developing countries like
Bangladesh where most people live in rural areas. Identification of appropriate locations for rural Hotspot Based
Rural Hotspot based sampling Sampling (HBS) and urban Drain Based Sampling (DBS) are critical to enable WBE based monitoring system. We
Urban Drain based sampling investigated the best sampling locations from both urban and rural areas in Bangladesh after evaluating the
Developing countries sanitation infrastructure for forecasting COVID-19 prevalence. A total of 168 wastewater samples were collected
from 14 districts of Bangladesh during each of the two peak pandemic seasons. RT-qPCR commercial kits were
used to target ORFlab and N genes. The presence of SARS-CoV-2 genetic materials was found in 98% (165/168)
and 95% (160/168) wastewater samples in the first and second round sampling, respectively. Although waste-
water effluents from both the marketplace and isolation center drains were found with the highest amount of
genetic materials according to the mixed model, quantifiable SARS-CoV-2 RNAs were also identified in the other
four sampling sites. Hence, wastewater samples of the marketplace in rural areas and isolation centers in urban
areas can be considered the appropriate sampling sites to detect contagion hotspots. This is the first complete
study to detect SARS-CoV-2 genetic components in wastewater samples collected from rural and urban areas for
monitoring the COVID-19 pandemic. The results based on the study revealed a correlation between viral copy
numbers in wastewater samples and SARS-CoV-2 positive cases reported by the Directorate General of Health
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Services (DGHS) as part of the national surveillance program for COVID-19 prevention. The findings of this study
will help in setting strategies and guidelines for the selection of appropriate sampling sites, which will facilitate
in development of comprehensive wastewater-based epidemiological systems for surveillance of rural and urban
areas of low-income countries with inadequate sewage infrastructure.

1. Introduction

The dynamic nature of SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus-2) infections, with a large number of confirmed cases
each day, has rendered individual testing difficult in some situations
(Fozouni et al., 2021; Rakib et al., 2021). In this context,
wastewater-based epidemiology (WBE) is considered a promising
method for population-level disease monitoring (Bivins et al., 2020;
Lodder and de Roda Husman, 2020; Medema et al., 2020; Nemudryi
et al., 2020). WBE approach relies on the detection of SARS-CoV-2 ge-
netic materials in wastewater and is widely applied based on the
collection of samples from wastewater treatment plants (WWTPs) in
countries with centralized sewage networks (Ahmed et al., 2020a;
2020b, 2020c; Amoah et al., 2022; Arora et al., 2020; Gonzalez et al.,
2020; Kumar et al., 2020, 2021a, 2021b; 2022; La Rosa et al., 2020;
Sherchan et al., 2020). This approach has not yet been widely applied in
countries without centralized sanitation facilities (D’ Aoust et al., 2021;
Bhattacharya et al., 2021; Haque et al., 2022). Around 90% of sanitation
facilities in developing countries are on-site systems and do not fully
benefit from current WBE approaches (Sagoe et al., 2019). As the
COVID-19 pandemic impacts both urban and rural areas, which rely on
onsite sanitation facilities, it has become essential to design a WBE
surveillance system for monitoring SARS-CoV-2 in decentralized facil-
ities, particularly in developing countries (Ekumah et al., 2020; Bhat-
tacharya et al., 2021; Vadiati et al., 2022; van der Voorn et al., 2021). A
number of previous studies have reported the detection of SARS-CoV-2
genetic materials from non-centralized sewage systems, including
river water, airport wastewater, hospital wastewater, market places, and
municipal drain wastewater (Haramoto et al., 2020). In Frankfurt,
Germany, whole-genome sequencing (WGS) of airport wastewater
samples confirmed the arrival of the Omicron variant in November 2021
(Agrawal et al., 2022). The rate of SARS-CoV-2 RNA in hospital waste-
water increased similarly to the rising number of hospitalized patients
with COVID-19 infection (Acosta et al., 2021). The SARS-CoV-2 RNA
genetic materials ORFlab, N, and S genes were detected in wastewater
of fresh markets in Bangkok, Thailand (Thongpradit et al., 2022).
COVID-19 genetic materials have been identified in the wastewater
drains of the isolation center in Noakhali, Bangladesh (Ahmed et al.,
2021; Islam et al., 2021a, 2021b; Jakariya et al., 2021). In addition, the
studies by Fongaro et al. (2021) revealed that SARS-CoV-2 genetic ma-
terials were absent in the upstream river water, but present in consid-
erable concentrations in the downstream river water with an average of
1.1 x 10? SARS-CoV-2 GC/mL. To overcome the limitations of utilizing
the promising WBE system in low-income countries where centralized
sanitation structure is absent, hot spots and sewer drain-based WBE
surveillance can be the best alternative solution prioritizing prompt
proxy measures on infectious and chronic diseases.

COVID-19 continues to be a global challenge as new variants of
SARS-CoV-2 emerge and challenge acquired immunity (Haque et al.,
2022; Islam et al., 2022). Bangladesh is one of the most populated
countries in the world with a population of 165 million (as of 15 April
2022), and population density of 1265 per square kilometer (World
meter, 2022). Bangladesh also has been fighting against COVID-19 since
the first reported case on March 08, 2020 (IEDCR, 2022; Islam et al.,
2021). As of April 13, 2022, the Government of Bangladesh (GoB) has
reported 1,952,109 confirmed cases, and 29,124 cases of fatality
(IEDCR, 2022). The COVID-19 positivity rate stands at 4.0% with an
average case fatality ratio of 1.0% (Reliefweb, 2022). The GoB continues

to recommend following COVID-19 regulations such as social
distancing, wearing masks in public areas, and maintaining hygiene. It is
also laudable that nearly 72% of the total population in Bangladesh has
received at least one dose of the COVID-19 vaccine and 49% are
vaccinated with the second dose (WHO, 2022). Despite the utmost effort
of the regulatory authorities to combat the COVID-19 pandemic, in-
stances of the severity of COVID-19 have been experienced in the rural
areas of Bangladesh, due to low coverage of the clinical diagnostic fa-
cilities. As an alternative approach, WBE would therefore provide a
cost-effective flexible signal as a proxy measure for the prevalence of
SARS-CoV-2 at the community level (Bhattacharya et al., 2021; Haque
et al., 2022).

Bangladesh being a developing country primarily relies upon on-site
sanitation systems that often lack statutory guidelines for installation
and monitoring regulations, causing the wastewater being directly dis-
charged to drain systems, particularly in the urban areas (Hossain et al.,
2021). In this regard, the study endeavored to assess sampling sites to
detect genetic materials of SARS-CoV-2 in decentralized wastewater
systems (Bhattacharya et al., 2021; Haque et al., 2022). The research
focused on identifying the sampling sites, which are the best represen-
tatives of the community for developing WBE as a tool in areas lacking
proper sewage system (Bhattacharya et al., 2021; Vadiati et al., 2022).
First, the study developed a drain-based sampling method for urban
areas of Bangladesh where only a drain system is available instead of a
centralized sewage system. Secondly, the study embarked on a
hotspot-based sampling to collect wastewater samples for the rural areas
where the drain system is unavailable. The study also proposed suitable
wastewater sampling sites for establishing WBE systems in developing
countries where proper sanitation facilities are absent.

2. Material and methods
2.1. Selection of sampling sites

This nationwide WBE surveillance study was carried out in 14 dis-
tricts covering all eight administrative divisions of Bangladesh. A total of
168 wastewater samples were collected (Fig. 1) from urban drains (n =
84) as well as outlets of onsite facilities in rural areas (n = 84) (see
Supplementary data; Table ST1 and ST2 for details). We collected
repeated samples from the same locations within an interval of two
months. The timeline was scheduled as the first round between
December 1 to December 5, 2020 whiles the second round was between
February 1 to February 5, 2021.

2.1.1. Drain-based sampling method (DBS)

A drain-based sample (DBS) method was employed for the urban
drainage catchment areas including city drain for household wastewater
discharges, isolation center of COVID-19 patients, and medical college/
hospital drain, (Ahmed et al., 2021).

2.1.2. Hotspot-based sampling (HBS)

Since drainage facilities were not available in rural areas, a hotspot-
based sampling (HBS) was carried out at the places with increased
transmission risk, more specifically, bus stand/railway stations, com-
munity ponds/rivers, and marketplaces were targeted to collect waste-
water. We implemented this strategy in all the four study regions, in the
northern, southern, central, and northeastern parts of Bangladesh.
During sampling, community places such as religious institutions,
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transportation terminals, community ponds, and canals commonly
accessed by the rural population were identified, since the social and
cultural traditions of different locations can influence the presence of the
genetic markers of the SARS-CoV-2 virus in wastewater.

2.2. Watewater sampling

The wastewater samples were collected from 168 locations in eight
divisions capturing the 14 major districts in Bangladesh. The selected
districts for sampling were Dhaka, Sylhet, Chittagong, Mymensingh,
Rajshahi, Khulna, Barisal, Rangpur, Habigang, Kishorgonj, Brahman-
baria, Gaibandha, and Cox’s Bazar, Cumilla. The specific sites were
identified to represent the majority of the COVID-19 affected population
located in the selected areas for sample collection (see Supplementary
data; Figure SF1, SF2 & Table ST1,ST2). Relevant physicochemical and
meteorological data were documented using a sample collection form
(Supplementary data; Table ST3 & Figure SF3). All wastewater samples
were collected at a fixed time in 500 mL autoclaved sampling bottles and
carried in the ice-box aseptically. Blank bottles without samples were
used to ascertain any contamination during transportation. All the lab-
oratory work and analyses were carried out at the COVID-19 Diagnostic
Lab, Department of Microbiology, Noakhali Science and Technology
University, (a government laboratory regularly monitored by IEDCR-
Institute of Epidemiology, Disease Control and Research and WHO-
World Health Organization). Since environmental conditions play an
important role in the stability of the SARS-CoV-2 genetic materials, the
pH and temperature of samples were measured using a portable pH
meter (Milwaukee) and a thermometer (TP-300) and documented in the
sample collection forms (Supplementary data; Figure SF3).
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2.3. Sample preparation

2.3.1. Concentration process

To remove coarse particles from the samples, we used Whatman
filter paper following the concentration technique as described in
Ahmed et al. (2021) and Kumar et al. (2020). The wastewater sample
(50 mL) was centrifuged at 4500 g for 30 min (Thermo Scientific), fol-
lowed by filtration of the supernatant using Himedia® 0.22 pm filters.
The polyethylene glycol (PEG) technique was used to concentrate each
sewage filtrate, where PEG 6000 (80 g/L) and NaCl (17.5 g/L) were
mixed in a 25 mL falcon tube and incubated overnight at a shaking speed
of 17 °C at 100 rpm. The mixture was centrifuged at 13000 g for 90 min
on the following day. After centrifugation, the supernatant was dis-
carded, and the pellet was suspended in 300 pL of RNase-free water.

2.3.2. RNA extraction procedure

A commercially available QIAamp® Viral RNA Mini Kit was used to
extract viral RNA in a different laboratory equipped with HEPA environ-
mental air controller within 4-5 h of sample collection. Freshly prepared
560 pL of AVL buffer containing carrier RNA was added to 140 pL
concentrated wastewater samples and incubated at room temperature for
10 min followed by addition of 560 pL ethanol (96-100%). 630 pL of the
solution was then transferred to the QIAamp Mini column and centrifuged
at 8000 rpm for 1 min. Subsequently, the QIAamp Mini column was placed
into a clean 2 mL collection tube. Afterwards, 500 pL buffer AW1 was
added and centrifuged at 8000 rpm for 1 min. After adding 500 pL buffer
AW2, the column was centrifuged at full speed at 14,000 rpm for 3 min.
Discarding the old collection tube with the filtrate, the QIAamp Mini
column was placed in a new 2 mL collection tube, and centrifuged at full
speed for 1 min. Finally, 60 pL buffer AVE was added and incubated at
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room temperature for 1 min and then centrifuged at 8000 rpm for 1 min to
collect the extracted RNA sample. Confirmed COVID-19 positive patient
samples (donated by NSTU Diagnostic Lab, GISAID accession ID- EPI -
ISL_1626483 to EPI_ISL_16264527) were used as an extraction control.
NanoDrop (Thermo Scientific TM Nano Drop 2000 and 2000c, BioRad)
was used to determine RNA concentrations, and then stored at —70 °C
until further use.

2.4. RT-PCR analysis

Extracted viral RNAs were analyzed without any storage to detect
SARS-CoV-2 by RT-qPCR (CFX 96, BioRad) using the RT-PCR kit (San-
sure Biotech Inc., China). Technical procedures were carried out as
described in the product manual, and the results were interpreted. In
brief, we had set the sample layout with RT-PCR protocol covering 45
cycles (Supplementary Table ST4) containing FAM fluorescence select
for ORFlab, ROX for N gene as well as CY5 for human RNase-p gene as
an internal control. The standard curve was used to quantify viral copy
numbers using the synthetic known copy number of selected genes
(2.00E+05 copies/pL) (Supplementary data; Figure SF4).

Before interpretation of RT-PCR results, all test controls (both posi-
tive and negative supplied with kit and RNA extracted control) were
confirmed, and data from any experiment with failed controls were
excluded. We independently validated the Ct value for each sample with
another kit (Supplementary data; Figure SF5). These two kits covered
two genes of SARS-COV-2, namely ORF1lab and N genes. The Sansure kit
uses the ORFlab, N gene, and RNase-p, while the kit manufactured by
BGI uses genes N and ORFlab. Both the kits used the ORFlab and N
genes, and the results were consistent with the variation of 5% with
respect to the presence of the genes (Supplementary data; Figure SF5).
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2.5. Statistical analysis

In terms of the abundances of generic components expressed by Ct
values, boxplots were generated to compare the data from urban and
rural settings. The expression of genetic materials data was fit with a
random intercept linear mixed model (LMM) after adjusting drain
availability, temperature and regions. This is used to examine overall
causes of variation in genetic material properties, i.e., to estimate and
interpret variance components (Trabzuni & Thomson, 2014). All clinical
data were collected from the dataset of Government COVID-19 positive
cases of the Directorate General of Health Services (DGHS) (IEDCR,
2022).

3. Results
3.1. Spatio-temporal distribution of SARS-CoV-2 genetic materials

The spatio-temporal distribution of SARS-CoV-2 genetic materials
investigated in the wastewater samples collected from the investigated
urban and rural areas are presented in Fig. 2. During the two different
rounds of sampling, a total of 161 samples corresponding to 96% of the
sampled wastewaters were found positive for the presence of SARS-CoV-
2 genetic materials with the varying number of individual gene markers.

Among the 84 analyzed wastewater samples, 95% of samples were
found positive for at least one target of SARS-CoV-2 genes (ORFlab or
N), from 14 districts during the first round of sampling (December 1 to
December 5, 2020). The presence of two genes ORFlab and N genes
were found in 21% of samples, the human RNase-p was identified in
12% of samples, and both ORFlab and human RNase-p were found in
18% of samples (Fig. 3A). The Ct value noted for the wastewater samples
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varied within a range between 34.5 and 37.5 (Fig. 2A).

In the second round of sampling (February 1 to February 5, 2020),
98% of the samples were positive for ORFlab or N gene. Both ORFlab
and N genes were detected in 10% of samples, N and human RNase-p
genes in 19%, and ORFlab, and human RNase-p genes in 19% of sam-
ples. The average Ct value observed in the samples analyzed during the
second round was also similar to the first-round samples (Fig. 2B). The
presence of SARS-CoV-2 genetic material was thus observed in both
urban and rural areas during both rounds (Fig. 3B).

In the second-round wastewater samples, the number of SARS-CoV-2
genes was higher than first-round samples. whereas the number of
ORFlab number genes were highest in both first (62/168) and second
(63/168) round samples while the control gene, RNase-p was found to
be lowest (Supplementary data; Figure SF6).

3.2. Comparison of the abundance of SARS-CoV-2 genetic materials in
wastewater samples between urban and rural areas

For rural areas, the marketplace samples showed a consistent pres-
ence of SARS-CoV-2 RNA (Fig. 4A). In urban areas, COVID-19 isolation
centers showed a constant presence of viral RNA genetic materials
(Fig. 4B). We detected the lowest Ct values, corresponding to the highest
number of gene copies (GC) in the Gaibandha marketplace (Ct: 29.57;
5570 GC/100 mL), while the highest Ct was found in the Mymensingh
marketplace (Ct: 37.44; 458 GC/100 mL). The genetic materials of
SARS-CoV-2 was found in wastewater samples collected from all the
isolation centers, the lowest Ct value in Chittagong Isolation Center (Ct:
26.44; 7440 GC/100 mL) and the highest identified in the Rangpur
Isolation Center (Ct: 39.33; 750 GC/100 mL). These findings reveal that
the correlation between Ct values and the viral genomic copies follows
the prevalence of COVID-19 among the population in selected areas (p

Gene
Sylhet = = E== RNase-p
HE N
ES= ORFlab
Rangpur FT G = A
L]
Rajshahi _-_i —
%) —
€ Mymensingh 0 !5
Re
L
(]
Dhaka
L] L)
Chattogram L 20 5
"
Barishal _EEP__E‘_
®
2x103 3x103 4x103 5x103

Environmental Pollution 311 (2022) 119679

= 0.03) as reported by DGHS (IEDCR, 2022).

We used a similar procedure for direct testing of genetic materials in
the marketplace of rural areas and the isolation centers in urban areas
where we did not find any significant changes (Fig. 5).

3.3. Linear mixed modeling (LMM) for data analysis

We employed six random intercept linear mixed models to fit the
expression of genetic materials after adjusting drain availability, region
location, and temperature (Table 1). The data for the regions without
drain was collected from rural marketplaces. In the model, the two
rounds of data collection were treated as random. The results show that
drain availability has a nearly significant impact on the ORFlab and N
genes (ORFlab: beta = 0.86, p-value = 0.087 and N: beta = 0.937, p-
value = 0.062). A distinct variation was observed in the copy numbers of
SARS-CoV-2 ORFlab and N genes due to geographical characteristics.
Despite the fact that there was no statistically significant difference in Ct
values between the southern and northern regions, the coefficient of Ct
value shows that the southern region (N: beta = —0.988, p-value =
0.180) had lower values. Similarly, the CN in the wastewaters from the
central region (ORF1lab: beta = —0.200, p-value = 0.180) and the north-
eastern region (ORFlab: beta = —0.217, p-value = 0.154) do not differ
significantly from the northern region. It is also observed that the Ct
value based on the ORFlab expression in the wastewater samples from
drained areas was higher by 0.86 units as compared to the samples from
areas without drain. When comparing the sampling areas with or
without drainage, we found significant difference in ORFlab and N gene
expression values. Furthermore, no significant differences are observed
for ORFlab and N-genes in the studied regions with temperature. The
detected SARS-CoV-2 genome copy numbers in marketplace samples
correlate well with the prevalent epidemic conditions as revealed by the
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Fig. 3. Distribution of copy numbers of three SARS-CoV-2 genetic markers in eight divisions. A) First-round sampling from December 1 to December 5, 2020.
Chittagong and Rangpur divisions had the lowest range of Ct values for the samples collected during first round sampling. B) Second round sampling from February 1
to 5, 2021. Dhaka, Chittagong, and Mymensingh revealed the lowest Ct values during the second-round sampling.



Md. Jakariya et al.

Environmental Pollution 311 (2022) 119679

Bus Stand/ Rail station

City Drain Effluent

Gene B3 N H@ ORF1ab

M

Northern

Gene copy number (GC/100 mL)

Southern Central  Northeast Northern

Communal Pond/River

: 4 . . . . . . .

£ Gene $ N — ORF1ab A

o 3.5

o

i

S~

U .

e , ] .

S

[+)) f—

2 [

E 25

= °

= q

2

o ? l

(9]

2 . : ; S, s TR

@ . : . . : : . . B . —

LD Northern Southern ~ Central  Northeast Northern ~ Southern  Central Northeast Northern  Southern Central Northeast
Region Region Region Region Region Region Region Region Region Region Region Region

Regions

Isolation Center Drain Effluent

i eyl

Southern
Region Region Region Region Region Region

Regions

Market Place

Medical College Drain Wastage

B

Central Northeast Northern Southern Central Northeast
Region Region Region Region Region Region

Fig. 4. A) Comparison of N- and ORFlab gene copy numbers in the drain outlets of bus stand/rail station, community pond/river, pond/river, and marketplace in
rural areas. The marketplace showed consistency of the genetic markers in the rural areas, whereas the bus stands, railway stations, community ponds, and rivers
showed a slight variation in the number of SARS-CoV-2 genetic markers different areas. B) Comparison of N and ORFlab genes in city drain, isolation center, and
medical college drain effluents in urban areas. Here the isolation center showed consistency of genetic materials, whereas the city drains and medical college showed

a slight variation in four regions.
national database of clinical diagnosis.

3.4. Concordance of SARS-CoV-2 genetic markers in wastewater with
confirmed cases of COVID-19 in different districts

The percentage of confirmed cases was in concordance with the CNs
of the wastewater genetic materials of SARS-CoV-2 in different districts
during sampling periods. This finding indicated the positive relationship
of CN of individual genetic materials with confirmed cases in various
study areas (Fig. 6). Highest CN (5570/100 mL) were found in
marketplace of Gaibandha and the number of confirmed cases was 7343
while the lowest copy number in communal pond (3350/100 mL) cor-
relates with the registered 4960COVID-19 cases in Habigonj.

4. Discussion

Wastewater-based epidemiology (WBE) is an effective technique for
assessing disease prevalence at the community level, as samples can be
obtained simply from a free-flowing effluent in a centralized sewage
system (Amoah et al., 2022; Prado et al., 2021; Bhattacharya et al.,
2021; Haque et al., 2022). However, considering the current global
spread of SARS-CoV-2, it is essential to expand the scope of WBE to
establish an effective system for regions without a centralized sewage
treatment infrastructure (Amoah et al., 2021; Kweinor Tetteh et al.,
2020). This study developed a novel WBE system based on sampling
onsite sanitation facilities that could be a cost-effective alternative for
SARS-CoV-2 management in areas without centralized sewage collec-
tion infrastructure.

To simplify the collection of wastewater samples from the complex
onsite sanitation systems in rural and urban areas of Bangladesh, we
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Table 1

Results from the six random-intercept linear mixed models taking expression values of ORF and N genes.

Comparison Model

Comparison of the prominent SARS-CoV-2 genes

ORFlab N
Ct value Copy Number Ct value Copy Number
Beta estimate P-value Beta estimate P-value Beta estimate P-value Beta estimate P-value
Without drain (Reference: with drain) 0.860 0.087 —0.084 0.426 0.937 0.062 -0.167 0.132
Southern region (Ref: Northern region) —0.006 0.993 0.016 0.916 —0.988 0.180 0.089 0.583
Central region (Ref: Northern region) 0.997 0.159 —0.200 0.180 -0.147 0.836 —0.007 0.960
North-Eastern region (Ref: Northern region) 0.556 0.441 -0.217 0.154 -0.175 0.808 —-0.037 0.815
Temperature 0.010 0.404 —0.002 0.474 0.001 0.966 —0.001 0.955
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_ 8 50008 (expressed as genomic copies of ORFlab and
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suggest two sampling methods, hotspot-based (rural sites) and drain-
based (urban sites) sampling to represent the specific patterns of the
prevailing community infection in the specific catchment areas. The
drain system in the urban areas is a non-point source where it is difficult
to trace back the source of contamination. Hence, the samples were
collected from the selected drain catchment areas and places with the
maximum concentration of houses, markets, and the possible mass-
gathering locations. In the rural areas, the sanitation system is onsite,
and there is no such drain system. As a result, the study developed a
hotspot-based sampling method where some popular community places
were identified. This identification was based on cultural and societal
practices of the rural population as they tend to gather and meet in
places like religious establishments, markets, restaurants, transport
stations, public toilets, etc., which indicated a high possibility of
detecting the genetic material. After testing a few communal places,
there were overall 96% positive SARS-CoV-2 RNA detections, demon-
strating the community wastewater outlets as suitable sampling
locations.

In the Central and Southern regions, there was a significant change in
SARS-CoV-2 genetic materials in the sampling locations for drain and
non-drain portions. It is important to note that the consistent detection
of SARS-CoV-2 genetic materials in wastewater samples of the market-
place is due to the continuous gathering of people in clusters around the
shops, as well as a general community meet-up place for the local
population. In contrast, there was a consistency of genetic materials in
the drain effluent of the isolation center in all urban areas due to the
visits of numerous patients and their admission due to the clinical
diagnosis in these isolation centers. We also found a positive association
with the viral load and confirmed cases in all the fourteen observed
regions.

The study also reveals that the WBE surveillance system can even be
used for community level disease monitoring in areas without a
centralized system of wastewater sewage collection. However, the var-
iations in the observed trends of SARS-CoV-2 genetic RNA materials
necessitate the analysis of wastewater samples at regular intervals over
an extended period. The monitoring of the prevalence of SARS-CoV-2 in
communities is possible due to the development of a spatio-temporal
monitoring system, which could be utilized to assess the public health
scenario (Bertacchini et al., 2020). It has the potential to anticipate how
the disease will progress and can serve as a vital tool for
community-based early warning systems. The findings are expected to
persuade governments worldwide, particularly in developing and
low-sanitation countries with predominantly onsite sanitation facilities,
to implement wastewater epidemiological surveillance for the
SARS-CoV-2 pandemic.

Based on the analysis of wastewater viral load, it can also be
concluded that WBE has the ability to provide a more accurate scenario
of the prevailing SARS-CoV-2 infections. Lastra et al. (2022) found that a
weekly sampling strategy offered adequate quantification. However,
due to the limitation of resources it was not possible during this study.
Despite the simplicity of WBE sampling and transportation of samples in
a timely manner, the procedure of viral RNA concentration and
extraction from wastewater from public places was very difficult for low
RNA quantities (Pecson et al., 2021; Westhaus et al., 2021). To monitor
mutational changes of the SARS-CoV-2 genome and to identify its cur-
rent and new variants considering national and global perspectives,
high-throughput sequencing has been carried out from symptomatic
patients but yet to be done from wastewater samples (du Plessis et al.,
2021; Hossain et al., 2021; Meredith et al., 2020; Sakib et al., 2021).

5. Conclusion

This is the first study where hot-spot-based and drain-based ap-
proaches are suggested for WBE systems in areas with onsite sanitation
facilities, through selection and optimization of the best sampling sites
for predicting COVID-19 prevalence. Marketplaces play an essential role
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in every rural community, and everyone visits them at least once a week
for the purpose of shopping, socializing, visiting, or doing business. It is
therefore apparent that the marketplace is the possible best location to
detect the prevalence of COVID-19 in the various regions of the country
based on WBE surveillance. The study also stressed the importance of
developing an onsite WBE system for detecting SARS-CoV-2 genetic
materials in wastewater in areas with on-site sanitation facilities. While
comparing the viral genomic components in different wastewater loca-
tions in Bangladesh, it was discovered that isolation center wastewater
in urban areas had a constant load of viral genetic features. In SARS-
CoV-2 isolation facilities, hospital community drains, city drains,
communal ponds, and rivers, we discovered sensitive results for
detecting SARS-CoV-2 RNA. The study will help the researchers to better
understand and monitor the severity of transmission of SARS-CoV-2 and
other contagious diseases in areas where onsite sanitation systems
include both drain and non-drain components.
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