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A B S T R A C T

Introduction: SARS-CoV-2 RNA is excreted in feces of most patients, therefore viral load in wastewater can
be used as a surveillance tool to develop an early warning system to help and manage future pandemics.
Methods: We collected wastewater from 24 random locations at Bangkok city center and 26 nearby
suburbs from July to December 2020. SARS-CoV-2 RNA copy numbers were measured using real-time
polymerase chain reaction (PCR).
Results: SARS-CoV-2 RNA was detected in wastewater from both the city center and suburbs. Except for
July, there were no significant differences in copy numbers between the city center and suburbs. Between
October and November, a sharp rise in copy number was observed in both places followed by two to three
times increase in December, related to SARS-CoV-2 cases reported for same month.
Conclusions: Our study provided the first dataset related to SARS-CoV-2 viral RNA in the wastewater of
Bangkok. Our results suggest that wastewater could be used as a complementary source for detecting
viral RNA and predicting upcoming outbreaks and waves.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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he primary mode of transmission of SARS-CoV-2 is via respiratory
roplets that people produce when they cough, sneeze or exhale
Hu et al., 2021). A significant proportion of patients with SARS-
oV-2 were reported to have diarrhea in addition to respiratory
ymptoms (Han et al., 2020, 2021). Several reports have shown that
NA of SARS-CoV-2 can be detected in wastewater samples, and
hedding of SARS-CoV-2 was routinely monitored in several
ountries to predict outbreaks during the ongoing COVID-19
andemic and as early warning systems (Medema et al., 2020;
eccia et al., 2020; Wu et al., 2020). The virus can be detected
ithin hours in the stool of asymptomatic or symptomatic SARS-
oV-2 patients (D’Amico et al., 2020; Han et al., 2020; Lodder and
e Roda Husman, 2020; Wu et al., 2020). Therefore, the circulation
f the virus in the population will increase the viral load in the
ewer systems, and give a sneak peek view of both asymptomatic
nd symptomatic circulation of SARS-CoV-2 (Lodder and de Roda
usman, 2020). Hence, wastewater surveillance of SARS-CoV-2
NA could be a tool to monitor the circulation of SARS-CoV-2 in
ommunities, estimating the asymptomatic and symptomatic
ransmission and predicting upcoming waves (Lodder and de Roda
usman, 2020). This method could support current clinical
urveillance, which is underreporting the actual number of people
nfected with SARS-CoV-2.

Thailand was the first country after China to report a case of
ARS-CoV-2 and so far is among the handful of countries that
voided the worst outbreaks, with a relatively low number of cases
ompared to other countries (Dechsupa et al., 2020). However, the
resence of SARS-CoV-2 in wastewater in Thailand and its relation
o the outbreaks have not been investigated. Wastewater was
ollected twice a month (first week and last week) from 24 random
ocations at Bangkok city center and 26 nearby suburbs between
uly and December 2020, and the copy number of SARS-CoV-2 was
uantified by real-time PCR technique (Details are available in the
upporting information). The number of SARS-CoV-2 cases for
ach month was obtained from the Department of Disease Control,

Ministry of Public Health, Thailand (https://covid19.ddc.moph.go.
th/en).

SARS-CoV-2 RNA was present in the wastewater collected from
both the city center and suburbs with increasing concentrations
from October to December (Figure 1). Except for July, August and
December there were no statistically significant differences in RNA
copy numbers from the city center or suburbs (Table 1), probably
due to the population dynamics between suburbs and city center.
October to November displayed a sharp increase in copy number in
both places, followed by a two to three-fold increase in December
(Figure 1). The number of confirmed SARS-CoV-2 cases remained
relatively low from July to November (Table 1) (Supporting
information Table S5). Interestingly, in December, the number of
SARS-CoV-2 RNA copies from the city center and suburbs in
wastewater increased, reflecting the increased number of positive
SARS-CoV-2 patients (Table 1) (Supporting information Table S5).
This result suggests that a higher copy number of the viral genome
could correlate with an elevation in infected people in the
community and positive cases may be much higher than the
reported numbers.

This report is the first study that quantifies SARS-CoV2 in
wastewater at Bangkok city center and nearby suburbs. The levels
of wastewater SARS-CoV-2 found in this study showed a similar
pattern to previous reports in other countries (Medema et al.,
2020; Peccia et al., 2020; Wu et al., 2020). The increasing number of
SARS-CoV-2 copies in October and November before the second
outbreak in December might be due to the asymptomatic or pre-
symptomatic transmissions contributing to the forthcoming wave
(Medema et al., 2020; Wu et al., 2020). Some studies show that the
presence of SARS-CoV-2 antibodies among Thai medical personnel
and the general population may be higher than what has been
officially reported (Nopsopon et al., 2021). These high copy
numbers may be related to asymptomatic cases and highlight the
potential benefits of using wastewater surveillance as an early
warning system (Gonçalves et al., 2021). However, it is not clear
igure 1. Viral loads of SARS-CoV-2 RNA copies in wastewater at each individual location of city center (n = 24) and suburbs (n = 26) from June to December. Each data point
dicates the mean copy number of SARS-CoV-2 RNA of each individual location per month. The lower and upper boundaries of the box (interquartile) represent the 25th and

he 75th percentile, respectively. The line within the box corresponds to the median and the cross to the mean of the distribution, while the whiskers indicate the highest and
he lowest SARS-CoV-2 RNA copy values, except for the outliers that are represented by the rounds outside the whiskers.
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how long viral genomes last in wastewater. Daily or weekly
sampling and monitoring may give a better perspective on the
importance of SARS-CoV-2 surveillance in the wastewater system
(Bivins et al., 2020).

Also, a lack of a standard and simple way to correlate virions in
wastewater to the number of infected people makes it challenging
to interpret the results (Lodder and de Roda Husman, 2020). In
addition, there is limited information on the intensity and duration
of shedding of the SARS-CoV-2 virus in feces over the course of
infection. In our study, the number of SARS-CoV-2 copies in
wastewater from the city center and suburbs did not vary
significantly, which may be due to the daily commute of people
between the city center and suburbs. However, Bangkok is the
location of 15.3% of the country’s population (Dechsupa et al.,
2020), and therefore, our study numbers based on wastewater
sampling twice a month may not give a clear view of the overall
picture of Bangkok or Thailand.

Our study implies that detecting SARS-CoV-2 RNA in wastewa-
ter systems is a complementary approach to testing people to
predict the upcoming outbreaks. Therefore, frequent monitoring of
the SARS-CoV-2 in wastewater may significantly impact efforts to
understand the disease transmission dynamics.
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Table 1
Mean viral loads of SARS-CoV-2 RNA copies per month in city center (n = 24) and suburbs (n = 26) with total number of Covid 19 reported cases.

Months Suburbs (n = 26)
(SARS-CoV-2 RNA
copies/mL) with 95%
CIa

City center (n = 24)
(SARS-CoV-2 RNA
copies/mL) with 95% CIa

P (two-tail)
between
suburbs and city
center

Cumulative cases for
suburbs (total SARS-CoV-2
cases for each month)c

Cumulative cases for city
center (total SARS-CoV-2
cases for each month)d

Cumulative cases national
(total SARS-CoV-2 cases for
each month)b

July 24.345 (20.872,
27.817)

31.345 (26.351, 36.338) 0.03** 0 0 139

August 28.407 (21.101, 35.714) 35.222 (27.897, 42.547) 0.07* 0 0 102
September 50.818 (45.013,

56.624)
52.682 (41.554, 63.810) 0.81 0 0 152

October 129.857 (107.286,
152.428)

114.429 (94.491,
134.366)

0.32 0 0 216

November 385.167 (310.957,
459.377)

360.000 (314.801,
405.199)

0.32 0 0 218

December 877.296 (789.302,
965.291)

967.926 (871.080,
1064.772)

0.08* 1681 179 2692

a Mean copy number of SARS-CoV-2 RNA at suburban and city center locations.
b Total confirmed coronavirus cases in Thailand obtained from Department of Disease Control, Ministry of Public Health, Thailand. https://covid19.ddc.moph.go.th/en.
c Total confirmed SARS-CoV-2 cases in Bangkok city center (Bangkok Metropolis) (The numbers include only locally confirmed cases, and exclude state quarantine for

people arriving from overseas).
d Total confirmed SARS-CoV-2 RNA cases in nearby suburbs (Nonthaburi, Samut Prakan, Pathum Thani, Samut Sakhon and Nakhon Pathom) obtain form Department of

Disease Control, Ministry of Public Health, Thailand. https://covid19.ddc.moph.go.th/en (The numbers include only locally confirmed case, exclude state quarantine for people
arriving from overseas).

* P < 0.1.
** P < 0.05.
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