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Objectives: We assessed the transmission of SARS-CoV-2 and vaccine receipt in a representative sample of wet
market workers in a highly dense, low-income setting. Wet markets are key in many Asian settings, including
Dhaka, Bangladesh, for fresh food, including animal protein.

Methods: During early 2022, we assessed the prevalence of anti-SARS-CoV-2 antibodies in a random sample of
poultry and vegetable workers in 15 wet markets, and investigated associations with socio-demographic charac-
teristics and COVID-19 vaccination.

Results: In the 204 poultry workers and 87 vegetable sellers recruited, COVID-19 vaccine uptake was similar (69%
vs 67%). The most common vaccines were whole inactivated vaccines (Sinopharm or Sinovac; 44%). Nearly all
(99%) participants were positive for anti-SARS-CoV-2 spike antibodies. Anti-SARS-CoV-2 nucleocapsid antibodies,
indicative of recent infection, was 59.4% (95% confidence interval 54.7-64.0%). There was no evidence that the
latter was associated any characteristics, except vaccination (adjusted odds ratio 0.49; 95% confidence interval
0.23-1.02; P = 0.093).

Conclusions: The ubiquity of anti-spike and high prevalence of anti-nucleocapsid antibodies were consistent with
high transmission after three previous pandemic waves. Wet markets have a potential role amplifying transmission
of airborne pathogens, such as SARS-CoV-2 and Avian Influenza Viruses, and an important public-facing hotspot
for close monitoring for future emerging infections.

Introduction

Wet markets are important in many settings, including Bangladesh,
as places where large segments of the population regularly source fresh
animal protein [1,2] and other food items. These markets are often cov-
ered and usually crowded. The high population density (of animals and
people) with frequent contact, limited waste management and biose-
curity measures, and limited ventilation can facilitate transmission of
infectious disease agents, including airborne pathogens such as SARS-
CoV-2 [3-5].

At the height of the COVID-19 pandemic when restrictions to popula-
tion movements and social distancing in Bangladesh were in place, wet
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markets remained open [5]. Non-pharmaceutical infection prevention
and control measures such as social distancing and use of face cover-
ings were also absent or rarely implemented in markets. Market work-
ers appeared to be at higher risk of exposure to SARS-CoV-2 than the
average population due to crowded working conditions and because
they mostly belong to a population group with low a socioeconomic
status [6,7].

During a study to assess the risk of avian influenza virus spillover
from birds to humans in Dhaka’s wet markets during February and
March 2022, we measured the prevalence of anti-SARS-CoV-2 anti-
bodies in market workers (poultry workers and vegetable sellers) and
investigated its association to socio-demographic characteristics and

Received 5 August 2024; Received in revised form 18 November 2024; Accepted 19 November 2024
2772-7076/© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.ijregi.2024.100497
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2024.100497&domain=pdf
mailto:Patrick.nguipdop-djomo@lshtm.ac.uk
https://doi.org/10.1016/j.ijregi.2024.100497
http://creativecommons.org/licenses/by/4.0/

M. Rahman, A.N. Alam, S. Sarkar et al.

COVID-19 vaccination history. To the best of our knowledge, this is the
first study measuring prevalence of anti-SARS-CoV-2 antibodies in this
occupational group.

Methods
Study setting and design

We conducted a cross-sectional study in wet markets in Dhaka,
Bangladesh, with data collected in February and March 2022, during the
pandemic’s fourth wave in Bangladesh, when the Omicron SARS-CoV-2
variant was dominant [8-10]. Bangladesh had rolled out its vaccina-
tion drive for frontline health workers on January 27, 2021 and for the
general population on February 7, 2021, administrating the UK Oxford-
AstraZeneca vaccine (ChAdOx1-S [recombinant] vaccine). From June
19, 2021, Bangladesh started using a second vaccine, China’s Sinopharm
BIBP (whole inactivated virus vaccine). Subsequently, Bangladesh used
Pfizer-BioNTech (messenger RNA [mRNA]-based COVID-19 vaccine)
from June 21, 2021, Moderna (mRNA based COVID-19 vaccine) from
July 13, 2021, and Sinovac (whole inactivated virus vaccine) from De-
cember 11, 2021 [11].

Participants were recruited in early 2022 using a two-stage self-
weighted random sampling approach: first, 15 Live Poultry Markets
were selected from those markets with >40 poultry stalls with a selection
probability proportional to the number of poultry stalls in the market;
next, market stalls were stratified as either poultry or vegetable/fruit
stalls and were selected using simple random sampling. In each market,
13-14 poultry workers and 6-7 vegetable and fruit workers were invited
to participate in the survey, with a maximum of two workers randomly
selected per selected stalls.

Data sources and data collection

Participants were asked to provide biological samples (a nasopha-
ryngeal swab and 5 ml of peripheral venous blood) and respond to an
interviewer-administered structured questionnaire consisting of closed
questions. Direct observations were also made of hygiene conditions in
the market and on the market stalls.

Each naso-pharyngeal swab was tested by multiplex reverse
transcription—polymerase chain reaction (RT-PCR) for SARS-CoV-2 (Du-
plex E Gene) viruses [12]. Blood samples were processed to obtain
sera, which were tested separately for anti-SARS-CoV-2 immunoglobu-
lin (Ig)G antibodies against the spike (anti-S) and nucleocapsid (anti-N)
proteins using the Abbott enzyme-linked immunosorbent assay (Abbott
Diagnostics, Abbott Park, Illinois, USA) [13].

Variables and data management

The outcomes for this analysis were for respiratory sample RT-PCR
cycle threshold value <38.0 [12] and for serum samples positive results
in SARS-CoV-2 anti-S and anti-N antibody assays according to manufac-
turer’s instructions [13]. Anti-S IgG antibodies have a longer half-life
than anti-N IgG antibodies and can be elicited by SARS-CoV-2 natural
infection and all COVID-19 vaccinations [14]. They are longer lasting
after natural infection and have been correlated with protection against
disease [15]. Anti-N IgG antibodies are elicited by natural infection and
have a much shorter half-life than anti-S antibodies [14,16]. They are
not elicited by most COVID-19 vaccines (only whole virus—Xkilled or at-
tenuated, e.g. Sinopharm and Sinovac in the case of Bangladesh) and are
regarded as a better proximate indicator of recent infection. The assays
used did not allow a quantitative estimation of antibody titers.

Explanatory variables collected from the questionnaires included
socio-demographic information (age, sex, religion, education, house-
hold crowding, role in the market stall) and other risk factors, such
as tobacco smoking history, comorbidities (asthma and diabetes), face-
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mask use, household COVID-19 cases, and COVID-19 vaccination history
based on hand-held records.

Statistical analysis

Questionnaire data were entered electronically using the Open Data
Kit platform, then exported for cleaning, merging with laboratory results
using participant unique barcodes, for analysis. After checks for con-
sistency, age was transformed into a categorical variable (age groups);
education, role in the market stall, tobacco smoking history, and vac-
cination history were regrouped into less categories to minimize data
sparsity.

We tabulated the characteristics of study participants as a single
group and as poultry workers vs vegetable sellers. We then computed
the prevalence and 95% confidence intervals (CIs) of anti-S and anti-
N antibodies as a single group, by worker group, and by individual
characteristics, taking into account the cluster sampling design at the
market level by using cluster-robust standard errors. We also assessed
RT-PCR results for respiratory samples to explore any risk of active
infection.

To account for the cluster sampling design at market level, we used
univariable random-effects logistic regression models with market-level
random intercepts to estimate the crude odds ratio (OR) and 95%
CI for association between seropositivity and each participants’ socio-
demographic characteristics and risk factors. We then fitted a multivari-
able random-effects model simultaneously, adjusting for all variables at
the same time. Two multivariable models were run for overall vaccina-
tion status and type of vaccine separately to prevent multicollinearity
between these two variables. The Wald test was used to obtain P-values.

All statistical analyses were done using Stata 18.

Results

We recruited 291 participants (204 poultry workers and 87 veg-
etable/fruit workers) across 15 markets. All participants were men, and
nearly all Muslim. Poultry workers were, on average, younger than veg-
etable sellers (78.5% aged under 40 years old, compared with 57.5%)
and more educated (42.6% reporting secondary education or higher
compared with 28.7%). Most vegetable/fruit workers owned their stall
and were the sole worker, whereas 61.8% of poultry workers were em-
ployees. Smoking and household overcrowding were common in both
worker groups. COVID-19 vaccine uptake was similar in both groups,
with 68.6% of poultry and 66.7% of vegetable sellers reporting at least
one vaccine dose at the time of the survey. The most common vaccines
received were the whole inactivated vaccines (Sinovac or Sinopharm;
44.4%), followed by mRNA vaccines (Moderna or Pfizer; 33.9%). No-
body reported mask use in either group, and only about 1% partici-
pants reported a history of a diagnosed COVID-19 (clinical) case in their
household before the survey period; 7.9% participants reported a his-
tory of asthma, all but one in the poultry workers’ group. Data sparsity
meant that these three variables (facemask use, COVID-19 history in
household, and asthma) were not explored in further analysis. Details
of participants characteristics are in Table 1.

No participants had naso-pharyngeal swabs positive for SARS-CoV-
2. Nearly all (99%) participants were positive for anti-S antibodies,
whereas the overall prevalence of anti-N antibodies was 59.4% (95%
CI 54.7-64.0%), and similar in poultry (59.8%; 95% CI: 55.7-63.7) and
vegetable sellers (58.6%; 95% CI: 46.2-70.1) (P = 0.890). There was no
evidence that the anti-N antibody seroprevalence was associated with
any of the participants’ characteristics, except for COVID-19 vaccina-
tion. There was some evidence that the anti-N seroprevalence was 55%
lower in those who received an mRNA vaccine than unvaccinated par-
ticipants (crude OR 0.45; 95% CI 0.23-0.85%; P = 0.037), with the es-
timate remaining similar, albeit with a wider CI after adjusting for all
other characteristics (adjusted OR 0.49; 95% CI 0.23-1.02; P = 0.093).
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Table 1
Characteristics of study participants (N = 291).
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Variable Poultry workers (%) Vegetable/Fruit sellers (%) Overall (%)
Sample size 204 (100%) 87 (100%) 291 (100%)
Sex

Male 204 (100%) 87 (100%) 291 (100%)
Age (median [interquartile range], in years) 29.5 [22.0; 36.5] 35.0 [24.0; 47.0] 30.0 [23.0; 40.0]
Age group

under 20 years 26 (12.8%) 6 (6.9%) 32 (11.0%)
20-29 years 76 (37.3%) 28 (32.2%) 104 (35.8%)
30-39 years 58 (28.4%) 16 (18.4%) 74 (25.4%)
40-49 years 27 (13.2%) 19 (21.8%) 46 (15.8%)
50+ years 17 (8.3%) 18 (20.7%) 35 (12.0%)
Religion

Muslim 204 (100%) 86 (99.0%) 290 (99.7%)
Education

None 51 (25.0%) 22 (25.3%) 73 (25.1%)
Primary 66 (32.4%) 40 (46.0%) 106 (36.4%)

Secondary or more 87 (42.6%)
Role in stall

Owner

Employee

Tobacco smoking

Non-smoker

Daily smoker

Non-daily smoker

Missing

Household crowding

<2 people per bedroom

>2-<4 people per bedroom

>4 people per bedroom
COVID-19 Vaccine uptake®
Unvaccinated

Vaccinated (>1 dose)

COVID-19 vaccine type?®
Astra-Zeneca

Messenger RNA (Moderna / Pfizer)
inactivated (Sinovac/Sinopharm)
Unknown

78 (38.2%)
126 (61.8%)

86 (42.2%)
72 (35.3%)
26 (12.7%)
20 (9.8%)

46 (22.5%)
114 (55.9%)
44 (21.6%)

64 (31.4%)
140 (68.6%)

2 (1.4%)

52 (37.1%)
62 (44.3%)
24 (17.1%)

25 (28.7%) 112 (38.5%)

55 (63.2%)
32 (36.8%)

133 (45.7%)
158 (54.3%)

32 (36.8%)
38 (43.7%)
17 (19.5%)
0 (0.0%)

118 (40.5%)
110 (37.8%)
43 (14.8%)
20 (6.9%)

16 (18.4%)
61 (70.1%)
10 (11.5%)

62 (21.3%)
175 (60.1%)
54 (18.6%)

29 (33.3%)
58 (66.7%)

93 (32.0%)
198 (68.0%)

6 (10.3%)

15 (25.9%)
26 (44.8%)
11 (19.0%)

8 (4.0%)

67 (33.9%)
88 (44.4%)
35 (17.7%)

a Uptake defined as receipt of at least one vaccine dose (confirmed in vaccination card).

The full results of anti-N seroprevalence and OR of association with par-
ticipants’ characteristics are in Table 2.

Discussion

In our study, no participant was identified with an active infection
with SARS-CoV-2 through polymerase chain reaction testing of the res-
piratory samples, which correspond with the overall decreasing trend
of active SARS-CoV-2 infection reported in Bangladesh during the study
period [17]. This also reflected that Bangladesh made good progress
in vaccination coverage by the study period and at the beginning of
June 2022: more than 68% of Bangladesh’s population had received
two doses of COVID-19 vaccine [18].

Anti-SARS-CoV-2 S antibodies were near ubiquitous in this study
population. With a self-reported vaccine uptake of ~65%, the findings
are likely a combination of naturally acquired and vaccine-derived an-
tibodies, consistent with high levels of transmission during the three
COVID-19 pandemic waves before the survey in a population with
highly crowded living conditions [19].

Anti-SARS-CoV-2 N antibodies are a short-term proxy for infection
that is highly specific for COVID-19 infection, with no cross-reactivity
with other related viruses [20,21]. Some seropositive results may be
due to inactivated vaccines, although there was no difference in anti-
N IgG seroprevalence in participants who had received an inactivated
vaccine compared with those who were unvaccinated. Previous studies
have also suggested that waning of antibody response with inactivated
vaccines is much quicker than mRNA vaccines [22] and anti-N induced
by inactivated vaccines have shorter half-life than anti-N from natural
infection [23]. Moreover, an earlier study showed a rapid decline in

anti-N titers even for post-infection, which is steeper in mild than in se-
vere cases [24]. A lower anti-N seroprevalence was seen in participants
with mRNA vaccination, consistent with reported effectiveness against
infection [25]. The high seroprevalence (~60%) was likely due to sur-
vey timing at the tail end of the highly infectious Omicron wave [8], a
variant that was shown to have good ability to evade naturally acquired
immunity from earlier variant infections and vaccine-derived immunity.
Studies showed that naturally acquired antibodies for SARS-CoV-2 anti-
gens typically become detectable at a median time of about 2 weeks
after the onset of symptoms and start decaying after 4 weeks, depend-
ing upon severity [26-28]. A cohort study in the United States reported
a half-life for anti-N of 122 days and varied with age [29].

The study finding of high seroprevalence of SARS-CoV-2 among the
market workers indicated that probably high levels of transmission had
already occurred among the population but that prevention of infec-
tion by vaccination was important to top-up natural immunity. Although
only ~1% of participants reported a recent COVID-19 case in the house-
hold, it was not surprising considering self-reporting of COVID-19 and
testing for symptoms were found low in populations with similar socio-
demographic patterns during earlier studies, and high levels of transmis-
sion, often asymptomatic or leading to only mild infections, are reflected
in the high seroprevalence in cross-sectional studies [6,30]. Seropreva-
lence assessed between April and October 2020 before vaccination roll-
outs in slum areas of Dhaka estimated that the seroprevalence using an
inhouse anti-S assay was 63.5% [6] and crude seroprevalence of SARS-
CoV-2 using a total antibody assay was 60.7% among Forcibly Displaced
Myanmar Nationals in Cox’s Bazar, Bangladesh during December 2020
[30]1, both of which have similar living settings to the current study
population.



M. Rahman, A.N. Alam, S. Sarkar et al.

LJID Regions 14 (2025) 100497

Table 2
Seroprevalence of SARS-CoV-2 anti-N IgG antibodies and association to participant characteristics.
Variable Anti-N antibody prevalence (%) (95% CI)  Crude OR (95% CI)  P-value  Adjusted OR* (95% CI)  P-value
Participant group
Vegetable sellers (n = 87) 58.6 (46.2-70.1)
Poultry sellers (n = 204) 59.8 (55.7-63.7) 1.05 (0.63-1.75) 0.851 1.04 (0.58-1.88) 0.89

Age group

under 20 years (n = 32)

20-29 years (n = 104)

30-39 years (n = 74)

40-49 years (n = 46)

50+ years (n = 35)

Education

None (n = 73)

Primary (n = 106)

Secondary or more (n = 112)

Role in stall

Owner (n = 133)

Employee (n=158)

Tobacco smoking

Non-smoker (n = 118)

Daily smoker (n = 110)

non-daily smoker (n = 43)
Household crowding

<2 people per bedroom (n = 62)
>2-<4 people per bedroom (n = 175)
>4 people per bedroom (n = 54)
COVID-19 vaccine uptake®
Unvaccinated (n = 93)

Vaccinated (>1 dose) (n = 198)
COVID-19 vaccine type®
Unvaccinated (n = 93)

Astra-Zeneca (n = 8)

Messenger RNA (BioNTech/Pfizer) (n = 67)
Inactivated (Sinovac/Sinopharm) (n = 88)
Unknown (n = 35)

65.6 (46.3- 80.9)
62.5 (54.0-70.3)
58.1 (48.1-67.4)
52.2 (34.8-69.0)
57.1(39.1-73.5)

63.0 (47.2-76.4)
63.2 (53.5-71.9)
53.6 (45.0-61.9)

57.1 (49.4-64.5)
61.4 (57.4-65.2)

59.3 (49.9-68.1)
59.1 (50.6-67.0)
60.5 (48.0-71.7)

61.3 (48.8-72.5)
58.8 (52.4-65.0)
59.2 (47.5-70.0)

64.5 (48.3-78.0)
57.1 (51.6-62.3)

64.5 (48.2-78.0)
50.0 (20.4-79.6)
44.8 (33.4-56.7)
68.2 (59.7-75.6)
54.3 (36.9-70.6)

0.87 (0.38-2.00)
0.73 (0.31-1.72) 0.729
0.57 (0.23-1.45)
0.70 (0.26-1.88)

0.75 (0.28-1.98)
0.70 (0.24-2.02) 0.835
0.52 (0.16-1.67)
0.57 (0.17-1.95)

1.00 (0.54-1.87) 0.272
0.67 (0.37-1.24)

1.08 (0.54-2.17) 0.213
0.65 (0.33-1.28)

1.19 (0.74-1.91) 0.462 1.22 (0.71-1.96) 0.462

0.99 (0.58-1.68) 0.988
1.05 (0.51-2.14)

1.12 (0.64-1.96) 0.926
1.09 (0.52-2.30)

0.90 (0.50-1.63) 0.945
0.92 (0.43-1.94)

0.70 (0.37-1.36) 0.521
0.66 (0.29-1.51)

0.73 (0.44-1.22) 0.229 0.84 (0.47-1.52) 0.575
ref ref

0.55 (0.13-2.34) 0.65 (0.14-3.05)

0.45 (0.23-0.85) 0.037 0.49 (0.23-1.02) 0.093

1.18 (0.63-2.18)
0.65 (0.30-1.44)

1.31 (0.66-2.63)
0.80 (0.33-1.91)

2 Adjusted for all other characteristics in Table 2.

b Uptake defined as receipt of at least one vaccine dose (confirmed in vaccination card).

There was some evidence of increased protection from mRNA vac-
cines compared with other non-whole cell vaccines versions, which was
supported by the findings from other earlier studies [31]. We also pro-
vide evidence of reasonably good vaccine uptake in manual workers in
fixed settings that may indicate the potential for good vaccine coverage
in other poor or daily wage populations compared with the national
vaccine coverage during the same time [18]. The high seroprevalence
reported among wet market workers is not surprising because an earlier
study at the beginning of pandemic in China identified a reporting rate
for market-to-human transmission that was estimated to be 2-34-fold
higher than human-to-human transmission [32]. This high rate informs
the need to boost interventions, such as better and greater use of masks.
Such a study provides a template and capacity building experience for
surveys of the risk and extent of future new and emerging infections in
wet markets.

Limitations

This was a small survey in one set of essential workers in terms of es-
sential food supply and economic drivers of the country. With only 291
participants across 15 markets, limited information on vaccine records
and no quantitative measure of antibodies, a formal evaluation of rela-
tive vaccine effectiveness by type or antibody kinetics suggestive of de-
clining protection was beyond the scope of this study. We did not have
supporting records for the date of vaccination; thus, although we cannot
comment on the extent to which some of the anti-N response could have
been due to vaccination with whole virus vaccines, any effect would
likely be to underestimate any role of vaccination in reducing infection.
In addition, a limitation of the Abbott assay includes faster waning of
anti-N reactivity than other assays, which would reduce ascertainment
of infection and act to underestimate the role of vaccination [33]. In

summary, wet market workers appear to be a population at a very high
risk of infection by SARS-CoV-2. Given the frontline nature of their job
and importance of wet markets, market workers should be considered a
priority group for surveillance and control in pandemic preparedness.

Declarations of competing interest

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

Funding

The work was funded by the UKRI GCRF One Health Poultry Hub
(BB/S011269/1), one of the 12 interdisciplinary research hubs funded
under the UK government’s Grand Challenge Research Fund Interdisci-
plinary Research Hub initiative.

Ethical approval

Written consent was obtained before interview and respiratory and
blood sample collection. If the participant was illiterate, a witness also
signed the consent form. All procedures were performed in compliance
with relevant laws and institutional guidelines and have been approved
by the following institutional committees: institutional review board
of the Institute of Epidemiology, Disease Control & Research (IEDCR)
in Bangladesh on October 07, 2021 (ref no IEDCR/IRB/2021/18), the
Observational/Interventions Research Ethics Committee of the London
School of Hygiene and Tropical Medicine in the UK on January 31, 2023
(ref no 28282); the Clinical Research Ethical Review Board (CRERB) of
the Royal Veterinary College in the UK on June 9, 2020 (ref no 2020
1983-3).



M. Rahman, A.N. Alam, S. Sarkar et al.

Acknowledgment

We acknowledge the kind support from all the market workers, field
data collectors, and One Hub Poultry Hub collaborators for their gener-
ous contribution to this work.

Author contributions

PM and MR conceived and designed study. GF, FT, DB, ANA and TS

contributed to the design. MR and SS developed the sampling frame and
recruitment. SS, SB and AC performed data collection, with supervision
from PM and MR. ANA and MHK conducted laboratory analyses. PND
developed the analysis plan and conducted the statistical analyses. PND,
MR and PM prepared the manuscript, with contribution from all co-
authors.

References

[1]

[2]

[3

=

[4

=

[5]

[6

=

[7

—

[8

—

[9]

[10]

[11]

[12]

[13]

[14]

Berry I, Rahman M, Flora MS, Greer AL, Morris SK, Khan IA, et al. Frequency
and patterns of exposure to live poultry and the potential risk of avian in-
fluenza transmission to humans in urban Bangladesh. Sci Rep 2021;11:21880.
doi:10.1038/541598-021-01327-x.

Rimi NA, Hassan MZ, Chowdhury S, Rahman M, Sultana R, Biswas PK, et al. A
decade of avian influenza in Bangladesh: where are we now? Trop Med Infect Dis
2019;4:119. doi:10.3390/tropicalmed4030119.

Chowdhury S, Azziz-Baumgartner E, Kile JC, Hoque MA, Rahman MZ, Hossain ME,
et al. Association of biosecurity and hygiene practices with environmental contam-
ination with influenza A viruses in live bird markets. Bangladesh. Emerg Infect Dis
2020;26:2087-96. doi:10.3201/eid2609.191029.

Islam A, Islam S, Islam M, Hossain ME, Munro S, Samad MA, et al. Prevalence
and risk factors for avian influenza virus (H5 and H9) contamination in peri-urban
and rural live bird markets in Bangladesh. Front Public Health 2023;11:1148994.
doi:10.3389/fpubh.2023.1148994.

Sattar AA, Mahmud R, Mohsin MA, Chisty NN, Uddin MH, Irin N, et al. COVID-19
impact on poultry production and distribution networks in Bangladesh. Front Sustain
Food Syst 2021;5:714649. doi:10.3389/fsufs.2021.714649.

Bhuiyan TR, Akhtar M, Akter A, Khaton F, Rahman SI, Ferdous J, et al. Seropreva-
lence of SARS-CoV-2 antibodies in Bangladesh related to novel coronavirus infection.
1JID Reg 2022;2:198-203. doi:10.1016/j.ijregi.2022.01.013.

Raqib R, Sarker P, Akhtar E, Nurul Huda TM, Haq MA, Roy AK, et al. Seroprevalence
of SARS-CoV-2 infection and associated factors among Bangladeshi slum and non-
slum dwellers in pre-COVID-19 vaccination era: October 2020 to February 2021.
PLoS One 2022;17:€0268093. doi:10.1371/journal.pone.0268093.

Jubair M, Begum MN, Rahman S, Haider SM, Moon SB, Hossain ME, et al. SARS-
CoV-2 Omicron variants in Bangladesh: pandemic to endemic. Health Sci Rep
2023;6:€1134. doi:10.1002/hsr2.1134.

ICDDR B. SARS-CoV-2 variants in Dhaka city: emergence of omicron BA.5 Subvariant
2022.

Rogawski McQuade ET, Blake IM, Brennhofer SA, Islam MO, Sony SS, Rah-
man T, et al. Real-time sewage surveillance for SARS-CoV-2 in Dhaka, Bangladesh
versus clinical COVID-19 surveillance: a longitudinal environmental surveil-
lance study (December, 2019-December, 2021). Lancet Microbe 2023;4:e442-51.
doi:10.1016/52666-5247(23)00010-1.

Directorate General of Health Services (DGHS). COVID-19 vaccination dash-
board for Bangladesh, https://dashboard.dghs.gov.bd/pages/covid19-vaccination-
update.php; 2024 [accessed 03 April 2024].

World Health Organization. WHO information for the molecular detection of
influenza  viruses, https://cdn.who.int/media/docs/default-source/influenza/
molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_feb_
2021.pdf?sfvrsn=df7d268a_5; 2021 [accessed 27 November 2023].

Abott laboratories, SARS-CoV-2 IgG, https://www.corelaboratory.abbott/us/en/
offerings/segments/infectious-disease/sars-cov-2.html; 2022 [accessed 27 Novem-
ber 2023].

Garcia L, Woudenberg T, Rosado J, Dyer AH, Donnadieu F, Planas D, et al. Kinetics
of the SARS-CoV-2 antibody avidity response following infection and vaccination.
Viruses 2022;14. doi:10.3390/v14071491.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

LJID Regions 14 (2025) 100497

Aldridge RW, Yavlinsky A, Nguyen V, Eyre MT, Shrotri M, Navaratnam AM, et al.
SARS-CoV-2 antibodies and breakthrough infections in the Virus Watch cohort. Nat
Commun 2022;13:4869. doi:10.1038/541467-022-32265-5.

Van Elslande J, Gruwier L, Godderis L, Vermeersch P. Estimated half-life
of SARS-CoV-2 anti-spike antibodies more than double the half-life of anti-
nucleocapsid antibodies in healthcare workers. Clin Infect Dis 2021;73:2366-8.
doi:10.1093/cid/ciab219.

Directorate General of Health Services (DGHS). COVID-19 dynamic dashboard for
Bangladesh, https://dashboard.dghs.gov.bd/pages/covid19.php; 2024 [accessed 27
November 2023].

UNITED NATIONS CHILDREN’S FUND. Bangladesh’s COVID-19 vaccination
rate has soared in a year, https://www.unicef.org/stories/bangladesh-covid-19-
vaccination-rate-has-soared; 2022 [accessed 31 May 2022].

Satter SM, Bhuiyan TR, Abdullah Z, Akhtar M, Akter A, Shafique SZ, et al. Trans-
mission of SARS-CoV-2 in the population living in high- and low-density gradient
areas in Dhaka, Bangladesh. Trop Med Infect Dis 2022;7:53. doi:10.3390/tropi-
calmed7040053.

Gaeta A, Angeloni A, Napoli A, Pucci B, Cinti L, Roberto P, et al. Anti-N
SARS-CoV-2 assays for evaluation of natural viral infection. J Immunol Methods
2023;518:113486. doi:10.1016/].jim.2023.113486.

Wei J, Matthews PC, Stoesser N, Maddox T, Lorenzi L, Studley R, et al. Anti-spike
antibody response to natural SARS-CoV-2 infection in the general population. Nat
Commun 2021;12:6250. doi:10.1038/s41467-021-26479-2.

Kwok SL, Cheng SM, Leung JN, Leung K, Lee CK, Peiris JM, et al. Waning antibody
levels after COVID-19 vaccination with mRNA Comirnaty and inactivated CoronaVac
vaccines in blood donors, Hong Kong, April 2020 to October 2021. Euro Surveill
2022;27:2101197. doi:10.2807/1560-7917.ES.2022.27.2.2101197.

Abdullahi A, Frimpong J, Cheng MT, Aliyu SH, Smith C, Abimiku AL, et al. Per-
formance of SARS COV-2 IgG anti-N as an independent marker of exposure to
SARS COV-2 in an unvaccinated West African population. Am J Trop Med Hyg
2023;109:890-4. doi:10.4269/ajtmh.23-0179.

Chansaenroj J, Yorsaeng R, Posuwan N, Puenpa J, Wanlapakorn N, Sudhinaraset N,
et al. Long-term specific IgG response to SARS-CoV-2 nucleocapsid protein in recov-
ered COVID-19 patients. Sci Rep 2021;11:23216. doi:10.1038/541598-021-02659-4.
Sarker P, Akhtar E, Kuddusi RU, Alam MM, Haq MA, Hosen MB, et al. Comparison
of the immune responses to COVID-19 vaccines in Bangladeshi population. Vaccines
2022;10:1498. doi:10.3390/vaccines10091498.

Roltgen K, Powell AE, Wirz OF, Stevens BA, Hogan CA, Najeeb J, et al. Defining
the features and duration of antibody responses to SARS-CoV-2 infection associated
with disease severity and outcome. Sci Immunol 2020;5:eabe0240. doi:10.1126/sci-
immunol.abe0240.

Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al. Antibody re-
sponses to SARS-CoV-2 in patients with COVID-19. Nat Med 2020;26:845-8.
doi:10.1038/541591-020-0897-1.

Iyer AS, Jones FK, Nodoushani A, Kelly M, Becker M, Slater D, et al. Persistence and
decay of human antibody responses to the receptor binding domain of SARS-CoV-2
spike protein in COVID-19 patients. Sci Immunol 2020;5:eabe0367. doi:10.1126/sci-
immunol.abe0367.

Haynes JM, Dodd RY, Crowder LA, Notari EP, Stramer SL. Trajectory and
demographic correlates of antibodies to SARS-CoV-2 nucleocapsid in recently
infected blood donors, United States. Emerg Infect Dis 2023;29:1323-9.
doi:10.3201/eid2907.230173.

Rahman M, Khan SR, Alamgir AS, Kennedy DS, Hakim F, Evers ES, et al. Seropreva-
lence of SARS-CoV-2 antibodies among Forcibly Displaced Myanmar Nationals in
Cox’s Bazar, Bangladesh 2020: a population-based cross-sectional study. BMJ Open
2022;12:e066653. doi:10.1136/bmjopen-2022-066653.

Khanam F, Islam MT, Ahmmed F, Ahmed SU, Hossen M]J, Rajib MH, et al. Measuring
the effectiveness of COVID-19 vaccines used during a surge of the delta variant of
SARS-CoV-2 in Bangladesh: a test-negative design evaluation. Vaccines 2022;10.
doi:10.3390/vaccines10122069.

Mizumoto K, Kagaya K, Chowell G. Effect of a wet market on coronavirus dis-
ease (COVID-19) transmission dynamics in China, 2019-2020. Int J Infect Dis
2020;97:96-101. doi:10.1016/j.ijid.2020.05.091.

Stone M, Grebe E, Sulaeman H, Di Germanio C, Dave H, Kelly K, et al. Eval-
uation of commercially available high-throughput SARS-CoV-2 serologic assays
for serosurveillance and related applications. Emerg Infect Dis 2022;28:672-83.
doi:10.3201/eid2803.211885.


https://doi.org/10.1038/s41598-021-01327-x
https://doi.org/10.3390/tropicalmed4030119
https://doi.org/10.3201/eid2609.191029
https://doi.org/10.3389/fpubh.2023.1148994
https://doi.org/10.3389/fsufs.2021.714649
https://doi.org/10.1016/j.ijregi.2022.01.013
https://doi.org/10.1371/journal.pone.0268093
https://doi.org/10.1002/hsr2.1134
http://refhub.elsevier.com/S2772-7076(24)00166-8/sbref0009
https://doi.org/10.1016/S2666-5247(23)00010-1
https://dashboard.dghs.gov.bd/pages/covid19-vaccination-update.php
https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_feb_2021.pdf?sfvrsn=df7d268a_5
https://www.corelaboratory.abbott/us/en/offerings/segments/infectious-disease/sars-cov-2.html
https://doi.org/10.3390/v14071491
https://doi.org/10.1038/s41467-022-32265-5
https://doi.org/10.1093/cid/ciab219
https://dashboard.dghs.gov.bd/pages/covid19.php
https://www.unicef.org/stories/bangladesh-covid-19-vaccination-rate-has-soared
https://doi.org/10.3390/tropicalmed7040053
https://doi.org/10.1016/j.jim.2023.113486
https://doi.org/10.1038/s41467-021-26479-2
https://doi.org/10.2807/1560-7917.ES.2022.27.2.2101197
https://doi.org/10.4269/ajtmh.23-0179
https://doi.org/10.1038/s41598-021-02659-4
https://doi.org/10.3390/vaccines10091498
https://doi.org/10.1126/sciimmunol.abe0240
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1126/sciimmunol.abe0367
https://doi.org/10.3201/eid2907.230173
https://doi.org/10.1136/bmjopen-2022-066653
https://doi.org/10.3390/vaccines10122069
https://doi.org/10.1016/j.ijid.2020.05.091
https://doi.org/10.3201/eid2803.211885

	Seroprevalence of SARS-CoV-2 in wet market workers in Dhaka, Bangladesh in 2022
	Introduction
	Methods
	Study setting and design
	Data sources and data collection
	Variables and data management
	Statistical analysis

	Results
	Discussion
	Limitations

	Declarations of competing interest
	Funding
	Ethical approval
	Acknowledgment
	Author contributions
	References


