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Objective: To estimate SARS-CoV-2 infection incidence among migrant workers and the general popula-
tion in Singapore.

Design: Prospective serological cohort studies.

Setting: Two cohort studies — in a migrant worker dormitory and in the general population in Singapore.
Participants: 478 residents of a SARS-CoV-2-affected migrant worker dormitory were followed up be-
tween May and July 2020, with blood samples collected on recruitment and after 2 and 6 weeks. In ad-
dition, 937 community-dwelling adult Singapore residents, for whom pre-pandemic sera were available,
were recruited. These individuals also provided a serum sample on recruitment in November/December
2020.

Exposure: Exposure to SARS-CoV-2 in a densely populated migrant worker dormitory and in the general
population.

Main outcomes and measures: The main outcome measures were the incidences of SARS-CoV-2 infection
in migrant workers and in the general population, as determined by the detection of neutralizing anti-
bodies against SARS-CoV-2, and adjusting for assay sensitivity and specificity using a Bayesian modeling
framework.

Results: No evidence of community SARS-CoV-2 exposure was found in Singapore prior to September
2019. It was estimated that < 2 per 1000 adult residents in the community were infected with SARS-
CoV-2 in 2020 (cumulative seroprevalence: 0.16%; 95% Crl: 0.008-0.72%). Comparison with comprehensive
national case notification data suggested that around 1 in 4 infections in the general population were
associated with symptoms. In contrast, in the migrant worker cohort, almost two-thirds had been infected
by July 2020 (cumulative seroprevalence: 63.8%; 95% Crl: 57.9-70.3%); no symptoms were reported in
almost all of these infections.

Conclusions and relevance: Our findings demonstrate that SARS-CoV-2 suppression is possible with strict
and rapid implementation of border restrictions, case isolation, contact tracing, quarantining, and social-
distancing measures. However, the risk of large-scale epidemics in densely populated environments re-
quires specific consideration in preparedness planning. Prioritization of these settings in vaccination
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strategies should minimize the risk of future resurgences and potential spillover of transmission to the

wider community.

© 2021 The Authors. 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/)

Key points

Question: What was the incidence of SARS-CoV-2 infection in
the general population and among migrant workers in Singa-
pore in 20207

Findings: Using serological evidence from two prospective
cohorts, it was shown that < 0.2% of the Singapore general
population had been infected with SARS-CoV-2 in 2020, but
nearly two-thirds of residents in a SARS-CoV-2-affected dor-
mitory were infected by July 2020, at the peak of an outbreak
in migrant workers.

Meaning: Community transmission of SARS-CoV-2 can be
effectively suppressed with prompt implementation of border
restrictions, case identification, isolation and contact tracing,
social distancing measures, and non-pharmaceutical interven-
tions. However, high-risk, densely populated settings require
special consideration in preparedness planning.

Introduction

Singapore reported its first imported case of coronavirus
disease-2019 (COVID-19) on January 23, 2020. The first cases of lo-
cal transmission were recorded on February 4, 2020. Subsequently,
Singapore experienced three distinct COVID-19 epidemics, involv-
ing imported cases, clusters of community transmission linked
mainly to workplaces, social gatherings and nursing homes, and
outbreaks among migrant workers (Figure 1). The public health re-
sponse involved a comprehensive set of control measures, includ-
ing isolation of COVID-19 cases in hospitals or dedicated govern-
ment facilities, extensive manual and digital contact tracing, and
strict quarantining and testing of incoming travelers and exposed
individuals. Gradual expansions of border restrictions were imple-
mented from the end of January 2020, leading to border closures
to all but essential services at the end of March 2020. Extensive
restrictions on social gatherings and universal mask wearing have
been in place since April 2020, when an 8-week national lockdown
was initiated.

These measures have largely been effective at curtailing com-
munity transmission of SARS-CoV-2. However, from March 2020,
Singapore experienced a series of large epidemics in densely popu-
lated migrant worker dormitories (Tan et al., 2021). There are over
320 000 migrant workers in Singapore, residing in around 50 dor-
mitories nationwide. In response to the epidemic, workers were
confined to dormitories during the lockdown period and move-
ment within dormitories was restricted. Medical teams were de-
ployed in all dormitories to provide testing and refer suspected
COVID-19 cases to healthcare facilities, leading to the eventual in-
terruption of transmission in September 2020. As of August 31,
2021, 67 459 confirmed COVID-19 cases had been reported na-
tionally. Of these, > 80% had been among male foreign migrant
workers living in dormitories. Our study reports on the contrast-
ing SARS-CoV-2 epidemics found among migrant workers and in
the community in Singapore, based on two longitudinal serological
studies.
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Methods
Migrant worker cohort

Between May and July 2020, a longitudinal serology study was
conducted among 541 male residents of a migrant worker dor-
mitory in Singapore. At the start of the epidemic, the dormitory
housed over 4000 residents of primarily Indian, Bangladeshi, and
Chinese origin, working mainly in the construction, shipping, man-
ufacturing, and processing sectors. The dormitory consisted of 10
multistorey residential blocks, with rooms typically housing 10-
14 residents. At the time of the study, clinical management and
testing of suspected COVID-19 cases within the dormitory was per-
formed by a mobile medical team. PCR-confirmed COVID-19 cases
were referred to acute-care hospitals or community isolation facil-
ities, depending on their medical needs.

Participants were recruited from randomly selected rooms
within each residential block (~ five rooms per block — see Sup-
plementary Information for sampling methodology). Consenting
participants provided a 5 ml venous blood sample on enrollment
and after 2 and 6 weeks. Information on participants’ demograph-
ics, country of origin, work sector, pre-existing health conditions,
and smoking history was collected on enrollment. Additionally,
participants were asked whether they had experienced any symp-
toms associated with COVID-19 in the month prior to enrollment
and in the intervening periods between follow-up visits. COVID-
19-associated symptoms included fever, cough, shortness of breath,
sore throat, runny nose, anosmia, muscle ache, fatigue, and diar-
rhea.

Community cohort

Participants were recruited from individuals taking part in the
Singapore Population Health Studies (SPHS) initiative, which com-
prises 50 000 adult Singaporeans and long-term residents followed
up over multiple waves to monitor risk factors for common health
conditions. Individuals in the SPHS were eligible to take part in
this study if they were Singapore citizens or permanent residents
aged > 21 years and had a stored serum sample collected prior to
September 2019 available for serological testing. Participants were
recruited between November and December 2020. Trained inter-
viewers conducted an interview by telephone to collect demo-
graphic details and information on potential risk factors for SARS-
CoV-2 infection, including occupation, travel history, contact with
suspected or confirmed COVID-19 cases, and comorbidities. An in-
person visit was subsequently arranged, at which participants pro-
vided a 5 ml venous blood sample for serological testing.

Serological testing

Tests were carried out for the presence of SARS-CoV-2-
neutralizing antibodies in pre-pandemic sera and sera collected
in November/December 2020 from all community cohort partic-
ipants, and in sera collected at baseline, 2 weeks, and 6 weeks
from the migrant worker cohort. Sera were extracted from fresh
blood samples within 24 hours of collection. Tests for SARS-CoV-
2-neutralizing antibodies (NAb) were performed using the cPass
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Figure 1. Epidemic patterns of imported (top panel), community (middle panel), and migrant worker dormitory (bottom panel) COVID-19 cases in Singapore, January 2020-
March 2021. The shaded area represents the period of national lockdown (circuit breaker) between April 7 and June 1, 2020. Colored bars indicate the periods of sample

collection for the community cohort (yellow) and the migrant worker cohort (blue).

SARS-CoV-2 Neutralization Antibody Detection Kit (GenScript). An
inhibition threshold of 30% was used to define a positive result, as
per the manufacturer’s instructions.

Data analysis

Cumulative seroprevalence in the community cohort in Novem-
ber/December 2020 was estimated using a Bayesian approach, ac-
counting for test sensitivity and specificity, as described by Lar-
remore et al. (Larremore et al., 2021). Markov Chain Monte Carlo
(MCMC) methods were used to obtain 5000 samples from the pos-
terior parameter distribution, after a burn-in of 1000 iterations.

For the migrant worker cohort, cumulative seroprevalence was
estimated at baseline, and after 2 and 6 weeks of follow-up, us-
ing a Bayesian random effects logistic model, as described by
Stringhini et al. (Stringhini et al., 2020) (Supplementary Informa-
tion), which additionally accounted for the clustering of observa-
tions from residents sampled from the same room. In addition, the
risk of seroconversion during the follow-up period among individ-
uals who were seronegative at baseline was estimated. 6000 sam-
ples were obtained from the posterior parameter distributions us-
ing four MCMC chains, each with a burn-in of 750 iterations. The
R-hat statistic was used to check for model convergence, and visual
inspection of trace plots to ensure good mixing of MCMC chains.

Information on false positivity and false negativity for the
cPass assay was obtained from a validation study by Meyer et al.
(Meyer et al., 2020), which estimated a sensitivity of 80.3% and a
specificity of 99.3%.

Analyses were conducted using R software version 4.1
(R Core Team (2020), n.d.). Bayesian random effects mod-
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els were fitted in Stan using the RStan package (Stan
Development Team (2020), n.d.). The posterior parameter dis-
tributions were summarized using the median and central 95% of
the posterior distribution.

Results
Participation

Of the 551 individuals approached, 541 (98.2%) participants
were recruited in the male migrant worker cohort. Of these, 478
(88.4%) provided three blood samples on recruitment, and at 2 and
6 weeks, and were included in this analysis. The mean age was
35 years (range: 19-59 years). Among the participants, 51.4% orig-
inated from India, 34.9% from Bangladesh, and 9.4% from China.
Nearly a third of participants were current smokers, but underly-
ing medical conditions were uncommon (Table 1).

In the community cohort, 2608 individuals were approached,
of whom 701 (26.9%) were not contactable after three attempts,
and three (0.1%) were no longer in Singapore or had passed away.
Of the remaining 1904 individuals, 937 (49.2%) agreed to partici-
pate and completed the baseline assessment. The participants had
a mean age of 52 years (range: 23-83 years) and 480 (51.2%) were
female. The most common underlying conditions were high blood
pressure (23.2%), diabetes (15.0%), and chronic respiratory condi-
tions (6.5%); 9.7% were current smokers (Table 1). In compari-
son with the census population, cohort participants were gener-
ally younger, with an over-representation of those of Indian ethnic-
ity, married individuals, and those living in larger public housing
apartments, and an under-representation of individuals of Malay
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Distribution of ages and underlying medical conditions in the community cohort and migrant

worker cohort participants, Singapore 2020

Characteristic

Community cohort(N = 937)

Migrant worker cohort(N = 478)

Age (years)

- Mean (SD) 52.3 (13.0)
- Range 23.0-83.0
Age category

- <30 45 (4.8%)
-30-39 114 (12.2%)
- 40-49 232 (24.8%)
- 50-59 270 (28.8%)
- 60-69 169 (18.0%)
- 70+ 107 (11.4%)
High blood pressure

- No 718 (76.7%)
- Yes 217 (23.2%)
- Don’t know 1(0.1%)
Heart disease

- No 886 (94.6%)
- Yes 48 (5.1%)

- Don’t know 3(0.3%)
Diabetes mellitus

- No 794 (84.8%)
- Yes 140 (15.0%)
- Don’t know 2 (0.2%)
Chronic lung condition

- No 873 (93.2%)
- Yes 61 (6.5%)

- Don’t know 3 (0.3%)

Smoking status

- Non-smoker

- Ex-smoker

- Current smoker

792 (84.5%)
54 (5.8%)
91 (9.7%)

35.2 (7.9)
19.0-59.0

134 (28.0%)
203 (42.5%)
124 (25.9%)
17 (3.6%)

0 (0.0%)

0 (0.0%)

457 (95.6%)
21 (4.4%)
0 (0.0%)

478 (100.0%)
0 (0.0%)
0 (0.0%)

469 (98.1%)
9 (1.9%)
0 (0.0%)

475 (99.4%)
3 (0.6%)
0 (0.0%)

282 (59.0%)
46 (9.6%)
150 (31.4%)

ethnicity, unmarried individuals, and those living in private con-
dominiums or landed property (Supplementary Information Table
S1).

Recruitment summaries for the two cohorts are shown in Sup-
plementary Information Figures S1 and S2.

Seroprevalence and infection risk

In the migrant worker cohort, 117 (24.5%) were positive for
SARS-CoV-2 neutralizing antibodies at baseline. This rose to 178
(37.2%) after 2 weeks and to 245 (51.3%) after 6 weeks. After ac-
counting for test characteristics, the cumulative seroprevalence was
estimated to be 30.4% (95% credible interval, Crl: 26.1-35.9%) at
baseline, 46.5% (95% Crl: 41.4-51.9%) after 2 weeks, and 63.8% (95%
Crl: 57.9-70.3%) after 6 weeks. Among the initially seronegative
migrant workers, the risk of seroconversion was 22.9% (95% Crl:
18.5-27.8%) after 2 weeks and 54.3% (95% Crl: 48.3-60.7%) after 6
weeks of follow-up (Figure 2).

There was statistical and epidemiological evidence that infec-
tions were clustered strongly by room (household random effect
at baseline, o, = 3.0, 95% Crl: 1.93-5.27). This clustering effect
decreased over time as seroprevalence increased over the 6-week
follow-up period (o}, = 1.74, 95% Crl: 1.11-2.86 at 6 weeks). Ad-
ditionally, among 16 initially seronegative rooms, widely hetero-
geneous trajectories were observed (Multimedia File), with attack
rates over the 6-week follow-up period ranging from 0% to 85%
(Supplementary Information Figure S3).

The vast majority of migrant worker infections were asymp-
tomatic. Among those seropositive at baseline, five (4.3%) reported
experiencing any symptom associated with COVID-19 in the previ-
ous 4 weeks, while 3.8% (6/160) of seroconverters reported symp-
toms during the 6-week follow-up period. No association was
found between seropositivity at baseline or seroconversion and
age, country of origin, work sector, occurrence of symptoms, or
smoking status.
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In the community cohort, no pre-pandemic serum samples
were positive for SARS-CoV-2 neutralizing antibodies. Among the
samples collected in November/December 2020, 0.21% (2/937)
tested positive. Both positive samples were non-reactive against
SARS virus spike protein. After accounting for test characteristics,
the cumulative seroprevalence in 2020 was estimated to be 0.16%
(95% Crl: 0.008-0.72%).

In total, 2272 community cases of COVID-19 were reported in
Singapore up to the end of December 2020, corresponding to a cu-
mulative incidence of 0.042% (COVID-19 Situation Report, n.d.) This
indicated a most likely value for the infection:case ratio of 3.8:1.

Discussion

Our findings highlighted the contrasting epidemics in the com-
munity and in migrant worker populations in Singapore, based
on serological evidence from two longitudinal studies. Our re-
sults demonstrated the continuing effectiveness of nationally im-
plemented, wide-ranging control measures for minimizing com-
munity transmission of SARS-CoV-2, while emphasizing the chal-
lenges to mitigating risk in densely populated settings. Our study
also documented evidence of high rates of asymptomatic infection
in migrant workers.

To our knowledge, this was the first study to report on SARS-
CoV-2 cross-reactivity in pre-pandemic sera from a large, system-
atic, general population cohort. No evidence was found of pop-
ulation exposure to SARS-CoV-2 prior to September 2019. Since
January 2020, Singapore has implemented a multi-pronged strat-
egy for SARS-CoV-2 containment and suppression, including ex-
tensive testing and contact tracing, strictly enforced case isolation
and quarantining, risk-based border restrictions, social-distancing
measures, and mask-wearing policies. Early modeling work in Sin-
gapore emphasized the important role of case isolation, contact
tracing, quarantining, and workplace distancing measures in con-
trolling SARS-CoV-2 transmission (Koo et al., 2020), which is evi-
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Figure 2. Cumulative seroprevalence (left panel) and seroconversion risk (right panel) over a 6-week period among migrant workers residing in a dormitory, Singapore
2020. The 2-week and 6-week seroconversion estimates are based on antibody test results at 2 and 6 weeks among individuals initially seronegative at baseline. The 4-week
seroconversion estimates are based on antibody test results at the 6-week follow-up among individuals who were seronegative at the 2-week follow-up.

Multimedia file: Infections in a cohort of 541 migrant workers residing in a dormitory at baseline, and at 2 weeks and 6 weeks of follow-up. Circles represent individuals
recruited from rooms within dormitory blocks. Grey circles represent individuals negative for SARS-CoV-2 neutralizing antibodies; red circles represent individuals positive
for SARS-CoV-2 neutralizing antibodies. The animation shows the progression of infections by room. Some individuals were tested at baseline but did not complete the
6-week follow-up. These are denoted by lighter shading (see, for example, rooms in Block A, floor 5, extreme right, and Block B, floor 3, extreme left).

denced by the comparatively small number of community COVID-
19 cases notified to date, and the extremely low seroprevalence ob-
served in this study. In comparison, early seroprevalence studies in
European settings indicated that between 5% and 10% of the pop-
ulation had evidence of SARS-CoV-2 exposure after the first epi-
demic wave (Pollan et al., 2020; Stringhini et al., 2020).

Initial measures in Singapore, however, were unable to pre-
vent large epidemics in densely populated migrant worker dormi-
tories. More than 49 000 COVID-19 cases were reported among
dormitory residents between April and July 2020, corresponding to
an incidence of 1526 cases per 10 000 residents. This compares
with 1760 cases, or 3 per 10 000 population, in the community.
Data from our study indicated that around two-thirds of dormi-
tory residents had been infected between April and early July, in
line with seroprevalence estimates reported from other migrant
worker populations (Tan et al., 2021). Moreover, our data sug-
gested extremely high infection risks in these settings, with more
than half of initially immunologically naive individuals becom-
ing infected over the 6-week follow-up period. Crowded, poorly
ventilated indoor spaces are known to be high-risk environments
for SARS-CoV-2 transmission, and have been associated with large
outbreaks among processing plant workers (Giinther et al., 2020;
Middleton et al., 2020; Steinberg et al., 2020).

Nevertheless, the vast majority of infections were asymp-
tomatic. This finding should be interpreted in the context of pre-
vailing control measures in migrant worker dormitories. Individu-
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als at higher risk of severe COVID-19, including older individuals
and those with underlying medical conditions, were moved to al-
ternative housing early on in the epidemic. Additionally, universal
mask-wearing was mandatory during the study period, which is
likely to have contributed to reducing droplet exposure from infec-
tious individuals and, hence, viral inoculum (Spinelli et al., 2021).
Although it is possible that participants may have under-reported
symptoms, this is an unlikely explanation for the high fraction of
asymptomatic infections. At the time of the study, dormitory res-
idents were required to report their temperature every day and
were asked to report to a medical post within the dormitory in
the event of symptoms, for testing and referral to medical services
where necessary. All but essential work had been suspended and
residents were confined to the dormitory. The Singapore govern-
ment set up a compensation scheme so that workers continued
to be paid during this period. It is thus unlikely that there were
strong disincentives to report symptoms.

Based on a comparison of cumulative seroprevalence in our
community cohort with officially reported COVID-19 cases in the
community up to the end of 2020, our estimate of a likely value for
the infection:case ratio was around 4:1, although uncertainty was
high because of the very small number of seroconversions. Impor-
tantly, Singapore has employed extensive testing, case identifica-
tion, and contact tracing since the start of the pandemic, and ascer-
tainment of community COVID-19 cases during the study period is
likely to be near complete. Our estimate for the infection:case ra-
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tio was in agreement with analyses of the Diamond Princess cruise
ship outbreak, in which an estimated three-quarters of infections
were asymptomatic (Emery et al., 2020). Data from extensive in-
vestigations of the wider outbreak in migrant workers also identi-
fied five times as many infections as symptomatic cases (Tan et al.,
2021), although there may have been some under-ascertainment of
symptomatic cases among migrant workers early in the epidemic.

A number of limitations should be considered when interpret-
ing our findings. First, because of the extensive control measures
and movement restrictions implemented within migrant worker
dormitories, our study was limited to residents of a single dormi-
tory. Within the dormitory, the sampling protocol had to be de-
signed so as to minimize contact between residents on different
floors and in different residential blocks; it was not possible to
implement a sampling scheme that provided a truly representa-
tive sample. Our study accounted for this by using a model that
incorporated the dependence of samples, and our infection rates
were in line with other estimates from the broader migrant worker
population in Singapore (Tan et al., 2021). Additionally, our study
did not include virological detection of SARS-CoV-2 from respira-
tory samples. Combined use of polymerase chain reaction (PCR)
tests and serological assays would have allowed for more precise
determination of the timing of infection and more detailed investi-
gation of transmission within the migrant worker dormitory. How-
ever, because of limitations on the availability of PCR test kits na-
tionally early on in the pandemic, this was beyond the scope of
this study. Due to the lag in the appearance of detectable neu-
tralizing antibodies, our infection rate estimates therefore reflected
levels of transmission 2-3 weeks earlier.

Conclusion

Within the broader context of the COVID-19 epidemic in Sin-
gapore, our findings demonstrated that suppression of SARS-CoV-
2 transmission is possible with strict and rapid implementation
of border restrictions, case isolation, contact tracing, quarantining,
and social-distancing measures. However, the potential for large-
scale epidemics in densely populated environments has proven to
be a point of vulnerability in terms of virological containment,
requiring special consideration in preparedness, mitigation, and
control planning. Although the routes of transmission within the
migrant worker dormitory were not specifically investigated, the
strong clustering of infection within rooms highlights the role of
crowding in transmission, and emphasizes the need to reduce den-
sity in dormitory settings in order to reduce vulnerability to out-
breaks. Consideration and prioritization of these settings in vacci-
nation strategies should help to minimize the risk of future resur-
gences and potential spillover of transmission to the wider com-
munity.
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