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Abstract

Background: In 2019, two clusters of measles cases were reported in migrant worker dormitories in Singapore.

We conducted a seroprevalence study to measure the level of susceptibility to measles among migrant workers in
Singapore.

Methods: Our study involved residual sera of migrant workers from seven Asian countries (Bangladesh, China, India,
Indonesia, Malaysia, Myanmar and the Philippines) who had participated in a survey between 2016 and 2019. Immu-
noglobulin G (IgG) antibody levels were first measured using a commercial enzyme-linked immunosorbent assay
(ELISA) test kit. Those with equivocal or negative IgG results were further evaluated using plaque reduction neutraliza-
tion test (PRNT).

Results: A total of 2234 migrant workers aged 20-49 years were included in the study. The overall prevalence of
measles IgG antibodies among migrant workers from the seven Asian countries was 90.5% (95% confidence interval
89.2-91.6%). The country-specific seroprevalence ranged from 80.3 to 94.0%. The seroprevalence was significantly
higher among migrant workers born in 1965-1989 than those born in 1990-1999 (95.3% vs. 86.6%, p < 0.0005),
whereas there was no significant difference by gender (90.8% in men vs. 89.9% in women, p=0.508). 195 out of 213
samples with equivocal or negative ELISA results were tested positive using PRNT.

Conclusion: The IgG seroprevalence in migrant workers was below the herd immunity threshold of 95% for measles.
Sporadic outbreaks may occur in susceptible individuals due to high transmissibility of measles virus. Seroprevalence
surveys can help identify susceptible subgroups for vaccination.
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Background
Measles is a highly contagious viral disease and poses
a significant threat to public health. It is preventable by
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elimination goal, but there is considerable variation in
vaccination coverage by region and country [1]. The
global resurgence of measles in 2018 and 2019 has high-
lighted the urgent need for renewed focus on measles
vaccination efforts, particularly in population subgroups
with suboptimal vaccination coverage [2].

The foreign workforce made up about a quarter of
Singapore’s population of 5.69 million people in 2020,
including 0.85 million on work permits who mainly
engage in semi-skilled work [3]. The annual incidence
of measles in Singapore ranged from 3 to 29 per million
population during the 10-year period from 2009 to 2018
(Additional file 1: Fig. S1) [4]. Measles vaccination was
made compulsory for children under the National Child-
hood Immunization Program in 1985 [5]. Since 2011,
the measles, mumps and rubella (MMR) immunization
schedule has consisted of the first dose at 12 months and
the second dose at 15-18 months of age [6]. The two-
dose MMR vaccination coverage ranged from 88 to 92%
in Singapore residents at 2 years of age from 2013 to 2018
[7]. The high population immunity among Singapore res-
idents is well demonstrated by serological surveys with
measles prevalence of 98% in those aged 1-17 years in
2018 [8] and over 95% in adults in 2004 [9]. However, the
immunity level against measles among non-residents in
Singapore is unknown, particularly in vulnerable popula-
tion groups who may require catch-up vaccination.

In 2019, two measles outbreaks involving six cases
each were reported in two migrant worker dormitories
in Singapore from 14 to 27 June and from 9 to 29 July,
respectively [10]. One cluster comprised four cases from
Bangladesh and two from India, and the other cluster
comprised five cases from Bangladesh and one from
India [10]. The median age of measles cases in each clus-
ter was 30 years [10]. As their childhood vaccination and
serology status was unknown, an added measure to mini-
mise the risk of further transmission through ring vacci-
nation was initiated for all close contacts of the measles
cases who did not have proof of vaccination or immunity
[10]. Such measles outbreak occurrences in densely pop-
ulated dormitories stress the importance of profiling the
prevalence of measles antibodies among migrant workers
for an accurate assessment of their immunity status.

We conducted a serological study to assess the level of
susceptibility to measles among migrant workers in Sin-
gapore. The findings will provide guidance for planning
outbreak prevention and control programmes in the
migrant worker population.

Methods

Seroprevalence survey

The measles seroprevalence study was conducted in
accordance with the Infectious Diseases Act [11] which
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provides for the use of residual blood samples for the
purpose of public health surveillance.

The study involved residual sera collected between
2016 and 2019 from a survey on latent tuberculosis
among 3584 migrant workers in Singapore from eight
Asian countries with large number of migrant work-
ers in Singapore (Bangladesh, China, India, Indonesia,
Malaysia, Myanmar, the Philippines and Vietnam). They
were recruited from 27 locations around Singapore
[12]. About 67% were recruited from clinics providing
health screening services for migrant workers, 30% from
migrant worker dormitories and 3% from recreation cen-
tres catering to migrant workers. The inclusion criteria
were: (1) aged 20-50 years; (2) no previous employment
in Singapore; (3) stayed in Singapore for less than a year.

Migrant workers who participated in the survey on
latent tuberculosis and provided consent for their data
and residual sera to be used for future research were eli-
gible for inclusion in our study. For this serological study,
the minimum sample size for each country of origin and
birth cohort was determined based on published reports
of measles seroprevalence in Bangladesh [13], China [14],
India [15] and Malaysia [16] (Additional file 1: Table S1)
with a confidence level of 95% and relative precision of
5%. For migrant workers from Indonesia, Myanmar and
the Philippines, we assumed their measles antibody prev-
alence was at least 85% in each birth cohort, which gave
a minimum sample size of 272 with a confidence level of
95% and relative precision of 5%. We used random sam-
pling to select migrant workers from each country of ori-
gin and birth cohort if the number of available residual
sera exceeded the minimum sample size required. We
excluded migrant workers from Vietnam from the analy-
sis as there were only 15 residual sera available in total.

Measurement of measles antibodies

Testing of the residual sera was conducted by the
National Public Health Laboratory, the national reference
laboratory for measles in Singapore. Immunoglobulin G
(IgG) antibody levels were measured using an enzyme-
linked immunosorbent assay (ELISA), Enzygnost® Anti-
Measles Virus/IgG (Siemens, Germany). Test results
were reported in corrected optical density (AOD) and
classified into three categories according to the manu-
facturer’s instructions: negative (AOD<0.1), equivocal
(0.1 <AOD <0.2) or positive (AOD >0.2).

Plaque reduction neutralization test (PRNT) is known
as the gold standard assay for evaluation of humoral
immunity to measles [17, 18]. Samples with equivocal
and negative ELISA results were further evaluated using
PRNT. The assay used was adopted from a standard-
ized laboratory protocol for measles PRNT by the WHO
which was subsequently validated for use in clinical trials
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of aerosolized measles vaccines [19]. The measles PRNT
titre was calculated from the dilution that reduced the
number of plaques by 50%, and a value >8 was consid-
ered positive.

Statistical analysis

We used the Wilson method [20] to compute the 95%
confidence intervals (CI) for binomial proportions. The
Mantel-Haenszel chi-square test for trend was used
to evaluate the difference in seroprevalence across age
groups. Fisher’s exact test was used to test for differences
in seroprevalence by gender. All analyses were performed
using SPSS version 24 (IBM, USA). All p values reported
were 2-sided and statistical significance was taken as
p<0.05.
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Results

A total of 2234 migrant workers with residual sera were
included in the study. Their mean age was 27.3 years
(standard deviation 5.1, range 20-49). Among them,
30.4% were from India, 20.1% from Indonesia, 12.9%
from Bangladesh, 12.7% from Myanmar and the remain-
ing were from China, the Philippines and Malaysia
(Table 1). All migrant workers from Bangladesh and more
than 94% from China, India and Malaysia were men. All
except one from Indonesia, 94.1% from the Philippines
and 83.5% from Myanmar were women.

The overall prevalence of measles IgG antibod-
ies among the migrant workers from the seven Asian
countries was 90.5% (95% confidence interval [CI]
89.2-91.6%). The seroprevalence was above 80% in
migrant workers from each country of origin (Fig. 1).

Table 1 Number of migrant workers included in study by country of origin, birth cohort and gender

Country of origin

Bangladesh China India Indonesia Malaysia Myanmar Philippines
Total 289 193 679 450 152 284 187
Birth cohort
1965-1984 31 72 101 137 18 24 64
1985-1989 63 67 171 104 24 48 64
1990-1994 136 43 205 209 64 207 59
1995-1999 59 1 202 0 46 5 0
Gender
Male 289 182 668 1 143 47 11
Female 0 Nl M 449 9 237 176
Country Prevalence (%)
of origin (95% ClI)
Bangladesh  92.7 (89.1-95.2) — &
China 91.2 (86.3-94.4) —_— ——
India 93.1 (90.9-94.8) ——
Indonesia  94.0 (91.4-95.8) — e—i
Malaysia 80.3 (73.2-85.8) -
Myanmar 81.7 (76.8-85.8) -
Philippines  89.8 (84.7-93.4) —_——
70% 75% 80% 85% 90% 95% 100%
Measles seroprevalence
Fig. 1 Measles IgG seroprevalence (%) measured by ELISA among migrant workers in Singapore by country of origin. The error bars indicate 95%
confidence interval (Cl)
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The seroprevalence ranged from 80.3% in workers
from Malaysia to 94.0% from Indonesia. The country-
specific seroprevalence was above 85% among workers
born in 1965-1984 and those born in 1985-1989, and
it exceeded 72% for both men and women (Table 2).
When aggregated across the seven countries, the preva-
lence of measles IgG antibodies was significantly higher
in migrant workers born in 1965-1989 than those born
in 1990-1999 (95.3% vs. 86.6%, p < 0.0005), whereas there
was no significant difference by gender (90.8% in men vs.
89.9% in women, p=0.508).

There were 213 samples with equivocal or negative
ELISA results. Among these, 195 (91.5%) tested positive
using PRNT. Of 116 IgG-equivocal and 97 IgG-negative,
115 (99.1%) and 80 (82.5%) tested positive using PRNT,
respectively.

Discussion

In our serological study, the overall IgG seroprevalence
of measles in migrant workers from all the seven Asian
countries was below the herd immunity threshold of 95%
for measles [21]. Sporadic measles outbreaks can occur
in susceptible individuals, particularly in those originat-
ing from countries with suboptimal vaccination cover-
age. The high transmissibility of measles virus and close
living environments of migrant worker dormitories may
have led to the two clusters of measles cases reported in
2019 in Singapore. There have been reports of measles
outbreaks associated with vaccine failure or low vaccine
effectiveness in other countries [22-24].

In this study, the IgG seroprevalence was significantly
higher among older migrant workers born in 1989 and
earlier years. The age at vaccination is an important host
factor in determining the immune response to measles-
containing vaccine (MCV) [25]. Most studies on the
immunogenicity of standard-titre MCV did not report
on gender differences in seroconversion rates [25].
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Measles is endemic in all the seven Asian countries
where the migrant workers hailed from [26]. The humoral
immunity against measles observed in migrant workers
is more likely to be due to past infection for those born
before or in the first few years when childhood measles
vaccination was introduced in the countries where they
hailed from. In 1995, the vaccination coverage of the
first dose for measles in children aged <1 year ranged
from 72% in India to 86% in Malaysia (Additional file 1:
Table S2). More than two decades later, the measles vac-
cination coverage of the first dose in 2019 increased in all
these countries except in the Philippines [27-34] (Addi-
tional file 1: Table S2).

Upon arrival in Singapore, all migrant workers have to
undergo a pre-employment health examination, which
includes review of medical history, physical examination
and screening, and subsequent screening [35]. There is
no vaccination policy against infectious diseases such as
measles for migrant workers. The measles seroprevalence
of migrant workers observed in our study could be due
to a combination of those with vaccine-derived and natu-
rally acquired immunity [10].

In 2018, Singapore was verified as having achieved
measles elimination by the WHO [36, 37]. However,
Singapore still faces the risk of measles importations
from international travellers and migrant workers
[36]. The measles outbreaks in 2019 have prompted
an evaluation of the need for a catch-up vaccination
program for all migrant workers without documenta-
tion of receipt of two doses of MMR. Given the highly
contagious nature of measles virus, a multi-pronged
approach remains essential in minimizing the risk of
disease transmission. Atypical clinical presentations,
especially among those who have immunity to measles
[38-41], pose a challenge to early detection of cases.
Hence it is important to remain vigilant, conduct thor-
ough epidemiological investigation of suspected cases,

Table 2 Measles IgG seroprevalence (%) measured by ELISA (95% confidence interval) among migrant workers in Singapore by

country of origin, birth cohort and gender

Country of origin

Bangladesh China India Indonesia Malaysia Myanmar Philippines

Birth cohort

1965-1984 100 (89.0-100)  91.7(83.0-96.1) 99.0 (94.6-99.8) 97.8(93.8-99.3) 88.9(67.2-96.9) 00 (86.2-100)  96.9 (89.3-99.1)

1985-1989 984 (91.5-99.7) 88.1(782-93.8) 97.1(93.3-98.7) 96.2 (90.5-98.5) 87.5(69.0-95.7) 93.8(83.2-97.9) 87.5(77.2-93.5)

1990-1994 1.9(86.1-954) 93.0(81.4-97.6) 91.7(87.1-94.8) 90.4 (85.7-93.7) 79.7 (68.3-87.7) 77.3(71.1-825) 84.7(73.5-91.8)

1995-1999 4.7 (73.5-91.8) 00 (74.1-100) 8.1(82.9-91.9) - 73.9(59.7-84.4) 60.0 (23.1-88.2) -
Gender

Male 92.7(89.1-95.2) 923(87.5-954) 93.1(90.9-94.8) 100 (20.7-100) 79.0 (71.6-84.9) 76.6 (62.8-86.4) 909 (62.3-98.4)

Female - 72.7 (434-903) 909 (62.3-984) 94.0(91.4-95.8) 100 (70.1-100) 82.7(77.4-87.0) 89.8(84.4-93.4)
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obtain respiratory samples to perform polymerase
chain reaction tests and genotyping for these cases, and
implement prevention and control measures despite
high seroprevalence of measles in migrant workers [10].

Approximately 82.5% of the 97 samples which had been
tested IgG-negative and all except one of 116 samples
tested IgG-equivocal using ELISA were found to be sero-
positive after subsequent PRNT. If positive PRNT results
were included in the classification of results, the country-
specific measles seropositivity of migrant workers would
have ranged from 97.9 to 100% instead of from 80.3 to
94.0% based on ELISA alone (Additional file 1: Table S3).
It is not known whether the antibody levels of individu-
als who tested ELISA negative but PRNT positive corre-
late with protection against measles, and this should be
determined by long-term follow-up.

As this study was based on residual sera from a sur-
vey on latent tuberculosis, and there was no published
data on distribution of migrant workers by country of
origin and age group in Singapore, we were unable to
assess whether the study sample was representative of the
migrant workers at large. The small number of migrant
workers in some age groups limited the comparison by
birth cohort and led to wide confidence intervals of the
seroprevalence estimates.

Conclusions

The IgG seroprevalence in migrant workers from each of
the seven Asian countries was below the herd immunity
threshold of 95% for measles. This study underscores the
importance of periodic seroprevalence surveys to meas-
ure the level of immunity against measles in migrant
workers, so as to identify susceptible subgroups for active
vaccination.
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