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ARTICLE INFO ABSTRACT

Article history: Objectives: We evaluated the effectiveness of the Lao People’s Democratic Republic’s measles-rubella im-
Received 5 September 2022 munization program using the seroprevalence from two cross-sectional surveys.

Revised 30 January 2023 Methods: The nationwide surveys occurred in 2014 and 2019 using a multistage cluster sampling, both re-
Accepted 31 January 2023 quiring samples from 2184 individuals from 52 randomly selected villages. Immunoglobulin G titers, mea-
sured using enzyme-linked immunosorbent assay, were considered positive at >120 mIU/ml (measles)

Keywords: and >10 IU/ml (rubella). We calculated the vaccination-related reduction in the force of rubella infection
Population-based and the number of congenital rubella syndrome cases averted in 2019.

Seroprevalence survey Results: We collected 2135 (women: 55.2%, mean age: 23.2 years) and 2001 (52.7%, 23.1 years) samples
m:;t;leer?atlcal modeling in 2014 and 2019, respectively. During 2014-2019, immunoglobulin G prevalence increased from 83.9%
Rubella (95% confidence interval [CI]: 83.8-84.0) to 98.3% (97.7-98.8) for measles and from 75.4% (75.3-75.5) to
Elimination 87.8% (86.4-89.2) for rubella. The most plausible reduction in the average force of rubella infection was

100% (95% CI: 28-100) since vaccination started, averting 78 (95% CI: 42-128) congenital rubella syndrome
cases in 2019.
Conclusion: This is the first population-based study for measles and rubella at two different time points
in developing countries. Measles and rubella seroprevalence increased significantly during 2014-2019,
greatly exceeding the immunity thresholds for their elimination.
© 2023 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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tor Development Plan 2016-2020 included a goal of 95% vaccina-
tion coverage for measles and rubella by 2020 [1]. The official rou-
tine immunization coverage has steadily improved during the last
5 years, reaching 89% for the measles and rubella-containing vac-
cine (MRCV) in 2019 [2].

In February 2014, the first nationwide seroprevalence survey
was conducted to measure the antimeasles and antirubella im-
munoglobulin (Ig) G prevalence to estimate the population im-
munity, evaluate previous vaccination effectiveness, and the num-
ber of averted congenital rubella syndrome (CRS) cases [3,4]. The
estimated IgG prevalence was 83.9% and 75.4% for measles and
rubella, respectively. The IgG prevalence of measles was signifi-
cantly lower in the target age groups (5-21 years) of the 2011 sup-
plementary immunization activity (SIA), which used MRCV, than
in young adults (22-39 years; 86.8% [95% confidence interval (CI):
84.5-91.8] vs 99.0% [95% CI: 98.3-99.8]), whereas the IgG preva-
lence of rubella was significantly higher (88.2% [95% CI: 84.5-91.8]
vs 74.6% [95% Cl: 70.7-78.5]). In the SIA target age groups, the
prevalence of measles IgG increased with age. The number of CRS
cases estimated to have been prevented in 2013 ranged from 16
to 92, depending on the assumed postvaccination reduction in the
force of infection.

The survey findings led the national immunization program
(NIP) to conduct two SIAs targeting those aged 9 months to 10
years in 2014 and 9 months to 5 years in 2017 (100% and 97% cov-
erage, respectively). The incidence per 1 million dramatically de-
creased during 2014-2018 from 10.7 to 1.4 for measles and from
2.8 to 2.2 for rubella [5,6], making the NIP and relevant part-
ners regard the direct measurement of herd immunity as a bet-
ter approach to obtaining reliable data on the occurrence of these
vaccine-preventable diseases [3,7-10] and to start to consider steps
to eliminate measles in Lao PDR by 2022 [11].

Thus, we conducted the second nationwide seroprevalence sur-
vey in 2019 to assess the change in IgG prevalence for measles and
rubella between 2014 and 2019 that could be caused by routine
immunization and two SIAs in 2014 and 2017. Mathematical mod-
eling was then used to assess the effectiveness of the immuniza-
tion program over the last 5 years by estimating the reduction in
the force of infection and the number of CRS averted in 2019 using
data from both surveys [3,4].

Materials and methods
Study population and required sample size

Although this survey covered different people in different areas
from those in 2014, both surveys used the same multistage random
cluster sampling design [3], allowing the results to be compared
between the surveys. In the 2014 survey, to evaluate the 2011 SIA,
the population included both those who would have been covered
(aged 5-21 years) and not covered (aged 1-2 and >21 years) by
the SIA. To separate the two groups clearly for comparison of im-
munity level, those aged 3-4 years were excluded because some of
them could be covered by the SIA and others could not because
their date of birth is often ambiguous because calendar and tradi-
tional ages are often confused in rural villages [12,13]. The required
sample size was calculated using the same method as in the pre-
vious survey, resulting in 2184 samples [3].

Sampling strategies

A three-stage random cluster sampling design was adapted us-
ing a sampling method recommended by the World Health Or-
ganization (WHO) [14,15]. For the first stage, 26 of 148 districts
were randomly selected by applying probability proportionate-to-
size sampling based on the latest population census of 2005 ob-
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tained from the Department of Statistics, Lao PDR. For the sec-
ond stage, two villages per district were randomly selected using
proportionate-to-size sampling (52 villages in total). For the third
stage, 42 participants per village, including eight, six, six, 16, and
six aged 1-2, 5-14, 15-21, 22-39, and >40 years, respectively, were
randomly selected from a household list using a paper-based lot-
tery, meeting the required sample size (2184 samples).

Sample collection and laboratory examination

Survey teams of two were organized in each selected district
to conduct a brief face-to-face interview to obtain the demo-
graphic information and blood collection by finger prick [16] from
the individuals sampled from two villages in the same district.
A small amount of blood was put onto filter paper (Whatman
903®) using capillary tubes, dried well, and transported to the
WHO Measles and Rubella Regional Reference Laboratory, as well
as the Global Specialized Laboratory in the Department of Virology
IlI, National Institute of Infectious Diseases (NIID), Tokyo, Japan, for
the laboratory examinations. The antimeasles and antirubella IgG
titers were measured using commercially available enzyme-linked
immunosorbent assay kits (Enzygnost Anti-measles virus/IgG and
Anti-rubella virus/IgG, Siemens Healthcare Diagnostics). The Opti-
cal Density (OD) values were converted to quantitative data, and
we presented the results with cut-off points of 120 mIU/ml for an-
timeasles IgG that has been considered to be protective against
symptomatic disease according to past studies [16-18] and 10
IU/ml for antirubella IgG that has been recommended by the lat-
est WHO position paper [19] because several studies demonstrated
that a secondary immune response was elicited by patients with
antibody levels >10 IU/ml after a challenge with a live attenuated
vaccine or reinfection [20-23].

Estimated number of averted CRS cases by mathematical modeling

We fitted the catalytic models to age-specific rubella seropreva-
lence data from both 2014 and 2019 simultaneously to estimate
the prevaccination force of infection, the sensitivity of the antibody
assay for both surveys, and the average reduction in the force of
infection resulting from the introduction of vaccination. Eight cat-
alytic models, denoted as AA, AB, BA, BB, CC, CD, DC, and DD (see
Supplementary Table A.1 and A.2), were fitted to the data from
both surveys by maximum likelihood. The best-fitting value for the
prevaccination force of infection was then used to estimate the CRS
incidence per 100,000 live births in 2019 among women in 5-year
age groups between those aged 15 and 49 years and those aged
15-49 years and what it might have been if the rubella-containing
vaccine had not been introduced. The methods are similar to those
used previously [4]. For each model, we also computed the basic
reproduction number (Ry) and the net reproduction number R, for
rubella by 2019 as a result of vaccination. Further details are in the
Appendix.

The CIs on the prevaccination force of infection, its average re-
duction after vaccination was introduced, the sensitivity of the an-
tibody assay, the CRS incidence for each catalytic model, and the
number of CRS cases prevented by vaccination and the reproduc-
tion numbers were obtained by bootstrapping, using 1000 boot-
strap datasets generated using the approach used by Shkedy et
al [24]. In the sensitivity analyses, we repeated the analyses con-
ducted previously [4] but just using data from the seroprevalence
survey in 2019 to estimate the force of infection from before the
introduction to vaccination using assumptions for the average re-
duction in the force of infection after vaccination was introduced
of 0, 25%, 50%, 75%, and 100%. Further details are in the Appendix.
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Figure 1. Selected 26 districts (52 villages) for the survey (left: 2014, right: 2019).

Statistical analysis

The statistical analysis was conducted using STATA version 14.0
(StataCorp., College Station, TX, USA). The calculations of the over-
all prevalence among the participants considered the sampling de-
sign and each individual’s sampling weight. All estimates and stan-
dard errors were calculated by considering the multistage clus-
ter sampling design and the weight of each sample. The Clopper-
Pearson exact method was used to calculate the 95% Cls for the
estimated prevalence in each group.

Ethical approval

Written informed consent was obtained from all selected par-
ticipants. When the participants were aged <18 years, it was ob-
tained from their parents or legal representatives. The participants’
names were not recorded. The research proposal was approved by
the Ministry of Health; Lao PDR (06/NECHR); National Center for
Global Health and Medicine, Japan (NCGM; NCGM-3038); and Na-
tional Institute of Infectious Diseases, Japan (NIID-1012).

Role of the funding source

This survey was supported by the NCGM Intramural Research
Fund (grant numbers 25-8, 19A01 and 22A01) and the Grant for
the NIP, Lao PDR (grant number FY2019). However, the funders had
no role in the study design, data collection, data analysis, data in-
terpretation, or writing of the manuscript.

Results
Participants’ characteristics

The survey teams visited all 52 selected villages from the 26
districts between June 3 and 14, 2019, and completed blood sam-
pling on 2043 people (93.5% of the required sample size; Figure 1).
After 42 samples were excluded from the study due to improper
blood sampling on the filter paper or missing demographic infor-
mation, 2001 samples were included for the laboratory analysis of
measles and rubella (91.6% of the required sample size). The mean
age was 23.1 years (95% CI: 22.4-23.9), ranging from 1 to 89 years
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Table 1
Demographic characteristics of the survey participants (n = 2001).
Variable n (%)
Age Mean (range) 23.1 years (1-89)
Age group (years) 1-2 354 (17.7)
5-14 311 (15.5)
15-21 342 (17.1)
22-39 607 (30.3)
>40 387 (19.4)
Sex Male 946 (47.3)
Region North 539 (26.9)
Central 1000 (50.0)
South 462 (23.1)
Lao Loum 1195 (59.7)
Ethnicity Khmu 293 (14.6)
Hmong 323 (16.1)
Others 188 (9.4)
N/A 2(0.1)

(Table 1). Men accounted for 47.3% of all the selected subjects. The
places of residence were the north for 26.9%, the central region for
50.0%, and the south for 23.1%. Regarding the ethnic group, 59.7%
were Lao Loum, and 40.3% were from other groups.

Measles

Of the 2001 samples, 1966 tested positive for antimeasles IgG.
The estimated IgG prevalence was 97.5% (95% CI: 96.7-98.0) for
measles after considering the sampling design and individual sam-
pling weight. Figure 2 summarizes the results of the IgG antibodies
against measles for each age group. When the results were com-
pared among the age groups, seropositivity of IgG antibodies of
>95.0% was detected in all age groups, except for those aged 1-2
years, who had the lowest seroprevalence of 90.6% (95% Cl: 77.4-
96.4). Compared with the results in the previous survey in 2014,
the overall estimated prevalence was significantly higher in 2019
(97.5% [95% CI: 96.7-98.0] vs 83.9% [95% CI: 83.8-84.0]), and it was
increased, especially in the groups aged <14 years.

Rubella

Of the 2001 samples, 1743 tested positive for antirubella IgG.
The estimated IgG prevalence was 86.8% (95% CI: 85.2-88.2).



S. Miyano, E. Vynnycky, C. Pattamavone et al.

100%

90%

80%

70%

60%

50%

40%

Anti-measles 1gG
Prevalence

30%

20%

10%

0%
5—14

15—21

International Journal of Infectious Diseases 129 (2023) 70-77

40

m2014
m2019

22—39

Age group (years)

Figure 2. Estimated antimeasles IgG seroprevalence among different age groups in 2014 and 2019.
Ig, immunoglobulin.
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Figure 3. Estimated antirubella IgG seroprevalence among different age groups in 2014 and 2019.
Ig, immunoglobulin.

Figure 3 summarizes the results of the IgG antibodies against
rubella for the individual age groups. A seroprevalence of >80.0%
was observed in most age groups covered by the past SIAs and
routine immunization, except for the age groups of 1-2 and 22-
39 years. Compared with the results in the previous survey in
2014, the overall estimated prevalence was significantly higher in
2019 (86.8% [95% CI: 85.2-88.2] vs 75.4% [95% ClI: 75.3-75.5]). The
seroprevalence increased in individuals aged 1-2 years (from 50.7%
[95% CI: 42.5-58.9] in 2014 to 78.6% [95% CI: 64.6-88.1] in 2019)
and 5-14 years (from 90.2% [95% Cl: 85.8-94.5] in 2014 to 92.9%
[95% CI: 83.6-97.1] in 2019), who had been covered in the recent
SIAs in 2014 and 2017 and routine immunization services. How-
ever, those aged 22 years and older, including those aged 26 years
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and older who had not been covered by any vaccination programs
of MRCV, had a lower seroprevalence than other age groups in both
2014 and 2019.

Estimated number of averted CRS cases

As presented in Appendix Table A.4 and Figure 4, the fit of
the eight catalytic models fitted to the rubella seroprevalence data
from both surveys simultaneously was generally similar. Three
models (AA, AB, and CC) resulted in a plausible estimate for the
reduction in the force of infection after the introduction of rubella
vaccination, with the lower limit of the 95% CI being above zero
(Appendix Table A.4). Of these three models, model AB was con-
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Survey 2 (2019)
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Figure 4. Comparison between the predictions of age-specific percentage seronegative obtained using the best-fitting catalytic model and the data used when fitting to both

surveys simultaneously.
The bars reflect the 95% confidence intervals in the observed data.

Table 2

Best-fitting estimates of the prevaccination force of infection, estimated reduction in the force of infection after 2011, and CRS incidence and numbers of CRS
cases prevented obtained for the most plausible model (AB) fitted to data from both surveys simultaneously (deviance = 136 on 105 degrees of freedom).

Outcome

Estimate (95% confidence interval)

Force of infection (per 1000 susceptible)

% reduction in the force of infection because of vaccination
CRS incidence per 100,000 live births in 2019

Estimated number of CRS cases in 2019

Number of CRS cases prevented in 2019

<15-year-olds
>15-year-olds

Without vaccination

89 (72-105)
31 (17-48)
100 (28-100)
122 (66-199)

With vaccination 0 (0-70)
Without vaccination 78 (42-128)
With vaccination 0 (0-45)

78 (33-126)

CRS, congenital rubella syndrome.

sidered the most plausible, with the highest estimates of the sen-
sitivity of the antibody assay and different values for the force of
infection for rubella for children and adults. For this model, the
estimate for the reduction in the force of infection after the intro-
duction of rubella vaccination was 100% (95% CI: 28-100). The es-
timates for the other models were considered implausible because
the force of infection is estimated to have either increased since
vaccination started or the lower 95% CI on the reduction in the
force of infection was negative.

For the most plausible model, the CRS incidence per 100,000
live births was estimated to have decreased from 122 (95% CI: 66-
199) if vaccination had not occurred to zero (95% CI: 0-70) with
vaccination (Table 2). These incidence estimates correspond to 78
(95% CI: 42-128) CRS cases born in 2019 if vaccination had not
occurred and zero (95% CI: 0-45) as a result of vaccination be-
ing introduced, resulting in 78 (95% Cl: 33-126) cases prevented in
2019 due to vaccination. Due to the absence of data from surveil-
lance on the numbers of CRS cases in Lao PDR, the extent to
which these estimates under- or overestimate the true CRS inci-
dence is unclear. For the most plausible model, the basic repro-
duction number for rubella was estimated to be 2.2 (95% CI: 2-2.7)
and the estimated net reproduction number by 2019 was around
0.3 (95% CI: 0.3-0.4; Appendix Table A.4). When the catalytic mod-
els were fitted just to the data for 2019, making assumptions for
the average reduction in the force of infection after the introduc-
tion of vaccination, the best-fitting values for the selected model
(B) was similar to those estimated using the catalytic models to
both datasets simultaneously (Table 3). The findings for the re-
maining models are in Appendix Table A.5. In addition, the esti-
mated force of infection for children (83 per 1000, 95% CI: 63-102)
was comparable to that estimated just using the data for 2014.
For adults, however, the estimated prevaccination force of infec-
tion was almost two-fold higher than that estimated just using
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data from 2014 (19 per 1000, 95% CI: 9-127); although, the 95% Cls
overlapped.

Discussion

The estimated antimeasles IgG prevalence has increased to a
level that is much higher than that estimated in the survey 2014,
especially in children and young adolescents aged 5-14 years. Dur-
ing the same period, the number of measles cases reported to the
national surveillance decreased from 10.7-1.4 per 1 million popu-
lation from 2014-2018 [5,6]. The estimated antirubella IgG preva-
lence has reached and exceeded the required threshold of 76-79%
in all age groups that the WHO considered highly effective in the
prevention of rubella and CRS in highly endemic countries [19].
Significant increases were observed among those aged 15-21 years
between the surveys in 2014 and 2019. It could imply that both
routine immunization and recent SIAs in 2014 and 2017 were ef-
fectively implemented to increase their immunity because those
services covered those age groups. We estimated that 78 (95%
Cl: 33-126) CRS cases were prevented in 2019 through rubella-
containing vaccination administered either routinely or SIAs. Un-
like our previous estimates, which just used seroprevalence data
from 2014 and made assumptions about the reduction in the post-
vaccination force of infection, our current estimates were based on
the data from 2014 and 2019. As such, we were also able to esti-
mate the average reduction in the force of infection resulting from
the introduction of rubella vaccination (100%, 95% Cl: 28-100). Al-
though the CIs on the reduction is wide, a reduction in the force
of infection is likely to have occurred, given findings from studies
considering the seroprevalence data collected before and after the
mass campaigns [25].

Studies sometimes present the estimates of the reproduction
number of an infection. In our analyses, we have presented the es-
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Summary of the best-fitting estimates of the prevaccination force of infection obtained from the selected models when fitted to the data from either 2014 or 2019 or both.

Assumed or estimated

Force of infection per 1000 (susceptible) before 2011, estimated using data from:

reduction in force of

infection since 2011 2014 only

2019 only

Both 2014 and 2019

<15-year-olds >15-year-olds

<15-year-olds

>15-year-olds <15-year-olds >15-year-olds

0% 79 (41-124) 8 (9-128) 3 (34-88) 6 (21-54) - -
25% 80 (45-126) 8 (9-128) 8 (42-92) 6 (21-54) - -
50% 82 (49-127) 9 (9-128) 3 (49-95) 6 (21-54) - -
75% 82 (52-129) 9 (9-127) 8 (56-98) 6 (21-54) - -
100% 83 (56-130) 9 (9-127) 83 (63-101) 6 (21-54) -

100% (95% confidence
interval: 28-100)

89 (72-105) 31 (17-48)

timates of the average force of infection for rubella. For rubella, the
average force of infection for children and adults is helpful statis-
tics because, using equations, such as those presented in these
analyses, it is possible to estimate the burden of CRS and the num-
ber of CRS cases prevented, which is relevant for rubella. In con-
trast, although reproduction numbers are useful for indicating the
trend in the incidence of an infection in the overall population,
they do not provide insight in the CRS incidence, which depends
on both levels of susceptibility in women of childbearing age and
the force of infection that they experience. Reproduction numbers
also rely on assumptions about the contact patterns between the
different age groups, which are not always known in populations.

Our previous study conducted in 2014 found that the IgG preva-
lence against both measles and rubella was low compared with the
reported SIA coverage, suggesting that vaccine management, espe-
cially vaccine temperature control, was not properly conducted [3].
Lao PDR and partners have made an effort to strengthen cold-chain
management by replacing old refrigerators and freezers with the
assistance of partners in the last 5 years, which could have im-
proved the vaccine management, resulting in the improvement of
IgG prevalence for both measles and rubella and averted CRSs. Al-
though national immunization coverage has often been used as a
performance indicator of immunization, and the coverage of MRCV
was reported as 96%, 97%, 100%, and 97% in 2007, 2011, 2014, and
2017, respectively, in Lao PDR, the current study clearly demon-
strated that the reported coverage was sometimes inconsistent
with the actual level of population immunity. Blindly planning im-
munization implementation based solely on the reported coverage
might fail to cover the populations with low antibody titers, cre-
ating a breeding ground for outbreaks. Based on the previous sur-
vey results, the NIP conducted two rounds of SIAs covering the age
groups that the survey identified as having lower immunity than
the required herd immunity.

However, the IgG prevalence against measles and rubella in the
age group of 1-2 years is still in the lower range of the herd immu-
nity threshold. Other seroprevalence studies conducted in several
provinces in Lao PDR have also found a low prevalence of measles
antibodies among infants and young age groups, given routine and
SIA vaccination services [26-29]. This might indicate heterogene-
ity in the measles vaccination among provinces or between rural
versus urban areas. The IgG prevalence against rubella of those
aged 1-2 years and 22-39 years were still within the range of the
herd immunity threshold; although, it was much lower than that
of other age groups. On this basis, we recommend that the NIP fur-
ther strengthens the routine immunization program for those aged
1-2 years and provide another immunization opportunity for those
aged 22-39 years, especially women of childbearing age and those
aged over 26 years who have not been vaccinated by any national
immunization services. Because these adult populations make up
the core of the labor force and have limited time to access health
services due to their work [12,13], immunization services must be
provided along with other services. Furthermore, recent estimates
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suggest that the COVID-19 pandemic has potentially disrupted im-
munization delivery services, with an estimated 7.9% reduction in
the worldwide measles-containing vaccine first dose coverage in
2020 compared with that expected [30]. According to WHO, the
reported worldwide measles cases increased by 79% in the first 2
months of 2022 compared with the same period of 2021 [31]. Be-
cause the rubella vaccination accompanies the measles vaccine, the
prolonged disruption of both routine immunization services and
SIAs could increase the burden of CRS by leading to increasing
proportions of women of childbearing age who are still suscepti-
ble to infection. To control the COVID-19 pandemic and mitigate
its negative impact on MRCV coverage, the COVID-19 vaccination
program could be used as an opportunity to provide MRCV simul-
taneously, as soon as there has been a further study of the efficacy,
safety, and adverse events after immunization when MRCV is co-
administered with COVID-19 vaccines.

This is the first report describing the elevation of antimeasles
and antirubella IgG prevalence obtained by comparing two nation-
ally representative survey data from Lao PDR 5 years apart in 2014
and 2019. The current survey results quantitatively detected the
change in IgG prevalence before and after the two rounds of SIAs,
as well as residual antirubella immunity gaps among children aged
1-2 years and women of childbearing age. The evidence obtained
from the surveys should help to optimize immunization strategies
for eliminating measles and rubella. The response rates were high
in both surveys, and the design effect of prevalence was calculated
to be 0.87 and 0.96, which was acceptable because we set it at
1.6 before the survey. We also used the same type of filter paper
for the sample collection in both surveys and examined the sam-
ples using the same enzyme-linked immunosorbent assay Kits in
the same WHO Global Specialized Laboratory. These enabled us
to assess the change in herd immunity between 2014 and 2019
and evaluate the effectiveness of the SIAs in 2014 and 2017 and
the routine immunization program conducted after the survey in
2014. Because the surveys produced national representative data,
the results enabled the country to request the National Verification
Committee and Regional Verification Commission for measles and
rubella elimination to examine whether the country is in a state of
measles and rubella elimination.

We note that our estimates are subject to some limitations. The
people surveyed in 2019 were different from those surveyed in
2014. However, the regions and study population were selected in
both surveys to ensure a nationally representative population. Fur-
thermore, we did not account for changes in the reduction in the
force of infection over time in our mathematical modeling. It is
plausible that the reduction in the force of infection was higher
soon after the introduction of the SIAs than several years later. In
addition, our analyses used the data associated with people aged
at least 22 and 27 years for the surveys in 2014 and 2019, re-
spectively, given that the people aged under 22 and 27 years for
these surveys, respectively, would have been vaccinated. In addi-
tion, when calculating the reproduction numbers for rubella, we
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used estimates of the amount of contact between different age
groups, which were derived from contact studies conducted out-
side of Lao PDR (Appendix).

To the best of our knowledge, this is the first study to demon-
strate the effective and strategic use of the nationwide seropreva-
lence surveys at two different points to assess the baseline popu-
lation immunity, identify the immunity gaps, conduct SIAs to fulfill
the gaps, and evaluate the immunity changes. Seroprevalence sur-
veys could provide critical evidence to assess the effectiveness of
past immunization activities, develop strategic and efficient immu-
nization activity plans to fulfill the gaps identified by the survey,
and operationalize the plans as evidence-based interventions. To
maximize the impact of the immunization program and acceler-
ate the way to achieve the elimination goals, seroprevalence sur-
veys should be regularly implemented at the national, subnational,
and/or subpopulation levels to monitor and evaluate the effective-
ness of the immunization program directly by measuring the im-
munity in addition to tracking the reported coverage and cases in
the national surveillance. It is critical to identify undervaccinated
and unvaccinated pockets among vulnerable or unreached popu-
lations in some geographical locations and use a tailored immu-
nization approach to prevent outbreaks of measles among those
populations, which is also recommended as Tailoring Immuniza-
tion Programmes by the WHO [32] and has been done in several
countries [33,34].
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