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Abstract

Background: In 2015-2016, Mongolia experienced an unexpected large measles outbreak
affecting mostly young children and adults. After two nationwide vaccination campaigns, measles
transmission declined. To determine if there were any remaining immunity gaps to measles or
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rubella in the population, a nationally representative serosurvey for measles and rubella antibodies
was conducted after the outbreak was over.

Methods: A nationwide, cross-sectional, stratified, three-stage cluster serosurvey was conducted
in November-December 2016. A priori, four regional strata (Ulaanbaatar, Western, Central, and
Gobi-Eastern) and five age strata (6 months-23 months, 2—7 years, 8-17 years, 18-30 years,

and 31-35 years) were created. Households were visited, members interviewed, and blood
specimens were collected from age-appropriate members. Blood specimens were tested for
measles immunoglobulin G (IgG) and rubella IgG (Enzygnost® Anti-measles Virus/IgG and
Anti-rubella Virus/IgG, Siemens, Healthcare Diagnostics Products, GmbH Marburg, Germany).
Factors associated with seropositivity were evaluated.

Results: Among 4598 persons aged 6 months to 35 years participating in the serosurvey, 94%
were measles 1gG positive and 95% were rubella IgG positive. Measles 1gG seropositivity was
associated with increasing age and higher education. Rubella IgG seropositivity was associated
with increasing age, higher education, smaller household size, receipt of MMR in routine
immunization, residence outside the Western Region, non-Muslim religious affiliation, and non-
Kazakh ethnicity. Muslim Kazakhs living in Western Region had the lowest rubella seroprevalence
of all survey participants.

Conclusions: Nationally, high immunity to both measles and rubella has been achieved among
persons 1-35 years of age, which should be sufficient to eliminate both measles and rubella if
future birth cohorts have > 95% two dose vaccination coverage. Catch-up vaccination is needed
to close immunity gaps found among some subpopulations, particularly Muslim Kazakhs living in
Western Region.

Keywords

Measles; Rubella; Seroprevalence; Mongolia

Introduction

Immunization programs usually monitor population immunity to vaccine-preventable
diseases (VPDs) by estimating vaccination coverage, but coverage assessments can be
inaccurate because of challenges in determining the denominator (i.e., target population size)
and numerator (e.g., variability in reporting doses given to target population, counting doses
given to older-aged children outside the target age group). Monitoring population immunity
to VPDs through seroprevalence studies can be an additional tool to identify subgroups with
higher susceptibility and provide evidence to guide national immunization policies. Standard
enzyme-linked immunosorbent assays (ELISAs) that measure immunoglobulin G (1gG)

can be used as good proxies for gold-standard assays to assess pre-existing immunity for
measles and rubella because they have been shown to be specific [1-5]. The gold-standard
tests for measles immunity (i.e., plaque reduction neutralization test (PRNT)) and rubella
immunity (i.e., hemagglutination inhibition test) are complicated, time-consuming, and
costly [5,6].

In 2014, Mongolia was verified as having eliminated measles based on the absence of
measles cases during 2011-2014, high 2-dose measles vaccination coverage that was
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presumed to equate to high population immunity, and high-quality measles surveillance
[7,8]. The road to elimination in Mongolia started in 1973, when monovalent measles
vaccine was introduced at age 9 months, with a second dose added at age 24 months in
1989 [9]. In 2009, the schedule was switched from monovalent measles vaccine to measles-
mumps-rubella (MMR) vaccine. Over the years, multiple supplementary immunization
activities (SIAs) were conducted to close immunity gaps among children who received <

2 routine vaccination doses and to control a large rubella outbreak in the early 2000s (Fig.
1).

Despite these efforts, Mongolia experienced a measles outbreak in 2015-2016, with 53,737
reported cases, which equates to a 2-year incidence of 17,813 per million persons, mostly
among children < 6 years of age and young adults 18-29 years of age [10]. To stop the
outbreak, a nationwide SIA with monovalent measles vaccine was conducted in May-June
2015, targeting children aged 6 months-5 years (born from May 1, 2009-November 1,
2014). Subsequently, a nationwide SIA with measles-rubella (MR) vaccine was conducted
in May-June 2016, targeting persons 18-29 years of age (born from May 1, 1986-May

1, 1998). For both SIAs, target age groups were chosen based on the age distribution of
cases in the outbreak and available resources. In order to guide further vaccination efforts
to re-achieve measles elimination, a serosurvey was conducted to determine if a measles or
rubella immunity gaps existed after the two outbreak response SIAs [11].

2. Materials and methods

A nationwide, cross-sectional, stratified, three-stage cluster serosurvey was conducted in
November-December 2016. The design included four regional strata (Ulaanbaatar, Western,
Central, and Gobi-Eastern) and five age strata (6—23 months, 2—7 years, 8-17 years, 18—

30 years, and 31-35 years). Age groups were defined based on historical vaccination
opportunities (routine immunization and SIAs) and on burden of disease during the 2015-
2016 measles outbreak. Specifically, those 6-23 months had a high measles burden and were
not targeted in the 2015 nor 2016 SIA; 2-7 year-olds were targeted in 2015 SIA; 8-17
year-olds had a relatively low measles incidence and were targeted in historical SIAs; 18-30
year-olds had a very high burden during this outbreak and were targeted in the 2016 SIA,
31-35 year-olds had a high measles burden but less than the 18-30 year olds and were not
targeted in the 2016 SIA.

2.1. Sample size

For the four oldest age groups in each region, a minimum effective sample size of 117 was
calculated assuming 90% seroprevalence, precision of + 7.3% and a two-sided a = 0.05.
This was inflated to a minimum target of 210 to account for an average cluster size of 7,
intra-class correlation = 0.1, 10% non-response, and to enroll seven persons per age-stratum
in each of the 30 clusters per region. For the 6-23-month-old group, the precision was set
at + 8%, a = 0.05, the average cluster size to 5, intra-class correlation = 0.1, and 10%
non-response resulting in a sample size of 156. To achieve the target sample size, it was
estimated that 30 clusters of 60 households (1800 households in total) would need to be
sampled in Ulaanbaatar, and 30 clusters of 47 households (1410 households) in each of the

Vaccine. Author manuscript; available in PMC 2022 February 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nogareda et al. Page 4

other three regional strata, based on the 2010 census. Thus, in each regional stratum, the
target enrollment, accounting for 30 clusters, was 996 persons, or 3984 for the total survey.

2.2. Sampling

In each regional stratum, 30 baghs (i.e., villages) were selected from the 2015 national
midterm census frame using probability proportional to estimated size, using the number of
households as the size measure. For the second stage, households were randomly selected
from an updated list of households having at least one person < 36 years old from each
selected bagh. For the third stage, a list of eligible individuals, defined as those aged 6
months to 35 years living in the household for at least 6 months, was completed in each
selected household. Eligible household members included relatives from different families
who lived in the household and members who had temporally left for study or work but
were still registered with the household. One person per age stratum per household was
randomly selected, so several persons could be selected from a single household. To avoid
oversampling in three age strata (2—7 years, 8-17 years and 18-30 years), a random sample
of one-third of all households selected had participants enrolled from these age groups.
Selected participants were excluded if they could not give blood because of severe illness or
hemophilia.

2.3. Data collection

Consent was requested from adults and from parents or caregivers of children before
participation in the serosurvey; assent was requested from those 10-17 years of age. After
consent was obtained, a brief questionnaire was administered to collect demographic data
and vaccination history based on age. For children 12-35 months of age, information on
vaccines received during routine immunization services and SIAs was collected. For those
from 2 to 7 years of age, data were collected on measles vaccine receipt in the 2015 SIA.
For those from 18 to 30 years of age, data were collected on measles-rubella vaccine receipt
in the 2016 SIA. If documented vaccination history was not available, vaccination history
based on recall was obtained.

2.4. Specimen collection and laboratory testing

Approximately 2 ml of blood were collected from those 6-23 months of age, and 7 ml of
blood were collected by venipuncture from those 2 to 35 years old. Serum was separated

in the field, then stored, and subsequently transported at 2—8° C to the national laboratory
within 7 days of blood collection. All samples were tested by ELISA for measles and rubella
IgG (Enzygnost® Anti-measles Virus/IgG and Anti-rubella Virus/IgG, Siemens, Healthcare
Diagnostics Products, GmbH Marburg, Germany) as per the manufacturer’s instructions.
Test results were interpreted according to manufacturer’s instructions. The following assay
cut-off values were used: for measles, samples with titers = 150 mlU/mL were considered
positive, which corresponded to 0.1 AA (corrected optical density), the lower cut-off for

the assay, and 0.1 < AA < 0.2, which according to the kit insert is considered equivocal,
was considered positive as well; for rubella, titers = 4 mIU/mL were positive, and the

same approach for interpreting equivocal results was adopted (AA = 0.1 corresponds to

4.0 IU/mL). The rationale for considering measles equivocal results (0.1 < AA < 0.2) was
based on the correlation found between PRNT and IgG serology, where all sera in the
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ELISA equivocal range were positive in the PRNT [3,12]. A random sample of 10% of
specimens was sent to U.S. Centers for Disease Control and Prevention (US CDC) for
measles confirmatory testing (Enzygnost® Anti-measles Virus/IgG, Siemens, Healthcare
Diagnostics Products, GmbH Marburg, Germany), where discordance of test results from
both laboratories was based on qualitative results. If > 10% of samples tested at US CDC
were discordant with results obtained in Mongolia, all samples were to be retested.

2.5. Data management/analysis

Data were collected on tablets with pre-set electronic data entry forms. Data were analyzed
with STATA® SE 14.1 (College Station, TX, USA) and SAS v9.4 (Cary, NC, USA).
Sampling weights were calculated based on the sampling probability of each participant,
adjusted for non-response, and the underlying population structure from the 2010 census.
Estimation of proportions and 95% logit confidence intervals (Cl) using the Taylor series
method accounted for the regional stratification, first stage clusters, and sampling weights.
Percent differences between sub-populations and a referent group, and corresponding 95%
Cl, were calculated to assess whether seroprevalence varied in the population. A 95% CI of
the difference that did not include zero was considered statistically significant. Descriptive
results were given for some subpopulations that were programmatically relevant; however,
the sample in this survey was too small to obtain reliable estimates. Of note, results for
6-11 month-olds were removed or presented separately in some analyses because some of
them were ineligible to receive the first dose of MMR and thus a lower seroprevalence was
expected among this age group.

2.6. Human subjects’ rights and ethics

Informed consent was obtained from participants or caregivers before testing. The study
protocol was approved by the Medical Ethics Committee of the Ministry of Health of
Mongolia and the Ethics Review Committee at the WHO Regional Office for the Western
Pacific. This activity was reviewed in accordance with CDC human research protection
procedures and was determined to be research, but CDC involvement did not constitute
engagement in human subjects’ research; therefore, it did not require CDC IRB approval.

3. Results

Of the 6030 selected households, 136 (2%) had moved or were absent, so 5894 (98%)
households were visited. Of these, members in 156 (3%) refused participation, or the
household had no adult respondent present at the time of the survey, or the household was
excluded for another reason. Of the remaining 5738 households, 3420 (60%) households
had at least one eligible individual; the household questionnaire was completed for 3404
(99.5%) of these households. Among 15,893 age-eligible household members, 5834 (37%)
were selected; of these, 5732 (98%) completed the interview, 4632 (79%) had their blood
collected, and 4598 (79%) had blood tested (Fig. 2). Differences existed between serosurvey
participants and nonparticipants (both those who did not complete the questionnaire and
those who did not have IgG results) (Table 1). Participants were more likely to be female,
live in rural areas, and be less educated. Among 12-35 month old children, participants
were more likely to have vaccination cards and have received = 1 dose of MMR vaccine
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through routine immunization services; and among age-eligible persons, participants were
more likely to be vaccinated in the 2015 and 2016 SlIAs. Participants were less likely to be
6—23 months or 18-30 years of age, live in Ulaanbaatar, or be Khalkh ethnicity (Table 1).

For quality assurance, 460 samples were randomly tested for measles IgG at US CDC, of
which 20 (4%) were discordant, and thus the results from in-country testing were considered
valid. Nationally, of 4598 persons tested, 4188 [94% (95% CI: 93%-95%)] were measles
IgG positive (Table 2). Measles 1gG seroprevalence among 2—7 year-olds, 18-30 year-olds,
and 31-35 year-olds was significantly higher (5%-8%) than among 12—-23 month-olds.
Among children aged 8-17 years, however, measles 1gG seroprevalence was only 89% (95%
Cl: 87%-92%), not statistically different from the seroprevalence among 12—-23 month-olds.
Those with at least a higher secondary education level were more likely to be measles 19G
seropositive. Among 12-35 month-old children, those vaccinated with > 1 dose of measles
vaccine had higher measles 1gG seropositivity (94%) than those who were unvaccinated
(87%), but the difference was not statistically significant. Of 786 age-eligible children

who were vaccinated in the 2015 SIA, 739 [96% (95% CI: 92%-98%)] were measles 1gG
seropositive, compared with 297 [84% (95% CI: 72%-92%)] of 344 age-eligible children
who were not vaccinated in the 2015 SIA (difference 11%, 95% CI: 3%-20%). Among
18-30-year-old participants, there was no difference in measles IgG seropositivity among
those who were vaccinated in the 2016 SIA (98%) compared to those who were not (96%).
Measles IgG seroprevalence did not differ by region, rural/urban residence, household size,
religion or ethnicity.

Overall, 4292 [95% (95% CI: 94%-96%)] of 4598 persons tested were rubella 1gG positive
(Table 2). Multiple factors were significantly associated with rubella 1gG seropositivity.
Rubella 1gG seroprevalence among persons in all age strata from 12 months-35 years

was = 92%. Compared to rubella IgG seroprevalence among 12-23-month-olds (93%),
seroprevalence was significantly higher among those 18-30 (98%) and 31-35 years old
(99%) (5% higher, 95% CI: 2%-9%). Those with a higher education level had a 3-4%
higher rubella seroprevalence than those with no education (95%). Among children 12-35
months of age, 453 [95% (95% CI: 92%—-98%)] of 479 who received at least one dose of
vaccine were rubella 1gG seropositive, compared to 48 [78% (95% CI: (60%—89%)] of 71
who had no MMR doses (difference = 18%, 95% CI: 4%-32%). Among those children
eligible for the 2015 SIA, 724 [97% (95%CI 93%—-99%)] of 786 who received a 2015 SIA
dose of measles vaccine were rubella 1gG seropositive; 300 [83% (95% CI: 67%—92%)]

of 344 who were not vaccinated in the 2015 SIA were rubella 1gG seropositive (difference
= 14%, 95% CI: 2%—-26%) (Table 2). Rubella 1gG seropositivity was highest (98%) in
households with 1-3 members. Rubella 1gG seroprevalence was higher in Ulaanbaatar
(96%), Gobi-Eastern (98%), and Central (95%) Regions compared with Western Region
(91%). Higher rubella IgG seroprevalence occurred among those who were Buddhist (96%),
and those who reported no religion affiliation (96%), than among Muslims (81%). Khalkhs
(96%), Buriads (97%), and persons of other ethnicity (98%) had a higher rubella IgG
seroprevalence compared with Kazakhs (83%).

Since a lower rubella 1gG seropositivity was identified among Muslims and Kazakhs living
in the Western region, further analysis of this subgroup was conducted. Among survey
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participants, over 99% of Muslims were Kazakhs, 93% of Kazakhs were Muslims, and 91%
of Muslim Kazakhs lived in the Western Region. Among 353 Kazakh-Muslim participants
living in the Western Region, 304 (86%; unweighted) were measles 1gG seropositive, and
262 (74%; unweighted) were rubella 1gG seropositive. The proportion of Muslim Kazakhs
living in the Western Region who were rubella 1gG seropositive was approximately 20%
lower than the proportion who were seropositive among all other participants living in

the Western region [764/811 (94%; unweighted)]. In a descriptive analysis of the Western
Region, Muslim Kazakhs were enrolled in only 10 of the 30 clusters in the Western Region.
In these clusters, more of the Muslim Kazakh children 1-7 years old were seronegative

for rubella 1gG compared with other children 1-7 years old in other clusters in the

Western Region, while measles 1gG seroprevalence was similar (Fig. 3). Among 1-2-year-
old Muslim Kazakh children, only 19 (33%) of 57 reported receiving MMR in routine
immunization services. Among 1-7 year old Muslim Kazakhs, only 58 (61%) of 95 reported
receiving a dose in the 2015 SIA (data not shown).

4. Discussion

High-quality measles and rubella serosurveys are tools that can help determine population
immunity gaps, in order to guide vaccination efforts, and to help document that population
immunity is sufficient to achieve elimination [5,7,13,14]. This can be valuable especially
as reported vaccination coverage can be inaccurate. Based on the Ry for measles, it is
estimated that 95% of a population should be immune to eliminate endemic measles virus
transmission, while a lower population immunity is needed for rubella elimination, given
its lower Rg [15,16]. While this survey did not test individuals aged <6 months and >35
years, population immunity in Mongolia appears to be high enough to eliminate measles
and rubella, assuming the low reported incidence of measles among those aged > 35 years
during the 2015-2016 measles outbreak is evidence that they are protected from measles,
and assuming that a majority of adults are immune to rubella from natural infection (which
is often asymptomatic) or from the rubella outbreak response immunization campaign in
Ulaanbaatar in 2001.

Overall, population immunity was high for both measles and rubella, but a few notable gaps
were seen. Measles antibody seroprevalence in 8-17 year-old children was below the 95%
threshold for measles elimination; this age group was not targeted during the 2015 and 2016
SlIAs because measles incidence was lower in this age group during the outbreak. School
vaccination record checks might be a simple intervention to close any remaining immunity
gaps and could be implemented to ensure that school-aged children have received 2-doses of
MMR (as well as other vaccines), as has been done successfully in other countries [17-20].

Further efforts are needed in Mongolia to achieve high 2-dose MMR coverage among new
birth cohorts and high-risk subpopulations. The small number of survey clusters and sample
size for Muslim Kazakhs limited seroprevalence estimates for this subpopulation; however,
the data indicate a potential gap in seroprotection for rubella, but not measles, among 1-7
year old Muslin Kazakhs living in the Western Region. This potential rubella immunity gap
might be due to a lack of vaccination since the country has had a low rubella incidence for
many years. No apparent differences between Muslim Kazakhs living in the Western region
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and all others were observed for measles antibody seropositivity, but this is not unexpected
given the recent measles outbreak that affected the entire country and multiple age cohorts.
While only 3.9% of the country is Kazakh, and almost all Kazakhs are Muslim, 76% of
persons in Bayan-Ulgig Province, where 9 clusters in this survey were located, identify as
Kazakh [21]. In this province the Altai Mountains serve as a physical barrier to access,

but it is unknown if this is the biggest barrier to vaccination of this population; special
efforts are needed to target this subpopulation for vaccination. Efforts should also be made
to understand access and utilization of routine vaccination services in this subpopulation.

The proportions of persons seronegative for measles and rubella antibodies were higher in
households where the mother or the participant had minimal or no education. In addition,
the proportion of susceptible individuals to rubella increased significantly by household size,
which has been observed for other routine immunizations in developing countries [22-25]. It
is assumed, but our data cannot substantiate, that large household size and lower education
status are associated with lower socioeconomic status in Mongolia. Reasons for the lower
seroprevalence among those with less education and larger household size are unknown.

While we did not find an association between MMR vaccination in routine immunization
services and measles 1gG seropositivity, it is often challenging to document such an
association because of a lack of documentation for vaccination. In addition, this study was
conducted after a large outbreak, and thus many people who were reported as unvaccinated
could have been immune from natural infection or could have received an SIA dose.
Additionally, both SIAs were conducted after the outbreak started; thus, it is unknown if
seropositive individuals acquired immunity from an SIA dose or from natural infection.
However, we did find an expected association of routine MMR immunization with rubella
antibody seropositivity. We also found an association between being vaccinated in the 2015
measles SIA and both measles and rubella antibody seropositivity. One potential reason for
this finding is that a higher proportion of children who had received a routine dose of MMR
also received an SIA dose, as has been seen elsewhere [26—29]. The relationship was not
seen when looking at MMR among 12-35 month olds potentially because of the smaller
sample size, and misclassification of receipt of vaccination and missing data. We also did not
find an association between rubella antibody seropositivity and receiving an MR dose during
the 2016 SIA which targeted adults. Many of these adults would be expected to be already
immune from natural infection by adulthood, and some might be immune from receipt of
rubella vaccine during the 2001 outbreak response SIA in Ulaanbaatar.

This survey has several limitations. First, participation rates were different among certain
ages, regions, and ethnic/religious groups and could have led to bias in the results.
Participants were more likely to have been vaccinated by routine immunization services
and by SIAs, which could lead to a higher seroprevalence in this study compared to

the true population seroprevalence. Vaccination data were provided by recall for SIAs
and for 40% of routine doses received by children 12—-35 months of age, and these data
could be inaccurate. This study tested samples only for 1gG, which is a conservative
measure of immunity, not virus neutralization assays, considered the gold-standard; thus,
our findings potentially underestimate population immunity. Protective measles antibody
levels are usually considered to be = 120 mlIU/ml; however, the ELISA test for measles
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antibody used has a cutoff of = 150 mIU/ml. Thus, individuals with titers between 120-<150
mlU/ml were considered seronegative but are probably still protected [5,30]. Finally, some
subpopulation analyses are limited by their sample size, and caution should be taken when
extrapolating these results to the entire population.

A serosurvey can be a valuable tool if designed and implemented well around an answerable
question. However, serosurveys have limitations. They cannot replace surveillance for
disease. Sample sizes can be quite large to get the proper precision, and thus require a

lot of human and financial resources to execute [14]. In this case, this serosurvey was useful
in identifying immunity gaps, while reassuring the country that they had closed most of their
immunity gap and did not need to conduct another national SIA. In 2017, Mongolia reported
only 9 measles cases and 11 rubella cases, with only 1 measles case and 1 rubella case in
2018 [31]. Given their high-quality surveillance and the high population immunity found in
this study, evidence suggests that the country is on track to eliminate measles and rubella.
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Fig. 1.

Measles and rubella vaccination coverage and reported measles and rubella cases, Mongolia,

1980-2018 [31].
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5894 households visited (of 6030 selected)
5738 households interviewed
156 households not participating J
(40 refusals, 26 unable to find household 59 no one home or no adult
res tin home, 31 other reason,
3420 households with 21 eligible identified
i
1 L 1 1 1
6-23 months 2-Tyears 8-17 years 18-30years 31-35years
902 eigibles identified 3921 eligibles identified 4314 les identified 4705 eligibles identified 2051 eligibles identified
| | | | |
880 selected | | 1100 selected | | 1097 selected | | 1170 selected | | 1587 selected
47 refused or absent
833 1100 1097 1170 1532
interviewed interviewed interviewed interviewed interviewed
1183 refused to give blood| | 188 refused to give blood| | 176 refused togive blood| | 89 refused to give blood| | 1264 refused to give blood| |
orunable to obtain or unable to obtain or unable to obtain or unable to obtain or unable to obtain
650 blood 912 blood 921 blood 881blood 1268 blood
collected collected collected collected wlected
627 specimens 905 specimens. 920 specimens |_ 880 specimens L 1266 specimens
tested* tested® tested*® tested* tested*
Fig. 2.

Participation by households and individuals in the interview and in blood collection by age
strata, Mongolia, 2016.
*Collected blood could not be tested because the quantity of serum was insufficient for

testing
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A. Measles Seroprevalence Among non-Muslim-
Kazakh 1-7 year olds living in Western Region

B. Rubella Seroprevalence Among non-Muslim-
Kazakh 1-7 year olds living in Western Region
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Fig. 3.

Mgeasles and Rubella seroprevalence among 1-7 year olds living in Western Region,
stratified by being Muslim Kazakh (C & D) or not (A & B). The x-axis for each panel

is each of the 30 clusters in the Western Region, with the number at the bottom of the bar
being the total number of 1-7-year-olds in each cluster who are Muslim Kazakh (C & D) or
all others (A & B) (i.e. the denominator). Each bar is the measles (A & C) or rubella (B &
D) unweighted seroprevalence for each cluster stratified by being Muslim Kazakh or not, in
the Western region.
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