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ABSTRACT

During the measles epidemic in 2019, in-hospital transmission of measles contributed to more than two-
thirds of measles cases in South Korea, where measles is declared eliminated. This study aimed to examine
measles seropositivity among healthcare workers (HCWs) in South Korea to help develop an effective
measles prevention strategy for hospital settings. Measles IgG titer was tested in 1,579 HCWs working in
a university-affiliated hospital and the measles-containing vaccine (MCV) immunization records of 870
HCWs were identified. The overall seropositivity was 92.0%, but the seropositivity and antibody titers were
significantly low among HCWs aged 20-25 years (78.6%) and among one-dose vaccine recipients (86.7%).
Among two-dose recipients, seropositivity was lower among young HCWSs who received two doses during
their childhood than among those who received the catch-up vaccination as part of job requirements
(70.3% vs. 98.0%). Among 87 seronegative HCWs who received two-dose MMR vaccination, the serocon-
version rate was 98.9%. A considerable proportion of young HCWs were potentially susceptible to measles
despite receiving the two-dose vaccination during childhood because of the waning immunity against
measles in a country with measles-eliminated status. Serological screening for measles of newly employed
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HCWSs and MCV immunization of seronegative HCWs appears to be an effective prevention strategy.

Introduction

Measles is one of the most contagious diseases and is trans-
mitted by airborne droplets."* In 2014, the World Health
Organization declared that measles was eliminated in South
Korea; however, local outbreaks of measles caused by imported
cases have occurred since.’> Currently, healthcare workers
(HCWs) have much less experience with measles patients
than they did in the past because of the significantly reduced
incidence of measles in the community. This has led to delayed
diagnosis and isolation of measles patients, resulting in an
increased risk of in-hospital transmission of measles to patients
and HCWs. During the recent resurgence of measles world-
wide, measles outbreaks in hospital settings have been fre-
quently observed, and the incidence of measles among HCWs
was higher than that in the general population.””” As measles
occurs most frequently in adolescents and young adults rather
than in children in measles-eliminated countries with a high
vaccine coverage during childhood,! young HCWs who are
often in the frontlines are at the highest risk of contracting
measles. This situation is particularly concerning in that the
seropositivity among young adults (16-24 years of age) in
South Korea was reported to be 48.5%-69.6% according to
the nationwide seroprevalence survey in 2014.° This low ser-
opositivity was consistently observed among young Korean
HCWs in 2019.°7!! Therefore, an effective preventive strategy

for measles needs to be implemented in hospitals. Currently,
two-dose measles-mumps-rubella (MMR) vaccination is
recommended for HCWs if they do not have evidence of
immunity against measles, which includes documentation of
vaccination with two doses of a measles-containing vaccine
(MCV), laboratory evidence of immunity, laboratory confir-
mation of disease, or proof of birth before 1967 in South Korea.
However, a recent survey showed that only 24.5% of Korean
hospitals had a measles prevention program as of 2018.">

Between January and October 2019, measles outbreaks
occurred in 12 areas in South Korea, and 68.5% of the cases
were attributed to nosocomial transmission.” In response, our
hospital conducted a serological survey of all HCWs and
offered free MMR vaccines for seronegative HCWs. This
study aimed to analyze the serological results of HCWs and
to establish an infection control and prevention strategy for
measles that can be applicable to hospitals in countries with
measles-eliminated status.

Materials and methods

The results of the serological tests for measles of HCWs work-
ing in Daejeon St. Mary’s Hospital, Daejeon, South Korea,
between January and August 2019, were retrospectively
reviewed. Daejeon St. Mary’s Hospital is a 630-bed, university-
affiliated hospital. Serological tests were performed using
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serum samples collected for the annual regular health check of
employed HCWs and for the recruitment health check of new
employees. HCW's were divided into seven age groups: 20-25,
26-29, 30-34, 35-39, 40-44, 45-49, and 250 years. In South
Korea, a nationwide measles outbreak occurred between 2000
and 2001, and the government launched the school-based
catch-up vaccination program with a measles-rubella vaccine
targeting students aged between 8 and 16 years from May to
June 2001.°> The HCWs in the 26-29 and 30-34 years age
groups in this study were recipients of the catch-up vaccination
in 2001. History of MCV immunization before the serological
test was reviewed using the electronic National Immunization
Registry Information System operated by the Korea Disease
Control and Prevention Agency. The HCW's were categorized
into seropositive and seronegative groups based on serological
test results, and the demographics, occupational group, and
previous history of MCV immunization were compared
between the two groups. The seropositivity and median titer
of measles IgG according to the number of MCV doses were
compared among all HCWs and within each age group. In
2014, our hospital experienced in-hospital transmission of
measles in the pediatric ward. Since then, one-dose MMR
vaccination has been recommended for HCWs at increased
risk for measles exposure, but with no documentation of two-
dose MCV immunization. For newly hired HCWSs, completion
of two-dose MCV immunization has been recommended
before starting work. Thus, seropositivity in HCWs who
received MCV immunization while adults-as recommended
by the hospital’s policy-was compared to seropositivity in
those who received one- or two-dose MCV immunization
only in childhood.

HCWs who were detected as seronegative by the baseline
serological survey were offered two-dose MMR vaccination
regardless of MCV immunization history. They underwent
repeat serological tests >4 weeks after completing vaccination.
Median titers of measles IgG after vaccination were compared
according to demographics, occupation, and previous MCV
immunization.

Measles IgG titers were measured by a chemiluminescence
immunoassay (CLIA) using the LIAISON® system (LIAISON®
Measles IgG assay with LIAISON°XL analyzer, DiaSorin S.p.A.,
Saluggia, VC, Italy). The detection range for measles IgG with
the LIAISON” system was 5.0-300.0 AU/mL. All IgG titers <5.0
AU/mL and >300.0 AU/mL were regarded as 2.5 AU/mL and
300 AU/mL, respectively. Serostatus was classified as positive
(=216.5 AU/mL), equivocal (13.5-16.4 AU/mL), and negative
(<13.5 AU/mL) according to the manufacturer’s recommenda-
tions, and equivocal results were considered seronegative.

The seropositive and seronegative groups were compared
using a chi-squared test. Variables with a P value < .1 following
the univariable analysis were included in a multiple logistic
regression analysis to identify factors significantly associated
with measles seropositivity. The trends of seropositivity
according to age group and number of MCV doses were
analyzed using linear-by-linear association. Continuous vari-
ables were compared using the Mann-Whitney or Kruskal-
Wallis test based on the number of compared groups. The
SPSS 21 program (IBM Corporation, Amork, New York,

USA) was used for statistical analyses, and statistical signifi-
cance was defined as a two-tailed P value < .05. This study was
approved with a waiver of informed consent by the
Institutional Review Board of the Daejeon St. Mary’s Hospital
(Approval number: DC20RISI0083).

Results

A total of 1,663 HCWSs were subjected to serological tests for
measles. Among them, 84 HCWs did not undergo serological
tests, including 53 (3.2%) who quit work, three (0.2%) who
were on leave, and 28 (1.7%) without documented reasons.
Finally, the serological test results of 1,579 (94.9%) HCWs
were analyzed in this study.

Among the tested HCWs, measles seropositivity was 92.0%
(n = 1,453, Table 1). The median age of the tested HCWs was
32 years (range: 20-68 years). Seropositive HCW's were signif-
icantly older than seronegative ones (p < .001, Table 1), and the
seropositivity and median titer of measles IgG tended to
increase with age (p < .001, Figure 1). There were differences
in seropositivity according to sex, occupation, and previous
history of vaccination (Table 1). Documented records of
MCV immunization were identified for 870 (55.1%) HCWs.
HCWs without documented records of MCV immunization
were more likely to be older (mean 44.5 + 9.3 years vs.
27.7 £ 55, p < .001) and seropositive (96.2% vs. 88.6%,
p < .001) than those with documented records of MCV immu-
nization. Among 870 HCWs whose records of MCV immuni-
zation were documented in the registry, seropositivity
increased significantly with the number of previous MCV
immunizations (p = .003). In a multivariate analysis, measles
seropositivity was significantly associated with old age
(p <.001) and >2-dose MCV immunization (p = .002, Table 1).

Among 870 HCWs with documented records of MCV
immunization, 632 (72.6%), 204 (23.4%), 33 (3.8%), and one
(0.1%) received one, two, three, and four doses of vaccination,
respectively. The seropositivity and the measles IgG titer
increased significantly with the number of MCV doses in the
20-25 year age group (Table 2). However, in other age groups,
the relationship between dose and seropositivity was not signifi-
cant (Table 2). The majority (84.5%, 201/238) of =2 doses
recipients received the last dose MMR at the workplace or before
employment in accordance with the hospital’s policy, and the
seropositivity was significantly higher (98.0%, 197/201) in these
HCW s compared to those who received one (84.4%. 450/533), or
two doses of MCV (70.3%, 26/37) during their childhood. Only
66.7% (20/30) of HCWs aged 20-25 years who received two-
dose vaccination during childhood remained seropositive.

For HCWs with equivocal or negative results for baseline
serological tests, the MMR vaccine was offered and seroconver-
sion after vaccination was determined. Among the 29 HCWs
with equivocal results, 19 (65.5%) received one dose of MMR
vaccination, and serological tests were not repeated after vacci-
nation. Among 97 seronegative HCWs, 96 (99.0%) received two
doses of MMR, and 87 of them underwent serological tests
>4 weeks after completing vaccination. Seroconversion was
detected in 86 (98.9%) and equivocal results in one (1.1%). For



HUMAN VACCINES & IMMUNOTHERAPEUTICS . 2519

Table 1. Comparison between healthcare workers who were seropositive and seronegative to measles.

Seropositive Seronegative

Multivariable analysis

group group Adjusted

Factor (n = 1,453) (n =126) P value aOR 95% Cl P value
Age group (birth year) <.001

20-25 yr (1999-1994) 291 (78.6) 79 (21.4) Reference

26-29 yr (1993-1990) 280 (93.6) 19 (6.4) 48 2.7-85 <.001

30-34 yr (1989-1985) 204 (95.8) 9(4.2) 8.5 3.9-18.2 <.001

35-39 yr (1984-1980) 171 (95.0) 9 (5.0 94 3.7-23.8 <.001

40-44 yr (1979-1975) 124 (96.1) 5(3.9) 12.6 4.0-39.3 <.001

45-49 yr (1974-1970) 149 (99.3) 1(0.7) 96.4 11.7-796.7 <.001

>50 yr (1969-) 234 (98.3) 4(1.7) 374 10.7-130.5 <.001
Sex .004

Male 418 (95.2) 21 (4.8) Reference

Female 1035 (90.8) 105 (9.2) 0.6 0.3-1.0 .065
Occupational group .002

Doctor 273 (96.5) 10 (3.5) Reference

Nurse 619 (90.0) 69 (10.0) 1.0 0.5-2.3 920

Nurse aide 133 (95.0) 7 (5.0) 0.5 0.2-1.6 .256

Other clinical HCWs 149 (88.2) 20 (11.8) 0.5 0.2-1.1 .076

Administrative staff 279 (93.3) 20 (6.7) 0.6 0.3-1.3 .205
Previous MCV immunization <.001

Unknown 682 (96.2) 27 (3.8) Reference

One dose 548 (86.7) 84 (13.3) 14 0.7-2.9 333

Two doses or more 223 (93.7) 15 (6.3) 4.2 1.7-10.1 .002

aOR, adjusted odds ratio; Cl, confidence interval; HCW, healthcare worker; MCV, measles-containing vaccine.
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Figure 1. Seroprevalence against measles and measles IgG titer according to the age group.

the 86 seroconverted HCWs, the median titer of measles IgG was
not significantly different according to age, sex, occupational
group, or doses of previous MCV immunization (Table 3).

Discussion

In this study, the overall seropositivity for measles was 92.0%
among HCWs, but the seropositivity in HCWs aged
20-25 years was only 78.6% and the workplace catch-up
MMR vaccination effectively increased the seropositivity in
young HCWs .

In South Korea, there was a wide variation in the overall
seropositivity for measles among HCWSs across hospitals
(71.7%-93.1%), which was driven by the substantial differences

Table 2. Seroprevalence against measles and measles IgG titer according to the
number of previous MCV immunizations in each age group of the healthcare
workers with a previous history of MCV immunization.

Measles 1gG titer (AU/mL)

Seroprevalence

Number of
Age group vaccination Number (%) P value Median (IQR) P value
20-25yr 1(n=232) 170(73.3) .001 49.3 (15.5-110) .004
2 (n=104) 90 (86.5) 69.6 (28.9-143.5)
>3 (n =23) 23(100.0) 87.7 (45.1-189.0)
26-29yr  1(n=182) 168(92.3) .108 111.0 (48.2-300.0) 293
2(n=74) 73(98.7) 156.0 (64.9-300.0)
=3 (n=28) 8(100.0) 131.5 (48.8-294)
30-34yr  1(n=146) 139(95.2) .509 190.5 (72.1-300.0) .268
2(n=24) 24(100.0) 249.5 (105.1-300.0)
>3 (n=3) 3(100.0) 87.7 (41.2-227.0)
>35yr 1(n=72) 71(98.6) 867 188.5 (81.4-300.0) 451
2(n=2) 2 (100.0) 159.9 (47.8-272.0)

IQR, inter-quartile range; MCV, measles-containing vaccine.
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Table 3. Measles IgG titer after two-dose MMR vaccination among seronegative
healthcare workers.

Measles IgG titer (AU/mL),

Factor median (IQR) P value
Sex 147
Male (n = 6) 67.5 (39.9-99.2)
Female (n = 80) 101.2 (53.8-171.0)
Age group 515
20-25 yr (n =57) 104.0 (55.4-171.0)
26-29 yr (n = 15) 88.9 (46.1-135.0)
>30-34 yr (n = 15) 78.5 (36.7-161.0)
Occupational group 439
Doctor (n = 2) 44.1 (19.9-68.2)
Nurse (n = 64)

(
106.0 (53.4-184.5)
Nurse aide (n = 5) 128.0 (39.9-128.0)
Other clinical HCW (n = 8) 76.3 (46.1-88.9)
Administrative staff (n = 7) 84.5 (66.9-203.0)
Previous MCV immunization .867
Unknown (n = 17) 88.9 (65.8-135.0)
One dose (n = 59) 103.0 (50.1-170.5)
Two doses or more (n = 10) 134.0 (53.8-177.0)

HCW, healthcare worker; IQR, inter-quartile range; MCV, measles-containing vac-
cine; MMR, measles-mumps-rubella.

in the seropositivity among young HCWs (47%-95.7%).”"!

These differences appeared to be determined by the hospital’s
vaccination policy for HCWs. At our hospital, for HCWs at
risk of exposure to measles without documented two-dose
immunization, one free dose of MMR vaccine is offered with-
out serological tests, and for newly employed HCWs, docu-
mentation of two-dose MMR vaccination has been required
since 2014. If newly employed HCWs do not have this docu-
mentation, catch-up MMR vaccination is recommended before
beginning work. This policy can explain the relatively high
seropositivity among HCWs aged 20-25 years (born in
1994-1999) compared to the same birth cohorts in the general
population (48.5%).® However, catch-up MMR vaccination is
not mandatory, and this level of seropositivity among frontline
HCWs is not sufficient for preventing measles transmission to
HCWs because measles is highly infectious with a basic repro-
ductive number of 12-18."% Therefore, measles vaccination
status should be up-to-date among young HCWs, and manda-
tory MCV immunization should be considered for HCWs.
Although two-dose MCV immunization is assumed to pro-
vide long-term protection against measles,” there is limited
information on the durability of protective immunity offered
by the MCV in countries with measles-eliminated status and
vaccine-induced immunity may wane rapidly because the exo-
genous boosting effect resulting from exposure to circulating
measles virus would decline with a decrease in measles
incidence."*""” In South Korea, two-dose MMR immunization
during childhood was recommended in 1997, and its verifica-
tion at school entry has been mandatory since 2002. Thus, most
HCWs aged 20-25 years in this study should have received at
least two doses of MMR vaccines. However, their seropositivity
was lower than that of HCWSs aged 25-34 years who received
one-dose school-based catch-up vaccination in 2001. In South
Korea, before 2001, nationwide measles outbreaks occurred
every 4-6 years.'® After the catch-up vaccination campaign
for school-age children in 2001, the measles incidence mark-
edly decreased to <1 case/100,000 population and has
remained stable since 2002.® Thus, vaccine-induced immunity

among HCWs aged 20-25 years (born in 1994 and later) may
wane more rapidly due to the reduced exogenous boosting
effect. The Korean seroprevalence study in 2014 also showed
rapid waning of vaccine-induced immunity in adolescents.
Measles seropositivity began to decrease from 10 years of age
and dropped to 48.5% among those aged 16-19 years, despite
high MMR coverage.®

Documentation of immunization with >2 doses of MCV is
currently considered presumptive evidence of measles immu-
nity regardless of the serological test results.” However, 11.7%
(11/94) of measles patients aged 10-29 years had documented
records of two-dose MMR vaccination during their childhood
in the 2019 measles epidemic in South Korea.” In one report in
the US, 34.5% of 29 HCWs infected at work were two-dose
mcipients.6 Thus, childhood two-dose vaccination may not
provide sufficient immunity against measles among HCWs
who are at increased risk of exposure to measles in the post-
elimination period. Laboratory evidence of immunity should
be verified by serological tests for HCWs, whether or not the
HCW has documentation of receiving two-dose MCV vac-
cines. If HCWs are identified as seronegative, they should
receive subsequent two-dose MMR vaccination.

This study had some limitations. The National Immunization
Registry Information System was launched in 2000 and became
widely utilized in 201 1." Therefore, records of MCV immuniza-
tion might not be complete for some HCWs. Second, the pre-
sence of measles IgG was regarded as the presence of immunity
against measles; however, the development and durability of cell-
mediated immunity (CMI) against measles and its protective
effects in seronegative vaccine recipients have not been
defined.***’ In this study, neutralizing antibody titers were not
measured, and a commercial immunoassay kit was used to
measure the measles IgG titers. The CLIA used in this study
performed well, with a sensitivity of 97% and specificity of 93%
compared to the enzyme immunoassay (Enzygnost, Dade
Behring, Germany).”* This immunoassay kit showed an excel-
lent ability to detect measle immunity compared to the plaque
reduction neutralization test.”> However, most commercial
immunoassay kits exhibited low agreement with the neutraliza-
tion test in low-titer ranges.”® Thus, HCWs with low-range titers
might have been misclassified as equivocal or seronegative.
Furthermore, commercial immunoassay kit results may not
correlate with true protective immunity against measles.”®
Therefore, further studies on determining CMI and measuring
neutralizing antibody titers will help establish MMR vaccination
strategies for HCWs.

In summary, seropositivity for measles was not sufficient to
prevent transmission among young HCWs, although the two-dose
vaccination rate was high among them. This indicates that vac-
cine-induced immunity wanes in young adults who are less likely
to experience immunity boosting resulting from exposure to nat-
ural measles infection, and the number of HCWs susceptible to
measles is expected to increase with time in South Korea. Active
prevention strategies for measles should be implemented for
young HCWs who are at high risk of contracting measles. As of
now, universal serological tests for measles for newly employed
HCWs and additional MMR vaccination for seronegative HCW's
seem to be appropriate preventive measures.
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