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Seroprevalences of Specific IgG Antibodies to Measles, Mumps, 
and Rubella in Korean Infants

In this study, the seroprevalences of measles, mumps, and rubella antibodies in infants 
were determined to assess the immunization strategy and control measures for these 
infectious diseases. Serum samples from infants < 1 year of age and their mothers were 
collected to measure the concentrations of specific IgG antibodies to measles, mumps, and 
rubella by enzyme-linked immunosorbent assay. For selected infant serum samples, 
measles-specific neutralizing antibody levels were determined by using the plaque 
reduction neutralization test. The sera from 295 of infants and 80 of their mothers were 
analyzed. No infants had past measles, mumps, or rubella infections. Almost all infants  
< 2 months of age were positive for measles and rubella IgG antibodies. However, 
seroprevalence of measles and rubella antibodies decreased with age, and measles IgG and 
rubella IgG were barely detectable after 4 months of age. The seroprevalence of mumps 
antibodies was lower than that of measles and rubella antibodies in infants ≤ 4 months 
old, and mumps IgG was barely detectable after 2 months of age. The seropositivity of 
measles-specific neutralizing antibody was 63.6% in infants aged 2 months and 
undetectable in infants ≥ 6 months old. Because the seropositivity rates of measles, 
mumps, and rubella antibodies were low after the first few months of age in Korean 
infants, active immunization with vaccines is strongly recommended for infants aged 6-11 
months when measles is epidemic. Timely administration of the first dose of measles-
mumps-rubella vaccine at 12 months of age should be encouraged in non-epidemic 
situations.
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INTRODUCTION

Even though primary protection against various infectious dis-
eases is provided mainly by maternal antibodies at birth, these 
antibodies could hamper humoral immune responses of infants 
to vaccination. The presence of maternal antibodies should be 
considered when determining the appropriate age of immuni-
zation (1,2). In many countries, including Korea and the United 
States, the first dose of MMR vaccine is recommended after 12 
months of age (3,4). Some countries recommend that infants 
receive their first measles-containing vaccine at 9 months of 
age (5). Currently in Korea, the first dose of MMR is adminis-
tered to children aged 12-15 months and may be recommend-
ed for infants aged 6-11 months when there is a community-
wide outbreak involving infants with ongoing risk for exposure 
or before departure for international travel to an area with en-
demic and epidemic levels of disease (4,6). Even in this situa-
tion, these infants should be revaccinated with two doses of 
MMR vaccine, the first at ≥ 12 months of age and the second 

dose at least 4 weeks later.
  After the introduction of measles vaccination in 1965, vac-
cine coverage has been highly maintained, and the incidence 
of measles markedly decreased in Korea. Since measles elimi-
nation was achieved in 2006, there have been only small out-
breaks that could boost immunity to measles in the community 
(6,7). Most Korean women of childbearing age are thought to 
have achieved their immunity against measles by immuniza-
tion rather than by natural infection in recent years, and thus, 
they have lower titers of measles antibody than before (8). How-
ever, there have been few studies about the seroprevalence of 
measles antibodies in Korean infants who are less than 1 year of 
age, and seroprevalence data for mumps and rubella, the other 
components of MMR vaccine, are also scarce.
  The purpose of this study was to determine the seropreva-
lence of measles, mumps, and rubella antibodies in infants < 1 
year of age and their mothers. Additionally, we estimated the 
duration of maternal antibodies against measles, mumps, and 
rubella in infants.
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MATERIALS AND METHODS

Subjects
We collected serum samples from infants < 1 year of age from 
September 2009 to December 2010. Age groups were stratified 
by 1-month intervals from 0 month to 11 months. We collected 
blood samples from the 295 infants when they underwent blood 
tests for health evaluation. We simultaneously obtained sera 
from 80 mothers of the infant participants, who also volunteered, 
to compare the presence of antibodies against measles, mumps, 
and rubella between the infants and their mothers. Collected 
samples were stored frozen at -70°C until testing. Individuals 
with known immune deficiencies and infants born premature 
(gestational age < 37 weeks at birth) were excluded.
  Data on immunization status and previous measles, mumps, 
and rubella infections were obtained by questionnaires. We ob-
tained immunization data for the study subjects through indi-
vidual immunization records or hospital records

Assays
Specific IgG antibody levels for measles, mumps, and rubella 
were studied using commercially available enzyme-linked im-
munosorbent assay (ELISAs) kits (Enzygnost®; Dade Behring, 
Schwalbach, Germany), according to the manufacturer’s in-
structions. Differences in optical density (∆A) were corrected 
by an internal control factor and used qualitatively analyze an-
tibody presence. Values of ∆A < 0.100, 0.100 < ∆A < 0.200, and 
∆A > 0.200 corresponded to negative, equivocal, and positive 
classification, respectively. Samples with equivocal results were 
retested in duplicate. If similar results were obtained, the sam-
ples were classified as equivocal. Otherwise, they were classi-
fied as positive or negative. Quantitative titers were obtained 
from optical density values using the equation: log10 titer = α * 
ΔAβ, where α and β were specific constants for the kit’s lot. The 
cut-off values for positivity were 150 mIU/mL, a titer of 230, and 
4 IU/mL for measles, mumps, and rubella, respectively. ELISAs 
were performed at the Center for Vaccine Evaluation and Study 
within Ewha Medical Research Institute at Ewha Womans Uni-
versity School of Medicine.
  In addition, measles-specific neutralizing antibody concen-
trations were studied using the plaque reduction neutralization 
test (PRNT) for selected sera because of the limited volume for 
analysis. PRNTs were performed at the National Research Insti-
tute of Health as previously described (9). The protective mea-
sles neutralizing antibody level was ≥ 120 mIU/mL.

Statistical analysis
We analyzed the data using SPSS statistical software (version 
18.0; SPSS Inc., Chicago, IL, USA). The percentages of positive, 
negative, and equivocal sera were calculated. The geometric 
means of antibody concentrations and titers were computed as 

Fig. 1. Seroprevalence (left axis) and geometric mean concentrations (right axis) of 
IgG antibodies by infant age. (A) Measles. (B) Mumps. (C) Rubella.
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Ethics statement
This study was approved by the institutional review board of 
Ewha Womans University Mokdong Hospital (IRB No. ECT 204-
24). Written informed consent was submitted by the parents or 
legal guardians of subjected infants before bleeding. .

RESULTS

Seroprevalence of measles, mumps, and rubella in infants
Seroprevalences and geometric mean concentrations (GMCs) 
of measles, mumps, and rubella IgG according to age group by 
month in 295 infants are shown in Fig. 1. For all subjects, serop-
revalences for measles, rubella, and mumps were 14.9%, 22.4%, 
and 10.5%, respectively. For measles, the seroprevalence was 
94.4% for infants < 1 month old, and seroprevalence dropped 
thereafter, from 54.2% of infants aged 1 month to 15.4% of in-
fants aged 4 months. Almost no infants aged ≥ 5 months tested 
positive for the measles antibody (Fig. 1A). For rubella, all in-
fants < 1 month old had rubella antibodies, which decreased 
with age, from 53.8% of infants aged 2 months to 11.5% of in-
fants aged 4 months. Almost no infants aged ≥ 5 months tested 
positive for the rubella antibody (Fig. 1C). The seroprevalence 
of mumps was lower than those of measles and rubella in al-
most age groups. For mumps, seroprevalence was only 55.6% 
in infants < 1 month old and 29.2% in infants aged 1 month. 
Even though the seroprevalence of mumps in infants aged 6-7 
months was slightly higher than those of measles and rubella, 
no infants aged 4 months tested positive for the mumps anti-
body (Fig. 1B). In terms of antibody concentrations, the GMCs 
of anti-measles and anti-rubella antibodies were above the thres
holds in infants aged ≤ 2 months and ≤ 3 months, respectively. 
In subjects older than these, the GMCs of the anti-measles and 
anti-rubella antibodies were below the thresholds. The GMC of 
the anti-mumps antibody dropped more rapidly. It was above 
the threshold only for infants ≤ 1 month old. For all groups of 
infants older than 1 month old, the GMCs of the anti-mumps 
antibody were lower than the threshold.

Measles neutralizing antibody concentrations in infants
The sera of 33 subjects were tested for neutralizing antibodies 
against measles by PRNT. The seropositivity was 63.6% in sub-
jects aged 2 months and decreased to 27.3% in subjects aged 4 
months and 16.7% in those aged 6 months. Of note, no of sub-
jects aged > 6 months exhibited any anti-measles activity (Ta-
ble 1). The geometric mean titer (GMT) of measles neutralizing 
antibody was 225.1 mIU/mL for subjects aged 2 months, and 
this dropped abruptly to 82.4 mIU/mL in subjects aged 4 months 
and 25.9 mIU/mL in subjects aged 6 months, which were lower 
than protective antibody levels.

Seropositive rates for measles, mumps, and rubella 
antibodies among the infants of seropositive mothers
To investigate the decrease in maternal antibodies, we analyzed 
the seropositivity and antibody concentrations for measles, 
mumps, and rubella antibodies in infants born from seroposi-
tive mothers. Because none of the infants had a history of MMR 
vaccination, natural infection, or contact with an infected per-
son, we assumed that their specific antibodies were passed from 
their mothers. The mean age of the mothers was 31.8 years (me-
dian, 31 years; range, 20-41 years). Seropositive rates for mea-
sles, mumps, and rubella antibodies for the mothers were 96.3% 
(77/80), 87.5% (70/80), and 98.8% (79/80), respectively. Among 
80 mothers, 52, 43, and 55 subjects experienced either immuni-
zation or past infections of measles, mumps, and rubella, re-
spectively. Seropositivities of the vaccinated mothers and the 
naturally immunized mothers were 100% (43/43) and 88.9% 
(8/9) for measles antibodies, 81.1% (30/37) and 83.3% (5/6) for 
mumps antibodies, and 98.0% (49/50) and 100% (5/5) for ru-
bella antibodies, respectively.
  All infants aged < 1 month who had seropositive mothers 
had measurable antibodies against measles, mumps, and ru-
bella, and the seropositivities of the infants declined as they aged. 
Measles and rubella antibodies were undetectable in infants  
> 4 months old. Mumps antibody levels decreased more rapid-
ly, and they were barely detectable among infants > 2 months 
old. The levels of maternal antibodies in infants diminished 
shortly after birth. The infant-to-mother measles antibody titer 
ratio was 0.65 in infants < 1 month old and further decreased 
to 0.12 and 0.03 in infants that were 2 months old and 4 months 
old, respectively. The mumps antibody titer ratio was 0.74 in in-
fants < 1 month old and dropped to 0.13 in 2-month-old infants. 
The rubella antibody titer ratio was 0.65 in infants < 1 month 
old and fell to 0.19 and 0.07 in 2-month-old and 4-month-old 
infants (Table 2).
 

DISCUSSION

The optimal age for MMR vaccination for infants is an impor-
tant public health issue because infections in young infants lead 
to severe complications (10). Delaying vaccination may increase 
the risk of complication in infants while early vaccination may 

Table 1. Seropositivity rates and GMTs of measles neutralizing antibodies according 
to infant age by PRNT

Age, mon
Seropositivity rate (%)  

(No. of positive tests/tested samples)
GMT, mIU/mL

2  63.6 (7/11) 225.1
4  27.3 (3/11)  82.4
6 16.7 (1/6)  25.9
7-11   0 (0/5)  32.1
Total   33.3 (11/33)  80.9

GMT = geometric mean titer, PRNT = plaque reduction neutralization test.
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reduce humoral immune responses by neutralizing maternal 
antibodies. Maternal antibodies transferred via the placenta 
during late pregnancy provide primary protection against in-
fectious diseases at birth and then disappear during the first 
months of life while the infants’ own immune system develops 
(11). Infants can be susceptible to disease between the loss of 
passively acquired protection and the achievement of protec-
tion by vaccination. To maintain protection against measles, 
mumps, and rubella in infants, it is important for each country 
to optimize the timing of vaccination to its own seroepidemio-
logical situations for those infections.
  In the present study, most infants aged ≥ 3 months were se-
ronegative for measles antibodies by ELISA. Seropositivity data 
by PRNT was similar even though a small number of sera could 
be analyzed using this method due to the limited volume of 
each sample. The proportions of seropositive infants in our data 
were slightly lower those in data from other countries. Although 
detection may be affected by the difference in assay methods, 
the coverage, the time of vaccine introduction, and the extent of 
circulating wild-type viruses can contribute to seropositive rate. 
In Korea, routine two-dose measles-containing vaccination was 
introduced in 1991 (monovalent measles vaccine at 9 months 
of age and MMR vaccine at 15 months of age). Two-dose MMR 
vaccination at 12-15 months and 4-6 years was introduced in 
1997 (6). According to the results of second MMR vaccination 
requirement for school entry in 2006-2011, the coverage rate of 
first MMR vaccine in children aged ≤ 3 years old was 99.2% 
(7,12). Additionally, yearly reported cases of measles were ranged 
2-194 from 2002 to 2010 in Korea, in the population of 49 mil-
lion (13).
  According to the French study performed in 2004, maternal 
measles antibodies decrease dramatically by 6 months of age, 
and 90% of infants are not protected against measles after 6 
months of age (14). Measles-containing vaccine coverage in 

France was 87% for one dose at 24 months of age in 2004, and 
there were 5,185 and 4,448 yearly reported cases of measles in 
2002 and 2004 in France, respectively, in a population of 64 mil-
lion (15). This suggests that France has a lower vaccination rate 
for MMR and a higher incidence of measles than Korea. The re-
sults of a Belgian cohort study were comparable with our data, 
revealing that maternal measles antibodies persisted for a me-
dian of 2.6 months (16). The vaccine coverage rate of MMR and 
the incidence of measles in Belgium were similar to those in 
Korea. The mean coverage of the first dose MMR vaccine was 
92%-94%, and that of the second dose was 78%-83% from 2006-
2009 in Belgium (17,18). There were less than 100 yearly report-
ed cases of measles from 2000 to 2008 in a Belgian population 
of 11 million (18).
  According to the results of this study, levels of maternal mumps 
antibodies decreased faster, compared to those of measles and 
rubella antibodies. The seroprevalence of mumps antibodies 
was lower than that of measles and rubella in almost age groups 
of infants, and it was less than 60% even in infants < 1 month of 
age. Except for a Belgian study that showed that mumps mater-
nal antibodies persisted at a comparable level to those of mea-
sles and rubella antibodies (3.6 months vs. 2.6 months and 2.1 
months, respectively), most studies have described a more rap-
id decline in maternal mumps antibodies compared to measles 
and rubella antibodies (19-21).
  In the past, maternal antibodies persisted for more than 12 
months after birth, and they lowered seroconversion rates and 
antibody levels obtained through vaccination (2). However, re-
cent reports suggested that maternal antibodies actually have 
shorter durations. Although there have been very few Korean 
studies, maternal antibodies persisted for more than 6 months 
after birth in 2004, as seen in recent studies from other coun-
tries (16,22).
  Antibody levels in cord blood are known to be higher than 

Table 2. Age-stratified seropositivity rates and antibody titer ratios (infant/mother) among the seropositive mothers and their infants for measles, mumps, and rubella-specific IgG

Age group, mon

Measles IgG Mumps IgG Rubella IgG

Rate (%) (Seropositive 
infants [No.]/seroposi-

tive mothers [No.])

Antibody titer ratio  
(infant/mother)

Rate (%) (Seropositive 
infants [No.]/seroposi-

tive mothers [No.])

Antibody titer ratio  
(infant/mother)

Rate (%) (Seropositive 
infants [No.]/seroposi-

tive mothers [No.])

Antibody titer ratio  
(infant/mother)

  0  100 (3/3) 0.65   100 (3/3) 0.74   100 (3/3) 0.65
  1  100 (5/5) 0.29  50.0 (2/4) 0.24   100 (4/4) 0.36
  2  63.6 (7/11) 0.12  33.3 (3/9) 0.13   72.7 (8/11) 0.19
  3 14.3 (1/7) 0.09    0 (0/5) -  71.4 (5/7) 0.13
  4 60.0 (3/5) 0.03    0 (0/5) -  16.7 (1/6) 0.07
  5   0 (0/8) -    0 (0/8) -    0 (0/8) -
  6   0 (0/4) - 25.0 (1/4) 0.10    0 (0/4) -
  7   0 (0/4) -   0 (0/4) -    0 (0/5) -
  8 20.0 (1/5) 0.07   0 (0/6) - 16.7 (1/6) 0.11
  9   0 (0/14) -   0 (0/12) -    0 (0/14) -
10  0 (0/3) -   0 (0/3) -   0 (0/3) -
≥ 11  0 (0/8) -   0 (0/8) -   0 (0/8) -
Total 26.0 (20/77) 0.21 12.7 (9/71) 0.30  27.8 (22/79) 0.25
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maternal antibody levels (23). In this study, the infant-to-moth-
er antibody titer ratios for infants aged < 1 month were 0.65 for 
measles antibodies, 0.74 for mumps antibodies, and 0.65 for 
rubella antibodies. These ratios showed that maternal antibody 
levels decreased soon after the birth and dropped quickly as in-
fants aged. The persistence of maternal antibodies in infants is 
affected by several factors. First, as vaccine coverage of a popu-
lation increases and more women of childbearing age acquire 
their immunity from vaccines rather than from natural infec-
tion, more infants are born with vaccine-induced maternal an-
tibodies. Although vaccine-induced immunity appears to be 
long-term and probably lifelong, vaccine-induced antibodies 
are often seen at lower levels and disappear more quickly than 
antibodies acquired after natural infection (16,24). Therefore, 
infants born more recently would be protected for a shorter pe-
riod than those born in the pre-vaccine era. Boosting by wild-
type viruses occurs less often as vaccine coverage increases and 
wild virus circulation declines. This can lead to lower antibody 
levels in childbearing-aged women and lower persistence of 
antibodies in their infants. In fact, certain infectious agents, such 
as pertussis, are circulating again in adolescents and young 
adults in the United States and some European countries, as 
populations lose their vaccine-induced immunity over time 
(25,26). In addition, the childbearing age of women is increas-
ing in Korea as well as in the Western population, meaning the 
interval between childhood vaccination and childbirth is also 
increasing. For this reason, it is possible that duration and level 
of transmitted maternal protection decrease.
  Early loss of maternal antibodies leads to an increasing gap 
of susceptibility in the time between the loss of maternal pro-
tection and the administration of a first MMR vaccine. Some 
authors suggest that early administration (< 12 months) of the 
MMR vaccine is needed (14). Because mumps and acquired 
rubella cases in infants under 12 months of age are very rare 
and without major complications, early vaccination with the 
MMR vaccine to combat mumps and rubella does not seem 
necessary to prevent those infections in infants aged < 12 mon
ths (13,27,28). As far as measles is concerned, early MMR vacci-
nation can be considered to prevent measles in infants less than 
12 months of age. However, recommendation for the age of vac-
cination must balance between the earliest age at which high 
rates of seroconversion can be obtained and the age group with 
the greatest risk of morbidity and mortality (29). Previous stud-
ies have found that infants 6 months of age had lower serocon-
version rates and GMTs than older infants and toddlers. This 
phenomenon was evident even among 6-month-old infants 
who lacked maternal measles antibodies, suggesting an age-re-
lated difference in humoral immune responses unrelated to 
passively transferred maternal antibodies (30,31). Korean im-
munization guidelines recommend the administration of a 
monovalent measles vaccine or the MMR vaccine in infants 

from 6 to 11 months of age only during a measles outbreak. In 
these cases, the infants must be immunized with the MMR vac-
cine again after 12 months of age (6).
  There are a few limitations in our study. First, because until a 
few years ago, data concerning immunization status was not 
registered via a national program in Korea, most vaccination 
data for the mothers relied only on memory. Second, we could 
not analyze the seropositivity rates and antibody levels between 
mothers with vaccine-induced immunity and those with natu-
rally acquired immunity for MMR because the populations nat-
urally immunized or vaccinated mothers were too small for 
each infant age group. However, this study is the first attempt to 
analyze the seroprevalence of MMR antibodies in Korean in-
fants along with their mothers’ seroprevalences. These data 
would assist in the efforts to make an informed decision on the 
vaccination strategies and to create disease control measures 
when outbreaks occur.
  In conclusion, seroprevalences of measles, mumps, and ru-
bella vaccines were low after the first few months of age in Ko-
rean infants. Active immunization with vaccines is strongly rec-
ommended for infants aged 6-11 months when measles is epi-
demic. Timely administration of the first dose of the measles-
mumps-rubella vaccine at 12 months of age should be encour-
aged in non-epidemic situations.
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