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Background. The combined measles, mumps, and rubella (MMR) vaccine has been successfully administered
for >20 years. Because of this, protection by maternal antibodies in infants born to vaccinated mothers might be
negatively affected.
Methods. A large cross-sectional serologic survey was conducted in the Netherlands during 2006–2007. We
compared the kinetics of antibody concentrations in children and women of childbearing age in the highly vaccinated general population with those in orthodox Protestant communities that were exposed to outbreaks.
Results. The estimated duration of protection by maternal antibodies among infants in the general population,
most of whom were born to vaccinated mothers, was short: 3.3 months for measles, 2.7 months for mumps, 3.9
months for rubella, and 3.4 months for varicella. The duration of protection against measles was 2 months longer
for infants born in the orthodox communities, most of whom had unvaccinated mothers. For rubella, mothers in
the orthodox communities had higher concentrations of antibodies as compared to the general population.
Conclusion. Children of mothers vaccinated against measles and, possibly, rubella have lower concentrations of
maternal antibodies and lose protection by maternal antibodies at an earlier age than children of mothers in communities that oppose vaccination. This increases the risk of disease transmission in highly vaccinated populations.
MMR vaccination; waning; maternal antibodies.

In many industrialized countries, the introduction of
measles, mumps, and rubella (MMR) vaccine into
national immunization programs proved successful in
reducing the incidence of these infectious diseases [1, 2].
Infants typically receive the ﬁrst dose of vaccine around
the ﬁrst year of age [3]. Maternally derived antibodies
provide the primary protection for infants prior to this
ﬁrst vaccine dose. The initial concentration of maternal
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antibodies in a newborn is highly correlated with the
antibody concentration in their mother [4–8]. Subsequently, there is waning of the maternal antibody
levels in the infant, leaving the child susceptible to infections. Optimal timing of the ﬁrst dose of vaccine
can contribute to keeping this period as short as possible. This is important because, among European
infants aged <1 year, measles risk and severity are
greater than the risk and severity among those aged ≥1
year [9]. The optimal timing of the ﬁrst MMR vaccine
dose depends on 2 main factors. First, the infant’s
immune system should be sufﬁciently mature to
respond to the vaccine antigens. Second, levels of maternal antibodies must be low enough to ensure that
they do not neutralize the live, attenuated strains in the
vaccine. Insight in the kinetics and determinants of
maternal antibody concentrations is therefore very
important [10].
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METHODS

for 14-month-old infants, introduced in 1976, and separate
rubella vaccination for 11-year-old girls, introduced in 1974. The
MMR vaccine coverage in the Netherlands is >90% [19].
A large cross-sectional serologic study was conducted in the
Netherlands over a 2-year period, in 2006 and 2007. Participants were recruited from a nationwide sample of the general
population, using a 2-stage cluster sampling technique. First,
40 municipalities were selected at random, weighted by their
population size. Second, for each of these 40 municipalities, an
age-stratiﬁed sample of 380–500 individuals aged <80 years
was drawn at random from the municipal population register;
the realized sample size depended on the response rate among
the municipalities. In total, 19 781 individuals were invited
in the nationwide sample. Participants were also recruited from
8 selected municipalities in the Dutch Bible belt, where vaccination coverage is low. As in the nationwide sample, for each of
these 8 municipalities, an age-stratiﬁed sample of 380–952 individuals aged <80 years was drawn at random from the municipal population register. In total, 4366 individuals were invited
into the low-immunization-coverage sample. Of the 24 147 individuals invited to participate in the study, 7904 (32.7%) eventually participated by both ﬁlling out a questionnaire that
included questions about religious beliefs and by donating a
single blood sample. An overview of the study is presented in
Supplementary Tables 1 and 2 in the Supplementary Materials.
A more detailed description of the setup of this cross-sectional
serologic study is available elsewhere [20].
We selected study participants who were either unvaccinated
infants (ie, individuals aged <14 months and not vaccinated
with the MMR vaccine) or women of childbearing age (ie,
women aged 20–44 years, the age of 98.5% of mothers who
gave birth in the Netherlands during 2007; available at: http://
www.cbs.nl). We weighted the data of participating women
such that their age distribution matched the age distribution of
mothers of newborns in the Dutch population in 2007. Within
this study population, we subsequently deﬁned 2 groups: 1243
women and 434 children in the general population, including
those from the orthodox Protestant communities who did
not have orthodox Protestant beliefs, and 53 women and 19
children in the orthodox Protestant communities who had
orthodox Protestant beliefs.
The vaccination history of the participants was checked by
vaccination certiﬁcates brought by the individuals and, where
possible, a copy from the regional vaccine administration
ofﬁces archives. Information on the vaccination history of the
mother of the participants was not available.

Study Population

Serologic Analysis

Since 1987, children in the Netherlands have been offered MMR
vaccine at the ages of 14 months and 9 years, with a 3-year
catch-up program for preschool-aged children during 1987–
1989. This program was preceded by separate measles vaccination

Blood samples from the study participants were analyzed for
levels of antibodies against measles, mumps, rubella, and varicella. Fluorescent bead–based multiplex immunoassays were
performed using Luminex technology (based on complete virus
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A known determinant of the maternal measles virus antibody concentration is the vaccination status of the mother.
Mothers who received MMR vaccine tend to have a lower
concentration of measles virus–speciﬁc antibodies than
mothers who naturally acquired measles [11–13]. Infants born
to measles-vaccinated mothers are hence likely to have lower
levels maternal antibodies at birth and a shorter period of
protection than infants of mothers who acquired measles naturally [14–16]. In countries with high MMR vaccination coverage, such as the Netherlands, most women of childbearing age
are vaccinated against measles and have avoided natural infection. A lower duration of protection by maternal antibodies
against measles might provide a motivation to lower the age at
which the ﬁrst dose of measles vaccine is administered to
infants, but the degree and duration of immune response is uncertain when the vaccine is administered to infants aged <12
months. Since the measles vaccine is combined with mumps
and rubella vaccines into the trivalent MMR vaccine, the question arises how the vaccination history of the mother affects the
duration of protection against mumps and rubella. At present,
it is not known how long infants are protected by maternal
antibodies against infection or how long they remain susceptible to mumps and rubella before the ﬁrst dose of vaccine is
administered.
The Netherlands provides a unique setting in which to study
the effects of maternal vaccination on the kinetics of maternal
antibodies because, owing to orthodox Protestant beliefs, a considerable proportion of the population refuses vaccination [15].
Since many of these individuals are sociogeographically clustered in the so-called Dutch Bible belt, outbreaks of measles,
mumps, and rubella are still occurring here [16–18]. The last
outbreaks of measles and rubella occurred in 1999–2000 and
2004–2005, respectively. We studied the duration of protection
against measles, mumps, and rubella by comparing infants in
the general population, in which most mothers have been vaccinated, with infants in orthodox reformed communities, in
which mothers tend to refuse vaccination [15]. We use statistical modeling to infer the kinetics of maternal antibody levels in
infants and to quantify any difference in duration of immunity
between infants of mothers in the general population and
mothers in orthodox reformed communities. To validate our
comparison between these 2 groups, we also considered varicella, against which vaccination is not included in the national
immunization program.

particles) to determine the concentrations of immunoglobulin
G against measles, mumps, rubella, and varicella [21]. The procedure was calibrated to the World Health Organization
(WHO) standard cutoff criteria. For measles, the second international WHO standard was used. Diagnostic cutoffs for discriminating between susceptible and immune individuals are
0.2 IU/mL for measles [22, 23], 45 RU/mL for mumps [24], 10
IU/mL for rubella [25], and 0.26 IU/mL for varicella. Antibody
levels below the lower limits of quantiﬁcation (LLOQ) were
assumed to be equivalent to half of the LLOQ (ie, 0.002 IU/ mL
for measles, 0.2 RU/mL for mumps, 0.02 IU/mL for rubella,
and 0.01 IU/mL for varicella).
Statistical Analysis

RESULTS
For measles, women of childbearing age in the general population were more likely to be vaccinated against measles than
those in the orthodox Protestant communities (51.2% vs
12.6%; Table 1). Women of childbearing age and infants in the
general population had a lower measles antibody concentration
than infants and women of childbearing age in the orthodox
Protestant communities (P < .0001). The concentration of maternal antibodies at birth was 4.13-fold lower in the general
population as compared to the orthodox Protestant communities (Figure 1 and Supplementary Table 4). This corresponds to
a 3.6-fold lower antibody concentration. The decay rate for maternal measles antibodies was 7.77 per year (Supplementary
Table 4). This implies that, each month, the concentration of
maternal antibodies halves and, therefore, that a 3.6-fold lower
level of maternal antibodies at birth decreases the period of protective by almost 2 months (Figure 1). The duration of protection against measles was 3.3 months for newborns in the

DISCUSSION
In our analysis of maternal antibodies against measles, mumps,
rubella, and varicella in a cross-sectional serologic study of the
Dutch population, we found that the average age at which
infants lose protection lies well before 14 months, when the
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We used a statistical model [26] to capture the kinetics of both
passively acquired maternal antibodies and actively produced
antibodies against measles, mumps, rubella, and varicella. The
parameters of interest were the average concentration of maternal antibodies at birth (m), the decay rate of maternal antibodies (d), a base concentration of antibodies for susceptible
individuals (b), and a concentration of antibodies for immune
individuals (m + c). We ﬁtted this statistical model of antibody
kinetics to the age-speciﬁc serologic data for each of the 2
groups, using the method of maximum likelihood. We used
maximum likelihood estimates to estimate the parameters and
their signiﬁcance and, additionally, the age at which the antibody concentrations in infants dropped below levels that
protect against infection (ie, the diagnostic cutoff ). The half-life
of maternal antibodies was calculated as h = log(2)/d. All statistical analyses were performed in R [27]. For more information,
see the Supplementary Materials.

general population and 5.3 months for newborns in the orthodox Protestant communities.
For mumps, we found a much smaller difference in vaccination coverage among women of childbearing age between the
general population and the orthodox Protestant communities
(25.3% vs 10.1%; Table 1). There were no statistically signiﬁcant
differences in antibody levels between the 2 groups. The decay
rate for maternal mumps antibodies was 8.01 per year (Supplementary Table 4). This corresponds to a half-life of about 1
month. The duration of protection against mumps was 2.7
months for newborns in the general population and those in
the orthodox Protestant communities.
For rubella, we found a large difference in vaccination coverage among women of childbearing age (65.6% in the general
population vs 17.2% in the orthodox Protestant communities).
Most of these vaccinated women received a single dose of
vaccine at the age of 11 years and had possibly acquired natural
infection earlier in life. Women of childbearing age in the
general population had lower rubella antibody concentrations
than those in the orthodox Protestant communities, with a difference of 55.19-fold (95% conﬁdence interval, −6.22 to 116.60;
P = .0296, by the likelihood ratio test). This corresponds to a
1.1-fold lower antibody concentration. The overall difference in
antibody level between the 2 study groups was borderline nonsigniﬁcant (P = .0952). The decay rate for maternal rubella antibodies was 7.01 per year (Supplementary Table 4); this
corresponds to a half-life of about 1 month. The duration of
protection against rubella was 3.9 months for newborns in the
general population and those in the orthodox Protestant communities. Projection of the existing 1.1-fold difference between
women of childbearing age onto a difference in duration of
protection among infants revealed that infants in the general
population would be protected for 0.8 months less than infants
in the orthodox Protestant communities.
For varicella, no participants were vaccinated. The level of
varicella antibodies did not differ between the 2 study groups.
The decay rate for maternal varicella antibodies was 7.36 per
year (Supplementary Table 4). The duration of protection
against varicella was 3.4 months for newborns.
We did not ﬁnd differences between the maternal antibody
level in infants at birth and those of women at childbearing age
for any of the infections studied. The decay rate of antibodies in
newborns did not differ between infants in the general population and those in the orthodox Protestant community (Supplementary Table 4).

Table 1. Vaccination Coverage for Measles, Mumps, and Rubella Among Women of Childbearing Age Participating in the Dutch National Seroprevalence Study (Pienter 2), the Netherlands, 2006–2007
General Population

Orthodox Protestant Community

Vaccine Coverage, %

Vaccine Coverage,%

Age

No.

Measles

Mumps

Rubella

No.

Measles

Mumps

Rubella

20–24 y

270

85.6

82.2

83.5

17

29.4

23.5

23.5

25–29 y
30–34 y

270
241

74.4
48.5

55.2
1.2

73.4
67.6

16
8

31.3
0

25.0
0

37.5
0

35–39 y

247

11.3

0.4

45.4

6

0

0

16.7

40–44 y
Weighted average

215

0
51.2

0
25.3

32.1
65.6

6

0
12.6

0
10.1

0
17.2
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population. A possible disadvantage is the risk of ﬁnding associations between infants and women of childbearing age that
do not exist between pairs of infants and mothers when using a
longitudinal design. We address the potential for such spurious
associations in each step of our argument. First, we observed
little difference between antibody levels among seroconverted
women of childbearing age and the initial levels among newborns within each of the 2 deﬁned groups. This suggests that
the level of antibodies is passed on from mother to child. This
is in line with previous studies that showed that levels of maternal antibodies among children at birth were highly associated
with the antibody levels of their mothers [11, 28]. Some previous studies reported an increase in antibody levels in infants at
birth, compared with levels in their mothers; our study suggests
this increase must be small, but this does not provide statistical
evidence for the absence of such a difference. Second, we observed no difference in the decay rate of maternal antibodies
between the 2 groups. This suggests that the decline in levels of
maternal antibodies with age is an autonomous process that is
similar for maternal antibodies. Third, we observed that antibody concentrations among women from the general population were lower than those among women from the orthodox
Protestant communities. Other studies of maternal antibody
levels conﬁrm that such qualitative ﬁndings could be due to differences in vaccination status [11, 13]. These results, when
taken together, provide evidence for a shorter protection period
among infants in the general population than among those in
the orthodox Protestant communities.
The 2 groups in our study differ markedly in vaccination
coverage among women of childbearing age. To test for other
factors that could affect our comparison, such as family size, we
also compared the concentration of antibodies against varicella
between the 2 groups. Vaccination against varicella has not
been introduced in the Netherlands, and the vaccination coverage for varicella is 0% in both groups. Because of this, any difference with respect to varicella will suggest an intrinsic relevant
difference between the groups that is due to a factor other than
vaccination. In this sense, the analysis for varicella serves as a
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ﬁrst dose of MMR vaccine is administered. We compared individuals sampled from the general population with a group of
individuals randomly selected from orthodox Protestant communities (the Dutch Bible belt), where the vaccination coverage
among mothers is much lower than that in the general population. This comparison suggests that, as vaccination coverage
among mothers increases, the level of maternal antibodies at
birth among infants and the duration of the protection afforded
by maternal antibodies among newborns decrease. The most
likely explanation for this is that MMR vaccine induces lower
antibody levels than natural infection with measles, mumps,
and rubella and that antibody levels of vaccinated cohorts are
no longer boosted by exposure to wild-type infection.
For measles, in which the vaccination coverage among
mothers differed by almost 40% between groups, we found that
the period of maternal antibody protection among infants in
the general population was 2 months shorter than that among
infants from orthodox Protestant communities. For rubella, in
which the vaccination coverage among mothers differed by
almost 50% but the difference in exposure to natural infection
must have been much less, we found no signiﬁcant difference
in the duration of protection by maternal antibodies. However,
if the signiﬁcant difference between the adult women is carried
onward to the infants, we see that infants in the general population were protected for 0.8 month less by maternal antibodies
than infants in orthodox Protestant communities. For both
mumps, in which the vaccination coverage among mothers differed by only 15% between groups, and varicella, we found no
statistically signiﬁcant difference in the duration of protection
by maternal antibodies.
We assessed the duration of protection by maternal antibodies, using a cross-sectional study. The overall response was
33.5% (33% for the national sample and 35% for the lowimmunization-coverage sample), which nowadays is relatively
high for cross-sectional studies. Because of the large number of
participants, we do not expect a self-selecting bias. Additionally, the advantage of this study design is that we have a large
number of individuals who are representative of a large

negative control [29]. We observed no differences between the
groups with respect to varicella, and therefore we expect no
major role for other factors that could affect our comparison.
This provides a ﬁrm basis for attributing the observed difference in maternal antibody levels in newborn children to the
vaccination history of their mother.
Our observations suggest that mass vaccination with MMR
shortens, in due time, the duration of protection by maternal
antibodies against measles, mumps, and rubella. Our study was
conducted 20 years after introduction of the MMR vaccine, in

1987, when about 25% of women of childbearing age were vaccinated with MMR vaccine when they were young. This proportion of women of childbearing age who have been
vaccinated with MMR will increase rapidly in the coming years
because the vaccination coverage of each age cohort is >90%.
We expect that this will further shorten the duration of protection against measles and rubella by maternal antibodies in
infants and that a decreasing duration of protection against
mumps by maternal antibodies will become more detectable
among infants in the near future.
Waning of Maternal Antibodies Against MMR
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Figure 1. Immunoglobulin G concentrations, by age, against measles, mumps, rubella, and varicella among individuals aged 0–24 months. Red markers
represent individuals with maternal antibodies who did not seroconvert, and blue markers represent individuals who seroconverted. Dots represent individuals in the orthodox Protestant community, and pluses represent individuals in the general population. Grey horizontal lines indicate the diagnostic cutoffs
below which individuals are susceptible to infection. Black lines represent the ﬁtted model for antibody kinetics; with the dashed line indicating age-speciﬁc antibody level for orthodox Protestant individuals, and the solid lines indicating the age-speciic antibody level for individuals from the general population, respectively. The inset shows a wider age range; the grey dots are female participants who are not included in the analysis.
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