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Dynamics of the Antibody Response After a Third Dose 
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Background.    Breakthrough infections of measles and mumps have raised concerns about the duration of vaccine-induced 
immunity, which might be improved by a third dose of measles-mumps-rubella vaccine (MMR3). 

Methods.    Here we compared (IgG) antibody levels against measles, mumps, and rubella in blood samples of 9-year-old 
children and young adults (18–25 years) following MMR2 and MMR3, respectively. 

Results.    We found that, in addition to antibody boosting for all 3 vaccine components, MMR3 resulted in lower antibody 
decay rates than MMR2; the declines were most prominent for mumps and rubella. 

Conclusions.    This study suggests that MMR3 provides long-lasting seroprotection against measles, mumps, and rubella.
Keywords.    antibody response; humoral immunity; measles; mumps; rubella; seroprotection; vaccine; waning.

Before routine vaccination was implemented, measles, 
mumps, and rubella were highly contagious diseases that were 
very common in children. Measles, characterized by its typ-
ical red skin rash, can lead to serious complications such as 
pneumonia and encephalitis [1]. Mumps, characterized by 
the swelling of the parotid glands, is generally perceived as a 
mild infectious disease, but may lead to complications such 
as viral meningitis, deafness, pancreatitis, or encephalitis. In 
adult men and women, mumps can cause orchitis and oopho-
ritis, respectively [1]. Rubella, causing red skin rash, can re-
sult in significant congenital defects in the fetus after maternal 
infection during pregnancy [1]. Implementation of routine 
measles-mumps-rubella (MMR) vaccination has had a major 
impact on the incidence of these infectious diseases globally. In 
the Netherlands, routine MMR vaccination was implemented 
in 1987 by offering the first dose at 14 months of age (MMR1) 
and the second dose to children at 9  years of age (MMR2). 
However, vaccine-induced immunity has been shown to wane 
over time, and for mumps this has led to numerous outbreaks 

worldwide among vaccinated young adults [2–5]. Antibody 
levels against the mumps vaccine component have been 
shown to decline more rapidly compared with the measles and 
rubella vaccine components [6]. Although waning of mea-
sles and rubella antibody levels also occurs, measles and ru-
bella outbreaks have only been reported in communities with 
pockets of unvaccinated persons [7, 8]. In addition, vaccinated 
health care workers who are treating measles cases are at risk 
and have occasionally been involved in measles outbreaks or 
clusters [9].

Recently, we performed a clinical study that was originally set 
up to investigate whether a third dose of MMR vaccine (MMR3) 
could improve immunity against mumps in young adults and 
be a good and safe intervention for controlling a mumps out-
break [10]. Here we present the first study to compare the ef-
fect of MMR2 receipt in 9-year-old children vs MMR3 receipt 
in young adults (18–25 years) with respect to the dynamics in 
antibody response and seroprotection rates against measles, 
mumps, and rubella.

METHODS

Study Cohorts

Children aged 9 years and young adults (18–25 years) were in-
cluded from 2 different Dutch cohorts, which have been de-
scribed elsewhere (hereafter referred to as the MMR2 [11] and 
MMR3 cohorts [10]). The MMR2 cohort includes 81 children 
enrolled in 2013–2014 who received MMR1 at 14  months of 
age and MMR2 at 9 years of age (M-M-RVAXPRO) subcutane-
ously in the upper arm. Apart from MMR2, these children also 
received an acellular pertussis vaccination as part of a study to 
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analyze the immune response against pertussis; data on mea-
sles, mumps, and rubella antibody responses have not been 
published elsewhere [11]. From the participants of this cohort, 
plasma samples (15  mL) were taken just before and 1  month 
and 1 year after MMR2 receipt. The MMR3 cohort consists of 
147 healthy young adults, 18–25 years of age, who were enrolled 
in 2016–2017 and had previously received MMR1 and MMR2 
at the ages of, respectively, 14 months and 9 years. All 147 par-
ticipants received a third dose of the MMR vaccine (M-M-
RVAXPRO, containing measles virus, Enders’ Edmonston 
strain [live, attenuated]; not less than 1×103 50% cell culture 
infectious dose [CCID50]; mumps virus Jeryl Lynn strain [live, 
attenuated]; not less than 12.5×103 CCID50; rubella virus Wistar 
RA 27/3 strain [live, attenuated]; not less than 1×103 CCID50) 
in the deltoid muscle of the upper arm. Serum samples (8 mL) 
were taken from the participants just before and 4 weeks and 
1 year after vaccination.

Patient Consent Statement

The patient’s written consent was obtained before any study 
handling. The design of both the MMR2 and MMR3 studies was 
approved by local ethical committees (ie, respectively, VCMO, 
Rotterdam, the Netherlands, and METC, Noord-Holland, the 
Netherlands). Both studies conform to the principles outlined 
in the Declaration of Helsinki and the Good Clinical Practice 
Guidelines.

Determination of Antibody Responses

Serum IgG antibodies for each of the 3 vaccine components 
were determined in parallel by a fluorescent bead-based mul-
tiplex immunoassay, as previously described [10]. Briefly, puri-
fied measles virus (strain Edmonston [in-house]), purified 
mumps vaccine strain (Jeryl Lynn [in-house]), and rubella virus 
(strain HPV-77; GenWay) were used as antigens. For each assay, 
a reference (RUBI-1–94, calibrated against the international 
standards for measles and an in-house standard for mumps), 
controls, and blanks were included. Antibody concentrations 
were obtained by interpolation of the mean fluorescent inten-
sity in the reference serum curve using a logistic-5PL regres-
sion type and expressed in international units per mL (IU/mL) 
for measles and rubella and RIVM units (RU/mL) for mumps. 
An antibody concentration of ≥0.12 IU/mL for measles [12] 
and ≥10 IU/mL for rubella [13] was used as the cutoff for 
seroprotection for clinical protection. For mumps, there is no 
international agreement, nor an accurate serological correlate 
of protection. Here we used a surrogate level of protection of 
≥102 RU/mL, which was previously assessed as the most appro-
priate cutoff for seroprotection against mumps virus infection 
[10].

In order to accurately bridge quantitative antibody data 
obtained from either plasma samples, collected by cell prepara-
tion tubes (CPTs; MMR2 study), to serum samples, collected by 

serum (clot activator) tubes (MMR3 study), measles-, mumps-, 
and rubella-specific IgG concentrations were compared with 
paired plasma and serum samples from 20 different individ-
uals. Subsequently, measured IgG concentrations from plasma 
samples were corrected for dilution differences due to the use 
of CPT, for accurate comparison with antibody concentrations 
measured in serum samples.

Statistical Analysis

For each time point following MMR2 and MMR3 receipt, geo-
metric mean IgG concentrations (GMCs) with 95% confidence 
intervals were calculated. The antibody concentrations were 
log-transformed to achieve normal distribution. Differences in 
antibody responses between the various time points were ana-
lyzed with a paired-samples t test. Subsequently, the proportion 
of participants with antibody concentrations above the cutoff 
level for seroprotection was calculated and compared at each 
time point with the NcNemar’s test for paired data. All reported 
P values are 2-sided; P values <.05 were considered statisti-
cally significant. Data were analyzed using IBM SPSS Statistics, 
version 24.

Linear effects models were employed to assess the effects of 
MMR2 vs MMR3 receipt and sampling time on longitudinal 
log-transformed IgG concentrations separately for measles, 
mumps, and rubella. Model selection was performed by means 
of likelihood ratio test. The final 3 models for measles, mumps, 
and rubella were specified as the interaction between sampling 
time and study type (MMR2/MMR3), taking into account IgG 
measurements per individual. The random effects part was spe-
cified as random intercept and random slope on time. Using 
this linear mixed model, we were able to provide a maximal 
likelihood estimation of fold change of IgG measurements 
across studies (MMR2/MMR3) for any combination of time 
points. The corresponding 95% confidence intervals were cal-
culated by delta method. The setup and application of the linear 
mixed model were performed using R, version 3.4.3.

RESULTS

Antibody responses to MMR2 were measured in 81 children 
aged 9 years (male sex, 48.1%; female sex, 51.9%), and the re-
sponses to MMR3 were measured in 147 young adults (mean 
age at baseline [range], 22.4 [18–25] years; male sex, 46.3%; fe-
male sex, 53.7%) (Table 1, Figure 1).

Before the MMR2 receipt at 9 years of age, mumps-specific 
IgG concentrations were lower compared with before MMR3 
receipt at the age of 18–25  years (P = .01; IgG geometric 
mean concentrations [GMC] of 120 RU/mL vs 185 RU/mL, 
respectively) (Table  1). The mumps seroprotection rate (ie, 
percentage of individuals above the used cutoff for presumed 
seroprotection) was also considerably lower before MMR2 
receipt (50%) compared with before MMR3 receipt (81%). 
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In contrast, measles- and rubella-specific IgG concentra-
tions were higher before MMR2 receipt (for measles, 1.27 
U/mL; for rubella, 56.3 U/mL) than before MMR3 receipt 
(for measles, 0.69 U/mL; for rubella, 36.7 U/mL; P ≤ .0001). 
Seroprotection rates for both measles and rubella were much 
higher when compared with mumps before MMR2 and 
MMR3 receipt, that is, 95%–100%. One month after MMR2 
receipt, IgG concentrations had increased significantly by, re-
spectively, 1.3-, 3.5-, and 3.4-fold for measles, mumps, and 
rubella (P < .0001). One year after MMR2 receipt, IgG con-
centrations against all 3 viruses had declined significantly 
compared with 1  month after MMR2 by, respectively, 1.3-, 
1.8-, and 2.4-fold. However, the antibody concentrations of 
both mumps and rubella remained significantly higher than 
before MMR2, whereas that for measles returned to baseline. 
While antibody levels for both measles and rubella remained 
above the seroprotection levels, the seroprotection rate of 
mumps declined from 98% to 90% between 1  month and 
1 year after MMR2 receipt.

One month after MMR3 receipt, IgG concentrations also in-
creased significantly by, respectively, 1.8-, 1.6-, and 3.0-fold for 
measles, mumps, and rubella. One year after MMR3 receipt, 
IgG concentrations had declined again, but, interestingly, IgG 
concentrations against all 3 viruses were still higher than before 
MMR3 receipt. While the seroprotection rate of mumps had de-
clined from 94% to 90% at 1 year after MMR3 receipt, the levels 
were still higher than before MMR3 receipt (81%).

We further compared antibody dynamics after a second 
vs a third dose of MMR vaccine using a linear mixed model 
(Figure 2). This model showed that the individuals who gener-
ally had the lowest IgG concentrations before MMR2 or MMR3 
receipt also showed the strongest rise in IgG concentrations 
after vaccination, both at 1 month and at 1 year. Therefore, when 
the antibodies increased strongly 1 month after vaccination, the 
antibody concentrations did not necessarily decrease more rap-
idly after 1 year. Furthermore, the model confirmed that the de-
cline of both mumps- and rubella-specific IgG from 1 month to 
1 year after vaccination was significantly more prominent after 
MMR2 receipt than after MMR3 receipt, despite that MMR2 
resulted in a stronger initial rise of IgG concentrations (mumps: 
decline ratio MMR2/MMR3, 1.49; 95% CI, 1.31–1.67; rubella: 
decline ratio, 1.39; 95% CI, 1.20–1.59). Interestingly, decline of 
measles-specific antibody concentrations after either MMR2 or 
MMR3 receipt was low and comparable (decline ratio MMR2/
MMR3, 1.08; 95% CI, 0.95–1.20).

DISCUSSION

This is the first study to compare the dynamics of antibody 
responses to measles, mumps, and rubella of individuals who 
received 2 routine MMR vaccine doses with those of individ-
uals who who received an additional third dose of the MMR Ta
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vaccine at a young adult age (18–25  years). Before routine 
MMR2, at the age of 9 years, mumps-specific IgG concentra-
tions were lower than in young adults, who received their last 
MMR2 dose at 9  years of age. Apparently, administration of 
MMR2 at the age of 9 years resulted in an increase of IgG con-
centrations against mumps virus, which remained elevated at 
the age of 18–25 years. The steep increase of mumps-specific 
antibodies shortly after MMR2 receipt indicates a secondary 
amnestic response, suggesting an active role of memory CD4+ 
T and B cells. Similar results were previously found for mumps 
in a large cross-sectional population-based serosurveillance 
study performed in the Netherlands in 2006/2007 (n = 7900), 
in which mumps-specific IgG concentrations were higher in 
18–25-year-olds than in 9-year-old children before MMR2 
receipt [14]. In the present study, before MMR2 receipt the 
seroprotection rate for mumps was estimated to be 50% This 
emphasizes the importance of routine MMR2 for children 
to provide protection against mumps. However, it should be 
noted that despite lower antimumps IgG concentrations, break-
through infections among vaccinated children <9 years of age 
have hardly occurred in the Netherlands during mumps out-
breaks [4]. Perhaps the risk of mumps virus introduction and 
exposure is simply smaller in this age group or the children still 
have a higher degree of immune protection despite low anti-
body concentrations. Possibly other immune compartments 
play an important role here.

It has been estimated that in order to achieve herd immu-
nity and to prevent a mumps outbreak, ~86% of the population 
would need to have developed protective antibody levels against 
mumps [10]. In young adults who received their last MMR2 
dose at 9 years of age, the seroprotection rate for mumps (81%) 
was still lower in this age group than the presumed threshold 
needed to achieve herd immunity (≥86%) [10]. This may ex-
plain why mumps outbreaks can occur in the age group of 
18–25 years. Seroprotection rates of measles (97%) and rubella 
(95%) were clearly higher than that of mumps before MMR3, 
thereby reaching herd immunity to these 2 viruses. This suggests 
that the age group of 18–25 years, despite their 2 routine MMR 
vaccinations, is at risk for mumps, but not for measles and ru-
bella. Previously, it was shown that the mumps component is the 
least effective in eliciting a response that would give rise to anti-
bodies of high avidity [6]. In line with this, it has been found 
that mumps-specific memory B cells are detected at a lower 
frequency than measles- or rubella-specific B cells in vaccinees 
[15]. Nevertheless, seroprotection rates against all 3 vaccine 
components increased after receipt of both MMR2 and MMR3, 
but more importantly remained above the presumed herd im-
munity threshold for up to 1 year after MMR vaccination.

Interestingly, despite the higher IgG concentrations meas-
ured 1  month after MMR2 compared with MMR3 receipt, 
the decline of both mumps- and rubella-specific IgG concen-
trations appeared to be more prominent after MMR2 receipt. 
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Figure 1.    IgG concentrations of measles (A), mumps (B), and rubella (C) before and 1 month and 1 year after MMR2 or MMR3 receipt. Geometric mean IgG concentra-
tions with 95% confidence interval indicated as horizontal bars, were compared by paired-samples t test. Dashed lines indicate the antibody cutoff levels for seroprotection. 
Abbreviations: IU/mL, international units per milliliter; MeV-IgG, measles virus–specific IgG concentration; MuV-IgG, mumps virus–specific IgG concentration; RuV-IgG, 
rubella virus–specific IgG concentration; RU/mL, RIVM units per milliliter; t = 1mo and t = 4wk, 1 month and 4 weeks after a second or third dose of measles-mumps-rubella 
vaccine dose (MMR2 or MMR3); t = 1y, time point 1 year after MMR2 or MMR3.



Antibody Response After MMR Vaccination  •  ofid  •  5

This suggests that antibodies are sustained longer after MMR3 
receipt, indicating the persistence of long-lived plasma B cells.

In conclusion, an additional third dose of the MMR vaccine may 
be an adequate intervention for persons who are identified to be at 
risk of mumps during an outbreak in order to boost immunity to 
mumps, and it might also improve immunity to measles and rubella.
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Figure 2.    A linear mixed model was used to directly compare the dynamics in IgG antibody response to measles, mumps, rubella after a second measles-mumps-rubella 
vaccine dose (MMR2; solid lines) or a third MMR vaccine dose (MMR3; dashed lines). Abbreviations: t = 0, time point before MMR vaccination; t = 1, 1 month or 4 weeks 
after, respectively, a second or third dose of measles-mumps-rubella vaccine (MMR2 or MMR3); t = 1y, time point 1 year after MMR vaccination.
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