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Background. The persistence of antibodies against measles, mumps, and rubella induced by the measles-mumps-
rubella (MMR) vaccine and the kinetics of antibody decline after the second MMR vaccine dose were studied in the
same cohort for 20 years.

Methods. Measles, mumps, and rubella antibodies were measured by enzyme immunoassay in 20-year follow-up
serum samples (n � 183) of twice-vaccinated individuals, and measles antibodies were also measured in oral fluids
(n � 177). Antibody decay was determined in a group (n � 58) with subsequent samples collected 1, 8, and 15 years
after the second MMR dose.

Results. In total, 95%, 74%, and 100% of 183 vaccinees were still seropositive for measles, mumps, and rubella,
respectively, and 85% of 177 vaccinees had measurable measles antibodies in their oral fluids. The antibody levels
declined significantly after the second dose, but subsequently the rate of decline was slower.

Conclusions. A high rate of seropositivity was found 20 years after the first MMR dose, particularly for rubella and
measles. Our results show that MMR vaccine–induced antibodies wane significantly after the second dose. According
to epidemiological data, the protection induced by MMR vaccination in Finland seems to persist at least until early
adulthood. However, the situation requires constant vigilance.

The vaccines against measles, mumps, and rubella have

been in use for �30 years as both single and trivalent vac-

cines. An increasing number of countries have significantly

reduced the incidence of measles, mumps, and rubella and

have even reached an elimination phase through successful

use of the measles-mumps-rubella (MMR) vaccine [1–3].

Protective levels of antibodies induced by the MMR vac-

cine were first suggested to be lifelong; however, the levels

of measles, mumps, or rubella antibodies have been shown

to decline over time, faster after vaccinations than when

naturally acquired [4, 5].

Experience about the persistence of MMR vaccine–

induced immunity has accumulated from countries

with various epidemiological situations and vaccination

policies [6 –13]. In some of these countries, wild mea-

sles, mumps, and rubella viruses still circulate, even to a

small extent, and may influence the persistence of MMR

vaccine–induced antibodies [14].

We have followed the kinetics of antibody persistence

in the same MMR-vaccinated cohort in repeated sam-

ples obtained since 1982 and found that all of the anti-

bodies induced by MMR vaccine wane over time [15–

17]. This was shown to happen especially when the

incidence of measles, mumps, and rubella became very

low in Finland and natural diseases did not boost the

once-gained antibody levels.

In Finland, the incidence of measles, mumps, and ru-

bella declined soon after the MMR vaccination cam-

paign was launched [3]. In 1982, 1986, and 1990, the

incidence of measles was 112, 15, and 0.9 cases/100,000

population, respectively; the incidence of mumps was

43, 11, and 0.4/100,000; and the incidence of rubella was

64, 21, and 6/100,000. Since the beginning of the 1990s,

measles, mumps, and rubella have been eliminated from

Finland, and only a few imported cases have occurred

annually [1, 2]. This disease-free period of �10 years

allows us to study the persistence of vaccine-induced an-

tibody levels alone.
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We report here the present antibody status of the MMR-

vaccinated cohort. The measles, mumps, and rubella antibody

levels were measured in serum and oral fluids obtained 20 years

after the first MMR dose. In addition, we determined the rate of

antibody decline, also using the samples collected previously

from our cohort. Furthermore, measles, mumps, and rubella

antibody levels were compared according to sex and place of

residence of the vaccinees.

SUBJECTS, MATERIALS, AND METHODS

Cohort and vaccinations. The MMR-vaccinated cohort of

353 children (158 girls and 195 boys) initially comprised 2 age

groups: 14 –18 months old (the younger group; n � 178) and 6

years old (the older group; n � 175). The cohort was recruited

from 3 cities, located in eastern (Joensuu), western (Pietarsaari),

and northern (Ivalo) Finland. A large majority of children were

seronegative when vaccinated at the age of 14 –18 months. Of the

178 younger vaccinees, 11 (6.2%), 5 (2.8%), and 2 (1.1%) al-

ready had antibodies against measles, mumps, and rubella, re-

spectively, before MMR vaccination. Of the 175 older vaccinees,

158 (90%) were already seropositive for measles as a result of

natural disease or monocomponent measles vaccination, and 48

(27%) and 29 (17%) were seropositive for mumps and rubella,

respectively. The numbers of samples in the different subgroups

are shown in table 1.

The first MMR vaccination was given in 1982 to all members

of the cohort. The second dose was given to the younger group at

the age of 6 years (1987) and to the older group at the age of

11–13 years (1987–1989). The vaccine used for both vaccina-

tions was M-M-R II vaccine (containing the Moraten strain of

measles virus, the Jeryl Lynn strain of mumps virus, and the

RA27/3 strain of rubella virus; Merck). The number of serum

samples collected during the entire follow-up is shown in figure 1.

Follow-up samples in 2002. In 2002, 20 years after the

first and 13–15 years after the second MMR vaccine dose, all

members of the cohort were invited by letter to participate

in a study determining their measles, mumps, and rubella

antibody levels. Serum samples were collected from 183 vac-

cinees (for the younger group, n � 91; for the older group,

n � 92). In addition, we collected oral fluids from 178 vacci-

nees, using an OraSure device (OraSure Technologies). In 2002,

the vaccinees were �22 (younger group) or 26 (older group)

years old. The blood samples and oral fluids were collected by

special appointment, in hospital laboratories or in health care

centers. The study was approved by the Hospital District of Hel-

sinki and Uusimaa Ethics Committee of Epidemiology and Pub-

lic Health. All vaccinees gave written consent before their sam-

ples were collected.

Determination of antibody decline. The numbers of sam-

ples received at different time points varied during follow-up

(figure 1), because samples were collected on a voluntary basis.

For this reason, to make a proper determination of the rate of

antibody decline after the second vaccine dose, we tested sam-

ples from 58 (of 178) younger vaccinees who had been seroneg-

ative at the first vaccination and from whom samples were avail-

able from the years 1987, 1995, and 2002, collected 5, 12, and 20

years after the first dose and 1, 8, and 15 years after the second

dose, respectively. The samples were retested in parallel using the

same lots of immunoassays, and antibody levels were used to

determine the decay rates.

Table 1. Seropositivity, samples sizes, and antibody levels in 2002, by subgroup.

Antibody status
and age in 1982

Samples, no. Geometric mean
antibody levela

in 2002
Seropositivity
in 2002, %1982 2002

Measles
Seronegative, 14–18 months 167 85 760 95
Seronegative, 6 years 17 6 1113 100
Seropositive, 14–18 months 11 6 3989 100
Seropositive, 6 years 158 86 917 98

Mumps
Seronegative, 14–18 months 176 90 404 74
Seronegative, 6 years 127 73 422 81
Seropositive, 14–18 months 5 1 310 100
Seropositive, 6 years 48 19 1223 90

Rubella
Seronegative, 14–18 months 176 90 22 100
Seronegative, 6 years 146 74 40 100
Seropositive, 14–18 months 2 1 160 100
Seropositive, 6 years 29 18 84 100
a Data for measles, mumps, and rubella antibodies are given in mIU/mL, as titers, and in IU/mL,

respectively.
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Antibody tests. Measles, mumps, and rubella IgG antibod-

ies were measured by use of a commercial EIA (Enzygnost; Dade

Behring), in accordance with the manufacturer’s instructions.

We evaluated qualitative results according to the following cut-

off values: optical density (OD) �0.100, negative; OD from

0.100 to 0.200, equivocal; and OD �0.200, positive. Antibody

levels were calculated using the � method [18], in accordance

with the manufacturer’s instructions. The quantitative cutoff

value for seropositivity was �150 mIU/mL for measles, a titer of

�1:230 for mumps, and �4 IU/mL for rubella. The antibody

levels were defined as low positive (equivocal) at 150 –350

mIU/mL for measles, a titer of 1:230 to 1:500 for mumps, and

4 –7 IU/mL for rubella.

In addition, measles IgG antibodies in oral fluids were mea-

sured by capture EIA (Microimmune), in accordance with the

manufacturer’s instructions. The cutoff OD value for seroposi-

tivity was set by the negative controls (mean � 1.25). Measles

antibodies were also tested by the hemagglutination inhibition

(HI) test, as described elsewhere [16]. HI titers �1:5 were re-

garded as positive.

Statistical methods. The significance of differences be-

tween geometric mean antibody levels in different study groups

was determined by an unpaired t test, and differences in anti-

body levels between sequential samples in the same group were

tested by a paired t test, using the SPSS program (version 13.0).

RESULTS

Antibodies against measles. The seropositivity rate in

younger vaccinees (n � 85) for measles was 95% (95% confi-

dence interval [CI], 91.4%–99.6%) at the 20-year follow-up time

point in 2002 (figure 2), and 13% of vaccinees had an equivocal

measles antibody level. The geometric mean level of antibodies

to measles was 760 mIU/mL (range, 75– 8400 mIU/mL) in

younger vaccinees (n � 85) and was 1113 mIU/mL (range,

220 –5900 mIU/mL) in older vaccinees (n � 6) (table 1).

Among the originally seropositive vaccinees, the measles anti-

body levels were higher in the younger age group (n � 6) than in

the older age group (n � 86). Statistical comparisons were not

possible because there were too few samples in some subgroups.

Figure 1. No. of samples collected from the cohort in different years during follow-up, from 1982 to 2002. The arrows indicate the times of the
measles-mumps-rubella (MMR) vaccinations.

Figure 2. Proportion of seropositive (pos), equivocal (equiv), and se-
ronegative (neg) results for antibodies against measles, mumps, and
rubella in initially seronegative younger vaccinees (n � 85 for measles,
n � 90 for mumps, and n � 90 for rubella). Antibody levels were
measured by EIA (Enzygnost; Dade Behring) 20 years after the first and 15
years after the second measles-mumps-rubella vaccination.
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Ten (12%) of 85 originally seronegative vaccinees had measles

antibody levels �200 mIU/mL, a putative protective level [19].

All of the 20-year follow-up samples were also tested by the

measles HI test. On the basis of the test results (and considering

HI titers �1:5 as negative), the measles seropositivity rate in

younger vaccinees was 98%, somewhat higher than the rate

based on EIA results; however, an additional 6% of the vaccinees

had a very low antibody level, with an HI titer of 1:5. The posi-

tivity rate for measles antibodies measured from oral fluids was

85%, compared with 95% for serum samples. Of patients with

negative oral fluid samples, 46% had positive and 39% had

equivocal serum samples (table 2).

Antibodies against mumps. Of 90 initially seronegative

younger vaccinees, 74% (95% CI, 65.0%– 83.1%) had measur-

able antibodies against mumps 15 years after the second MMR

dose (figure 2). The proportion of vaccinees with an equivocal

mumps antibody titer was 34%. There was no significant differ-

ence between the geometric mean titers of mumps antibodies in

younger (n � 90) and older (n � 73) vaccinees, which were

1:404 (range, 1:34 to 1:9200) and 1:422 (range, 1:57 to 1:2500),

respectively. Antibody levels in the 2 initially seropositive age

groups could not be compared because there were too few indi-

viduals (table 1).

Antibodies against rubella. All of the 90 initially seroneg-

ative younger vaccinees were seropositive for rubella at the 20-

year follow-up time point. An equivocal level of antibodies

against rubella was found in 7% of vaccinees (figure 2). The

geometric mean antibody level in seronegative younger vacci-

nees (n � 90) was significantly lower than that in older vaccin-

ees (n � 74): 22 IU/mL (range, 4.6 –130 IU/mL) versus 40

IU/mL (range, 19 –260 IU/mL) (P � .001). Antibody levels

could not be compared between the 2 initially seropositive age

groups because there were too few individuals (table 1). Of the

90 initially seronegative vaccinees, 32 (36%) and 15 (17%) had

rubella antibodies less than the putative protective levels of 15

and 10 IU/mL [20, 21], respectively.

Kinetics of antibody decline. Antibody decline was deter-

mined using samples collected from the 58 younger vaccinees

initially seronegative for all measles, mumps, and rubella viruses

1 (1987), 8 (1995), and 15 (2002) years after the second MMR

dose. The geometric mean level of antibodies to measles declined

from 1917 to 957 to 729 mIU/mL during this follow-up. The

geometric mean titer for mumps decreased from 1:2491 to 1:767

to 1:597 at these follow-up time points, and the rubella geomet-

ric mean level decreased from 67 to 28 to 22 IU/mL. During the

first 8 years after the second dose (1987–1995), the decline in

levels of antibodies against all 3 viruses was significant

(P � .001); the decline was 50%, 69%, and 58% for measles,

mumps, and rubella, respectively (figure 3). From then on, the

antibody decline was substantially smaller but still significant:

23% for measles, from 957 to 729 mIU/mL (P � .001); 22% for

mumps, from 1:767 to 1:597 (P � .001); and 21% for rubella,

from 28 to 22 IU/mL (P � .05). The mean antibody decay rate

during the 8 years after the second MMR vaccine was 7.1%,

9.9%, and 8.2% per year for measles, mumps, and rubella, re-

spectively. Subsequently, the mean decay rate was slower: 3.5%,

3.2%, and 3.1% per year for measles, mumps, and rubella, re-

spectively.

Antibody levels by sex. The antibody levels of originally

seronegative female (n � 27) and male (n � 31) vaccinees did

not differ significantly from each other soon after the second

vaccine dose; the mean antibody levels in female versus male

vaccinees were 2080 versus 2288 mIU/mL for measles, 1:2496

versus 1:2486 for mumps, and 65 versus 68 IU/mL for rubella.

Subsequently, measles and mumps antibodies were higher in

female than in male vaccinees. For measles antibodies, the geo-

metric mean level for female versus male vaccinees were 1073

versus 866 mIU/mL (P � .25) 8 years after the second dose and

811 vs. 664 mIU/mL (P � .23) 15 years after the second dose.

For mumps antibodies, the equivalent geometric mean levels

were 1:942 versus 1:641 (P � .05) and 1:725 vs. 1:504 (P � .05),

respectively. Rubella antibodies were at the same level in female

and male vaccinees both 8 and 15 years after the second dose: 28

versus 28 IU/mL and 22 versus 23 IU/mL, respectively.

Antibody levels in samples collected from 3 cities. Antibody

levels were measured in 65, 59, and 59 serum samples from vaccin-

ees in the 3 study cities, Joensuu, Pietarsaari, and Ivalo, respectively.

The levels of antibody against all measles, mumps, and rubella vi-

ruses were lowest in the samples from the vaccinees originating

from Ivalo, which is located in the northern part of Finland. The

mean antibody levels in samples from Joensuu, Pietarsaari, and

Ivalo were 1061, 658, and 533 mIU/mL, respectively, for measles;

1:452, 1:415, and 1:306 for mumps; and 29, 21, and 13 IU/mL for

rubella. The difference between Joensuu and Ivalo was significant

for rubella (29 vs. 13 IU/mL; P � .005) but not for measles (1061

vs. 533 mIU/mL; P � .088) or mumps (1:452 vs. 1:306;

P � .16).

DISCUSSION

In the present study, we have shown that, 15 years after the sec-

ond dose of the MMR vaccine, the rate of seropositivity in ini-

Table 2. Concordance between measles antibod-
ies measured in serum samples and oral fluids of
vaccinees 15 years after the second measles-
mumps-rubella vaccination.

Oral fluid

Serum samples

TotalPositive Equivocal Negative

Positive 129 12 0 141
Equivocal 6 4 1 11
Negative 12 10 4 26

Total 147 26 5 178

Persistence of MMR Vaccine-Induced Antibodies ● JID 2008:197 (1 April) ● 953

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/197/7/950/798890 by guest on 10 April 2024



tially seronegative vaccinees was 95%, 74%, and 100% for mea-

sles, mumps, and rubella, respectively. However, the geometric

mean levels of antibodies against all 3 viruses declined signifi-

cantly from the levels achieved after the second MMR dose, al-

though with a slower rate of decline during the last 7 years.

In our previous studies, measles and rubella antibodies were

found in all and mumps antibodies in 95% of vaccinees soon

after the second MMR dose [15–17]. Fifteen years after the sec-

ond MMR vaccination, the rates of seropositivity to measles and

rubella continue to be high, whereas the rate of seropositivity to

mumps has decreased substantially. Measles and rubella sero-

positivity rates have remained sufficiently high, reaching the

thresholds of 95% and 85%, respectively, for preventing measles

and rubella virus circulation in the population [22]. The sero-

positivity threshold of 90% calculated as being necessary for pre-

venting mumps virus circulation was not met 15 years after the

second MMR dose. Such a high mumps seropositivity rate was

measured only soon after the second MMR dose in 1987 [17],

but levels were already below this threshold 8 years after the

second dose.

In several studies [23–25], as in our cohort, measles seropos-

itivity has been shown to remain high for a long time, even as

long as 33 years after vaccination [7]. Recently, LeBaron et al.

[26] reported a measles seropositivity rate of 100% 10 years after

the second MMR vaccination, measured by a sensitive neutral-

ization test. However, in some of the studied countries, exposure

to wild viruses may have boosted the vaccine-induced antibody

levels [14]. Our cohort had theoretically been prone to natural

measles, mumps, and rubella only during the 1980s, although

the incidence of all 3 diseases rapidly decreased after the MMR

campaign was launched in 1982 [3]. Since the beginning of the

1990s, no natural boosters of measles, mumps, and rubella have

been available [1, 2], so the second half of the 20-year follow-up

period has been free of indigenous measles, mumps, and rubella

in Finland.

In contrast with general opinion, our old reference method,

the HI test (used since the beginning of our antibody follow-up),

showed a slightly higher measles seropositivity rate than did the

EIA, 98% vs. 95%. This difference could be attributed to a rela-

tively high starting dilution used in the EIA test (1:231) com-

pared with the HI test (1:5). Oral fluid samples provide a good

means to determine antibody prevalence [27]. However, the

lower total IgG content in oral fluid compared with serum leads

to lower seropositivity rates— 85% for measles in our study.

A relatively large number of our vaccinees have become sero-

negative to mumps during the follow-up period. The proportion

of low-level (equivocal) antibodies against mumps was higher

than for measles or rubella (figure 2). However, the EIA used

may have influenced the mumps seropositivity rate, because it is

known to have a lower sensitivity than the neutralization test and

tends to overestimate equivocal and negative results [28]. In ad-

dition, the mumps component of the trivalent MMR vaccine

seems to be the weakest of the 3 antigens in inducing humoral

immunity [10, 24, 29]. At any rate, our recent study shows that

cellular immunity to mumps persists at least 21 years after the

first MMR vaccination and is not dependent on antibody sta-

tus [30].

Seropositivity to rubella has persisted at a very high level

throughout the entire 20-year follow-up period, in spite of the

significant waning of levels of antibodies against rubella. A sim-

Figure 3. Measles, mumps, and rubella IgG antibody levels were measured in samples collected from 58 vaccinees 1, 8, and 15 years after the
second measles-mumps-rubella vaccination. The decline in geometric mean antibody levels is shown as the percentage of change from the level in 1987
(100%) to 1995 and to 2002, for measles (solid line), mumps (dashed line), and rubella (dotted line).
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ilar long-term high rate of seropositivity to rubella has also been

reported by O’Shea et al. [31] and Bottiger et al. [6], even after 1

vaccine dose. An interesting finding that we could not explain

was that rubella antibody levels were significantly higher in the

older than in the younger vaccinees in our cohort.

The present study confirms the continuous waning of

vaccine-induced immunity already seen in our previous studies

as well as in other studies [8, 32]. Fifteen years after the second

MMR vaccination, the mean antibody levels were roughly one-

third of the levels measured right after the second dose (figure 3).

The rate of antibody decline was rapid soon after the second dose

(figure 3), and the decline happened simultaneously with de-

creasing circulation of wild virus in Finland. During the last 7

years of the follow-up (from 1995 to 2002), the antibody decline

has been relatively slow, possibly predicting a long persistence of

low-level antibodies. The majority (88%) of vaccinees still had a

protective level (�200 mIU/mL) of measles antibodies. Al-

though all vaccinees were seropositive for rubella antibodies, a

protective antibody level was found in 64% or 83% of vaccinees,

depending on the selected cutoff for protection (15 or 10 IU/

mL). To date, an antibody level for protection against mumps

has not been determined. Regardless of the declining antibody

levels during the past 10 years—the period without indigenous

measles, mumps, or rubella in Finland—a few imported cases of

these diseases have not caused any outbreaks. This can be re-

garded as a sign of good herd immunity achieved by the high

(�95%) vaccination coverage.

We did not find any difference in antibody levels between

sexes soon after the second MMR dose. Eight years later, how-

ever, antibody levels for measles and mumps, but not rubella,

were lower in male than in female vaccinees, but the difference

was significant only for mumps antibodies. Whether this finding

has any implications for population immunity or epidemiology

will be seen in the future.

An epidemiologically interesting result is that the antibody

levels were the lowest in vaccinees from Ivalo, in the north of

Finland, particularly for antibodies against measles and rubella.

In addition, all 4 younger vaccinees who were seronegative to

measles came from Ivalo. Of the 3 cities studied, Ivalo has the

lowest population density, which could partly explain this find-

ing, as natural subclinical boosting (in the 1980s) has been more

probable in Joensuu and Pietarsaari. The other possible reason

for this difference could be a different genetic background for

people in Ivalo compared with other Finns [33].

Outbreaks of measles and mumps continue to occur in many

countries, even among vaccinated populations [34 –38]. Al-

though 2 vaccine doses have been shown to give better protec-

tion against measles than a single dose [39], in a recent mumps

outbreak in the United States nearly half of the those affected had

been vaccinated twice [40, 41]. Outbreaks of rubella among vac-

cinated populations have been very rare and limited in size [42],

indicating good protection induced by the rubella strain RA27/3.

The outbreaks usually develop as a consequence of a single im-

ported case in a population with nonoptimal vaccination cover-

age. These reports are alarming even when vaccination coverage

remains high in our country.

At present, �40% of the Finnish population rely solely on

vaccine-induced protection against measles, mumps, and ru-

bella. Continuous follow-up of the humoral and cellular immu-

nity in our unique cohort and of the antibody levels in the entire

population is required to evaluate the possible need for changes

in our current vaccination policy. We have shown that the mea-

sles, mumps, and rubella elimination target can be reached with

sufficiently high coverage by the 2-dose MMR vaccination pro-

gram. However, based on the results of this study, the waning of

MMR vaccine–induced antibody levels may indicate difficulties

in maintaining the achieved elimination in Finland as long as

exposures from countries that have not yet eliminated these dis-

eases continue.

Acknowledgment

We thank Seija Salmi for performing the hemagglutination inhibition
tests.

References

1. Peltola H, Davidkin I, Paunio M, Valle M, Leinikki P, Heinonen OP.
Mumps and rubella eliminated from Finland. JAMA 2000; 284:2643–7.

2. Peltola H, Davidkin I, Valle M, et al. No measles in Finland. Lancet
1997; 350:1364 –5.

3. Peltola H, Karanko V, Kurki T, et al. Rapid effect on endemic measles,
mumps, and rubella of nationwide vaccination programme in Finland.
Lancet 1986; 1:137–9.

4. Dai B, Chen ZH, Liu QC, et al. Duration of immunity following immu-
nization with live measles vaccine: 15 years of observation in Zhejiang
Province. China. Bull World Health Organ 1991; 69:415–23.

5. Krugman S. Further-attenuated measles vaccine: characteristics and use.
Rev Infect Dis 1983; 5:477– 81.

6. Bottiger M, Forsgren M. Twenty years’ experience of rubella vaccination
in Sweden: 10 years of selective vaccination (of 12-year-old girls and of
women postpartum) and 13 years of a general two-dose vaccination.
Vaccine 1997; 15:1538 – 44.

7. Dine MS, Hutchins SS, Thomas A, Williams I, Bellini WJ, Redd SC.
Persistence of vaccine-induced antibody to measles 26 –33 years after
vaccination. J Infect Dis 2004; 189(Suppl 1):S123–30.

8. Kremer JR, Schneider F, Muller CP. Waning antibodies in measles and
rubella vaccinees: a longitudinal study. Vaccine 2006; 24:2594 – 601.

9. Christenson B, Bottiger M. Measles antibody: comparison of long-term
vaccination titres, early vaccination titres and naturally acquired immu-
nity to and booster effects on the measles virus. Vaccine 1994; 12:129 –
33.

10. Johnson CE, Kumar ML, Whitwell JK, et al. Antibody persistence after
primary measles-mumps-rubella vaccine and response to a second dose
given at four to six vs. eleven to thirteen years. Pediatr Infect Dis J 1996;
15:687–92.

11. Whittle HC, Aaby P, Samb B, Jensen H, Bennett J, Simondon F. Effect of
subclinical infection on maintaining immunity against measles in vac-
cinated children in West Africa. Lancet 1999; 353:98 –102.

12. Christenson B, Bottiger M. Long-term follow-up study of rubella anti-
bodies in naturally immune and vaccinated young adults. Vaccine 1994;
12:41–5.

Persistence of MMR Vaccine-Induced Antibodies ● JID 2008:197 (1 April) ● 955

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/197/7/950/798890 by guest on 10 April 2024



13. Broliden K, Abreu ER, Arneborn M, Bottiger M. Immunity to mumps
before and after MMR vaccination at 12 years of age in the first genera-
tion offered the two-dose immunization programme. Vaccine 1998; 16:
323–7.

14. Kremer JR, Bouche FB, Schneider F, Muller CP. Re-exposure to wild-
type virus stabilizes measles-specific antibody levels in late convalescent
patients. J Clin Virol 2006; 35:95– 8.

15. Davidkin I, Peltola H, Leinikki P, Valle M. Duration of rubella immunity
induced by two-dose measles, mumps and rubella (MMR) vaccination:
a 15-year follow-up in Finland. Vaccine 2000; 18:3106 –12.

16. Davidkin I, Valle M. Vaccine-induced measles virus antibodies after two
doses of combined measles, mumps and rubella vaccine: a 12-year
follow-up in two cohorts. Vaccine 1998; 16:2052–7.

17. Davidkin I, Valle M, Julkunen I. Persistence of anti-mumps virus anti-
bodies after a two-dose MMR vaccination: a nine-year follow-up. Vac-
cine 1995; 13:1617–22.

18. Dopatka HD, Giesendorf B. Single point quantification of antibody by
ELISA without need of a reference curve. J Clin Lab Anal 1992; 6:417–
22.

19. World Health Organization (WHO). Immunization policy. Global Pro-
gramme for Vaccines and Immunization. Expanded Programme on Im-
munization. Geneva: WHO, 1995.

20. Skendzel LP. Rubella immunity: defining the level of protective anti-
body. Am J Clin Pathol 1996; 106:170 – 4.

21. Matter L, Kogelschatz K, Germann D. Serum levels of rubella virus an-
tibodies indicating immunity: response to vaccination of subjects with
low or undetectable antibody concentrations. J Infect Dis 1997; 175:
749 –55.

22. Nokes DJ, Anderson RM. Measles, mumps, and rubella vaccine: what
coverage to block transmission? Lancet 1988; 2:1374.

23. Markowitz LE, Albrecht P, Orenstein WA, Lett SM, Pugliese TJ, Farrell
D. Persistence of measles antibody after revaccination. J Infect Dis 1992;
166:205– 8.

24. Miller E, Hill A, Morgan-Capner P, Forsey T, Rush M. Antibodies to
measles, mumps and rubella in UK children 4 years after vaccination
with different MMR vaccines. Vaccine 1995; 13:799 – 802.

25. Miller C. Live measles vaccine: a 21 year follow up. Br Med J (Clin Res
Ed) 1987; 295:22– 4.

26. LeBaron CW, Beeler J, Sullivan BJ, et al. Persistence of measles antibod-
ies after 2 doses of measles vaccine in a postelimination environment.
Arch Pediatr Adolesc Med 2007; 161:294 –301.

27. Nokes DJ, Enquselassie F, Nigatu W, et al. Has oral fluid the potential to
replace serum for the evaluation of population immunity levels? A study

of measles, rubella and hepatitis B in rural Ethiopia. Bull World Health
Organ 2001; 79:588 –95.

28. Backhouse JL, Gidding HF, McIntyre PB, Gilbert GL. Evaluation of two
enzyme immunoassays for detection of immunoglobulin G antibodies
to mumps virus. Clin Vaccine Immunol 2006; 13:764 –7.

29. Boulianne N, De Serres G, Ratnam S, Ward BJ, Joly JR, Duval B. Measles,
mumps, and rubella antibodies in children 5– 6 years after immuniza-
tion: effect of vaccine type and age at vaccination. Vaccine 1995; 13:
1611– 6.

30. Jokinen S, Österlund P, Julkunen I, Davidkin I. Cellular immunity to
mumps virus in young adults 21 years after MMR vaccination. J Infect
Dis 2007; 196:861–7.

31. O’Shea S, Woodward S, Best JM, Banatvala JE, Holzel H, Dudgeon JA.
Rubella vaccination: persistence of antibodies for 10 –21 years. Lancet
1988; 2:909.

32. Glass K, Grenfell BT. Waning immunity and subclinical measles infec-
tions in England. Vaccine 2004; 22:4110 – 6.

33. Siren MK, Sareneva H, Lokki ML, Koskimies S. Unique HLA antigen
frequencies in the Finnish population. Tissue Antigens 1996; 48:703–7.

34. Briss PA, Fehrs LJ, Parker RA, et al. Sustained transmission of mumps in
a highly vaccinated population: assessment of primary vaccine failure
and waning vaccine-induced immunity. J Infect Dis 1994; 169:77– 82.

35. Siedler A, Tischer A, Mankertz A, Santibanez S. Two outbreaks of mea-
sles in Germany 2005. Euro Surveill 2006; 11:131– 4.

36. Vandermeulen C, Roelants M, Vermoere M, Roseeuw K, Goubau P,
Hoppenbrouwers K. Outbreak of mumps in a vaccinated child popula-
tion: a question of vaccine failure? Vaccine 2004; 22:2713– 6.

37. Hersh BS, Fine PE, Kent WK, et al. Mumps outbreak in a highly vacci-
nated population. J Pediatr 1991; 119:187–93.

38. Gupta RK, Best J, MacMahon E. Mumps and the UK epidemic 2005.
BMJ 2005; 330:1132–5.

39. Paunio M, Peltola H, Valle M, Davidkin I, Virtanen M, Heinonen OP.
Twice vaccinated recipients are better protected against epidemic mea-
sles than are single dose recipients of measles containing vaccine. J Epi-
demiol Community Health 1999; 53:173– 8.

40. Update: multistate outbreak of mumps—United States, January 1–May
2, 2006. MMWR Morb Mortal Wkly Rep 2006; 55:559 – 63.

41. Brief report: update: mumps activity—United States, January 1–Octo-
ber 7, 2006. MMWR Morb Mortal Wkly Rep 2006; 55:1152–3.

42. Hahne S, Ward M, Abbink F, et al. Large ongoing rubella outbreak in
religious community in the Netherlands since September 2004. Euro
Surveill 2005; 10:E050303.2.

956 ● JID 2008:197 (1 April) ● Davidkin et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/197/7/950/798890 by guest on 10 April 2024


