
u n i ve r s i t y  o f  co pe n h ag e n  

Revaccination with Measles-mumps-rubella Vaccine and Infectious Disease Morbidity

A Danish Register-based Cohort Study

Sørup, Signe; Jensen, Aksel K G; Aaby, Peter; Benn, Christine S

Published in:
Clinical infectious diseases : an official publication of the Infectious Diseases Society of America

DOI:
10.1093/cid/ciy433

Publication date:
2019

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY

Citation for published version (APA):
Sørup, S., Jensen, A. K. G., Aaby, P., & Benn, C. S. (2019). Revaccination with Measles-mumps-rubella
Vaccine and Infectious Disease Morbidity: A Danish Register-based Cohort Study. Clinical infectious diseases :
an official publication of the Infectious Diseases Society of America, 68(2), 282-290.
https://doi.org/10.1093/cid/ciy433

Download date: 22. maj. 2023

https://doi.org/10.1093/cid/ciy433
https://curis.ku.dk/portal/da/persons/aksel-karl-georg-jensen(b0add8ae-69a3-472b-ab21-e2a53d1f4315).html
https://curis.ku.dk/portal/da/publications/revaccination-with-measlesmumpsrubella-vaccine-and-infectious-disease-morbidity(bb64e50f-3928-4d7b-99ed-cd123428d6a0).html
https://curis.ku.dk/portal/da/publications/revaccination-with-measlesmumpsrubella-vaccine-and-infectious-disease-morbidity(bb64e50f-3928-4d7b-99ed-cd123428d6a0).html
https://doi.org/10.1093/cid/ciy433


Clinical Infectious Diseases

282 • CID 2019:68 (15 January) • Sørup et al

Revaccination With Measles-Mumps-Rubella Vaccine and 
Infectious Disease Morbidity: A Danish Register-based 
Cohort Study
Signe Sørup,1,2 Aksel K. G. Jensen,1,3 Peter Aaby,1,4 and Christine S. Benn1,5

1Research Center for Vitamins and Vaccines, Bandim Health Project, Statens Serum Institut, Copenhagen, 2Department of Clinical Epidemiology, Aarhus University, and  3Section of Biostatistics, 
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Background. It has been hypothesized that revaccination with live vaccines is associated with reductions in off-target morbidity 
and mortality. We examined if revaccination with the live measles, mumps, and rubella vaccine (MMR) is associated with a lower 
rate of off-target infections.

Methods. We performed a register-based nationwide cohort study that included 295 559 children born in Denmark from April 
2004 to December 2010. The cohort were followed from age 47 months (1 month before turning age 4 years, which is the recom-
mended age of the second MMR [MMR-2]) until age 60 months. In Cox regression, we estimated adjusted incidence rate ratios 
(aIRRs) of antibiotic prescriptions and hospital admissions for any infection comparing MMR-2 as most recent vaccine with not 
having MMR-2 as the most recent vaccine.

Results. There was no association between MMR-2 and antibiotic prescriptions (aIRR, 1.01; 95% confidence interval [CI], 0.99–
1.02). The aIRR for the association between MMR-2 and admissions for infection of any duration was 0.93 (95% CI, 0.88–0.98). 
For admissions for infection lasting 0 to 1 day, the aIRR was 0.97 (95% CI, 0.90–1.03) compared with the aIRR of 0.84 (95% CI, 
0.74–0.95) for admissions for infection lasting 2 days or longer (test for equality of aIRRs, P = .039).

Conclusions. In this study, revaccination with MMR appeared safe in relation to off-target infections and was associated with a 
lower rate of severe off-target infections. More studies of the possible association between revaccination with live attenuated vaccines 
and off-target infections are needed.

Keywords. heterologous immunity; nonspecific effects; measles-mumps-rubella vaccination; revaccination; infections.

Vaccines reduce morbidity and mortality from the targeted dis-
eases [1]. In addition, numerous studies support that vaccines 
also affect morbidity and mortality from off-target diseases, 
that is, they have so-called nonspecific effects [2]. In 2014, the 
Strategic Advisory Group of Experts on Immunizations under 
the World Health Organization stated that further research 
on nonspecific effects of vaccines was warranted [3]. This was 
based on a review that showed that the live, attenuated mea-
sles vaccine and bacille Calmette-Guérin vaccine were associ-
ated with lower all-cause childhood mortality [4]. The review 
did not examine whether the nonspecific effects could differ 
according to number of vaccinations with the same live vac-
cine. It has recently been proposed that booster doses of live 
vaccines could be associated with additional beneficial nonspe-
cific effects [5]. This was supported by a review of the limited 
number of studies with relevant data [5].

In Denmark, the live attenuated measles, mumps, and rubella 
vaccine (MMR) was introduced in 1987; the first dose at age 
15  months has been recommended ever since [6]. From 1 
April 2008, a second dose of MMR (MMR-2) at age 4 years was 
recommended [7]. In the present study, we used information 
from Danish nationwide registers to examine the prespecified 
hypothesis that vaccination with MMR-2 is associated with a 
lower rate of infectious disease morbidity, measured as pre-
scribed systemic antibiotics and admissions for infection.

In Denmark, we have found that nonspecific effects of vac-
cines differed according to duration of admission (strongest 
associations for admissions lasting 2 days or longer) and type of 
infection (strongest associations for admissions for lower respi-
ratory tract infections) [8–10]. Studies from low-income coun-
tries have reported that nonspecific effects of vaccines might 
vary according to sex [2, 4]. Therefore, we planned to exam-
ine whether the association differed according to duration of 
admission, type of infection, and sex.

METHODS

This is a nationwide cohort study based on information from 
national Danish registers. The information is linked using the 
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unique personal identification number (ID) ascribed to all 
children born in Denmark and included in all registers [11]. 
Through the Danish Medical Birth Register [12] we identified 
all children born in Denmark from 1 April 2004 (the first chil-
dren eligible to receive MMR-2 at age 4 years) to 31 December 
2010. Table 1 shows the recommended vaccination program [6, 
13–15].

We started follow-up at age 47  months, as some children 
might receive MMR-2 vaccination slightly before the recom-
mended age for MMR-2 (4  years [48  months]; Table  1). We 
included children who had received 3 doses of nonlive vac-
cine against diphtheria, tetanus, pertussis (acellular), polio, 
and Haemophilus influenzae type b (DTaP-IPV-Hib) before 
age 47  months (additional inclusion criteria are provided in 
Figure 1). The main cohort included children who had received 
MMR-1 before age 47 months. To determine whether revacci-
nation with MMR or just the receipt of MMR was associated 
with infectious disease morbidity, we included a minor cohort 
of children who received MMR-1 after age 47 months in sensi-
tivity analyses.

Vaccination Information

In Denmark, parents are responsible for scheduling vaccina-
tion visits. All recommended childhood vaccines are admin-
istered free-of-charge by general practitioners. General 
practitioners send invoices for vaccinations to the Regional 
Health Administration. They include information about type 
of vaccination (no brand names given), ID of the recipient, and 
week of vaccination; this information is collected in the Danish 
National Health Service Register [16]. We coded the date of vac-
cination as Wednesday of the specified week. Less than 1% of 
childhood vaccines were registered on the ID of an adult. In such 
cases, we assigned the vaccine to the child who was closest in age 
to receive that particular vaccine as described previously [10].

Infectious Disease Morbidity: Hospital Admissions for Infections and 
Antibiotic Prescriptions

We included hospital admissions for infections and antibiotic 
prescriptions as measures of infectious disease morbidity and 
examined them as 2 different outcomes. In Denmark, treatment 
at a hospital is free-of-charge, and information on all patient 
contacts is recorded in the Danish National Patient Registry, 
including ID of the patient and date of admission and discharge. 
During the study period, diagnoses were coded according to the 
International Classification of Diseases, Tenth Revision (ICD-10) 
[17]. We defined admissions with infections as inpatient con-
tacts registered with a primary or secondary ICD-10 code of 
infection as described previously [10] and in Supplementary 
Table  1. The majority of antibiotics are prescribed at free-of-
charge consultations with general practitioners [18]. When the 
parents collect and pay for the antibiotics at a community phar-
macy, the ID of the recipient, date of filling the prescription, and 
Anatomical Therapeutics Classification codes (ATC-codes) are 
reported to the Danish National Prescription Registry [19]. We 
identified prescriptions for systemic antibiotics (ATC-code J.01 
including all subgroups).

Other Register-Based Information

From the Danish National Patient Registry we obtained 
information on chronic diseases coded according to 
Kristensen et al [20]. The Danish Civil Registration System 
includes information on births, deaths, migration, family, 
and household composition [21]. We obtained this informa-
tion in processed form from Statistics Denmark along with 
information on family income [22] and maternal education 
[23]. We obtained information on birth weight, caesarean 
section, and maternal smoking during pregnancy from the 
Danish Medical Birth Register at the Danish Health Data 
Authority [12].

Statistical Methods

The incidence rate ratios (IRRs) of antibiotic prescriptions 
and admissions for infections were estimated in separate 
Cox proportional hazards models with age as the underly-
ing time. Data were stratified by week of birth to adjust for 
age, season, and calendar year. Vaccinations were included as 
a time-varying variable changing at the date of vaccination, 
thus we obtained IRRs of admission with infection according 
to whether or not MMR-2 was the most recently adminis-
tered vaccine.

We included all antibiotic prescriptions and admissions 
for infections during follow-up. However, several prescrip-
tions/admissions within a short time period could be related 
to the same infection and we therefore defined prescrip-
tions/admissions occurring less than 14 days after a previ-
ous prescription/discharge as a single event. We used the 
Andersen-Gill model to account for repeated prescriptions/
admissions [24].

Table  1. Overview of the Recommended Danish Vaccination Program 
Until 6 Years of Age for Children Born 1 April 2004 to 31 December 2010

Age Vaccine

3 months DTaP-IPV-Hib (and PCVa)

5 months DTaP-IPV-Hib (and PCVa)

12 months DTaP-IPV-Hib (and PCVa)

15 months MMRb

4 years MMRb

5 years DTaP-IPV booster

Abbreviations: DTaP-IPV booster, nonlive vaccine against diphtheria, tetanus, pertussis 
(acellular), and polio; DTaP-IPV-Hib, nonlive vaccine against diphtheria, tetanus, pertussis 
(acellular), polio, and Haemophilus influenzae type b; MMR, live vaccine against measles, 
mumps, and rubella; PCV, nonlive pneumococcal conjugate vaccine. 
aPCV was introduced in October 2007 as the 7-valent PCV. The introduction included a 
catch-up program for children up to and including those aged 17 months. From April 2010 
the 13-valent PCV replaced 7-valent PCV.
bIn the beginning of the period Virivac was used. From mid-October 2008 Virivac was 
replaced by Priorix. From mid June 2013 Priorix was replaced by MMR VaxPro. Children 
could continue the MMR schedule using an MMR vaccine other than the one given for the 
first MMR vaccination.
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Figure 1. Flowchart of inclusion and flow-through in the study. 
Framing of the boxes indicate:
----- : Children considered for eligibility.
....... : Children excluded from the study.
––– : Children included in the study.
-.-.-.-: Reasons for censoring for children included in the study.
aDTaP-IPV-Hib-4 and/or PCV-4 (N  =  5536; 28.2%), MMR-2 (N  =  4832; 24.6%), influenza vaccine (N  =  3592; 18.3%), other combination of vaccines (N  =  3408; 17.3%), 
vaccine against hepatitis B (N  =  1908; 9.7%), booster dose against diphtheria, tetanus, pertussis (acellular), and polio (N  =  278; 1.4%), human papilloma virus vaccine 
(N  =  61; 0.3%), vaccines with provisional subsidy (vaccine type not noted; N  =  19; 0.1%), vaccinations in connection with disease outbreaks (vaccine type not noted; 
N = 12; 0.1%), and vaccine against hepatitis A (N = 10; 0.1%). bMissing information on the following (note that 1 child can have missing information on more variables): 
highest educational level for the female adult in the household (N  =  10 560; 55.6%), maternal smoking during pregnancy (N  =  8238; 43.4%), birth weight (N  =  1844; 
9.7%), gestational age (N = 1515; 8.0%), single parenthood (N = 1326; 7.0%), maternal age at birth of the child (N = 206; 1.1%), uncertain vaccination status for multi-
ple births (N = 27; 0.1%), parental place of birth (N = 6; 0.0%), and income quintiles for the household (N < 3; 0.0%). cBooster dose against diphtheria, tetanus, pertus-
sis (acellular), and polio (N = 235; 52.0%), MMR-1 in combination with other vaccines (N = 127; 28.1%), influenza vaccine (N = 48; 10.6%), DTaP-IPV-Hib-4 and/or PCV-4 
(N  =  23; 5.1%), other combination of vaccines (N  =  16; 3.5%), and other single vaccines (N  =  3; 0.7%). dBooster dose against diphtheria, tetanus, pertussis (acellular), 
and polio (N = 2937; 58.5%), MMR-2 in combination with other vaccines (N = 1423; 28.4%), influenza vaccine (N = 392; 7.8%), other combination of vaccines (N = 100; 
2.0%), DTaP-IPV-Hib-4 and/or PCV-4 (N = 80; 1.6%), vaccine against hepatitis B (N = 65; 1.3%), human papilloma virus vaccine (N = 20; 0.4%), and other single vaccines  
(N ≤ 3; ≤0.1%). eBooster dose against diphtheria, tetanus, pertussis (acellular), and polio (N = 632; 86.7%), other combination of vaccines (N = 34; 4.7%), influenza vaccine 
(N = 29; 4.0%), MMR-2 in combination with other vaccines (N = 21; 2.9%), DTaP-IPV-Hib-4 and/or PCV-4 (N = 8; 1.1%), and other single vaccines (N = 5; 0.7%). fBooster dose 
against diphtheria, tetanus, pertussis (acellular), and polio (N = 14 779; 86.5%), other combination of vaccines (N = 998; 5.8%), MMR-3 alone (N = 656; 3.8%), influenza vaccine 
(N = 505; 3.0%), vaccine against hepatitis B (N = 75; 0.4%), DTaP-IPV-Hib-4 and/or PCV-4 (N = 43; 0.3%), human papilloma virus vaccine (N = 13; 0.1%), and other single vaccines 
(N = 9; 0.1%). Abbreviations: DTaP-IPV-Hib, vaccination against diphtheria, tetanus, pertussis (acellular), polio, Haemophilus influenzae type b (number indicates dose number); 
MMR, vaccination against measles, mumps, and rubella (number indicates dose number); PCV, pneumococcal conjugate vaccine (number indicates dose number).
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The assumption of proportional hazards for MMR-2 was 
evaluated using Schoenfeld residuals. We performed both 
unadjusted analyses and analyses adjusted for all variables 
(Table  2). In the main analyses, the children were followed 
until the first of the following events: age 60 months (5 years, 
which is the recommended age of booster DTaP-IPV vacci-
nation; Table  1), last date of follow-up (31 December 2014), 
migration, death, uncertain vaccine allocation for twins or 
triplets, or receipt of vaccines other than MMR-2. Stata 14 was 
used for all analyses.

In-Depth Analyses
We used competing risks analyses [25] with Wald test statis-
tics to test for equality of the estimates according to duration of 
admissions (defined by subtracting the date of first admission 
from the date of last discharge) and between different types of 
infections (upper respiratory, lower respiratory, gastrointes-
tinal, and other; Supplementary Table  1). We estimated IRRs 
for different follow-up periods since MMR-2 vaccination com-
pared with not having received MMR-2. We tested for trend for 
time since MMR-2 using Wald test statistics in a model includ-
ing only children who had received MMR-2. We determined 
if the association between MMR-2 and infectious disease mor-
bidity was modified by sex by introducing an interaction term 
between MMR-2 and sex. Furthermore, in exploratory analyses, 
we determined if the association between MMR-2 and infec-
tious disease morbidity was modified by all the included covari-
ates (in dichotomized forms). We tested for homogeneity using 
Wald test statistics.

Sensitivity Analyses
The most recent vaccine presumably shapes most strongly the 
nonspecific effects of vaccines [2]. Potentially, the most recent 
vaccine received before MMR-2 might matter for the association 
between MMR-2 and infectious disease morbidity. Therefore, 
we conducted the analyses separately for the following 2 groups: 
children having MMR-1 alone as most recent vaccine before age 
47  months and children having received vaccines other than 
MMR-1 alone as most recent vaccine before age 47 months.

We also compared the rate of infectious disease morbidity for 
children receiving MMR-2 after age 47 months with the rate in 
the children receiving MMR-1 after 47 months. In this analy-
sis, the children were followed from the date of receiving either 
MMR-1 or MMR-2.

Ethics

The study was based on previously collected information from 
nationwide Danish registers and did not require ethical per-
mission in Denmark. However, permission was obtained from 
the Danish Data Protection Agency, and the patients were ano-
nymized according to the requirements of the Danish Health 
Data Authority.

RESULTS

A total of 295 559 children were included. The main cohort 
included 283 664 (96.0%) children who had received MMR-1 
before age 47 months (Figure 1) at a median age of 16.0 months 
(interquartile range [IQR], 15.2–17.5). The main cohort was 
followed from age 47  months, and 217 652 (76.7%) received 
MMR-2 before the end of follow-up (median age at MMR-2, 
49.1  months; IQR, 48.4–50.4). Information on vaccination 
distribution according to age is provided in Supplementary 
Table 2; information on censoring during follow-up is given in 
Figure 1. Table 2 displays the distribution of background factors 
according to vaccination status at age 50 months when 50% had 
received MMR-2.

Antibiotic Prescriptions

For children in the main cohort, the overall rate of antibiotic 
prescriptions was 455.8 per 1000 person-years. There was no 
association between MMR-2 and the rate of antibiotic pre-
scriptions (Table  3). However, there were nonproportional 
hazards. Examining a potential interaction with current age 
revealed that the adjusted IRR (aIRR) for antibiotic prescrip-
tions for MMR-2 compared with no MMR-2 was 0.88 (95% 
confidence interval [CI], 0.84–0.92) at age 47–48 months and 
1.02 (95% CI, 1.01–1.03) at age 49–59 months (Supplementary 
Table 3).

Hospital Admissions for Infections

For children in the main cohort, the overall rate of admis-
sions for any type of infection of any duration was 24.2 per 
1000 person-years. None of the infections were coded as 
measles, mumps, or rubella. Having received MMR-2 as 
the most recent vaccine was associated with a lower rate of 
admissions for any type of infection of any duration (aIRR, 
0.93; 95% CI, 0.88–0.98; Table 3). However, the aIRR was 0.97 
(95% CI, 0.90–1.03; Table 3) for admissions with a duration of 
1 day or less but was 0.84 (95% CI, 0.74–0.95) for admissions 
lasting 2 days or longer (test for equality of aIRRs, P = .039; 
Supplementary Table  4). Because there appeared to be an 
association only between MMR-2 and admissions for infec-
tion lasting 2  days or longer (Supplementary Table  4), the 
subsequent analyses were restricted to admissions for infec-
tions lasting 2 days or longer.

Types of Infection, Timing of Association, and Effect Modification for 
Admissions for Infection Lasting 2 Days or Longer

There was no difference in IRRs comparing MMR-2 with no 
MMR-2 according to type of infection (Table 4). There was a 
borderline significant trend that the strength of the association 
between MMR-2 and admissions for infections decreased as 
time since administration of MMR-2 increased (Table 5). There 
was no significant difference in the association between MMR-2 
and admissions for infections according to sex (interaction, 
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Table 2. Distribution of Background Factors Within Categories of Vaccination Status at 50 Months of Age for Children Included in the Study at 50 Months 
of Age

Children Vaccinated With MMR-1 Before  
Age 47 Months (Main Cohort)

Children Vaccinated With MMR-1 
Between Age 47 and 50 Months,  

N (%)Variable
MMR-2 by Age  

50 Months, N (%)
Not MMR-2 by Age  
50 Months, N (%)

Sex

 Male 74 603 (50.4) 65 404 (51.3) 3765 (52.4)

 Female 73 427 (49.6) 61 998 (48.7) 3426 (47.6)

Maternal smoking during pregnancy

 No 131 356 (88.7) 106 588 (83.7) 6155 (85.6)

 Yes 16 674 (11.3) 20 814 (16.3) 1036 (14.4)

Birth weight, gram

 ≤2000 2342 (1.6) 2281 (1.8) 115 (1.6)

 2001–2500 4644 (3.1) 4225 (3.3) 228 (3.2)

 2501–3000 17 880 (12.1) 15 570 (12.2) 861 (12.0)

 3001–3500 47 681 (32.2) 40 676 (31.9) 2259 (31.4)

 3501–4000 50 370 (34.0) 42 774 (33.6) 2482 (34.5)

 4001–4500 20 657 (14.0) 17 823 (14.0) 1012 (14.1)

 >4501 4456 (3.0) 4053 (3.2) 234 (3.3)

Gestational age, weeks

 <37 9200 (6.2) 8121 (6.4) 436 (6.1)

 ≥37 138 830 (93.8) 119 281 (93.6) 6755 (93.9)

Caesarean delivery

 No 115 700 (78.2) 99 551 (78.1) 5653 (78.6)

 Yes 32 330 (21.8) 27 851 (21.9) 1538 (21.4)

Chronic diseases

 No 142 102 (96.0) 121 488 (95.4) 6847 (95.2)

 Yes 5928 (4.0) 5914 (4.6) 344 (4.8)

Number of admissions for infections before 47 months of age

 None 113 685 (76.8) 96 340 (75.6) 5355 (74.5)

 1 25 790 (17.4) 22 610 (17.7) 1340 (18.6)

 2 5785 (3.9) 5518 (4.3) 340 (4.7)

 3 or more 2770 (1.9) 2934 (2.3) 156 (2.2)

Number of antibiotic prescriptions before 47 months of age

 None 25 278 (17.1) 21 041 (16.5) 1088 (15.1)

 1 28 873 (19.5) 24 535 (19.3) 1319 (18.3)

 2 25 086 (16.9) 21 280 (16.7) 1199 (16.7)

 3 or more 68 793 (46.5) 60 546 (47.5) 3585 (49.9)

Maternal age at birth of the child in years

 ≤19 1256 (0.8) 1766 (1.4) 94 (1.3)

 20–24 13 590 (9.2) 12 508 (9.8) 729 (10.1)

 25–29 50 175 (33.9) 37 294 (29.3) 2405 (33.4)

 30–34 57 045 (38.5) 48 474 (38.0) 2676 (37.2)

 35–39 22 339 (15.1) 23 062 (18.1) 1091 (15.2)

 ≥40 3625 (2.4) 4298 (3.4) 196 (2.7)

Highest educational level for the female adult in the household

 Primary school 15 290 (10.3) 20 889 (16.4) 974 (13.5)

 High school examination 9145 (6.2) 9679 (7.6) 516 (7.2)

 Vocational training 46 644 (31.5) 38 942 (30.6) 2306 (32.1)

 Bachelor and academy profession 54 596 (36.9) 40 765 (32.0) 2421 (33.7)

 Master’s degree or higher 22 355 (15.1) 17 127 (13.4) 974 (13.5)

Parental place of birth

 Denmark 127 932 (86.4) 102 297 (80.3) 6096 (84.8)

 Denmark and foreign 13 298 (9.0) 14 420 (11.3) 669 (9.3)

 Foreign 6800 (4.6) 10 685 (8.4) 426 (5.9)

Single parenthood

 No 134 317 (90.7) 108 923 (85.5) 6303 (87.7)

 Yes 13 713 (9.3) 18 479 (14.5) 888 (12.3)
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P  =  .513; Supplementary Table  5). However, the exploratory 
analyses of effect modification indicated that MMR-2 had the 
strongest association with admissions for infection for children 
with chronic disease, children who had been admitted to hospi-
tal for infections before age 47 months, and children living with 
other children (Supplementary Table 5).

Sensitivity Analyses

Among children who had received MMR-1 alone as the most 
recent vaccine before age 47  months, the aIRR for admission 
for infections lasting 2  days or longer comparing MMR-2 
with no MMR-2 was 0.82 (95% CI, 0.73–0.93; Supplementary 
Table 6), which was similar to the main estimate for all children.  

Table 3. Incidence Rate and Incidence Rate Ratio of Antibiotic Prescriptions and Hospital Admissions for Infection According to Second Vaccination 
Against Measles, Mumps, and Rubella as Most Recent Vaccine or Not

Outcome
Events per 1000 Person-Years 

(Events/Person-Years)
Unadjusted IRRa 

(95% CI)
Adjusted IRRb 

(95% CI)

Antibiotic prescriptionsc

 Not MMR-2 as most recent vaccine 471.9 (52 189/110 589) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 445.1 (74 060/166 404) 0.98 (0.97 to 1.00)d 1.01 (0.99 to 1.02)d

Hospital admission for any type of infection and any duratione

 Not MMR-2 as most recent vaccine 27.0 (3037/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 22.3 (3770/169 067) 0.87 (0.82 to 0.91) 0.93 (0.88 to 0.98)

Hospital admission for any type infection with a duration ≤1 day

 Not MMR-2 as most recent vaccine 19.8 (2229/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 16.8 (2848/169 067) 0.90 (0.84 to 0.97) 0.97 (0.90 to 1.03)

Hospital admission for any type infection with a duration ≥2 day

 Not MMR-2 as most recent vaccine 7.2 (808/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 5.5 (922/169 067) 0.77 (0.68 to 0.87) 0.84 (0.74 to 0.95)

Results for the main cohort, which was vaccinated with MMR-1 before 47 months of age.

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; MMR, vaccination against measles, mumps, and rubella (number indicate dose number). 
aCox proportional hazards model with age as underlying time and stratified by week of birth thereby controlling for age and calendar effect, respectively. 
bCox proportional hazards model with age as underlying time, stratified by week of birth and adjusted for sex, maternal smoking during pregnancy, birth weight, gestational age, caesarean 
delivery, chronic diseases, number of admissions for infections before 47 months of age, number of antibiotic prescriptions before 47 months of age, maternal age at birth of the child, 
highest educational level for the female adult in the household, parental place of birth, single parenthood, income quintiles for the household, other children in the household, and population 
density. 
cThe most frequently used antibiotic was phenoxymethylpenicillin (ATC code, J01CE02; 50%), but amoxicillin (ATC code, J01CA04; 35%) was also frequently used. In 19 022 (15.1%) of the 
episodes of antibiotic prescriptions, antibiotics use was collected on more than 1 date with the additional dates being less than 14 days after the previous date of filling antibiotic prescrip-
tions. This counted as 1 episode of antibiotic prescriptions as described in the Methods section. 
dNonproportional hazards, P value for Schoenfeld residuals for MRR-2 vs no MMR-2 <0.05 (see Supplementary Table 3 for results for different age groups).
eIn 377 (5.5%) of the episodes of hospital admission for any type of infection, readmissions occurred less than 14 days after the previous date of discharge. This counted as 1 episode of 
hospital admission for any type of infection as described in the Methods section. 

Children Vaccinated With MMR-1 Before  
Age 47 Months (Main Cohort)

Children Vaccinated With MMR-1 
Between Age 47 and 50 Months,  

N (%)Variable
MMR-2 by Age  

50 Months, N (%)
Not MMR-2 by Age  
50 Months, N (%)

Income quintiles for the household

 1st (lowest) 15 299 (10.3) 22 726 (17.8) 1041 (14.5)

 2nd 29 894 (20.2) 29 266 (23.0) 1580 (22.0)

 3rd 38 779 (26.2) 29 761 (23.4) 1769 (24.6)

 4th 36 848 (24.9) 25 630 (20.1) 1541 (21.4)

 5th (highest) 27 210 (18.4) 20 019 (15.7) 1260 (17.5)

Other children in the household

 No 31 066 (21.0) 24 491 (19.2) 1478 (20.6)

 Yes 116 964 (79.0) 102 911 (80.8) 5713 (79.4)

Population density, inhabitants per square kilometer

 <50 9201 (6.2) 7963 (6.3) 508 (7.1)

 50–499 90 594 (61.2) 71 989 (56.5) 4292 (59.7)

 500–1999 27 828 (18.8) 25 121 (19.7) 1360 (18.9)

 2000–4999 6559 (4.4) 6449 (5.1) 297 (4.1)

 ≥5000 13 848 (9.4) 15 880 (12.5) 734 (10.2)

Abbreviation: MMR, vaccination against measles, mumps, and rubella (number indicate dose number).

Table 2. Continued
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The aIRR for admissions with infections lasting 2 days or longer 
was 0.95 (95% CI, 0.72–1.26) for children who received MMR-2 
after age 47  months compared with the 11 895 children who 
received MMR-1 between age 47 and 60 months (median age of 
MMR-1, 49.3 months; IQR, 48.5–51.2; Supplementary Table 7).

DISCUSSION

In this nationwide register-based Danish cohort study, we 
found no association between revaccination with MMR and 

antibiotic prescriptions. Children being revaccinated with 
MMR had a lower rate of admissions for infections; this asso-
ciation was confined to admissions for infections that lasted 
2 days or longer.

Strengths and Weaknesses

The present study was based on multiple administrative Danish 
registers reliably linked through the unique ID assigned to all 
Danish residents. There are some potential biases that could 

Table 4. Incidence Rate and Incidence Rate Ratio of Hospital Admissions for Different Types of Infection Lasting 2 Days or Longer According to Second 
Vaccination Against Measles, Mumps, and Rubella as Most Recent Vaccine or Not 

Type of Infection During Hospital 
Admissions

Admissions per 1000 Person-Years (Admissions/ 
Person-Years)

Unadjusted IRRa 
(95% CI)

Adjusted IRRb 
(95% CI)

Hospital admission for upper respiratory tract infections with a duration ≥2 day

 Not MMR-2 as most recent vaccine 1.7 (188/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 1.3 (213/169 067) 0.79 (0.63 to 1.00) 0.85 (0.67 to 1.08)

Hospital admission for lower respiratory tract infections with a duration ≥2 day

 Not MMR-2 as most recent vaccine 2.3 (254/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 1.4 (244/169 067) 0.69 (0.55 to 0.87) 0.75 (0.60 to 0.94)

Hospital admission for gastrointestinal infections with a duration ≥2 day

 Not MMR-2 as most recent vaccine 0.7 (84/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 0.5 (92/169 067) 0.75 (0.53 to 1.07) 0.80 (0.56 to 1.14)

Hospital admission for other infectionsc with a duration ≥2 day

 Not MMR-2 as most recent vaccine 3.4 (379/112 388) 1 (ref) 1 (ref)

 MMR-2 most recent vaccine 2.6 (441/169 067) 0.73 (0.62 to 0.88) 0.81 (0.67 to 0.96)

Test for identical IRRs for all types of infections P = .858 P = .872

Results for the main cohort, which was vaccinated with MMR-1 before 47 months of age. 

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; MMR, vaccination against measles, mumps, and rubella (number indicate dose number).

aCox proportional hazards model with age as underlying time and stratified by week of birth thereby controlling for age and calendar effect, respectively. 
bCox proportional hazards model with age as underlying time, stratified by week of birth and adjusted for sex, maternal smoking during pregnancy, birth weight, gestational age, caesarean 
delivery, chronic diseases, number of admissions for infections before 47 months of age, number of antibiotic prescriptions before 47 months of age, maternal age at birth of the child, 
highest educational level for the female adult in the household, parental place of birth, single parenthood, income quintiles for the household, other children in the household, and population 
density. 
cThe most frequent diagnosis was “acute tubulo-interstitial nephritis” (International Classification of Diseases, Tenth Revision [ICD-10] code N10.9; 18%), but “viral infection, unspecified” 
(ICD-10 code B34.9; 11%) and “sepsis, unspecified” (ICD-10 code A41.9; 11%) were also frequent.

Table 5. Incidence Rate and Incidence Rate Ratio of Hospital Admissions for Infection Lasting 2 Days or Longer According to Time Since Receiving 
Second Vaccination Against Measles, Mumps, and Rubella 

Status on MMR-2
Admissions per 1000 Person-Years 

(Admissions/Person-Years)
Unadjusted IRRa 

(95% CI)
Adjusted IRRb 

(95% CI)

Not MMR-2 as most recent vaccine 7.5 (441/58 710) 1 (ref) 1 (ref)

Days after MMR-2 vaccination

 0–15 4.2 (13/3081) 0.53 (0.30 to 0.92) 0.56 (0.32 to 0.98)

 16–30 5.3 (21/3982) 0.68 (0.44 to 1.06) 0.71 (0.46 to 1.10)

 31–60 5.5 (67/12 085) 0.72 (0.55 to 0.94) 0.76 (0.59 to 1.00)

 60–90 5.5 (91/16 444) 0.72 (0.57 to 0.91) 0.78 (0.62 to 0.99)

 >90 5.5 (639/116 989) 0.79 (0.69 to 0.90) 0.86 (0.75 to 0.99)

Test for trendc P = .125 P = .058

Results for the main cohort, which was vaccinated with MMR-1 before 47 months of age. 

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; MMR, vaccination against measles, mumps, and rubella (number indicate dose number). 
aCox proportional hazards model with age as underlying time and stratified by week of birth thereby controlling for age and calendar effect, respectively. 
bCox proportional hazards model with age as underlying time, stratified by week of birth and adjusted for sex, maternal smoking during pregnancy, birth weight, gestational age, caesarean 
delivery, chronic diseases, number of admissions for infections before 47 months of age, number of antibiotic prescriptions before 47 months of age, maternal age at birth of the child, 
highest educational level for the female adult in the household, parental place of birth, single parenthood, income quintiles for the household, other children in the household, and population 
density. 
cTrend was tested in a model only including children vaccinated with MMR-2.
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affect the estimates in different directions. First, there might 
be underreporting of vaccination as found in previous stud-
ies of MMR-1 [26] and DTaP-IPV booster vaccination [27]. 
Underreporting of vaccines would most likely be nondiffer-
ential and therefore affect estimates toward no association. 
Second, there might be unmeasured confounders, although we 
adjusted for many biological, health, and social factors. A par-
ticular concern is that we did not have information on acute 
illness, which is a contraindication to vaccination and a risk 
factor for antibiotic prescriptions and hospital admissions for 
infection. Therefore, so-called healthy vaccinee bias could affect 
our results away from unity. However, we found no association 
between MMR-2 and antibiotic prescriptions and admissions 
for infection lasting less than 2  days, respectively. This indi-
cates that healthy vaccinee bias and other forms of residual and 
unmeasured confounding cannot explain the entire association 
between MMR-2 and admissions for infection lasting 2 days or 
longer.

Relation to Other Studies, Interpretation, and Biological Mechanisms

This study was inspired by studies from low-income countries, 
which suggested that the second dose of measles vaccine has 
beneficial effects on child survival that cannot be explained 
by enhanced protection against measles infection [5, 28–31]. 
Furthermore, receiving measles vaccine in the presence of 
maternal measles antibodies was associated with lower mortal-
ity compared with receiving measles vaccine without maternal 
measles antibodies [32]. Previous studies from high-income 
countries have found that having live vaccines including 
MMR-1 as the most recent vaccine was associated with a lower 
rate of admissions for off-target infections in the second year of 
life [10, 33, 34].

The present study adds that revaccination with MMR vaccine 
in a high-income setting could be associated with a lower rate 
of the more serious infections with admissions lasting 2  days 
or longer. In some previous studies of nonspecific effects of 
vaccines in Denmark, we also found the strongest association 
for admissions lasting 2  days or longer [8–10]. Interestingly, 
the analysis of the sequence of vaccinations (Supplementary 
Table 6) suggested that the effect of MMR-2 was strongest when 
the previous vaccine was MMR-1 and not a nonlive vaccine, 
even though the difference was not statistically significant.

It is important to note that the rate of admissions for infec-
tions is high in Denmark compared with many other coun-
tries. In Denmark, primary care service is available 24 hours 
a day, 7 days a week, to deal with infectious diseases [35]. As 
primary care has limited diagnostic tools such as acute blood 
tests and X-rays, children with more severe infections are usu-
ally admitted to the free-of-charge hospitals’ pediatric wards for 
further diagnostics and monitoring; the mildest cases are often 
discharged the same day. Thus, in other countries with a differ-
ent health care system where only the most severe infections 

lead to hospital admissions, associations might be found for all 
durations of hospital admissions. In the present study, we did 
not find any significant difference according to type of infec-
tion, although the estimate for an association between MMR-2 
and admissions was lowest for lower respiratory tract infections 
lasting 2 days or longer.

The association of MMR-2 and admissions for infections 
lasting 2  days or longer appeared stronger for children with 
chronic conditions or previous admissions and children with 
siblings. This could indicate either that these children benefit 
the most from revaccination with MMR-2 or that bias is more 
pronounced in these groups, for example, the children who are 
followed more closely might have a higher likelihood of receiv-
ing MMR-2 and early treatment of infectious diseases, prevent-
ing infections that require long admissions.

The observed association could possibly be related to recent 
receipt of any MMR vaccine rather than revaccination with 
MMR. In sensitivity analyses, we found no difference in the rate 
of admissions for infections lasting 2  days or longer between 
children receiving MMR-2 and MMR-1 after age 47  months. 
The lack of association might be related to the small number of 
children receiving MMR-1 after age 47 months or to underre-
porting of MMR, if some of the children classified as MMR-1 
after age 47 months in fact had received it at a younger age [26]. 
Such misclassification would bias the estimate toward no asso-
ciation. The analysis compared children vaccinated in the same 
age interval, therefore, we would not expect healthy vaccinee 
bias to be present and to move the estimate away from unity.

Generally, nonspecific effects of vaccines may be explained 
by innate immune training or heterologous immunity  
[2, 36–39]. From a biological perspective, we speculate that fol-
lowing revaccination with MMR, the immunizing antigens may 
form complexes with preexisting antibodies, and these produce 
a particularly beneficial nonspecific immune response, provid-
ing protection against the most severe infections [32]. Animal 
studies have shown that a previous viral infection may lower 
viral replication of a subsequent heterologous viral infection 
due to stimulation of T-cell cross-reactivity [40]. Perhaps, such 
T-cell reactivity is stimulated by antigen–antibody complexes 
following an additional dose of MMR. The lack of association 
for antibiotic prescription could be due to the off-target effects 
of MMR revaccination being more protective against viral than 
bacterial infections.

CONCLUSIONS

Overall, we found no effect of revaccination with MMR on the 
use of antibiotics. Revaccination with MMR was associated 
with a lower rate of admissions for infections among children 
who had received no nonlive vaccines with MMR-1 or at any 
time after MMR-1. This association was confined to admissions 
for infections lasting 2 days or longer, indicating that revacci-
nation with MMR could be important for preventing severe 
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infections or severe courses of infection. Future studies should 
explore potential biological mechanisms for the nonspecific 
effects of revaccination with live vaccines. Likewise, it would be 
important to test this finding with epidemiological studies from 
other settings and with other designs. Given the vaccine hesi-
tancy related to MMR, it is reassuring that this study supports 
that revaccination with MMR appears safe also in relation to 
off-target infectious disease morbidity and may even be related 
to a lower rate of severe off-target infections.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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