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Background: Measles, mumps, and rubella vaccine (MMR) is routinely administered to children; however,
adolescents and adults may receive MMR for various reasons. Safety studies in adolescents and adults are
limited. We report on safety of MMR in this age group in the Vaccine Safety Datalink.
Methods: We included adolescents (aged 9–17 years) and adults (aged � 18 years) who received � 1 dose
of MMR from January 1, 2010–December 31, 2018. Pre-specified outcomes were identified by diagnosis
codes. Clinically serious outcomes included anaphylaxis, encephalitis/myelitis, Guillain-Barré syndrome,
immune thrombocytopenia, meningitis, and seizure. Non-serious outcomes were allergic reaction,
arthropathy, fever, injection site reaction, lymphadenopathy, non-specific reaction, parotitis, rash, and
syncope. All serious outcomes underwent medical record review. Outcome-specific incidence was calcu-
lated in pre-defined post-vaccination windows. A self-controlled risk interval design was used to deter-
mine the relative risk of each outcome in a risk window after vaccination compared to a more distal
control window.
Results: During the study period, 276,327 MMR doses were administered to adolescents and adults. Mean
age of vaccinees was 34.8 years; 65.8 % were female; 53.2 % of doses were administered simultaneously
with � 1 other vaccine. Serious outcomes were rare, with incidence � 6 per 100,000 doses for each out-
come assessed, and none had a significant elevation in incidence during the risk window compared to the
control window. Incidence of non-serious outcomes per 100,000 doses ranged from 3.4 for parotitis to
263.0 for arthropathy. Other common outcomes included injection site reaction and rash (157.0 and
112.9 per 100,000 doses, respectively). Significantly more outcomes were observed during the risk win-
dow compared to the control window for all non-serious outcomes except parotitis. Some variability was
observed by sex and age group.
Conclusion: Serious outcomes after MMR are rare in adolescents and adults, but vaccinees should be
counseled regarding anticipated local and systemic non-serious adverse events.
� 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction bers, including information on demographics, immunizations, and
The U.S. Advisory Committee on Immunization Practices (ACIP)
recommends routine vaccination with two doses of measles,
mumps, and rubella-containing vaccine (measles, mumps, and
rubella vaccine [MMR] or measles, mumps, rubella, and varicella
vaccine [MMRV]) in childhood, with the first dose at age 12–
15 months and the second at age 4–6 years [1]. ACIP also recom-
mends two-dose catch-up vaccination for children and adolescents
through age 18 years and vaccination of adults born after 1956
with at least one dose. Many adults do not have documentation
of past receipt of MMR-containing vaccines, and vaccination with
2 dosesmay be required or specifically recommended for certain si-
tuations such as college entry, international travel, and employ-
ment in healthcare. Additionally, women of childbearing age are
often tested for immunity against rubella, and those who are
seronegative may be vaccinated before pregnancy or after delivery.
Adolescents and adults may also be vaccinated during outbreaks.
Per ACIP, a second dose of MMR should be considered during
measles outbreaks for adults who have previously only received
one dose of MMR, and a third dose is recommended for adolescents
and adults determined to be at increased risk for mumps during
mumps outbreaks [1,2].

Previous studies have found that MMR-containing vaccines are
generally well tolerated [3–5]; however, these studies have pri-
marily been conducted among young children. Data on the safety
of MMR administered to adolescents or adults are mainly from vac-
cination campaigns during outbreaks [6–10] and an assessment of
events reported to the U.S. Vaccine Adverse Event Reporting Sys-
tem (VAERS) [11]. These studies are limited by lack of denomina-
tors and passive reporting. A few previous studies have
systematically assessed safety following MMR in adolescents
and/or adults [12–15]; nevertheless, these studies were small
(each had < 1000 vaccinees) and therefore were unlikely to detect
rare, serious outcomes. Additionally, prior studies have found that
the frequency of some adverse events after MMR is variable by sex.
For example, headache, lymphadenopathy, and arthralgia were
more likely to be reported after MMR among females than males
[14,15]. Historically, the rate of adverse events was also variable
by age group after monovalent rubella vaccine, with arthralgia
and arthritis occurring more frequently in adults and rarely in chil-
dren [16,17]. It is therefore essential to assess the safety of MMR
among adolescents and adults by age group and sex. We conducted
a study in the Vaccine Safety Datalink (VSD) to systematically
assess the safety of MMR in adolescents and adults. Specifically,
we aimed to 1) describe the population of adolescents and adults
that received MMR and 2) estimate the incidence and risk of
medically-attended, pre-specified clinically serious and non-
serious outcomes following MMR receipt, including by age group
and sex for non-serious outcomes.
Methods

Study setting

VSD is a collaboration between nine integrated healthcare sys-
tems and the U.S. Centers for Disease Control and Prevention (CDC)
that conducts vaccine safety surveillance and research [18]. For
this study, seven sites contributed data: HealthPartners, Blooming-
ton, MN; Kaiser Permanente Colorado, Denver, CO; Kaiser Perma-
nente Northern California, Oakland, CA; Kaiser Permanente
Northwest, Portland, OR; Kaiser Permanente Southern California,
Pasadena, CA; Kaiser Permanente Washington, Seattle, WA; and
Marshfield Clinic Health System, Marshfield, WI. All sites have
access to comprehensive electronic medical records for their mem-
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diagnosis codes associated with outpatient, emergency depart-
ment (ED), and hospital encounters. Additionally, sites have the
ability to capture vaccines administered outside of the healthcare
system through automated (e.g., weekly) or trigger-based (e.g.,
specific healthcare event) data exchanges with jurisdictional
immunization information systems [19]; however, these processes
were not in place at all sites when this study was conducted. This
study was approved by the Institutional Review Boards at all par-
ticipating sites, including a waiver of informed consent, and was
conducted consistent with federal law and CDC policy.

Study design & population

This study used a retrospective, vaccinated-only cohort design.
The study population included adolescents (aged 9–17 years) and
adults (aged � 18 years) who were members at participating sites
(9.9 million members aged � 9 years in 2018), and received at least
one dose of MMR between January 1, 2010 and December 31, 2018.
Continuous enrollment (excluding enrollment gaps < 31 days) was
required from 60 days before vaccination through 100 days after
vaccination to ensure capture of both events before vaccination
and outcomes following vaccination. Uptake and safety of MMRV
was not assessed since this vaccine is only licensed for persons
through 12 years of age; however, doses of MMRV were captured
in order to assess vaccination validity and history, as described
below.

Exposure classification

MMR exposures were identified in electronic data using vaccine
administered (CVX) codes. Valid doses of MMR were defined as
those given at least 28 days after receipt of a previous MMR-
containing vaccine (MMR or MMRV) or another live vaccine (e.g.,
varicella, zoster vaccine live, live attenuated influenza vaccine),
the minimum allowable interval for live vaccines. Doses of MMR
were excluded if vaccine type was unknown (i.e., MMR and MMRV
recorded on the same date) or if administered in 2010 to Marsh-
field Clinic Health System patients as part of a research study.
Additionally, individuals with a record of another live vaccine in
the 28 days after MMR receipt or with multiple MMR doses within
the follow-up period (30 days for non-serious outcomes and
92 days for serious outcomes) were excluded from safety analyses.

Outcomes

Outcomes were pre-specified to include events known to be
associated or possibly associated with MMR receipt that are bio-
logically plausible, clinically well-defined with relatively acute
onset, and potentially severe enough to result in a medical encoun-
ter [1,20,21]. Outcomes were categorized into two groups based on
clinical severity. Clinically serious outcomes included anaphylaxis,
encephalitis/myelitis, Guillain-Barré syndrome (GBS), immune
thrombocytopenia (ITP), meningitis, and seizure (febrile and afeb-
rile). Clinically non-serious outcomes included allergic reaction
(e.g., angioneurotic edema and urticaria), arthropathy (arthralgia
or arthritis), fever, injection site reaction, lymphadenopathy, non-
specific reaction (e.g., adverse effect of other viral vaccines), paroti-
tis, rash, and syncope (including hypotension [i.e., presyncope]).
Outcomes were identified in electronic data using the International
Classification of Diseases, 9th or 10th Revision, Clinical Modifica-
tion diagnosis codes (ICD-9-CM or ICD-10-CM) assigned during
inpatient, outpatient, or ED encounters; for each outcome, specific
post-vaccination exposure windows (risk and control) and diagno-
sis settings were designated (Table 1). Timing and length of the risk



Table 1
Pre-Specified Outcomes after MMR Administration.a

Outcome Diagnosis
Setting

Risk
Window

Control
Windowb

ICD-9-CM Codesc ICD-10-CM Codesd

Serious Outcomese

Anaphylaxis ED, IP 0–2 days 10–12 days 995.0, 999.42 T78.2*, T80.52*, T88.6*
Encephalitis/Myelitis ED, IP 1–42 days 50–91 days 055.0, 056.01, 072.2,

323.5*, 323.6*, 323.8*,
323.9, 348.30

B05.0, B06.01, B26.2, G04.0*, G04.3*, G04.8*,
G04.9*, G05.3, G05.4, G93.40

GBS ED, IP, OP 1–42 days 50–91 days 357.0 G61.0
ITP ED, IP, OP 1–42 days 50–91 days 287.31 D69.3
Meningitis ED, IP 1–42 days 50–91 days 047.9, 055.79, 056.09,

072.1, 322.0
A87.9, B05.1, B06.02, B26.1, G03.0

Seizure ED, IP 0–42 days 50–92 days 345.80, 780.31, 780.32,
780.39

G40.50*, G40.89, R56.0*, R56.9

Non-Serious Outcomes
Allergic Reaction ED, IP, OP 0–2 days 10–12 days 708.0, 708.1, 708.9, 995.1,

995.21, 995.27, 995.3
L50.0, L50.1, L50.9, T78.3*, T78.4*

Arthropathy ED, IP, OP 6–14 days 22–30 days 716.4*, 716.5*, 716.6*,
716.9*, 719.4*, 719.5*

M12.9, M13.0, M13.1*, M25.5*, M25.6*

Fever ED, IP, OP 6–14 days 22–30 days 780.60, 780.61, 780.62,
780.63

R50.81, R50.82, R50.83, R50.9

Injection Site Reaction ED, IP, OP 1–6 days 14–19 days 680.3, 680.9, 682.3, 682.8,
682.9, 686.9, 729.5, 729.81

L02.413, L02.414, L02.419, L02.423, L02.424, L02.429, L02.433,
L02.434, L02.439, L02.9*, L03.113, L03.114, L03.119, L03.123,
L03.124, L03.129, L03.818, L03.898, L03.9*, L08.9, M79.601,
M79.602, M79.603, M79.609, M79.62*, M79.63*, M79.89

Lymphadenopathy ED, IP, OP 6–14 days 22–30 days 289.3, 683, 785.6 I88.8, I88.9, L04.2, L04.8, L04.9, R59.*
Non-Specific Reaction ED, IP, OP 0–6 days 14–20 days 979.4, 979.6, 979.9, 995.20,

995.29, 999.39, 999.9,
E949.4, E949.6, E949.9

T50.901*, T50.905*, T50.991*, T50.995*, T50.B91*, T50.B95*,
T50.Z91*, T50.Z95*, T78.8*, T80.29*, T88.0*, T88.1*, T88.7*,
T88.9*

Parotitis ED, IP, OP 6–14 days 22–30 days 527.2 K11.20, K11.21
Rash ED, IP, OP 6–14 days 22–30 days 782.1 R21
Syncope ED, IP, OP Day 0 Day 8 458.29, 458.8, 458.9, 780.2 I95.2, I95.8*, I95.9, R55

Abbreviations: MMR =measles, mumps, and rubella vaccine; ED = emergency department; IP = inpatient; OP = outpatient; ICD-9-CM = International Classification of Diseases,
Ninth Revision, Clinical Modification; ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical Modification; *=wildcard; GBS = Guillain-Barré syndrome;
ITP = immune thrombocytopenia.

a For all pre-specified outcomes, events were considered incident if the diagnosis code that appeared in the post-vaccination windowwas the first occurrence of a diagnosis
code for that outcome in 60 days.

b Control windows were designed to be the same length (i.e., number of days) as the risk windows, with a washout period of 7 days between the risk window and control
window.

c ICD-9-CM were used to identify outcomes prior to October 1, 2015.
d ICD-10-CM were used to identify outcomes on or after October 1, 2015.
e Medical record reviews were conducted for all serious outcomes to confirm electronic diagnoses.
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window varied by outcome based on prior studies. For example,
the risk window was 1–42 days for most clinically serious out-
comes, 0–2 days for anaphylaxis and allergic reactions, and 6–
14 days for clinically non-serious outcomes such as fever, rash,
and lymphadenopathy.

All clinically serious outcomes (as defined above) that were
identified via diagnosis codes underwent medical record review
to confirm the diagnosis and ascertain additional information not
readily available in electronic data, such as symptom onset.
Trained medical record abstractors completed medical record
reviews at each participating site, and information was entered
into a centralized, secure REDCap database hosted at Marshfield
Clinic Research Institute [22,23]. An epidemiologist subsequently
adjudicated records in consultation with a pediatric infectious dis-
ease physician. Only serious outcomes that were confirmed via
medical record review and adjudication with onset occurring in
the risk or control windows were included in analyses.

Vaccinee characteristics

Characteristics of vaccinees were extracted from electronic data
and included age, sex, race/ethnicity, simultaneous vaccination,
MMR/MMRV vaccination history, length of VSD enrollment, and
postpartum status (females only). All prior valid MMR-containing
vaccinations were counted to estimate the number of lifetime
doses and calculate the time since the most recent dose; monova-
lent vaccines (e.g., measles vaccine) were not included. Prior vacci-
3

nations were considered valid if they were administered at least
28 days after a previous dose of MMR-containing vaccine, at age
6 months or older, and after the vaccine type became available
(1971 for MMR and 2006 for MMRV). Postpartum status was
defined as the eight week period following a live birth or stillbirth,
as identified by diagnosis codes in the inpatient setting for ‘‘out-
come of delivery” (ICD-9-CM: V27.* or ICD-10-CM: Z37.*).

Although reason for vaccination was not available in electronic
data, several characteristics were used to identify three possible
indications for MMR receipt: catch-up vaccination, rubella
seronegative status, and international travel. To identify adoles-
cents who likely received MMR as catch-up vaccination, we used
MMR dose number (receipt of first or second dose) and simultane-
ous administration with vaccines typically administered to
younger children, specifically varicella or polio vaccine. Postpar-
tum status was used to identify women who likely received
MMR due to their rubella seronegative status. Lastly, simultaneous
administration of vaccines primarily indicated for international
travel, i.e., cholera, Japanese encephalitis, typhoid, and yellow
fever, was used to identify individuals who likely received MMR
due to travel.

Statistical analyses

MMR doses were considered independent observations; thus,
analyses were conducted by dose, not by individual. Incidence
was calculated as the number of events per 100,000 MMR doses
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in pre-defined post-vaccination risk and control windows; 95 %
confidence intervals (CIs) were calculated using the exact binomial
method. Incidence was calculated separately for the risk and con-
trol windows for each outcome; and by age group (9–17 years
[adolescents], 18–25 years [young adults], 26–44 years [mid
adults], �45 years [older adults]) and sex for non-serious out-
comes. The self-controlled risk interval (SCRI) method was used
to determine the relative risk (RR) of outcome incidence in the risk
window compared to a more distal control window for each out-
come, and by age group and sex for non-serious outcomes [24].
RRs and corresponding 95 % CIs were estimated using fixed-
effects Poisson regression [25]. All analyses were conducted using
SAS 9.4 (Cary, NC) and all statistical tests were two-sided with an a
priori level of significance of 0.05.

Results

Descriptive characteristics of MMR recipients

Between January 1, 2010, and December 31, 2018, 276,327
doses of MMR were administered to adolescents and adults in
the VSD, of which 272,861 (98.8 %) doses were analyzed descrip-
tively (Fig. 1). Vaccinees had a mean age of 34.8 years (standard
deviation: 14.2 years), 65.8 % were female, and a plurality
(38.1 %) were White, non-Hispanic (Table 2). Vaccinations occurred
across the age spectrum, with 13.4 % of vaccinees classified as ado-
lescents, 16.0 % as young adults, 45.6 % as mid adults, and 25.0 % as
older adults (92.3 % were aged 45–64 years). More than half of all
MMR doses (53.2 %) were administered simultaneously with � 1
other vaccine; this was more common among adolescents
Fig. 1. Analytic Sample Size and Exclusions by Study Aim. Ab

4

(78.8 %) than among adult age groups (46.5 %-52.9 %). Most doses
(64.4 %) of MMR administered during the study period were
recorded as first doses in VSD data (range: first to ninth dose)
(Table 2). Dose number varied by age group, with 52.4 % of adoles-
cents receiving a second dose and the majority (�75 %) of adults
aged � 26 years receiving a first dose, according to available data.
Among those who had previously received at least 1 dose of MMR-
containing vaccine, median time since most recent dose was
8.6 years (range: 28 days to 47 years). Vaccinees had been enrolled
in VSD for a median of 3.9 years prior to MMR receipt (interquartile
range: 1.5–9.4 years).

Available data identified at least one possible indication for one-
third of vaccinations, with differences by age group: 88.6 % for ado-
lescents and 16.4–29.1 % for adults. A majority of adolescents
(88.0 %) likely received MMR as part of catch-up vaccination,
17.8 % of female vaccinees were likely vaccinated postpartum
due to their rubella serostatus (more common among young and
mid adults, 25.8 % and 26.7 %, respectively), and 9.2 % of vaccinees
were likely vaccinated due to international travel (more frequent
among mid and older adults, 10.2 % and 16.3 %, respectively).

Incidence and risk of medically-attended, pre-specified outcomes after
MMR receipt

Clinically serious outcomes
After excluding vaccinations that were followed by another live

vaccine within 28 days or another MMR-containing vaccine during
the 92-day follow-up period, clinically serious outcomes were
assessed after 230,636 doses of MMR administered between
2010 and 2018 (Fig. 1). Across all ages, 21 serious outcomes were
breviation: MMR = measles, mumps, and rubella vaccine.



Table 2
Descriptive Characteristics of Adolescent and Adult MMR Recipients, Vaccine Safety Datalink, 2010-2018.a

Characteristicb Overall (N = 272,861) Age Groupc

9–17 Years
(N = 36,674)

18–25 Years
(N = 43,633)

26–44 Years
(N = 124,397)

�45 Years
(N = 68,157)

Sex
Female 179,657 (65.8) 18,274 (49.8) 31,191 (71.5) 88,039 (70.8) 42,153 (61.9)
Male 93,204 (34.2) 18,400 (50.2) 12,442 (28.5) 36,358 (29.2) 26,004 (38.2)
Race/Ethnicity
White, Non-Hispanic 104,060 (38.1) 12,852 (35.0) 14,066 (32.2) 43,122 (34.7) 34,020 (49.9)
Hispanic, Any Race 70,468 (25.8) 10,135 (27.6) 14,199 (32.5) 35,141 (28.3) 10,993 (16.1)
Asian, Non-Hispanic 52,446 (19.2) 4,893 (13.3) 8,067 (18.5) 27,440 (22.1) 12,046 (17.7)
Multiracial, Non-Hispanic 24,093 (8.8) 4,761 (13.0) 4,099 (9.4) 9,755 (7.8) 5,478 (8.0)
Black, Non-Hispanic 16,698 (6.1) 3,102 (8.5) 2,268 (5.2) 6,701 (5.4) 4,627 (6.8)
Other/Unknown 5,096 (1.9) 931 (2.5) 934 (2.1) 2,238 (1.8) 993 (1.5)
Received � 1 Simultaneous Vaccine
Yes 145,244 (53.2) 28,910 (78.8) 22,472 (51.5) 57,816 (46.5) 36,046 (52.9)
No 127,617 (46.8) 7,764 (21.2) 21,161 (48.5) 66,581 (53.5) 32,111 (47.1)
Vaccination Year
2010 18,379 (6.7) 4,686 (12.8) 3,048 (7.0) 7,606 (6.1) 3,039 (4.5)
2011 22,113 (8.1) 6,019 (16.4) 3,713 (8.5) 8,555 (6.9) 3,826 (5.6)
2012 21,136 (7.8) 4,864 (13.3) 3,734 (8.6) 8,858 (7.1) 3,680 (5.4)
2013 19,586 (7.2) 3,185 (8.7) 3,849 (8.8) 8,681 (7.0) 3,871 (5.7)
2014 23,271 (8.5) 3,222 (8.8) 4,338 (9.9) 10,734 (8.6) 4,977 (7.3)
2015 42,216 (15.5) 4,409 (12.0) 5,902 (13.5) 18,813 (15.1) 13,092 (19.2)
2016 43,469 (15.9) 3,675 (10.0) 6,378 (14.6) 21,079 (16.9) 12,337 (18.1)
2017 43,684 (16.0) 3,711 (10.1) 6,679 (15.3) 20,931 (16.8) 12,363 (18.1)
2018 39,007 (14.3) 2,903 (7.9) 5,992 (13.7) 19,140 (15.4) 10,972 (16.1)
Dose Numberd

1 175,655 (64.4) 11,229 (30.6) 17,168 (39.4) 93,733 (75.4) 53,535 (78.5)
2 68,555 (25.1) 19,198 (52.4) 9,546 (21.9) 25,638 (20.6) 14,173 (20.8)
3 24,781 (9.1) 5,875 (16.0) 14,276 (32.7) 4,225 (3.4) 405 (0.6)
�4e 3,870 (1.4) 372 (1.0) 2,643 (6.1) 801 (0.6) 54 (0.1)
Time Since Last Dose in Years, median (IQR)f 8.6 (0.5–15.4) 9.5 (4.7–12.2) 15.6 (9.5–18.1) 2.9 (0.1–16.9) 0.4 (0.1–5.4)
Length of VSD Enrollmentg

<1 Year 47,531 (17.4) 7,645 (20.9) 8,500 (19.5) 24,833 (20.0) 6,553 (9.6)
1–2 Years 68,368 (25.1) 10,367 (28.3) 10,426 (23.9) 36,781 (29.6) 10,794 (15.8)
3–4 Years 39,661 (14.5) 6,259 (17.1) 5,545 (12.7) 20,394 (16.4) 7,463 (11.0)
5–9 Years 53,464 (19.6) 8,152 (22.2) 7,186 (16.5) 25,182 (20.2) 12,944 (19.0)
�10 Years 63,837 (23.4) 4,251 (11.6) 11,976 (27.5) 17,207 (13.8) 30,403 (44.6)
�1 Possible Indication Identifiedh

Yes 88,933 (32.6) 32,481 (88.6) 9,091 (20.8) 36,182 (29.1) 11,179 (16.4)
No 183,928 (67.4) 4,193 (11.4) 34,542 (79.2) 88,215 (70.9) 56,978 (83.6)
Postpartumi

Yes 31,916 (17.8) 330 (1.8) 8,049 (25.8) 23,488 (26.7) 49 (0.1)
No 147,741 (82.2) 17,944 (98.2) 23,142 (74.2) 64,551 (73.3) 42,104 (99.9)
�1 Travel Vaccine Simultaneously Administeredj

Yes 25,141 (9.2) 268 (0.7) 1,044 (2.4) 12,699 (10.2) 11,130 (16.3)
No 247,720 (90.8) 36,406 (99.3) 42,589 (97.6) 111,698 (89.8) 57,027 (83.7)

Aaabbreviations: MMR = measles, mumps, and rubella vaccine; IQR = interquartile range; VSD = Vaccine Safety Datalink.
a Unit of analysis is vaccine dose not unique individual.
b Characteristics are presented as number (column percentage) unless otherwise specified. Percentages may not add to 100.0% due to rounding.
c Age group is based on age in years at the time of MMR administration.
d Dose number is based on all available VSD electronic data on MMR-containing vaccines; full vaccination history may not be captured for all members, especially vaccines

received prior to VSD enrollment.
e Includes dose number 4–9. The vast majority of those classified as receiving � 4 doses received a fourth dose (n = 3,474, 89.8 %).
f Time since last dose of MMR-containing vaccine is missing for those that received a first dose during the study period.
g Length of VSD enrollment is defined as the number of years of continuous VSD enrollment at the time of MMR administration.
h Possible indication for MMR receipt identified from electronic data; indications include rubella seronegative status (females only), international travel, and catch-up

vaccination (adolescents only).
i Postpartum status is based on VSD electronic data and only applies to female vaccinees. Postpartum status is used as a proxy for rubella seronegative status.
j Includes vaccines solely indicated for international travel: cholera, Japanese encephalitis, typhoid, and yellow fever.
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confirmed in the specific risk windows after MMR receipt: 14 sei-
zures, 3 cases of meningitis, and 1 each anaphylaxis, encephalitis/
myelitis, ITP, and meningoencephalitis; there were no cases of GBS.
Meningoencephalitis was not a pre-specified outcome, but one
individual with diagnosis codes for both encephalitis/myelitis
and meningitis was determined upon medical record review to
have a single condition, meningoencephalitis, so a new outcome
was created post hoc. All seizures were afebrile, with onset from
3 to 42 days after MMR receipt. History of seizures was noted in
5 (36 %) patients, and a cause was identified for an additional 6
(43 %) patients upon medical record review; providers attributed
5

new-onset seizures to alcohol withdrawal, metastatic cancer, brain
malformations, postpartum eclampsia, hyperglycemia, and an
unspecified underlying medication condition. The single instance
of anaphylaxis occurred 10 min after co-administration of MMR
and hepatitis B vaccine, and the episode was noted as attributable
to vaccination in the medical record. None of the other serious
outcomes were attributed to MMR receipt by the treating
providers.

Incidence of clinically serious outcomes in the pre-specified
post-vaccination risk window ranged from 0 per 100,000 doses of
MMR for GBS to 6.07 per 100,000 doses for seizure (Fig. 2). For all



Fig. 2. Incidence and Relative Risk of Clinically Serious Outcomes Following MMR Receipt in Adolescents and Adults (Age � 9 Years), Vaccine Safety Datalink, 2010–2018.
Abbreviations: 95 % CI = 95 % confidence interval; MMR = measles, mumps, and rubella vaccine; GBS = Guillain-Barré syndrome; ITP = immune thrombocytopenia. aEvents
confirmed via medical record review. bThe number of doses is different for seizures because there were 10 potential cases of seizure identified in automated data that were
unable to be confirmed or refuted via medical record review, 6 in the risk window and 4 in the control window. For analysis, these doses were excluded.
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serious outcomes, incidence in the risk window was similar to that
in the control window, and the 95 % CIs for the RR included 1. RRs
were 0.25 (95 % CI: 0.03–2.24) for ITP, 0.33 (95 % CI: 0.03–3.20) for
encephalitis/myelitis, 1.00 (95 % CI: 0.06–15.99) for anaphylaxis,
1.17 (95 % CI: 0.54–2.52) for seizures, and 1.50 (95 % CI: 0.25–
8.98) for meningitis; RRs were not estimated for meningoen-
cephalitis and GBS because there were no events in the control
window.

Clinically non-serious outcomes
After excluding vaccinations that were followed by another live

vaccine within 28 days or another MMR-containing vaccine during
the 30-day follow-up period, clinically non-serious outcomes were
assessed after 263,108 doses of MMR administered between 2010
and 2018 (Fig. 1). The most common non-serious outcomes during
the outcome-specific risk window were arthropathy (692 events),
injection site reaction (413 events), and rash (297 events). Inci-
dence of clinically non-serious outcomes in the risk window ran-
ged from 3.4 per 100,000 doses of MMR for parotitis to 263.0 per
Fig. 3. Incidence and Relative Risk of Clinically Non-Serious Outcomes Following MMR R
Datalink, 2010–2018. Abbreviations: 95 % CI = 95 % confidence interval; MMR = measle

6

100,000 doses for arthropathy (Fig. 3). Significantly higher inci-
dence was observed during the post-vaccination risk window com-
pared to the control window for 8 of 9 pre-specified non-serious
outcomes; RRs ranged from 1.13 (95 % CI: 1.01–1.26) for arthropa-
thy to 8.36 (95 % CI: 4.80–14.55) for syncope. No differences were
observed for parotitis.

Some variability in both incidence and RR was observed after
stratifying by sex (Fig. 3). Incidence per 100,000 doses of MMR
was higher among female vaccinees than male vaccinees for fever
(87.1 vs 51.2, p = 0.001), injection site reaction (182.9 vs 106.9,
p < 0.0001), non-specific reaction (83.7 vs 57.9, p = 0.02), and rash
(137.3 vs 65.7, p < 0.0001). Among females, significantly higher
incidence during the risk window compared to the control window
was observed for 7 outcomes: allergic reaction, fever, injection site
reaction, lymphadenopathy, non-specific reaction, rash, and syn-
cope. Among males, significantly higher incidence during the risk
window compared to the control window was observed for 5 out-
comes: allergic reaction, arthropathy, lymphadenopathy, non-
specific reaction, and syncope.
eceipt in Adolescents and Adults (Age � 9 Years) Overall and by Sex, Vaccine Safety
s, mumps, and rubella vaccine.
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Adolescents. Among adolescents (age 9–17 years), the most com-
mon non-serious outcomes after MMR receipt were allergic reac-
tion (248.7 per 100,000 doses), arthropathy (207.3 per 100,000
doses), syncope (132.7 per 100,000 doses), and fever (102.3 per
100,000 doses) (Fig. 4). The incidence of rash per 100,000 doses
was variable by sex, with higher incidence observed among adoles-
cent females than males (116.5 vs 44.1, respectively, p = 0.01). Sig-
nificantly higher incidence was observed during the risk window
compared to the control window for 4 outcomes: allergic reaction,
non-specific reaction, rash, and syncope. RRs for allergic reaction,
non-specific reaction, and syncope were large (RR � 10). Results
were similar after stratifying by sex. RRs could not be estimated
for non-specific reaction or syncope among males because there
were no events in the comparison window.
Young adults. Among young adults (age 18–25 years), the most fre-
quent non-serious outcomes following MMR receipt were injection
site reaction (199.3 per 100,000 doses), arthropathy (154.2 per
100,000 doses), rash (109.1 per 100,000 doses), and non-specific
reaction (104.4 per 100,000 doses) (Fig. 5). Incidence per 100,000
doses was higher among females compared to males for fever
(129.5 vs 16.6, p = 0.008), injection site reaction (232.5 vs 116.3,
p = 0.02), and rash (139.5 vs 33.2, p = 0.003). Significantly higher
incidence was observed during the risk window compared to the
control window for 6 of 9 pre-specified non-serious outcomes;
RRs ranged from 1.86 (95 % CI: 1.11–3.13) for fever to 5.50 (95 %
CI: 2.59–11.68) for non-specific reaction. No differences were
observed for arthropathy, parotitis, or rash. Results were similar
among females; among males, no differences were observed for
fever, injection site reaction, or non-specific reaction, although
CIs were wide. The RR for lymphadenopathy among males could
not be estimated.
Fig. 4. Incidence and Relative Risk of Clinically Non-Serious Outcomes Following MMR R
2010–2018. Abbreviations: 95 % CI = 95 % confidence interval; MMR = measles, mumps
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Mid adults. Among mid adults (age 26–44 years), the most com-
mon non-serious outcomes after MMR receipt were arthropathy
(225.0 per 100,000 doses), injection site reaction (167.5 per
100,000 doses), and rash (134.2 per 100,000 doses) (Fig. 6). Inci-
dence per 100,000 doses was higher among females compared to
males for fever (91.6 vs 31.6, p = 0.0005), injection site reaction
(193.8 vs 103.3, p = 0.0005), and rash (152.7 vs 88.9,
p = 0.006). Conversely, incidence of arthropathy was higher
among males compared to females (272.6 vs 205.6, p = 0.03). Sig-
nificantly higher incidence was observed during the post-
vaccination risk window compared to the control window for
all non-serious outcomes except parotitis; RRs ranged from 1.24
(95 % CI: 1.04–1.48) for arthropathy to 8.33 (95 % CI: 2.52–
27.60) for syncope. Results were similar after stratifying by sex;
the RR could not be estimated for syncope among males because
there were no events in the comparison window, and no signifi-
cant difference was observed for fever or rash among males nor
arthropathy among females.
Older adults. Among older adults (age � 45 years), the most com-
mon non-serious outcomes after MMR receipt were arthropathy
(435.3 per 100,000 doses) and injection site reaction (148.2 per
100,000 doses) (Fig. 7). The incidence of non-specific reaction
was higher among females compared to males (89.9 vs 40.4,
p = 0.02). Significantly higher incidence was observed during the
risk window compared to the control window for 3 outcomes,
allergic reaction (RR: 4.71, 95 % CI: 2.09–10.66), lymphadenopathy
(RR: 2.57, 95 % CI: 1.39–4.77), and non-specific reaction (RR: 2.19,
95 % CI: 1.31–3.67). Despite high incidence in the risk window, no
difference between the risk window and control window was
observed for arthropathy (RR: 1.03, 95 % CI: 0.87–1.22). Results
were similar among females. Among males, no difference was
eceipt in Adolescents (Age 9–17 Years) Overall and by Sex, Vaccine Safety Datalink,
, and rubella vaccine.



Fig. 5. Incidence and Relative Risk of Clinically Non-Serious Outcomes Following MMR Receipt in Young Adults (Age 18–25 Years) Overall and by Sex, Vaccine Safety Datalink,
2010–2018. Abbreviations: 95 % CI = 95 % confidence interval; MMR = measles, mumps, and rubella vaccine.

Fig. 6. Incidence and Relative Risk of Clinically Non-Serious Outcomes Following MMR Receipt in Mid Adults (Age 26–44 Years) Overall and by Sex, Vaccine Safety Datalink,
2010–2018. Abbreviations: 95 % CI = 95 % confidence interval; MMR = measles, mumps, and rubella vaccine.
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Fig. 7. Incidence and Relative Risk of Clinically Non-Serious Outcomes Following MMR Receipt in Older Adults (Age � 45 Years) Overall and by Sex, Vaccine Safety Datalink,
2010–2018. Abbreviations: 95 % CI = 95 % confidence interval; MMR = measles, mumps, and rubella vaccine.
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observed for non-specific reaction, and the RR for allergic reaction
was 9.00 (95 % CI: 1.14–71.04).
Discussion

We conducted a large observational study on the safety of MMR
in adolescents and adults that included over 276,000 doses admin-
istered to individuals aged � 9 years over a nine-year period. Clin-
ically serious outcomes were rare following MMR receipt in
adolescents and adults, with incidence of � 6 per 100,000 doses
for each serious outcome assessed: anaphylaxis, encephalitis/
myelitis, GBS, ITP, meningitis, meningoencephalitis, and seizures.
Additionally, self-controlled risk interval analyses revealed that
incidence in the post-vaccination risk window was similar to inci-
dence in the more distal control window for all serious outcomes
for which the RR could be estimated. This suggests that serious
outcomes observed in the risk window are unlikely to be associ-
ated with MMR receipt; however, among all serious outcomes
identified, one case of anaphylaxis was attributed to vaccination
in the medical record. Although CIs were wide for several serious
outcomes, including meningitis and anaphylaxis, these findings
are reassuring and consistent with smaller studies of MMR safety
in adolescents and young adults [10,13], as well as studies in young
children [3,26].

The incidence of medically-attended, clinically non-serious out-
comes was � 263 per 100,000 doses for each outcome assessed.
The most frequent non-serious outcomes were arthropathy, injec-
tion site reaction, and rash, all of which are known vaccine-
associated adverse events and included on the MMR Vaccine Infor-
mation Sheet [21]. We confirmed an increased risk of several non-
serious outcomes, including syncope, allergic reaction, arthropa-
thy, non-specific reaction, lymphadenopathy, fever, rash, and injec-
tion site reaction. The incidence of each one was significantly
higher in the post-vaccination risk window compared to the con-
9

trol window, with RRs ranging from 1.1 (arthropathy) to 8.4
(syncope).

Several non-serious outcomes, including fever, injection site
reaction, non-specific reaction, and rash, were more common
among female vaccinees than male vaccinees. This finding may
be driven by differences in healthcare-seeking behavior by sex
(i.e., confounding) rather than a true biological sex difference in
adverse event profiles. Nevertheless, sex differences have been
observed in other MMR safety studies that solicited adverse events
by diary or survey, including a recent study among adult travelers
from Israel [14], suggesting that females may, in fact be more likely
to experience certain adverse events after MMR. A systematic
review of sex differences related to seasonal influenza vaccine in
older adults similarly found higher rates of adverse events follow-
ing immunization among females [27]. The large VSD study popu-
lation allowed us to analyze the incidence of non-serious outcomes
by age group and the trends were more variable. Some outcomes
(e.g., syncope) were more frequent in adolescents, and other out-
comes (e.g., arthropathy) were more frequent in older adults. More
research is needed for MMR and other vaccines to better describe
the anticipated adverse event profile by sex and age group.

Comparison of results of non-serious outcomes among adoles-
cents and adults to those experienced by younger children is chal-
lenging. Most data on safety of MMR in children are derived from
clinical trials and other studies in which adverse events were
prospectively solicited and did not require seeking medical atten-
tion [3,5]. It is therefore difficult to conclude whether or not
non-serious outcomes after MMR, namely local and systemic reac-
togenicity, are less common in adolescents and adults than chil-
dren. However, clinically serious outcomes after MMR receipt
may be rarer in adolescents and adults than in young children. Sev-
eral instances of seizures were identified in this study within the
six weeks after MMR receipt, but none of them were febrile
(although simple febrile seizures typically occur in
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children < 6 years of age). Additionally, only one case of ITP was
identified in the six weeks after MMR receipt, corresponding to
an incidence of 0.43 per 100,000 doses. Prior VSD studies have
found associations between MMR and both febrile seizures in
children < 7 years and ITP in children aged 12–23 months with
an attributable risk of 25–34 per 100,000 for febrile seizures and
1 per 40,000 doses (2.5 per 100,000 doses) for ITP, respectively
[28,29]. Based on the number of doses observed in this study, we
had sufficient power to detect a risk of similar magnitude for feb-
rile seizures in adolescents and adults, but the sample size was not
large enough to make a similar conclusion for ITP. Nevertheless, we
have 95 % confidence that the estimated incidence of ITP after
MMR receipt in adolescents and adults is < 2.4 per 100,000 doses.

The median duration of VSD enrollment prior to MMR adminis-
tration during the study period was only 4 years, therefore it is
unlikely the full vaccination history (i.e., MMR-containing vaccines
received prior to VSD enrollment) was captured for all individuals,
especially for adults. Therefore, we did not attempt to assess inci-
dence or risk by MMR dose number. This was also a limitation of
the previous VAERS study on MMR safety in adults [11]. Neverthe-
less, at least one third of MMR doses administered in our popula-
tion were second or third doses of MMR-containing vaccines and
about half of MMR doses were administered simultaneously with
at least one other vaccine, providing reassurance that clinically
serious outcomes are rare in these situations. Additional studies
could be considered in populations or systems with better capture
of childhood vaccination history in adults.

Strengths & limitations

Strengths of this analysis include systematic capture of vaccines
and outcomes in a large, well-defined population over nine years,
inclusion of vaccinees from various racial/ethnic groups across a
wide age spectrum, medical record confirmation of serious out-
comes, and estimation of risk by age group and sex using SCRI anal-
yses. The SCRI approach minimizes the potential for residual
confounding by factors that are stable over time.

There are several important limitations to our analysis. MMR
dose number may be inaccurate in VSD data due to incomplete
capture of historical vaccines, especially childhood vaccines for
adults. Not enough doses of MMR were observed to detect very
rare adverse events such as those occurring at a rate of 1 per
1,000,000 doses and confidence intervals were wide for some esti-
mates. Our study was observational in nature and unmeasured
confounding, especially by time-varying factors, may not have
been accounted for in analyses. Individuals who experience non-
serious outcomes, especially those known to be associated with
vaccination such as fever or injection site pain, may not seek med-
ical attention for their symptoms. Incidence and risk of non-serious
outcomes may therefore be underestimated in this study since we
relied on diagnosis codes assigned during healthcare encounters.
Diagnosis codes assigned on the day of MMR administration (i.e.,
day 0) were included for allergic reaction, non-specific reaction
and syncope; however, these diagnoses may reflect unrelated
prevalent conditions rather than incident postvaccination adverse
events, and their inclusion may have conversely resulted in the
overestimation of incidence and risk of several non-serious out-
comes. The SCRI design was used to estimate risk of medically-
attended outcomes after MMR receipt; however, this design is
not ideal for exposure-driven outcomes such as anaphylaxis and
injection site reaction. Nevertheless, the unique nature of MMR
recommendations for adults precluded the use of other study
designs such as comparison to another vaccine or to unvaccinated
persons eligible for MMR. Lastly, findings for clinically serious out-
comes may not be generalizable to individuals that receive 2 doses
of MMR within a short interval (i.e., 1–3 months), as the use of the
10
SCRI design with a control window extending to 92 days post-
vaccination precluded inclusion of such individuals in analysis.

Conclusion

Although MMR is typically considered a vaccine of childhood,
hundreds of thousands of adolescents and adults receive MMR
each year in the United States. Our large systematic study con-
firmed that clinically serious outcomes such as anaphylaxis are
rare following MMR receipt among adolescents and adults. Previ-
ously reported clinically non-serious outcomes that resulted in
medical care were observed after MMR receipt, with some variabil-
ity by sex and age group. MMR recipients should be counseled
about expected local and systemic adverse events and observed
post-vaccination for syncope and anaphylaxis, as is best practice
for all vaccines.
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