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Timely Versus Delayed Early Childhood Vaccination and
Seizures

WHAT’S KNOWN ON THIS SUBJECT: Reasons for childhood
immunization delay include parental intent and barriers such as
transportation. To date there has been 1 study of the association
of delayed vaccination and seizures, which found measles-
mumps-rubella and measles-mumps-rubella-varicella vaccines
are both associated with a higher rate of seizures if received after
15 months of age.

WHAT THIS STUDY ADDS: Our study found no association between
the timing of vaccination and occurrence of seizures in the first
year of life. By using different methods, our results support the
observation that delaying vaccination with measles-containing
vaccines past 15 months of age increases the incidence of
postvaccination seizures.

abstract
BACKGROUND: Little is known regarding the timing of childhood vac-
cination and postvaccination seizures.

METHODS: In a cohort of 323 247 US children from the Vaccine Safety
Datalink born from 2004 to 2008, we analyzed the association between
the timing of childhood vaccination and the first occurrence of seizure
with a self-controlled case series analysis of the first doses of
individual vaccines received in the first 2 years of life.

RESULTS: In infants, there was no association between the timing of
infant vaccination and postvaccination seizures. In the second year of
life, the incident rate ratio (IRR) for seizures after receipt of the first
measles-mumps-rubella vaccine (MMR) dose at 12 to 15 months was
2.65 (95% confidence interval [CI] 1.99–3.55); the IRR after an MMR
dose at 16 to 23 months was 6.53 (95% CI 3.15–13.53). The IRR for
seizures after receipt of the first measles-mumps-rubella-varicella
vaccine (MMRV) dose at 12 to 15 months was 4.95 (95% CI 3.68–
6.66); the IRR after an MMRV dose at 16 to 23 months was 9.80
(95% CI 4.35 –22.06).

CONCLUSIONS: There is no increased risk of postvaccination seizure in
infants regardless of timing of vaccination. In year 2, delaying MMR
vaccine past 15 months of age results in a higher risk of seizures.
The strength of the association is doubled with MMRV vaccine. These
findings suggest that on-time vaccination is as safe with regard to
seizures as delayed vaccination in the first year of life, and that
delayed vaccination in the second year of life is associated with
more postvaccination seizures than on-time vaccination. Pediatrics
2014;133:e1492–e1499
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ABBREVIATIONS
ACIP—Advisory Committee on Immunization Practices
CL—confidence limit
DTaP—diphtheria, tetanus, and acellular pertussis vaccine
DTaP-IPV-HIB—diphtheria, tetanus, acellular pertussis, inacti-
vated poliovirus, and Haemophilus influenza type B combined
vaccine
ED—emergency department
IRR—incident rate ratio
MCOs—managed care organizations
MMR—measles-mumps-rubella vaccine
MMRV—measles-mumps-rubella-varicella vaccine
PPV—positive predictive value
SCCS—self-control case series
VSD—Vaccine Safety Datalink
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Despite the evidence for the safety of
childhood vaccines,1–3 an increasing
number of families are requesting
delayed immunization schedules for
their young children,4 often out of
concern that the schedule recom-
mended by the Advisory Committee on
Immunization Practices (ACIP)5 may
confer risks for their children. To date,
although there are multiple studies
detailing the risk of a variety of vaccine-
preventable diseases in children who
are undervaccinated,6–8 there are few
studies directly comparing vaccine
safety in children on delayed versus
recommended immunization sched-
ules.9 The Institute of Medicine has
recently called for an assessment of
studies related to the safety of the
recommended versus nonstandard
schedules.2

Children may be on delayed schedules
because of parental intent, or because
of barriers to immunization, such as
lack of health insurance and trans-
portation.10–14 Regardless, there is no
reason to think a priori that vaccine
adverse events will differ based on the
underlying reason for a child being on
a delayed schedule. In fact, a recent
large cohort study demonstrated that
emergency department (ED) use was
roughly equivalent in undervaccinated
children compared with those vacci-
nated on time.15 We used a previously
defined large national cohort of
children on both recommended and
delayed immunization schedules15 to
examine risk for seizures after vacci-
nation in young children. Specifically,
we asked the following questions: Is
there an association between seizures
and receipt of the first dose of each
vaccine administered in the first
2 years of life? Does the magnitude of
any association differ in children who
received vaccinations on time versus
on a delayed schedule? These questions
are particularly relevant for vaccines,
such as measles-containing vaccines,

that have known associations with
postvaccination febrile seizures.9,16–21

METHODS

Setting and Population

We used a previously described co-
hort15 from the pediatric population of
the Vaccine Safety Datalink (VSD),22

a collaborative project between the
Centers for Disease Control and Pre-
vention and several managed care
organizations (MCOs) from across the
United States that cover.3% of the US
population. The MCOs offer similar
preventive service packages and age-
specific delivery of childhood vaccines.
The study period was 2004 through 2010.
The initial cohort (Fig 1) consisted of
any child born between 2004 and 2008,
continuously enrolled in 1 of 8 VSD
MCOs from 2 to 12 months of age and
up to 24 months of age, and who had at
least 1 outpatient visit within the MCO.
This study was approved by the in-
stitutional review boards at all par-
ticipating sites and at the Centers for
Disease Control and Prevention. Chil-
dren older than 24 months were ex-
cluded, as very few vaccines are
administered in the VSD cohort in the
third and fourth years of life, resulting
in very few vaccinated cases to ana-
lyze in this age group.

For this study, we first identified any
child with an International Classifica-
tion of Diseases, Ninth Revision, Clini-
cal Modification code for seizure (345.x
and 780.3x, based on previous pub-
lished work16) in the ED or hospital
between 38 days and 730 days (2 years)
of life. We excluded time before 38 days,
as we did not want to identify neonatal
seizures that would have occurred be-
fore the earliest age that an infant
should receive the recommended
2-month immunizations.5 We next ex-
cluded any child who had a diagnosis
for newborn convulsions or myoclo-
nus, so as to exclude children with
chronic seizure disorders. The final

analytic cohort consisted of 5667 chil-
dren, 1659 of whom had a first seizure
in the first year of life, whereas 4008
had a first seizure in the second year of
life. Of note, ∼2% of children in the VSD
population have a seizure in the first
2 years of life.

Defining Exposure Status:
Immunization On Time Versus
Delayed

We used a modification15 of the method
first described by Luman et al23 to de-
fine the days underimmunized for each
child in the cohort. For each vaccine
received in the first 2 years of life, with
the exception of influenza and hepatitis
A vaccines, we defined on time versus
delayed per the recommended ACIP
schedule.5 Any vaccine recommended
at 2 months of life was considered on
time if received before 93 days of life.
Any vaccine recommended at 12 to 15
months of life was considered on time
if received before 489 days of life (16
months of age). Hepatitis A vaccine was
excluded because it was not univer-
sally recommended until 2007, and in-
fluenza vaccine was excluded because
of the changing make-up of the vaccine
on an annual basis and the seasonality
of vaccine administration. We did not
include the first dose of hepatitis B
vaccine (recommended shortly after
birth) in the analysis. We examined only
the first dose of each vaccine because
others have observed that the first dose
of certain vaccines (diphtheria, tetanus,
and acellular pertussis vaccine [DTaP]24

and measles-containing vaccines16) may
be the most reactogenic. We did not
analyze specific “catch-up” vaccination
schedules.

Defining Outcome Status: Seizure

As described previously, a seizure was
defined by International Classification
of Diseases, Ninth Revision, Clinical
Modification codes 345.x and 780.3x.
In previous VSD work,16 these codes
have been shown to have a positive
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predictive value (PPV) of 94% for
seizures in the ED or hospital settings
in children age 12 to 23 months; 92%
of these were febrile seizures. Addi-
tional work in the VSD has shown that
similar codes have a 92% PPV for seiz-
ures in the ED setting for infants from
6 weeks to 12 months of age, and 99%
for children older than 1 year.25 Based
on these high PPVs, we did not conduct
chart review on seizure cases. We lim-
ited our analysis to evaluation of first-
ever seizure diagnosis for each child.

Study Design and Analysis

We used a self-controlled case series
(SCCS) design26 to examine the re-
lationship between vaccination and
incidence of seizures. In this case-only
method, the incidence rate of events in

a postvaccination risk window is com-
pared with the incidence rate of events
in an unexposed window composed of
time periods before vaccination and
after the risk window. Each case serves
as its own control, thus implicitly
controlling for confounders that do
not change over time, such as gender
or racial/ethnic background. We con-
ducted the SCCS analysis for the first
dose of each vaccine recommended
at 2 months and 12 months of age,
stratified by timing of vaccination (on
time versus delayed). Each vaccine
was evaluated separately, without re-
gard to receipt of other concomitant
vaccines. The risk window for each
vaccine was based on biologic plau-
sibility and evidence from the litera-
ture.27 We used a 0- to 2-day risk

window for all vaccines recommended
at 2 months of age, except rotavirus,
for which we used a 0- to 7-day risk
window, as this is a time period of
possible risk for intussusception28

and a time when the live attenuated or
reassortant virus vaccines would be
expected to replicate; there are no
data on seizures after rotavirus vaccina-
tion. For measles-mumps-rubella (MMR),
varicella, and measles-mumps-rubella-
varicella (MMRV) vaccines, we used
a risk window of 7 to 10 days16 after
vaccination. The time period from 1 to 14
days before vaccination was excluded to
reduce the potential “healthy vaccinee
effect.”29 The control period was defined
as the 14-day period directly after the
postvaccination risk window, and the 14-
day period directly before the healthy

FIGURE 1
Cohort for self-controlled case series analysis. aVaccination status was assessed until the time of the first seizure by using the average number of days
undervaccinated metric.15 Children vaccinated on time had average number of days undervaccinated = 0 and children on a delayed schedule had
average number of days undervaccinated.0. bExcluded children (n = 171) who had a diagnosis of seizure before 93 days of life, making them ineligible
for a delay.
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vaccinee window; this earlier control
period was truncated if any days in-
cluded age 37 days or younger.

For each vaccine and exposure group
(exposures were receipt of vaccine on
time or late), we calculated the in-
cidence rate ratio (IRR) of first-time
seizures in a postvaccination win-
dow using conditional Poisson regres-
sion.30 The IRR represents, among
children with a first diagnosis of sei-
zure, the incidence rate of seizure in
an exposed time period (risk window)
after vaccination versus the incidence
rate of seizure in unexposed time
periods (control window). Because
we used an SCCS study design, in
which cases serve as their own con-
trols, we used conditional Poisson
models to analyze the discrete out-
come and account for the dependence
of observations within a case. All
analyses were conducted by using
SAS version 9.2 (SAS Institute, Inc,
Cary, NC).

RESULTS

The initial cohort consisted of 323 247
children. After exclusions and limiting
the analysis to vaccinated cases with
seizures, the final analytic cohort con-
tained 5667 children (Fig 1). Of these
children, 49.7% were vaccinated on
time in the first 2 years of life for all
vaccines. Assessing vaccination status
at the time of first seizure, 71.2% of
children with a first seizure at age 38 to
364 days were vaccinated on time; for
children with a first seizure at age 365
to 730 days, 62.0% were vaccinated on
time.

For children who received their first
infant vaccinesat theACIP-recommended
age of 38 to 92 days, there was no as-
sociation of vaccination with seizures
(Table 1). Seizures were less common
in this age group in general, but were
no more likely to occur in a risk win-
dow after vaccination than in the con-
trol periods. For example, the IRR for

seizure occurring within 2 days of DTaP
vaccination compared with control peri-
ods was 1.26 (95% confidence interval
[CI] of 0.65–2.45). For children who re-
ceived their first vaccination on a
delayed schedule between 93 and 730
days of life, the IRRs for seizures were
generally elevated but not significant. For
example, for DTaP, the IRR was 1.56 (95%
CI 0.19–12.92).

We next examined vaccines first rec-
ommended for administration after
1 year of age (Table 2). When the MMR
vaccine was administered according
to ACIP recommendations at 12 to 15
months of age (361–488 days), it was
associated with an increased risk of
seizures in the 7 to 10 days after vac-
cination: IRR 2.65, 95% CI 1.99–3.55.
This association was greater if admin-
istration of the vaccine was delayed
past 15 months: IRR 6.53, 95% CI 3.15–
13.53. When we conducted a subgroup
analysis to examine the timing of vac-
cination in more detail, we found the
association of MMR vaccination with
seizure at 16 to 18 months had an IRR
of 5.09 (95% CI 2.05–12.66) and was
most pronounced at 19 to 21 months
of age, with an IRR of 8.75 (95% CI 2.35–
32.58). Data were too sparse in chil-
dren ages 22 to 23 months to permit
analyses (n = 1 exposed case, no

unexposed cases) because of the low
number of children vaccinated at this
age.

Varicella vaccine was associated with
an increased risk for seizures 7 to 10
days postvaccination. When adminis-
tered at 12 to 15 months, the IRR was
2.75 (95% CI 2.05–3.70); the IRR in-
creased to 3.64 when administered at
16 to 23 months of age.

The association of vaccination with
seizure was approximately twice as
strong among recipients of MMRV
vaccine than recipients of MMR vac-
cine, both among those who received
vaccination on time and among those
whose vaccinations were delayed
(Table 2). Specifically, for on-time
MMRV vaccine receipt, the IRR for
seizure in the 7 to 10 days after vac-
cination was 4.95 (95% CI 3.68–6.66).
For delayed receipt of MMRV, the IRR
was 9.80 (95% CI 4.35–22.06). The
vaccine-seizure association was most
pronounced if MMRV vaccine was
administered between 16 and 18
months of age (IRR 11.00, 95% CI 4.26–
28.38).

DISCUSSION

We found no significant association
between vaccination in the first year of

TABLE 1 Timing of First Vaccinationa and Occurrence of Seizure, Stratified by Vaccine: Vaccines
Recommended at 2 Months of Age

Vaccine Age at
Receipt, d

Seizures Days Patient Time IRRc 95% Confidence
Interval

Exposedb Unexposed Exposed Unexposed

DTaP 38–92 10 73 249 2309 1.26 0.65–2.45
93–730 1 6 21 196 1.56 0.19–12.92

PCV 38–92 9 74 249 2309 1.12 0.56–2.24
93–730 1 7 24 224 1.33 0.16–10.84

HIB 38–92 8 71 237 2197 1.04 0.50–2.16
93–730 1 6 21 196 1.56 0.19–12.92

IPV 38–92 10 73 249 2309 1.26 0.65–2.45
93–730 1 6 21 196 1.56 0.19–12.92

Rotavirus 38–92 10 30 320 1120 1.17 0.57–2.39
93–730 1 5 48 168 0.70 0.08–5.99

PCV, pneumococcal conjugated vaccine (either PCV-7 or PCV-13).
a Excluding Hepatitis B virus vaccine.
b Exposure window = postvaccination days 0 to 2 (DTaP, PCV, HIB, and IPV vaccines) and days 0 to 7 (rotavirus vaccine): 38–92
d = vaccine administered as recommended; 93–730 d = vaccine delayed.
c The IRR represents, among children with their first diagnosis of seizure, the incidence rate of seizure in an exposed time
period (risk window) after vaccination versus the incidence rate of seizure in unexposed time periods (control window).
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life and acute seizure events re-
gardless of vaccine type and re-
gardless of whether the vaccine was
received on time ordelayed. However,
in the second year of life, delay of the
first MMR vaccine until 16 months of
age or older resulted in an IRR for
seizures in the 7 to 10 days after
vaccination that was 3 times greater
than if administration of MMR vac-
cine occurred on time. Receipt of
MMRV compared with MMR doubled
the IRR for postvaccination seizures,
both at 12 to 15 months and at 16 to
23 months of age, as described re-
cently.9

Historically, the whole-cell diphtheria-
tetanus-pertussis vaccine was associated
with an increased risk of postvaccination
febrile seizures in infants.17,18 There is
no evidence that the acellular DTaP
vaccines in use since the late 1990s are
associated with seizures in the United
States.31 Other infant vaccines currently
in use, for instance the DTaP, inactivated
poliovirus, and Haemophilus influenza
type B combined vaccine (DTaP-IPV-HIB),
have not been associated with seizures
in the United States,32 although DTaP-
IPV-HIB has been linked with increased
febrile seizures in Denmark.24 Other
early childhood vaccines that have been
associated with febrile seizures in the
United States include inactivated in-
fluenza vaccine, but only in some in-
fluenza seasons, such as 2010–2011,

and the 13-valent pneumococcal conju-
gate vaccine.33 The risk for seizures
after inactivated influenza vaccine and
13-valent pneumococcal conjugate
vaccine was greatest if the vaccines
were given the same day and in the
second year of life.33 It should be noted
that early-childhood vaccines in the
first year of life are given at a time of
relatively low background rate of fe-
brile seizures.34,35

The relationship between timing of
vaccinationand febrileseizureschanges
in the second year of life, when receipt
ofMMRandMMRVvaccinesbetween16
and 23 months is associated with a
higher relative incidence of seizures
than between 12 and 15 months. Re-
gardless of vaccination, young chil-
dren are at their greatest risk for
febrile seizures at∼16 to 18 months of
age.34,35 In the VSD cohort, the in-
cidence of febrile seizures increases
from just.1 per 100 000 person-days
at 7 months of age to a maximum of
almost 5 per 100 000 person-days at
17 months of age before decreasing to
3 per 100 000 days by 24 months and
to 1 per 100 000 days by age 45 months
(data not shown). The stronger asso-
ciation of seizures with both MMR and
MMRV vaccines administered after
15 months of age, compared with 12 to
15 months, is likely due to a complex
interplay between the immunogenic-
ity of the vaccines, the genetic and

physiologic susceptibility of the child,
and the age-based maturation of the
child’s immune system; as the im-
mune system matures in the second
year of life36 it also becomes capable
of greater febrile response to im-
mune stimulants, such as vaccines.
The relationship between the reac-
togenicity and the immunogenicity of
vaccines was suggested in a recent
study that demonstrated a greater
risk of measles disease among school-
aged children who had received 2 doses
of MMR vaccine with the first dose at 12
to 13 months versus at least 15 months
of age.37 Thus, lower reactogenicity of
vaccines earlier in the second year of
life may also result in lower clinical ef-
fectiveness.

A twofold increased risk of febrile
seizures in the 7 to 10 days afterMMRV
vaccine, compared with MMR and
varicella vaccines administered as
separate vaccines on the same day,
was first reported by Klein et al in
2010.16 They estimated that use of
MMRV, compared with separate MMR
and varicella vaccines, will result in 1
additional febrile seizure 7 to 10 days
after vaccination for every 2300 MMRV
doses administered in the second
year of life. The more pyrogenic na-
ture of MMRV compared with sepa-
rate MMR and varicella vaccines may
be because of the higher concentra-
tion of attenuated varicella virus in
the MMRV formulation (.7 times the
tissue culture infectious dose com-
pared with varicella vaccine).20 Alter-
natively, it may be because MMRV
vaccine induces higher antibody titers
to measles than does separate MMR
plus varicella vaccines, suggesting
higher levels of measles vaccine rep-
lication.21

Rowhani-Rahbar et al9 recently exam-
ined the impact of age in the second
year of life on febrile seizures after
vaccination. Using a risk-interval co-
hort study design (as compared with

TABLE 2 Timing of First Vaccination and Occurrence of Seizure, Stratified by Vaccine: Vaccines
Recommended After 12 Months of Age

Vaccine Age at
Receipt

Seizures Days Patient Time IRRb 95% Confidence
Interval

Exposeda Unexposed Exposed Unexposed

MMR 361–488 63 167 916 6420 2.65 1.99–3.55
489–730 14 16 116 826 6.53 3.15–13.53

VAR 361–488 61 155 864 6042 2.75 2.05–3.70
489–730 13 25 152 1064 3.64 1.86–7.12

MMRV 361–488 75 106 724 5068 4.95 3.68–6.66
489–730 14 10 96 672 9.80 4.35–22.06

VAR, varicella.
a Exposure window = 7 to 10 d postvaccination for MMR, VAR, and MMRV vaccines: 361–488 d = vaccine administered as
recommended; 489–730 d = vaccine delayed.
b The IRR represents, among children with their first diagnosis of seizure, the incidence rate of seizure in an exposed time
period (risk window) after vaccination versus the incidence rate of seizure in unexposed time periods (control window).
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the SCCS design in this study) they
found that the risk of a seizure in the
7 to 10 days after any measles-
containing vaccine was doubled (from
an incident rate ratio of 3.4 to 6.5) if
the child was 16 to 23 months rather
than 12 to 15 months at the time
of vaccine receipt. The risk was
doubled in both age groups if MMRV
was used instead of separate MMR
plus varicella vaccines.9 Thus, our
results, using a partially overlapping
patient population and a different
analytic approach, confirm these
findings. Based on the findings of
Klein et al,16 Rowhani-Rahbar et al,9

and our team, we estimate that
vaccine type and age of the child
both independently but additively
increase the risk of seizure 7 to
10 days after receipt of measles-
containing vaccine. Thus seizures
are approximately twofold more
likely to occur after MMRV versus
MMR plus varicella vaccine, twofold
more likely in 16- to 23-month-old
children versus 12 to 15 months,
and roughly fourfold more likely in
older children who receive MMRV
versus younger children who receive
MMR plus varicella vaccine. Although
our data from the second year of life
have significant overlap with those
published previously,9 we felt it im-
portant to include these results be-
cause of the implications for vaccine

delivery in the context of parental
delay.

Our findings are subject to several
limitations. First, despite the size of
our cohort, there were sparse data on
seizures in the first year of life (for
example, for DTaP vaccine therewere 7
exposed cases). Thus, we were not
able to directly examine the seizure
risk of deferring first vaccination until
late in the first year of life, when the
incidence of febrile seizures begins to
increase. Second, we did not account
for simultaneous administration of
different vaccines on the sameday, but
instead conducted analyses on each
vaccine individually. There are too few
vaccines given in isolation in early
childhood to conduct a meaningful
analysis on nonsimultaneously ad-
ministered vaccines. However, our
approach results in, for example, an
elevated risk for seizures in the 7 to 10
days after varicella vaccine, but this
association is due to the elevated risk
caused by MMR vaccine that is ad-
ministered on the same day.16 Other
studies have not found concomitant
administration of vaccines to be a
risk for increased adverse events in
the second year of life compared with
nonconcomitant delivery.38,39 Third,
the SCCS design does not permit a di-
rect statistical comparison of the IRRs
between different vaccines. However,
our finding that the IRR for seizures

after MMRV vaccine is doubled com-
pared with MMR vaccine mirrors
that recently described in the litera-
ture.9,16,40

In summary, in our primary analysis,
we found no association between
vaccination in the first year of life and
subsequent seizures, either among
infants vaccinated on time or on
a delayed schedule. In the second year
of life, receipt of MMR and MMRV
vaccines was associated with an in-
creased risk of seizure, with stronger
associations observed in children re-
ceiving vaccinations on a delayed
schedule. It is known that the risk of
seizure peaks at 16 to 18 months of
life regardless of vaccination status;
therefore delaying MMR or MMRV
vaccine until this age may result in
more febrile seizures. Given the
overall low absolute risk of seizures
after MMR and MMRV vaccines,9,16 the
lack of association of simple febrile
seizures with long-term adverse
consequences,34,35 and the known
benefits of on-time vaccination, our
findings provide additional rationale
for not delaying childhood vacci-
nations.
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