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Hepatitis A enrolled in 5 US health maintenance
organizations.'® Purpura was not as-
sociated with any of the vaccines in
children aged 2 to 6 years but was
associated with vaccination against

and purpura in children aged 7 to

Hepatitis Avaccine was not covered by 17 years.

the IOM reportonvaccine safety. We did

not identify any studies of children that Hepatitis B

assessed the association of hepatitis A
alonewith AEs. However,we did identify
a recent analysis that investigated
possible relationships among Hib, PCV,
MMR, DTaP, trivalent inactivated vac-
cine (TIV), hepatitis A, varicella, and
meningococcal vaccines and immune
thrombocytopenic purpurain children
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hepatitis A in children aged 7 to 17
years (incidence rate ratio 23.14, 95%
Cl 3.59-149.30; findings related to
other vaccines are reported in their
respective sections). This study pro-
vides evidence for a moderate asso-
ciation between hepatitis A vaccine

Although no epidemiologic studieswere
identified by the I0M, mechanistic evi-
dence “favored acceptance” of a causal
relationship between the vaccine and
anaphylaxis in yeast-sensitive individ-
uals. The 2011 I0M study found “in-
sufficient” evidence of an association
of hepatitis B vaccine with any short- or
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long-term AEs in children. A 2002 I0M
review on hepatitis B vaccine and
demyelinating neurologic disorders
concluded that the evidence “favors
rejection” of a causal relationship
with incident multiple sclerosis or
multiple sclerosis relapse.’® We iden-
tified 1 study published after the I0M
2011 search: Gallagher and Goodman
(2010)20 conducted a secondary anal-
ysis of National Health Interview Survey
data on 7074 boys born before 1999.
Vaccination status and health out-
comes were reported by parents.
Results were significant for the risk of
autism in children who received their
first dose of hepatitis B vaccine during
the first month of life (OR 3.00, 95% Cl
1.11-8.13), compared with those who
received the vaccination after the
first month of life or not at all. Signifi-
cant protective factors included non-
Hispanic white ethnicity (OR 0.36,
95% Cl 0.15-0.88) and belonging to a
household with 2 parents (OR 0.30, 95%
Cl 0.12-0.75). It is unclear why the
authors selected “first month of life” as
the only vaccination time period stud-
ied, without presenting analyses for
other time periods or comparing “ever
vaccinated” with “never vaccinated.”
Because of high risk of bias and low
quality, this study presents insufficient
evidence that hepatitis B vaccine is
associated with autism.

IPV: Inactivated Polio Virus

The I0M did not study IPV vaccine. Our
search identified a case—control study
of >2000 children with atopic derma-
titis and a family history of allergy in 12
Western countries,?! which found that
newborns immunized against polio
had higher odds (OR 2.60, 95% Cl 1.08—
6.25) of sensitivity to food allergens.
This relationship did not hold for those
immunized against polio later in life. A
self-controlled case series of pre-
mature infants born in the United
States??2 found no increased risk of

PEDIATRICS Volume 134, Number 2, August 2014

wheezing and lower respiratory syn-
drome associated with DTaP, IPV, Hib,
varicella, PCV7, MMR, or TIV vaccina-
tion. In sum, the strength of evidence is
insufficient to determine an associa-
tion between polio vaccine in new-
borns and sensitivity to food allergens.

Influenza Vaccines

Influenza vaccine is administered in 2
forms: live attenuated vaccine (LAIV),
administered intranasally, and TIV, ad-
ministered intramuscularly. The 10M
found no evidence that “convincingly
supports” causal relationships in the
pediatric population for any AEs. We
identified 1 trial of seasonal influenza
vaccine (which included a strain of
HINT [swine flu])?® and 1 cohort com-
parison study of 2009 monovalent HIN1
vaccine* published after the I0M
search dates; the studies found no ev-
idence of an association of the vaccines
with AEs.

Six observational studies also met our
inclusion criteria.2>-30 A 2011 UK study
of 2336 children2 found no association
between flu vaccines and febrile seizures;
however, a recent study using the
US Vaccine Safety Datalink (VSD)26
found an association of flu vaccine with
febrile seizures, which increased with
concomitant administration of pneu-
mococcal vaccine (PCV13). In the
highest risk age group (16 months),
estimated rate was 12.5 per 100000
doses for TIV without concomitant
PCV13, 13.7 per 100000 doses for
PCV13 without concomitant TIV, and
44.9 per 100 000 doses for concomitant
TIV and PCV13. In large, high-quality
postlicensure studies, both LAIV and
TIV were associated with mild gastro-
intestinal disorders,2728 such as short-
term vomiting and diarrhea in children.
Strength of evidence is moderate
for these AEs. One of these studies
found that younger vaccinated children
(aged 5-8 years) were more likely to
experience these symptoms than older

REVIEW ARTICLE

vaccinated children (aged 9—17 years).
(Children <<5 years of age were not
included in that study). Finally, an Ital-
ian study3! of children hospitalized for
influenza-like illness (L) found those
vaccinated with seasonal vaccine (OR
2.1, 95% Cl 1.1-4.1) were significantly
more likely to show symptoms of ILI
than unvaccinated children, whereas
those vaccinated for HIN1 were not at
higher risk (OR 1.3, 95% Cl 0.6-3.1).
Strength of evidence is moderate for
mild gastrointestinal events and fe-
brile seizures and low for ILI.

The I0M committee found that mecha-
nistic evidence “convincingly supports”
causal relationships between MMR and
measles inclusion body encephalitis in
immunocompromised children and
anaphylaxis in allergic patients. They
also found epidemiologic evidence that
“convincingly supports” a causal re-
lationship between MMR vaccine and
febrile seizures.52-38 The IOM committee
found the evidence “favors acceptance”
of a causal relationship between MMR
and transient arthralgia in the pediatric
population.3%-45 They found the evidence
“favors rejection” of a causal relation-
ship between MMR and autism.46-50 |n
addition, a causal relationship between
the Urabe strain of mumps and aseptic
meningitis has been shown; there is
no evidence to link Jeryl Lynn strain,
commonly used inthe United States, to
this AE.

We identified 5 postlicensure studies of
childhood MMR vaccination published
after the IOM searches. In a case—
control study of 189 young adults with
autism spectrum disorder and 224
controls, Uno et al®' found that child-
hood receipt of MMR vaccine was not
associated with an increased rate of
new-onset autism (OR 1.10, 95% Cl
0.64—1.90). In 3 studies,'85255 MMR
vaccination was associated with throm-
bocytopenic purpura in children in the
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short term after vaccination. Strength of
evidence is moderate because findings
were consistent and ORs similar in 3
European countries, Canada, and the
United States. Finally, 1 Canadian study
found MMR vaccination was associated
with increased emergency department
visits within 2 weeks. This finding is
consistent with the I0M’s findings that
MMR vaccine is associated with febrile
seizures.

Meningococcal

The I0M found the evidence “convinc-
ingly supports” a causal relationship
with anaphylaxis in children who may
be allergic to ingredients. The I0M
conclusion does not differentiate be-
tween meningococcal conjugate or
meningococcal polysaccharide vac-
cines. We found 2 studies of quadriva-
lent meningococcal conjugate vaccine
in children®455 published after the I0M
report. Atrial in Saudi Arabia found no
statistical association with grade 2 or 3
fever, malaise, myalgia, or headache in
the short term.54 A trial in the United
States and South America® found
vaccination was not associated with
severe change in eating habits, severe
irritability, severe persistent crying,
severe sleepiness, or urticaria in the
year after vaccination.

Thus, the strength of evidence is mod-
erate that meningococcal vaccine may
cause anaphylaxis in children who are
allergic to ingredients. Strength of ev-
idence is insufficient to determine an
association with less serious events
such as headache, irritability, and ur-
ticaria.

PCV13

The IOM did not study the safety of
PCV13. As noted earlier, the VSD2¢ an-
alyzed data on >200 000 US children
aged <<5 years and found that vaccine
against pneumonia (PCV13) was asso-
ciated with febrile seizures; importantly,
administration of influenza vaccine at

8 MAGLIONE et al

the same visit was associated with in-
creased risk. For example, in the high-
est risk group, which was 16-month-old
children, the estimated rate was 13.7
per 100000 doses for PCV13 without
concomitant TIV and 44.9 per 100000
doses for concomitant TIV and PCV13.
Risk difference estimates varied by age
due to the varying baseline risk for
seizures in young children. Thus the
strength of evidence for an association
between PCV13 and febrile seizures is
moderate, and the risk is particularly
high when coadministered with in-
fluenza vaccine.

Rotavirus Vaccines: RotaTeq and
Rotarix

ThelOMreportdid not addressvaccines
against rotavirus. Thirty-one trials of
rotavirus vaccine®6-8> met our inclusion
criteria. Participants in the accepted
studies received 2 or 3 oral-administered
doses of Rotarix (18 studies) or RotaTeq
(13 studies). Neither Rotarix nor RotaTeq
was associated with increased risk of
AEs other than cough, runny nose, or
irritability.

We identified 5 postlicensure studies
on intussusception risk&-20: an earlier
brand of rotavirus vaccine (Rotashield)
was withdrawn from the market in
1999 due to concerns about risk for
this condition. A high-quality epidemi-
ologic study (N =296 023) conducted in
Australia®® found RotaTeq associated
with intussusception in children 1to 21
days after the first of 3 required doses
but found no association with Rotarix.
Two postlicensure studies were re-
cently conducted in the United States.
Shui et al®® analyzed VSD data on
786 725 doses of RotaTeq and found
no association with intussusception at
any time after vaccination. However,
a recent analysis of data from the US
Post-Licensure Rapid Immunization
Safety Monitoring (PRISM) programs°
found that intussusception risk was
increased after Dose 1 of RotaTeq and

Dose 2 of Rotarix. The RotaTeq analysis
had higher statistical power because
that vaccine was administered to
orders of magnitude more children
than Rotarix. Estimated rate of in-
tussusception was 1.1 to 1.5 cases per
100 000 doses of RotaTeq and 5.1 cases
per 100 000 doses of Rotarix.

In addition, 2 case—control studies
conducted in Latin America found an
association with intussusception in
children after the first of 2 required
doses of Rotarix. One study estimated
Rotarix increased risk by 3.7 additional
cases per 100000 person years in
Mexico.8” The other Latin American
study estimated risk as 1 case per
91000 vaccinations in Mexico and 1 case
per 68000 vaccinations in Brazil.88 In
sum, there is moderate strength evi-
dence that vaccination against rotavi-
rus is associated with intussusception,
but the occurrence is extremely rare,
and risk factors have not been in-
vestigated.

Varicella

The I0M committee found evidence
“convincingly supports” causal rela-
tionships in children between varicella
virus vaccine and the following: dis-
seminated Oka strain varicella zoster
virus (Oka VZV) without other organ
involvement; disseminated Oka VZV
with subsequent infection resulting in
pneumonia,®' meningitis, or hepatitis
in individuals with demonstrated immu-
nodeficiencies; vaccine strain viral
reactivation without other organ in-
volvement; vaccine strain viral reac-
tivation with subsequent infection
resulting in meningitis or encephali-
tis%2; and anaphylaxis.®!

We identified 1 study that investigated
possible relationships among Hib, PCV,
MMR, DTaP, TIV, hepatitis A, varicella,and
meningococcal vaccines and immune
thrombocytopenic purpura in chil-
dren enrolled in 5 US health mainte-
nance organizations.'® Purpura was not
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associated with any of the vaccines
in children aged 2 to 6 years but was
associated with vaccination against
varicella in children aged 11 to 17
years (incidence rate ratio £12.14,95%
Cl1.10-133.96; findings related to other
vaccines are reported in their re-
spective sections). This study provides
evidence for a moderate association
between varicella vaccine and purpura
in children aged 11 to 17 years.

Studies Controlling for Multiple
Vaccinations During Childhood

Four high-quality epidemiologic studies
investigated the potential relationship
between vaccinations and onset of
childhood leukemia. Groves and col-
leagues®® included 439 US children
with lymphoblastic leukemia in a
case—control analysis to investigate
any possible relationship with oral
or injected polio vaccine, diphtheria-
tetanus pertussis vaccine, MMR, Hib,
or hepatitis B vaccine. Controls were
selected using random-digit dialing,
which resulted in controls of higher
socioeconomic status then the 439
cases. None of the vaccines were as-
sociated with leukemia. The relation-
ship between vaccination and leukemia
was also assessed in a case—control
study of children in Northern Galifornia.$*
Cases were matched on date of birth,
gender, and race/ethnicity. Analysis also
controlled for maternal education and
family income. None of the vaccines
investigated (DPT, polio vaccine, MMR,
Hib, hepatitis B vaccine) were associ-
ated with increased risk of leukemia.
Similarly, the GCross-Canada Child-
hood Leukemia Study®> found no as-
sociation between vaccines against
mumps, measles, rubella, diphtheria,
tetanus, pertussis, polio, or hepatitis B
and leukemia. Finally, a large case—
control study of children born in
Texas® found that several vaccines
may have a protective effect against
acute lymphoblastic leukemia.
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DISCUSSION

This study updated the evidence pre-
sented in the 2011 IOM report and ex-
panded the scope of that study by
including additional vaccines such as
those against Hib, hepatitis A, PCV13,
rotavirus, and IPV. Findings related to
these vaccines indicate that the Hib
vaccine is associated with local dis-
comfort such as redness and swelling
butisnotassociated with serious AEs or
hospitalization. Strength of evidence is
moderate for the following associa-
tions: HepatitisAvaccine and purpurain
children aged 7 to 17 years, PCV13 and
febrile seizures with an escalation of
risk when coadministered with TIV, and
rotavirus vaccine and intussusception.
None of the vaccines studied here were
associated with childhood-onset leu-
kemia.

Our findings support the following I0M
results: vaccine against hepatitis B is
not associated with any long- or short-
term AEs; the MMRvaccine is associated
with febrile seizures; MMR vaccine is
not associated with autism. In addition,
our study found moderate evidence
linking both LAIV and TIV forms of the
influenza vaccines with mild gastroin-
testinal events; TIV was associated with
febrile seizures. We also found mod-
erate (but consistent) strength evi-
dence of an association between the
MMR vaccine and thrombocytopenic
purpurain children;there was asimilar
association between the varicella vac-
cine and thrombocytopenic purpura in
children aged 11 to 17 years.

Literature search procedures for this
review were extensive; however, some
unpublished trial results may not have
been identified. An independent Scien-
tific Resource Center under contract
with AHRQ requested Scientific In-
formation Packets from the vaccine
manufacturers. (The research team
was prohibited from contacting man-
ufacturers directly.) Only 2 companies
responded.
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Our findings are based on only the most
rigorous study designs to assess po-
tential statistical associations; how-
ever,these designs have limitationsthat
must be considered. Controlled trials
often have insufficient sample size to
identify rare AEs and do not have ex-
tended follow-up to identify long-term
sequelae. In addition, trials may pur-
posely exclude subjects who could be
more susceptible to AEs. For this rea-
son, any comprehensive review of
vaccine safety must include post-
licensure studies, but these also have
limitations. Large epidemiologic stud-
ies sometimes include any available
formulation of vaccines against a par-
ticular disease and may not stratify
results by dosage or formulation. For
example, the relationship between the
“seasonal influenza vaccine” and an AE
could be studied over several years of
data without considering the changes
in formulation over the seasons or
differentiating between live or inactive
vaccine. In addition, people who avoid
vaccinations (whether purposely or
not) may differ from those who receive
vaccinations in terms of race, gender,
age, socioeconomic status, and preex-
isting medical conditions, and these
differences may be associated with
health outcomes. Observational stud-
ies may attempt to control for such
potential confounders by using
matched cohorts or multivariate re-
gression analysis; still, some factors
such as environmental exposures
may be unmeasured or challenging to
adequately control for.

The self-controlled case series was
developed specifically to assess the
safety of vaccines; this method eli-
minates confounding by all time-
independent variables by using
cases as their own controls and pre-
defined “time windows” before and
after vaccination. This design has
been used to study purpura, febrile
seizures, intussusception, and autism
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in children. However, the assumption
of no temporal shifts in this model is
difficult to justify in very young chil-
dren because any patient character-
istics that change with time will not
be adequately controlled for.

Importantly, some AE signals that
warrant future research may not have
been identified by this project. Passive
surveillance systems such as the US
Vaccine Adverse Event Reporting Sys-
tem? are crucial in identifying signals
regarding AEs post licensure, but they
are not designed to assess a statistical
association, so they were excluded as
sources of data.

CONCLUSIONS

Our findings may allay some patient,
caregiver, and health care provider
concerns. Strength of evidence is high
that MMR vaccine is not associated with
the onset of autism in children; this
conclusion supports findings of all
previous reviews on the topic. There is
also high-strength evidence that MMR,
DTaP, Td, Hib, and hepatitis B vaccines
are not associated with childhood leu-
kemia.

Evidence was found for an association
of several serious AEs with vaccines;
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