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INFLUENZA IS A LEADING VACCINE-
preventable cause of morbidity
and mortality in the United States.
Children younger than 2 years

experience higher morbidity from
influenza than any other age group
except individuals older than 65
years.1-4 Although the case-fatality rate
in young children with influenza is
not as high as in the elderly, hospital-
ization rates from severe illness are as
high as 3 per 1000 children 6 to 23
months old and as high as 9 per 1000
children younger than 6 months.5 Fur-
thermore, among young children with
influenza, outpatient visits to a clinic
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Context Beginning with the winter season of 2004-2005, influenza vaccination has
been recommended for all children 6 to 23 months old in the United States. However,
its safety in young children has not been adequately studied in large populations.

Objective To screen for medically attended events in the clinic, emergency depart-
ment, or hospital after administration of trivalent inactivated influenza vaccine in chil-
dren 6 to 23 months old.

Design, Setting, and Participants Retrospective cohort using self-control analy-
sis, with chart review of significant medically attended events at 8 managed care or-
ganizations in the United States that comprise the Vaccine Safety Datalink. Partici-
pants were all children in the Vaccine Safety Datalink cohort 6 to 23 months old who
received trivalent inactivated influenza vaccine between January 1, 1991, and May
31, 2003 (45 356 children with 69 359 vaccinations).

Main Outcome Measure Any medically attended event significantly associated
with trivalent inactivated influenza vaccine in risk windows 0 to 3 days, 1 to 14 days
(primary analysis), 1 to 42 days, or 15 to 42 days after vaccination, compared with 2
control periods, one before vaccination and the second after the risk window. All in-
dividual ICD-9 codes as well as predefined aggregate codes were examined.

Results Before chart review, only 1 diagnosis, gastritis/duodenitis, was more likely
to occur in the 14 days after trivalent inactivated influenza vaccine (matched odds ra-
tio [OR], 5.50; 95% confidence interval [CI], 1.22-24.81 for control period 1, and
matched OR, 4.33; 95% CI, 1.23-15.21 for control period 2). Thirteen medically at-
tended events were less likely to occur after trivalent inactivated influenza vaccine,
including acute upper respiratory tract infection, asthma, bronchiolitis, and otitis me-
dia. After chart review, gastritis/duodenitis was not significantly associated with triva-
lent inactivated influenza vaccine (matched OR, 4.00; 95% CI, 0.85-18.84 for con-
trol period 1; matched OR, 3.34; 95% CI, 0.92-12.11 for control period 2).

Conclusions In the largest population-based study to date of the safety of trivalent
inactivated influenza vaccine in young children, there were very few medically at-
tended events, none of which were serious, significantly associated with the vaccine.
This study provides additional evidence supporting the safety of universally immuniz-
ing all children 6 to 23 months old with influenza vaccine.
JAMA. 2006;296:1990-1997 www.jama.com
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or emergency department (ED) are 10
to 250 times as common as hospital-
izations.6

The trivalent inactivated influenza
vaccine has been in use for decades to
prevent influenza infection; the vac-
cine currently in use in the United
States has been available since 1981,
with annual antigenic modifications to
reflect the predominant 3 strains of
circulating influenza virus. Until
recently, its use in children was rec-
ommended only for individuals with
known chronic medical conditions
that could put them at higher risk
from influenza infection, such as
asthma. Based on increasing evidence
of high morbidity from influenza
infection in young children, the Advi-
sory Committee on Immunization
Practices (ACIP) of the Centers for
Disease Control and Prevention rec-
ommended use of trivalent inactivated
influenza vaccine in all children 6 to
23 months old, including healthy chil-
dren with no chronic medical condi-
tion, beginning in the winter season of
2004-2005.7 By January 31, 2005, 48%
of all children in this age group in the
United States had received trivalent
inactivated influenza vaccine, an
unprecedented high.8

Influenza vaccine has a good record
of safety,9-15 although there have been
documented rare complications from
some annual formulations of vac-
cine.16-18 A population-based study of
the safety of trivalent inactivated influ-
enza vaccine in children 0 to 18 years
old (mean age, 10 years) found very few
medically plausible associations, none
of them serious.14 However, this study
had data on just 8476 vaccinations in
children 6 to 23 months old. A recent
study on trivalent inactivated influ-
enza vaccine safety in children in this
younger age group had data on fewer
than 3700 vaccinated children, and thus
had little power to detect most poten-
tial adverse events.19 The current re-
port describes a large population-
based study of 69 391 vaccinations to
evaluate the safety of trivalent inacti-
vated influenza vaccine in very young
children.

METHODS
Study Design and Setting
We used a retrospective cohort to ex-
amine the risk of medically attended
events after trivalent inactivated influ-
enza vaccine in children 6 to 23 months
old. We assembled a large cohort of
children vaccinated against influenza
and conducted a case-only analysis,
based on the case-crossover method,20

for each outcome of interest. We used
this method to test the following hy-
pothesis: given that a child has re-
ceived medical care for any reason, the
odds are no greater that the resultant
diagnosis has occurred in a postvacci-
nation risk window than in a control
period temporally unrelated to vacci-
nation. For any outcomes that were
positively associated with influenza vac-
cination in our primary analysis, we
performed a self-controlled case series
analysis,21-24 controlling for age and
season.

The setting for this study was the
Vaccine Safety Datalink project, funded
by the Centers for Disease Control and
Prevention (CDC), which links large
administrative databases from 8 man-
aged care organizations.25 The institu-
tional review boards at each of the man-
aged care organizations approved this
study, and agreed that informed con-
sent from individuals was not required.

Our primary outcome measure was
any medically attended event associ-
ated with trivalent inactivated influenza
vaccine ina14-dayriskwindowaftervac-
cination when compared with 2 control
periods, 1 before and 1 after vaccina-
tion. A secondary hypothesis-generat-
ing outcome measure was any medi-
cally attended event more likely to occur
after trivalent inactivated influenza vac-
cine in any of the risk windows defined
in thenext section,whencomparedwith
only one of the prevaccination or post-
vaccination control periods.

Study Population and Analysis

All children 6 to 23 months old who re-
ceived a trivalent inactivated influ-
enza vaccine from 1991-2003 were eli-
gible for the analyses. From this
population of vaccinated children, we

identified any child with a medically at-
tended event in 1 of 3 medical settings
(outpatient clinic, ED, or inpatient hos-
pital). Of these children, those with a
medically attended event in 1 of 4 pre-
defined risk windows (days postvacci-
nation: 0-2 or 1-3; 1-14; 15-42; and
1-42) were eligible for the analysis.
Separate cohort populations were cre-
ated for each of these risk windows, and
within each cohort a nested case-
crossover analysis was conducted. Of
note, the 3-day risk window in the out-
patient setting included days 1 to 3, be-
cause inclusion of day 0 (the day of vac-
cination) has been shown to result in
spurious signals when using self-
control methods with outpatient
data.14,26 However, for analyses of the
risk of medically attended events that
occurred in the ED and inpatient set-
tings, we included days 0 to 2 to de-
tect any potentially serious medically
attended event that may have oc-
curred on the day of vaccination.

In the 14-day risk window (our pri-
mary analysis), any medically at-
tended event (ICD-9-CM code) that oc-
curred at least once in at least 1 child
within the 14 days was included in the
analysis. The odds of a medically at-
tended event occurring between days
1 to 14 after vaccination were com-
pared with the odds of a medically at-
tended event occurring in 1 of 2 con-
trol periods. The first control period was
15 to 28 days prior to vaccination, while
the second control period was 15 to 28
days after vaccination. Because physi-
cians tend to administer vaccines to
healthy children, medically attended
event incidence rates in the 1 to 14 days
before vaccination may underestimate
true background rates (the “healthy
vaccinee” effect).27 We therefore ex-
cluded days 1 to 14 prior to vaccina-
tion from the analysis. If a control pe-
riod and risk window from 2 different
trivalent inactivated influenza vaccine
injections given to 1 child in the same
influenza season overlapped, the con-
trol period containing the overlap was
excluded from the analysis.

For the 3-day risk window, the first
control period was 15 to 17 days prior
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to vaccination, while the second con-
trol period was 15 to 17 days after vac-
cination. For the 15- to 42-day risk win-
dow, the control periods were days 15
to 42 prior to vaccination and days 43
to 70 after vaccination. For the 1- to 42-
day risk window, the control periods
were days 15 to 56 prior to vaccina-
tion and days 43 to 84 after vaccination.

The case-crossover analysis pro-
vides a means to control for potential
unmeasured confounding variables that
did not vary over time, such as exist-
ing chronic health disorders, race or
ethnicity, and educational level. Al-
though this method avoids bias caused
by comparing dissimilar populations
(such as vaccinated and unvaccinated
children), it can give biased results with
time-varying covariates (for instance,
seasonal variation) if the time-varying
factors are not explicitly adjusted in the
regression analyses.22,24 Therefore, we
conducted a self-control case-series
analysis on any outcome that was posi-
tively associated with influenza vacci-
nation with respect to both control pe-
riods. This analysis was conducted
using conditional Poisson regression to
calculate incidence rate ratios control-
ling for age and season.23

The case-crossover data were ana-
lyzed with conditional logistic regres-
sion to generate matched odds ratios
(ORs), treating the exposure and con-
trol period for each vaccinated case as
a matched pair. When using condi-
tional logistic regression, only discor-
dant pairs are analyzed; individuals who
experience an event in both the expo-
sure and control periods are dropped
from the analysis.28 All analyses were
conducted using SAS version 9.1 (SAS
Institute Inc, Cary, NC).

All medically attended events that
demonstrated an increased risk after
vaccination and were significant with
respect to both control periods, as well
as medically plausible positive associa-
tions with matched ORs greater than 2.0
and P values of .20 or less with respect
to at least 1 of the 2 control periods, un-
derwent medical chart reviews to ex-
clude medically attended events due to
causes other than trivalent inactivated

influenza vaccine. These reviews were
blinded to whether the event occurred
in a risk window or control period. Di-
agnoses with no biologic plausibility of
association with trivalent inactivated in-
fluenza vaccine were determined by
agreement of all the authors prior to
chart review and were excluded (for ex-
ample, open wound of face, redun-
dant prepuce and phimosis, and refrac-
tive error of eyes).

Medically Attended Events

Medically attended events were de-
fined by International Classification of
Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) codes. Because it
is possible that an individual code may
not have the power to detect an ad-
verse outcome, we also examined ag-
gregate codes representing groupings
of clinically related individual ICD-9
codes. These aggregate codes were de-
termined in advance by the authors and
derived in part from grouped codes
used in prior work.14,29 We also exam-
ined aggregate codes for complica-
tions due to vaccination (including
“anaphylactic shock due to serum”),
and other potentially serious diag-
noses such as respiratory failure, ap-
nea, and hypotension.

For the 3-day, 15- to 42-day, and 1-
to 42-day exposure periods, we exam-
ined selected prespecified ICD-9 and ag-
gregate codes. For the 3-day risk win-
dow, we were interested in acute
reactions to the vaccine, such as aller-
gic reaction (including urticaria and se-
rum reaction), cellulitis and skin in-
fections, conjunctivitis, fever, headache,
limb soreness and swelling, rash, sei-
zures, and unspecified adverse events
after vaccination. In the 15- to 42-day
and 1- to 42-day risk windows, we were
interested in possible delayed reac-
tions to immunization that might oc-
cur via immune-mediated mecha-
nisms. In particular, given the rare
association of Guillain-Barré syn-
drome (GBS) with some annual formu-
lations of trivalent inactivated influ-
enza vaccine in the past,17 we screened
for neurologic diagnoses, including
GBS, neuropathies, and demyelinat-

ing disease. Exact ICD-9 codes are avail-
able from the authors on request.

For any ICD-9 code that was more
likely to occur in a risk window after
vaccination compared with both con-
trol periods, we also conducted a sub-
analysis on healthy children: those
without an underlying medical condi-
tion that would put them at increased
risk from influenza infection.

RESULTS
A total of 45 356 children aged 6 to 23
months received 69 391 influenza vac-
cinations in the Vaccine Safety Datalink
cohort from 1991-2003. Of these,
16 536 (36%) had a medical condition
that put them at higher risk of compli-
cations from influenza infection; the rest
were healthy children. For the 14-day
risk window (n = 67 919 vaccina-
tions), we analyzed data from 21 114
outpatient, 1295 ED, and 1264 inpa-
tient medical encounters. This risk win-
dow generated more than 2700 regres-
sion models, of which 745 had an OR
greater than 1.0.

After analysis of ICD-9 codes with-
out chart review, 14 individual condi-
tions were significantly more or less
likely to occur within the risk window
of 14 days after vaccination compared
with both the prevaccination (days
15-28 before vaccination) and the post-
vaccination (days 15-28 after vaccina-
tion) control windows (TABLE 1). For
all but 1 condition, this association was
negative, ie, there were more visits for
that diagnosis in either of the 2 con-
trol periods than in the 14-day risk win-
dow after trivalent inactivated influ-
enza vaccine. All 14 conditions were
seen in the outpatient setting. The con-
dition that had a positive association
was gastritis/duodenitis (matched OR,
5.50; 95% confidence interval [CI],
1.22-24.81 for control period 1, and
matched OR, 4.33; 95% CI, 1.23-
15.21 for control period 2). After chart
review to exclude any medically at-
tended events clearly due to other
causes than trivalent inactivated influ-
enza vaccine, gastritis/duodenitis was
not significantly associated with vac-
cination: control period 1 matched OR,
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4.00; 95% CI, 0.85-18.84; control pe-
riod 2 matched OR, 3.33; 95% CI, 0.92-
12.11. No conditions were signifi-
cantly more likely to occur within either
the 3-day (n=69 391 vaccinations), the
1- to 42-day (n=28 249 vaccinations),
or the 15- to 42-day (n=30 624 vacci-
nations) risk windows compared with
both control windows.

In self-control case-series analysis
of the only outcome that was more
likely to occur after influenza vaccina-
tion, we found an increase in gastritis/
duodenitis, while adjusting for age of
child and time of year: incidence rate
ratio, 4.54 (95% CI, 1.90-10.86).

In a subanalysis of those 28 820 chil-
dren with no underlying medical con-
dition that would put them at in-
creased risk of complications of
influenza infection, the increased odds
of gastritis/duodenitis was similar to
that seen for the full population:
matched OR, 4.50 (95% CI, 0.97-
20.83) for both control periods.

A total of 56 distinct medically at-
tended events met predefined screen-
ing criteria with reference to at least 1
control period; of these, 16 were
deemed medically implausible. The re-
maining 40 medically attended events
underwent chart review to determine
possible association with trivalent in-
activated influenza vaccine. Of 540
charts, 332 (61%) were excluded from
the final analysis for the following rea-
sons: the diagnosis was a chronic con-
dition that was not worse at the medi-
cal visit (156/332=47% of excluded
charts), the medically attended event
was a follow-up visit for a condition
that was not acute (n=23, 7%), the
medically attended event was clearly in-
dicated in the chart as not due to in-
fluenza vaccine (n=56, 17%), no chart
was available for review (n=47, 14%),
the patient did not have the diagnosis
(n=3, 1%), or other (for example, medi-
cally implausible as in lymphadenitis
that was not located near the extrem-
ity in which trivalent inactivated influ-
enza vaccine was administered, n=46,
14%).

The majority of medically attended
events excluded from the final analy-

sis involved a routine follow-up visit for
a child with a chronic condition who
was vaccinated with trivalent inacti-
vated influenza vaccine. For instance,
all 22 visits for diabetes mellitus were
excluded from the final analysis for the
following reasons: the visit was to an
endocrinologist or diabetes clinic for
routine diabetes care, not for a wors-
ening of the diabetes (9 visits); the visit
was for an unrelated acute problem
such as otitis media with diabetes coded
as a secondary diagnosis (6 visits); the
visit was actually a phone call with the
primary physician’s office to discuss
glucose control (2 visits); the visit was
a routine diabetes check-up with the
primary physician (1 visit); the pa-
tient did not have diabetes (possible
miscoding, 1 visit); and no chart was
available for review (3 visits).

Eleven diagnoses were more likely to
occur in a risk window after vaccina-
tion compared with at least 1 control
period with an OR of greater than 2.0
and a P value of less than .20 (TABLE 2).
In addition to gastritis/duodenitis (dis-
cussed previously), 4 diagnoses (con-
vulsions, lymphadenitis, noninfec-
tious gastroenteritis, and sickle cell

anemia) were statistically more likely
to occur in the 14 days after vaccina-
tion than in at least 1 control period (in
all cases this was control period 1).
None of these associations were sig-
nificant after chart review (Table 2).

Other Conditions

Because of a recent report to the Vac-
cine Adverse Events Reporting Sys-
tem (VAERS) of a signal for febrile sei-
zures in the 3 days after trivalent
inactivated influenza vaccine adminis-
tration in young children,30 we exam-
ined the association for convulsions in
the 1- to 14-day window in more de-
tail. After chart review, 22 of 24 (92%)
of convulsions in the risk window were
found to be febrile convulsions. In con-
trast to the VAERS report, we did not
see a signal for convulsions in the
3-day risk window; in fact, there was
only 1 febrile seizure in the Vaccine
Safety Datalink data set in the 3 days
after trivalent inactivated influenza
vaccine (on day 3). In the 14-day risk
window, 17 of the 24 seizure cases
occurred between days 7 and 14 after
vaccination, a time when the measles-
mumps-rubella (MMR) vaccine is

Table 1. Medically Attended Events Defined by Individual ICD-9 Codes That Were More or
Less Likely to Occur After Influenza Vaccination Compared With Both Control Periods Among
Children 6 to 23 Months Old, 1991-2003*

Diagnosis

No. of
Medically
Attended
Events†

Matched Odds Ratio
(95% Confidence Interval)‡

Control Period 1 Control Period 2

Acute upper respiratory tract infection 2340 0.74 (0.69-0.78) 0.81 (0.77-0.85)

Otitis media 1958 0.77 (0.71-0.82) 0.76 (0.72-0.80)

Asthma 912 0.69 (0.63-0.76) 0.80 (0.73-0.87)

Dyspnea 338 0.67 (0.58-0.78) 0.87 (0.76-1.00)

Cough 202 0.67 (0.55-0.82) 0.84 (0.71-0.99)

Pneumonia 190 0.82 (0.67-1.00) 0.82 (0.68-0.99)

Acute bronchiolitis 179 0.74 (0.60-0.92) 0.79 (0.66-0.94)

Other atopic dermatitis 156 0.76 (0.61-0.96) 0.75 (0.62-0.91)

Dermatitis 141 0.77 (0.60-0.97) 0.70 (0.58-0.86)

Trachea/bronchus disease 33 0.46 (0.30-0.71) 0.56 (0.37-0.85)

Cellulitis 22 0.54 (0.31-0.95) 0.53 (0.32-0.88)

Impacted cerumen 20 0.32 (0.17-0.59) 0.51 (0.32-0.82)

Gastritis/duodenitis‡ 12 5.50 (1.22-24.81) 4.33 (1.23-15.21)

Brain injury 8 0.33 (0.15-0.74) 0.35 (0.16-0.78)
*Outpatient clinics were the settings for all medically attended events.
†Mean number of medically attended events in risk window using both control periods.
‡P�.05 with respect to both control period 1 (15-28 days before vaccination) and control period 2 (15-28 days after

vaccination). All associations are for the 14-day risk window; there were no ICD-9 codes significantly associated with
trivalent inactivated influenza vaccine in either the 3-day or 42-day risk windows.
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known to cause an increased risk for
febrile seizures.31 When all of the chil-
dren who received MMR on the same
day as trivalent inactivated influenza
vaccine (9 cases and 1 control) were ex-
cluded from the analysis, the matched
OR for convulsions in the ED in the 14
days after trivalent inactivated influ-
enza vaccine was 1.36 (95% CI, 0.63-
2.97). Of note, 9 of 24 seizures (38%)
that occurred in the 14-day risk win-
dow, and 4 of 12 (33%) in the control

period, were in children who had ex-
perienced a prior seizure.

Two sets of medically attended events
had borderline significant associa-
tions with trivalent inactivated influ-
enza vaccine in the 1- to 42-day risk
window, both with respect to control
period 1: convulsions in the ED
(matched OR, 1.93; 95% CI, 1.01-
3.68) and the aggregate code for epi-
lepsy in the ED (matched OR, 2.00; 95%
CI, 1.05-3.80). For the aggregate epi-

lepsy code (ICD-9 code 780.3), 27 of
the 28 exposed cases were convul-
sions, which was due to the signal for
convulsions in the overlapping 1- to 14-
day risk window. We did not see a sepa-
rate signal for the convulsions code in
the 15- to 42-day risk window.

We also examined 2 diagnoses that
have been previously linked with triva-
lent inactivated influenza vac-
cine.17,18,32 An increased risk for GBS was
noted after swine influenza vaccine in
1976-1977; GBS continues to be re-
ported to VAERS in the 6 weeks after
influenza vaccination in adults, on the
order of 1 report for every million doses
administered.17 In our cohort of chil-
dren 6 to 23 months old, there were
only 2 children with a diagnosis of GBS
and neither child was coded for the syn-
drome during any of our 4 risk win-
dows. The second diagnosis of note is
the oculorespiratory syndrome, includ-
ing red eyes, respiratory symptoms, and
facial swelling, which has been re-
ported after administration of triva-
lent inactivated influenza vaccine.18,32

We found no increased signal in any co-
hort or medical setting for conjunctivi-
tis, either as an individual ICD-9 code
or as part of the aggregate code for eye
symptoms.

COMMENT
This large population-based screening
study was designed to detect an increase
in health care utilization after admin-
istration of trivalent inactivated influ-
enza vaccine to children 6 to 23 months
old, for whom influenza vaccine is now
universally recommended. Given the
large number of outcomes assessed, we
found very few associations, thereby
providing overall reassurance support-
ing the safety of the vaccine in this age
group.

The only positive association with in-
creased risk with respect to both con-
trol periods was gastritis/duodenitis in
the 14-day risk window in the outpa-
tient clinic setting. In addition, nonin-
fectious gastroenteritis in the ED was in-
creased with respect to 1 control period.
On chart review, almost all cases were
acute episodes of vomiting, diarrhea, or

Table 2. Medically Attended Events That Met Screening Criteria in 3- and 14- Day Risk
Windows After Influenza Vaccination Among Children 6 to 23 Months Old, 1991-2003*

Medically Attended
Event and Setting Days

Control
Period

No. of Cases,
Risk Window/

Control Period†

Matched OR (95% CI)

Automated Chart Review‡

Anemia
Inpatient 14 1 10/3 3.33 (0.92-12.11)

Inpatient 14 2 10/8 1.25 (0.49-3.17)

Convulsions
ED 14 1 33/15 2.20 (1.19-4.05) 2.00 (1.00-4.00)

ED 14 2 36/27 1.33 (0.81-2.20)

Gastritis/duodenitis
Outpatient 14 1 11/2 5.50 (1.22-24.81) 4.00 (0.85-18.84)

Outpatient 14 2 13/3 4.33 (1.23-15.21) 3.33 (0.92-12.11)

General symptoms
ED 14 1 6/2 3.00 (0.61-14.86)

ED 14 2 6/4 1.50 (0.42-5.32)

Lymphadenitis
Outpatient 14 1 13/3 4.33 (1.23-15.21) 4.00 (0.45-35.79)

Outpatient 14 2 12/12 1.00 (0.45-2.26)

Noninfectious
gastroenteritis

ED 14 1 36/18 2.00 (1.14-3.52) 1.93 (1.01-3.68)

ED 14 2 45/54 0.83 (0.56-1.24)

Inpatient 14 1 19/9 2.11 (0.95-4.67)

Inpatient 14 2 19/23 0.82 (0.45-1.52)

Serum reaction
Outpatient 14 1 5/2 2.50 (0.49-12.89)

Outpatient 14 2 7/2 3.50 (0.73-16.85)

Sickle cell anemia
Inpatient 14 1 9/1 9.00 (1.14-71.04) 7.00 (0.86-56.90)

Inpatient 14 2 9/6 1.50 (0.53-4.21)

Urticaria
Outpatient 3 1 9/4 2.25 (0.69-7.30)

Outpatient 3 2 9/35 0.26 (0.12-0.53)

Viral enteritis
ED 14 1 4/7 0.57 (0.17-1.95)

ED 14 2 6/2 3.00 (0.61-14.86)
Abbreviation: ED, emergency department.
*Screening criteria: all medically attended events with a matched odds ratio greater than 2.0 and P value less than

.20 that were more likely to occur in a risk window after trivalent inactivated influenza vaccine compared with at least
1 control period (control period 1 = before vaccination, control period 2 = after vaccination). Only diagnoses for which
odds ratios could be generated after chart review are shown.

†Number of cases occurring in a risk window after vaccination compared with the number of cases occurring in a
control period. The number of cases in a risk window may differ for a given medically attended event for control
period 1 vs control period 2, because concordant pairs are dropped from the analysis when using conditional logis-
tic regression.

‡Results after chart review shown for any association with a 95% confidence interval that does not include 1.0 in the
automated analysis.
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both in previously healthy children. This
finding was unexpected. Given the large
number of outcomes analyzed, it is cer-
tainly possible that this finding is due to
chance alone. However, we cannot rule
out that it could be a reaction to the vac-
cine. Alternatively, it is also possible that
young children are exposed at a low level
to gastrointestinal viruses from other
children in the waiting rooms of their
physicians’ offices when they are get-
ting vaccinated. This association war-
rants reexamination as trivalent inacti-
vated influenza vaccine coverage in
children 6 to 23 months old increases.
Fortunately, this diagnosis, even if due
to trivalent inactivated influenza vac-
cine, is generally mild and self-limited.

It is notable that, of the 14 ICD-9
codes that were significant with re-
spect to both control periods, all but one
occurred less frequently after vaccina-
tion, a pattern that would not be ex-
pected from chance alone. Histori-
cally, such a finding has frequently been
attributed to an artifact of the healthy
vaccinee effect, whereby children may
be more likely to be vaccinated only
when considered healthy by parents and
physicians.27 In our study, 8 of the 13
codes that occurred less frequently af-
ter vaccination are diagnoses that are
related to conditions of the respira-
tory tract or ear, nose, and throat. A
lower incidence of respiratory diag-
noses has been found after administra-
tion of a number of vaccines, includ-
ing MMR,33 cold-adapted live attenuated
influenza vaccine,34,35 and trivalent
inactivated influenza vaccine.14 While
the first 2 vaccines are live viruses and
may induce a nonspecific protection
against respiratory viruses via an inter-
feron33,35 or other cytokine response, it
is less clear that an inactivated virus vac-
cine would induce such an effect.

There is a modest amount of litera-
ture regarding hypothesized nonspe-
cific effects of vaccination from obser-
vational studies,mostly fromdeveloping
countries, that can only be resolved by
randomized trials.36 While the Vac-
cine Safety Datalink does not face many
of the data limitations of these other
studies, it is still an observational study.

Therefore further investigation is
required todetermine if the loweroccur-
rence of medical visits for diseases of
the respiratory tract and ear, nose, and
throat seen after trivalent inactivated
influenza vaccine in children is due to
confounding from a healthy vaccinee
effect or due to a protective effect of the
vaccine itself.

As might be expected with a screen-
ing study of large administrative data-
bases, we found several other signifi-
cant associations. Similar to other
studies that used self-control method-
ology,14,37 we found a lower incidence
of asthma diagnoses after trivalent inac-
tivated influenza vaccine, and the effect
sizes were of the same magnitude (ORs,
0.69-0.80; all P values � .001). While
a lower risk of asthma in the 14 days
after trivalent inactivated influenza vac-
cine is unlikely to represent protec-
tion from infection with influenza virus,
it may represent a reduction of asthma
exacerbations triggered by the upper
respiratory infections discussed previ-
ously. Alternatively, this finding could
be due to the healthy vaccinee effect,
or possibly reflect a change in asthma
therapy during the vaccination visit that
resulted in a decreased risk of asthma
exacerbation immediately after the visit.

This study found a lower risk of
atopic dermatitis and dermatitis after
influenza vaccination in young chil-
dren. In contrast, our earlier work in
older children14 identified a 2-fold in-
creased risk of atopic dermatitis after
trivalent inactivated influenza vac-
cine, but only with respect to 1 con-
trol period. Taken together, these find-
ings suggest either real age-specific
differences or a chance association of
trivalent inactivated influenza vaccine
and this skin condition.

We detected an association with con-
vulsions, almost all of which were fe-
brile convulsions, in the 2 weeks after
trivalent inactivated influenza vaccine
in comparison with 1 control period.
However, febrile convulsions after triva-
lent inactivated influenza vaccine
peaked in the second week after vac-
cination, a time period not considered
compatible with known febrile reac-

tions after a formalin-inactivated vac-
cine. MMR is known to result in a 3-fold
increased risk in the second week af-
ter vaccine administration.31 After ex-
clusion of any child who had received
MMR on the same day as trivalent in-
activated influenza vaccine, there was
no association of trivalent inactivated
influenza vaccine with febrile sei-
zures. Thus, it appears we were detect-
ing the known association of MMR and
febrile seizures. It is also important to
note that despite the large potential for
type 1 error in our study, we did not
detect any signal for seizures, febrile or
otherwise, in the 3-day risk window af-
ter trivalent inactivated influenza vac-
cine. Thus, we did not confirm the sig-
nal found in VAERS for febrile seizures
in the 2 days after trivalent inactivated
influenza vaccine.30

In addition to gastritis and convul-
sions, 2 other diagnoses were more
likely to occur in the 14 days after triva-
lent inactivated influenza vaccine when
compared with 1 control period. The
first of these was lymphadenitis; on
chart review most cases were found to
be at sites biologically unrelated to the
site of vaccination (for example lymph-
adenitis of the left posterior neck after
trivalent inactivated influenza vaccine
was administered in the right thigh).
The second of these diagnoses was
sickle cell anemia in the inpatient set-
ting. After chart review, 2 cases were
excluded (1 was hospitalized for a rou-
tine transfusion and was not sick, the
other had no medical chart to review).
This resulted in 7 children hospital-
ized with either fever or pain in the 14
days after trivalent inactivated influ-
enza vaccine, compared with 1 in the
control period. Although not statisti-
cally significant, the serious nature of
fever and pain crises in these children
suggests the need for a hypothesis-
testing study of the safety of trivalent
inactivated influenza vaccine in chil-
dren with sickle cell disease.

One limitation of our large screen-
ing study is the potential for type 1 er-
ror–rejecting the null hypothesis when
it is actually true–due to the large num-
ber of associations tested. In a prior vac-
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cine safety screening study that used
similar self-controlled methodology, the
authors addressed this issue by ran-
domly splitting the cohort of vacci-
nated children into 2 samples.14 The fi-
nal analysis was then performed only
on positive associations that were sig-
nificant in both samples. Because our
study was limited to children 6 to 23
months old, the study population was
approximately one quarter the size of
the previous study, which included chil-
dren 18 years old and younger. There-
fore we attempted to minimize type 1
error by using as our primary analysis
only those associations that were sig-
nificant with respect to 1 control pe-
riod before vaccination and 1 after.

Another limitation is that we only
analyzed possible adverse events that
resulted in a medical visit. It has been
shown that assessing telephone en-
counters to medical offices greatly in-
creases the reported quantity of events
after influenza vaccination.38 How-
ever, our effort was to analyze only
those events after vaccination that were
serious enough to result in a medical
visit. An additional limitation is that de-
spite the large size of this study, con-
fidence limits for many individual medi-
cally attended events are still wide,
suggesting our study was not powered
to detect very rare events.

It should be emphasized that our
findings apply only to subvirion or pu-
rifed surface-antigen influenza vac-
cines (the “split-virus” vaccines), which
are the only products recommended in
the United States for children 6 to 23
months old. Serious adverse reac-
tions, including febrile seizures, have
been noted after administering influ-
enza B whole virus inactivated vac-
cine in children younger than 3 years.39

It is also important to note that there
is scant data on the efficacy and effec-
tiveness of influenza vaccine in young
children.40 Studies are ongoing with
the data sets used in this safety
study to determine the efficacy of in-
fluenza vaccination in the prevention
of hospitalizations among infants
and young children during influenza
season.

In summary, we conducted a popu-
lation-based study using large linked
databases to examine the safety of triva-
lent inactivated influenza vaccine in
young children 6 to 23 months old. We
found no increased risk for a medical
visit for any serious condition in any
risk window after vaccination. While
our findings offer reassurance regard-
ing the safety of the vaccine in the
youngest children, large safety studies
of influenza vaccine in children in the
newly recommended age group of chil-
dren 3 to 5 years old are needed. Our
study, the largest safety study of triva-
lent inactivated influenza vaccine in
children aged 6 to 23 months, adds to
prior evidence that influenza vaccine is
safe in infants and young children.
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