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Abstract

Background: No comparative review of Vaccine Adverse Event Reporting System (VAERS)
submissions following pandemic influenza A (H1N1) 2009 and seasonal influenza vaccinations
during the pandemic season among U.S. military personnel has been published.

Methods: We compared military vs. civilian adverse event reporting rates. Adverse events (AES)
following vaccination were identified from VAERS for adults aged 17-44 years after pandemic
(monovalent influenza [MI1V], and seasonal (trivalent inactivated influenza [11V3], live attenuated
influenza [LAIV3]) vaccines. Military vaccination coverage was provided by the Department of
Defense’s Defense Medical Surveillance System. Civilian vaccination coverage was estimated
using data from the National 2009 H1N1 Flu Survey and the Behavioral Risk Factor Surveillance
System survey.

Results: Vaccination coverage was more than four times higher for MIV and more than twenty
times higher for LAIV3 in the military than in the civilian population. The reporting rate of serious
AE reports following MIV in service personnel (1.19 per 100,000) was about half that reported by
the civilian population (2.45 per 100,000). Conversely, the rate of serious AE reports following
LAIV3 among service personnel (1.32 per 100,000) was more than twice that of the civilian
population. Although fewer military AEs following MIV were reported overall, the rate of
Guillain—Barré Syndrome (GBS) (4.01 per million) was four times greater than that in the civilian
population. (1.04 per million).
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Conclusions: Despite higher vaccination coverage in service personnel, the rate of serious AEs
following MIV was about half that in civilians. The rate of GBS reported following M1V was
higher in the military.
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1. Introduction

In 2009, monovalent vaccines were rapidly developed and dispensed to prevent the spread of
pandemic influenza A 2009 (H1NZ1) virus. In the United States, as the licensure and
manufacturing processes for these novel vaccines were comparable to those of the seasonal
vaccines for that year [1], similar vaccine safety profiles post licensure were anticipated.
Subsequently, European studies which assessed safety among military personnel during the
2009-2010 influenza season found much higher reporting rates after MF59 and AS03
adjuvanted pandemic vaccines than after the seasonal trivalent inactivated influenza (11V3)
seasonal vaccines [2,3]. Similarly, an assessment of the adverse event (AE) profile in the
U.S. civilian population following pandemic influenza A (H1IN1) 2009 monovalent vaccine
(M1V) using the Vaccine Adverse Event Reporting System (VAERS) was consistent with
that of the seasonal influenza vaccines, although the reporting rate was higher [4]. In
addition, one study assessing reporting rates to VAERS found reporting of hypersensitivity
reactions following the pandemic influenza A (H1N1) 2009 vaccine to be elevated among
adult civilian women compared with adult civilian men [5].

VAERS is a passive surveillance system for vaccine safety implemented in 1990 and is
jointly administered by the Centers for Disease Control and Prevention and the Food and
Drug Administration [6,7]. Healthcare providers are required to report vaccine AEs specified
in the Vaccine Injury Table and manufacturers are required to report all AEs for licensed
U.S. vaccines [8-10]. In addition, members of the public (vaccinees, parents of vaccine
recipients, and others) may report suspected AEs to the system voluntarily. With the
initiation of the national pandemic influenza A (H1INZ1) 2009 vaccination program, reporting
to VAERS generally was enhanced by providing VAERS contact information on influenza
vaccination record cards and advertising in medical journals. The military provided contact
information for reporting to VAERS if there were problems after vaccination affecting its
personnel [11]. Additionally, state vaccine safety coordinators were hired and trained on
reporting requirements and more VAERS personnel were hired to code reports and obtain/
review medical records. Finally, VAERS capacity to analyze additional reports was also
improved so that potential safety signals could be rapidly identified.

To date, no comparative review of reports of AEs following pandemic influenza A (H1N1)
2009 and seasonal influenza vaccinations in the active component U.S. military in 2009-
2010 influenza season has been published. It is also unclear whether elevated reporting rates
to VAERS during the 2009-2010 influenza season found with the civilian vaccination
program also affected the military population. The goals of this study were to identify
potential differences between the U.S. military and civilian populations following pandemic
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influenza A (H1N1) 2009 and seasonal influenza vaccinations during the 2009-2010
influenza season related to: (1) vaccination coverage; (2) types of AEs reported to VAERS,
and (3) a possible sex difference in hypersensitivity reactions reported following MIV
among the military population.

2. Methods

2.1. Data sources

Military vaccination coverage among active duty personnel was determined using data from
the Defense Medical Surveillance System (DMSS), an active surveillance system
administered by the Department of Defense (DoD) to integrate data from medical treatment
facilities, vaccination centers, and military personnel offices worldwide [12]. Data from
DMSS also were used to validate active-duty military VAERS reports.

Civilian vaccination coverage was estimated using data from the National 2009 HIN1 Flu
Survey (NHFS) and the Behavioral Risk Factor Surveillance System (BRFSS) survey [13—
15]. Interview data collected for BRFSS and NHFS between November 2009 and June 2010
were used to measure pandemic influenza A (H1N1) 2009 vaccination coverage for October
2009 through May 2010. The population in each subgroup was estimated using the NHFS.
Kaplan—Meier (KM) survival analysis was used to estimate the cumulative proportion of
persons vaccinated separately for BRFSS and NHFS [15,16]. Monthly estimates from the
two surveys were then combined in order to derive final monthly estimates of cumulative
vaccination coverage [16].

2.2. Study design and population

We conducted a retrospective review of military and civilian VAERS reports to investigate
possible differences in AE reporting rates for both the 2009 pandemic HIN1 and 2009-2010
seasonal influenza vaccines. The study population included all persons aged 17-44 years for
whom a VAERS report was filed following either or both the pandemic (H1N1) 2009 or
2009-2010 seasonal influenza vaccines from August 1, 2009 through December 31, 2010.
Service personnel were then identified if the VAERS report indicated that the vaccine (s)
was administered in a military clinic and/or was purchased with military funds and included
active personnel in the Army, Air Force, Marines and Navy.

2.3. Clinical review of reports

VAERS reports are classified as serious or non-serious. Reports are classified as serious
based on the Code of Federal Regulations (21 CFR 600.80) if death, life-threatening illness,
hospitalization or prolongation of hospitalization, permanent disability or a congenital
anomaly is reported. For serious reports from sources other than manufacturers, medical
records are routinely requested. All VAERS reports were reviewed by a CDC medical officer
who classified the AEs based on information in the text of the report and in medical records
(when available) according to one of the following body system categories [4]:
hypersensitivity (e.g., anaphylaxis, angioedema, dyspnea, urticaria, wheezing),
cardiovascular (e.g., arrhythmia, hypertension, hypotension, myocarditis), ENT (ears, nose,
throat), gastrointestinal (e.g., vomiting, diarrhea), local reaction (e.g., pain, tenderness,
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erythema), musculoskeletal (e.g., arthralgia, arthritis), neurologic (e.g., paresthesia,
peripheral neuropathy, Bell’s palsy, Guillain—-Barré syndrome, convulsion), pregnancy-
specific outcomes (e.g., spontaneous abortion, fetal death), psychiatric, respiratory (e.g.,
influenza-like illness, rhinorrhea, sore throat, cough), other infectious, other non-infectious
conditions (e.g., diabetes, thrombocytopenia, multiple symptoms), and death. We used
Brighton Collaboration criteria to verify the diagnosis for all reports suggestive of Guillain—
Barré Syndrome (GBS) [17] and anaphylaxis [18]. We also considered GBS verified if
medical records included a neurologist’s diagnosis of GBS with no contradictory
information and, for anaphylaxis, a documented physician’s diagnosis of anaphylaxis within
24 h of vaccination. Cause of death was determined from the available autopsy report, death
certificate, or medical record. Vaccine administration errors without an adverse health event
and foreign reports were excluded.

2.4, Statistical analyses

We compared rates of AEs per doses administered following MIV, seasonal 113 and
trivalent live attenuated influenza vaccine (LAIV3). To account for variability in the civilian
estimation from the complex survey designs of NHFS and BRFSS in comparison with the
data from the active military personnel, we used the delta method to calculate confidence
intervals around the reporting rate ratios. We did not assess live attenuated monovalent
vaccine (LAMV) further in our analysis as information on LAMYV vaccination coverage for
both military personnel and civilians was unavailable. We report descriptive analyses only
consisting of the overall rates of AEs reported by the military and civilian populations. We
could not perform statistical tests to assess reasons for the differences between the civilian
and military populations because data for important confounding variables were unavailable.

Because VAERS is a routine surveillance program and does not meet the definition of
research, it is not subject to Institutional Review Board (IRB) review and informed consent
requirements. Similarly, NHFS was considered a non-research function and therefore not
subject to IRB review.

3. Results

Of the total 434 military reports to VAERS for individuals who received MIV and/or
seasonal influenza vaccine, 262 recipients were confirmed to be active component military
in the DMSS; other reports denoted that the patient was a dependent or military retiree
vaccinated at a military clinic and were therefore included in the civilian population.
Vaccination coverage in the military was higher than that of the civilian population for all
influenza vaccines: more than four times higher for MIV (73.6% vs. 16.8% vaccinated);
slightly higher for seasonal 11V3 (34.0% vs. 28.0%); and more than twenty times higher for
LAIV3 (47.7% vs. 2.1%) (Table 1).

The rates of serious AE reports following the study vaccines varied by both military/civilian
status and sex. For MIV, the rate reported by military personnel (1.19 per 100,000) was
approximately half that reported in the civilian population (2.45 per 100,000, reporting rate
ratio (RRR): 0.49 (95% CI: 0.06, 0.92). Conversely, the rate of serious AE reports following
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LAIV3 among service personnel (1.32 per 100,000) was more than twice that of the civilian
population (0.50 per 100,000, RRR: 2.63 [95% CI: 2.18, 3.09]).

Among men, the reporting rate of all AE reports following MIV in service personnel (6.83
per 100,000) was significantly less than that reported by the civilian population (10.67 per
100,000, RRR: 0.64 [95% CI: 0.44, 0.83]) (Table 2). Conversely, among women, the rate of
all AE reports following LAIV3 among service personnel (13.63 per 100,000) was
significantly higher than that of the civilian population (8.74 per 100,000 RRR: 1.56 [95%
Cl: 1.14, 1.97]).

3.1. Types of AE reported by the civilian population

The most commonly reported AEs (serious or non-serious) following MIV in civilians were
allergic reactions (n= 747, 24.7% of total AE), other non-infectious outcomes (n= 577,
19.1%), and neurological outcomes (n7 =429, 14.2%; including 9 GBS cases all in males
which met the Brighton Collaboration case definition). (Fig. 1, Table 3) None of the GBS
cases had received another vaccine at the time of the MIV inoculation. The order of the most
frequently reported AEs differed slightly for 11V3, in which musculoskeletal outcomes (7=
303, 14.9%), were more common than neurological outcomes (7= 215, 10.6%), and for
LAIV3, in which respiratory/ILI outcomes (1= 23, 21.3%), were as common as other non-
infectious outcomes (1= 23, 21.3%), followed by neurological outcomes (7= 9, 8.3%).

3.2. Types of AE reported by the military

In order of frequency, the most commonly reported AEs (serious or non-serious) following
MIV in service personnel were allergic reactions (n= 57, 33.1% of total AE), other non-
infectious reactions (7= 35, 20.4%), and neurological outcomes (/7= 26, 15.1%; including 6
Brighton-confirmed GBS cases, all in males) (Fig. 2, Table 3). Two-thirds (4 of 6) of the
GBS cases received other vaccines at the same time as the MIV. Reported AE profiles were
in the same order of frequency for LAIV3 as MIV, but for 113, after allergic reactions and
other non-infectious reactions, respiratory/IL1 outcomes (/7= 8, 20.0%), were more common
than neurological outcomes (7= 2, 5.0%).

3.3. Hypersensitivity following MIV by sex among military personnel

There was a slightly higher proportion of women reporting hypersensitivity reactions
following MIV than among their male counterparts (17.8% versus 14.7%); however, this
difference was not statistically significant (p = 0.58).

4. Discussion

Overall, our study found that influenza vaccination coverage was higher in the military than
among the civilian population, and that women, whether they were civilian or military,
reported AEs for pandemic influenza A (H1N1) 2009 monovalent and 2009-2010 seasonal
vaccines more frequently than men. Service personnel reported significantly fewer serious
AEs following M1V, yet significantly more serious AEs following LAIV3 than did the
civilian population. Although a higher proportion of women reported hypersensitivity
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reactions following MIV than their male counterparts, this difference was not statistically
significant.

Vaccination coverage in the military population was more than four times higher for MIV
compared to the civilian population. The higher vaccination coverage among service
personnel is not surprising, given that the DoD has a mandatory immunization program
providing service personnel with protection from a variety of pathogenic threats. Although
the higher vaccination coverage may result in more potential AEs, the rate of serious AE
reports following MIV by service personnel was roughly half that reported by the civilian
population.

The third most commonly reported type of AE following MIV in both the military and
civilian populations was neurological, including GBS. GBS, is a disorder in which the
body’s immune system attacks part of the peripheral nervous system. Estimates of the
incidence of GBS range from 0.8 to 1.9 cases per 100,000 person-years; rates are higher in
males and increase with age. Risk factors for GBS include antecedent gastrointestinal or
respiratory infection (including influenza). GBS has been associated with the 1976 swine—
influenza vaccine [19], though no elevated risk was found in the military then [20].
Subsequently, several studies have assessed the risk of GBS following seasonal inactivated
influenza vaccines. The data have been variable, demonstrating either no or a small
increased risk (1-2 additional cases per 1 million vaccine doses administered). One study
assessing risk of GBS in the military following seasonal influenza vaccines during 1980-
1988 found no significant increased risk [21]. During the 2009 H1N1 influenza pandemic,
results of epidemiologic studies from several monitoring systems for GBS were variable and
inconsistent [22-25]. Results of a meta-analysis of data from six of the systems identified a
modest increased risk (IRR 2.35, 95% CI 1.42-4.01, A= 0.0003) or approximately 1.6
excess cases of GBS per million people vaccinated; however, potential for confounding by
seasonality could not be ruled out [26].

In our study, although few AEs following M1V were reported among male service personnel,
six individuals met the Brighton Collaboration case definition for GBS (4.01 per million
doses administered), compared with 9 (1.04 £ 0.22 per million doses administered) reported
in the male civilian population. Two-thirds of the military GBS cases had received other
vaccinations at the same time as the MIV, whereas none of the civilian GBS cases received
concomitant vaccines. It is unknown if differences between civilian and military populations
in the number and types of concomitant vaccines may increase or decrease AEs. One study
found no evidence that concurrent receipt of multiple vaccinations is related to
hospitalization risk among US service personnel [27]. Though not specifically assessing
concurrent receipt of multiple vaccinations, in another study assessing VAERS from 2005
through 2013, a higher proportion of reports of GBS cases following LAIV3 was observed
in the military population compared with the civilian population [28]. One other study found
the incidence of GBS in the U.S. military to be slightly higher than that found in the general
population [29]. A possible explanation for the finding of more GBS in the military
population is the association between GBS and certain antecedent infections, such as with
Campylobacter jejuni [30], and a number of studies have documented C. jejunias a leading
cause of travelers’ diarrhea in U.S. military personnel [31-33]. Several of our GBS cases
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had an antecedent respiratory or other infection (although we did not identify any C. jejuni-
associated GBS cases among the military or civilian MIV VAERS reports we reviewed, but
stool culture for this pathogen is rarely performed).

The higher rate of GBS following MIV among military personnel found in our study may
also have been related to differences in AE reporting between military and civilian
populations. Military policy states that VAERS reports can be filed by physicians or patients
when events appear to be unexpected in nature or severity but that reports mustbe filed for
events resulting in hospitalization, lost duty time (>24 h), or death [34]. Thus, more serious
AEs are highly likely to be reported by military personnel.

Compared with the civilian population, the proportion of service personnel who received
LAIV3 was more than twenty times higher with double the rate of serious AEs reported, the
majority of whom were women. Although one study found higher rates of AEs following
smallpox vaccination among military women compared with civilian women, these
differences were not statistically significant [34]. Though military women reported AEs
more frequently, the types of AE reported were similar to to those for civilian women and
the majority were allergic reactions. Other studies have also found higher rates of AE reports
among female service personnel compared with their male counterparts for the anthrax
vaccine adsorbed (AVA) [35,36].

The most commonly reported AEs (serious or non-serious) following MIV in both service
personnel and civilians were allergic reactions. A previous study in VAERS assessing
immediate hypersensitivity reactions following pandemic influenza A (H1IN1) 2009
monovalent vaccines in the general population found a higher reporting rate among adult
females [5]. The highest female to male reporting ratio was among persons aged 20-39
years, which closely matches the 17-44 age group included in our study population.
However, we did not find a significant sex difference in service personnel reporting
hypersensitivity reactions following MIV.

Our civilian population demonstrated the same pattern as one European study [2] that found
much higher reporting rates of AEs following the AS03-adjuvanted MIV vaccine than those
reported after the seasonal 11VV3 vaccinations among their military personnel during the
2009-2010 influenza season. Similarly, higher rates of serious AEs following MIV (1.19 per
100.000 doses administered) were reported compared with 113 (0.74 per 100,000 doses
administered) in our military population. Yet, the rates of serious AEs following MIV were
comparable to those reported following LAIV3 (1.32 per 100,000 doses administered)
among service personnel. Though the similarity in reporting rates of serious AEs following
MIV and LAIV3 may be due to stimulated reporting in the military population, the rate of
AEs following MIV by the military was less than that reported by civilians.

VAERS has a number of strengths, such as its broad national scope, timely reporting and
early detection of possible new, rare, or unusual patterns of AEs, which may be further
investigated [11]. Still it is a spontaneous reporting system that has important limitations,
including underreporting of less serious AEs, incomplete information, varying quality of
reports, and lack of a control or unexposed comparison group. Additionally, it is not known
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to what degree the underreporting varies across populations and/or healthcare providers.
Vaccine doses distributed are typically used as proxy for doses administered to obtain crude
AE reporting rates. However, a strength of our analyses was that instead of using the vaccine
doses distributed in calculating the rates of AEs, we had the actual number of doses
administered by the military and we estimated the number of civilians vaccinated from the
combined surveys, NHFS and BRFSS. Yet the influenza vaccination coverage estimates
based on these latter surveys tend to be overestimated [37] (i.e., estimated doses received
exceeds actual doses administered), so that the denominators of our AE rates could be too
high, and thus our AE rates may be too low. Due to these limitations, we cannot determine
causal associations between the vaccines and AEs from this study. A further limitation of
our analysis is that we could not compare AE reporting rates between the civilian and
military populations by receipt of concomitant vaccinations; although those data are
available in the military, they are not available for civilians. Additionally, concerning
military reports, the VAERS form does not collect standardized data on deployment.
Therefore, we used data from DMSS to validate active-duty military VAERS reports;
however, there is potential for misclassification if VAERS reports failed to indicate vaccines
were given in a military facility.

We found higher reporting of GBS following MIV among male service personnel compared
with civilian men, even though the rate of serious AEs following MIV by military personnel
was about half that reported by the civilian population. The reason for the differences in
GBS reporting is not clear but it may be related to differences in reporting practices between
the military and civilian sectors, preceding infections and other potential environmental
exposures. Of note, during the 2009-2010 influenza season, the CDC and the Food and
Drug Administration actively solicited reports of serious events such as GBS which may
have been linked with the pandemic influenza A (H1N1) 2009 monovalent vaccine and the
seasonal 2009-2010 influenza vaccine [38]. Specifically, a partnership was established with
the American Academy of Neurology, which includes physicians who are most likely to
provide care for people with GBS. Nevertheless, we confirmed results from other studies
that found more frequent AE reporting by women than men and higher reporting rates of
AEs among women in the military compared with civilian women. The reasons for this
observed difference are not known and may benefit from additional studies, including
whether the administration of different combinations of vaccines may impact specific AEs
rates and types of AEs, and, in particular, if there is a sex effect.

Our findings may be useful in interpreting VAERS data when comparing AEs associated
with other vaccines between the military and civilian populations.
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Fig. 1.

Distribution of diagnostic categories for VAERS reports received by December 31, 2010 for
civilian individuals aged 17-44 years vaccinated with pandemic influenza A (H1N1) 2009
monovalent vaccine and/or seasonal influenza vaccine between August 1, 2009 and July 31,
2010.
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Fig. 2.
Distribution of diagnostic categories for VAERS reports received by December 31, 2010 for

confirmed active military individuals aged 17-44 years vaccinated with pandemic influenza
A (H1N1) 2009 monovalent vaccine and/or seasonal influenza vaccine between August 1,
2009 and July 31, 2010.
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