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adults from 1990 through 2005. We calculated reporting rates for nonserious, serious, and neurological
adverse events. We reviewed reports of recurrent events and deaths, as well as reports identified through
advanced signal detection. The most frequently reported events were local reactions and systemic symp-
toms. Guillain-Barré syndrome was the most frequently reported serious event (0.70 reports per million
vaccinations). Adverse event reporting rates have been reasonably constant over time. No new safety
concerns emerged after our review of 15 years of post-licensure surveillance data. These findings provide

demi
ost-marketing surveillance useful information if pan

. Background

Influenza vaccines are the primary method for the control of
nfluenza and its complications and the most widely used type of
accine for adults in the United States (US). The US and much of the
orld is preparing for the use of pandemic influenza vaccines [1].
owever, even with extensive planning, limited safety data will be
vailable for these vaccines prior to use. Safety profile highlights
f the seasonal trivalent inactivated influenza vaccines (TIV) can
rovide a background for interpretation of adverse events that can
e anticipated if pandemic influenza vaccines must be employed

n the future. In addition, special importance for TIV safety moni-
oring stems from the 1976–1977 influenza season, when a mass
accination effort in the US against swine influenza was halted
fter the vaccines appeared to be associated with an elevated risk
f Guillain-Barré syndrome (GBS) [2].

Placebo-controlled trials among older and healthy young adults

ave demonstrated that TIV administration is not associated with
n increased risk of systemic symptoms (e.g., fever, malaise, myal-
ia); the most frequent adverse effect following vaccination is
ain at the injection site [3]. Immediate hypersensitivity reactions,

Abbreviations: CV, cardiovascular; DIG, digestive; ENDO, endocrine; HAL, heme
nd lymphatic; MAN, metabolic and nutritional; MS, musculoskeletal; NER, nervous;
ES, respiratory; SKIN, skin; SS, special.
∗ Corresponding author at: 1600 Clifton Road, MS E-45, Atlanta, GA 30333, United

tates. Tel.: +1 404 639 6175; fax: +1 404 639 6127.
E-mail addresses: bno1@cdc.gov (C. Vellozzi), PHaber@cdc.gov (P. Haber).

264-410X/$ – see front matter. Published by Elsevier Ltd.
oi:10.1016/j.vaccine.2009.01.125
c vaccine is rapidly distributed and pre-licensure data are limited.
Published by Elsevier Ltd.

including anaphylaxis can occur [3], but the latter is rare [4]. A
pre-licensure study of the recently licensed H5N1 vaccine identi-
fied headache, malaise, and myalgia as the most frequent systemic
symptoms but also identified these at similar rates among placebo
recipients [5].

Clinical trials are generally not large enough to detect rare
adverse events. Post-licensure safety data provide examples of
adverse event experiences among a larger and more diverse popu-
lation, and reporting of adverse events following receipt of seasonal
TIV to the US Vaccine Adverse Event Reporting System (VAERS) is
an important source of this information. We examined 15 years
of VAERS data among adults aged ≥18 years to describe patterns
of adverse events after seasonal vaccines and to identify possible
safety concerns that might merit intensified monitoring or evalua-
tion. Although pandemic influenza vaccines will differ from current
TIV products, at least in their antigenic composition, reported
adverse events following several annual TIV products probably
provide the best currently available information for the types of
adverse events that might be anticipated following administration
of pandemic influenza vaccines.

2. Methods
2.1. Data sources

VAERS is a passive surveillance system established in 1990 that
accepts reports of adverse events following any US licensed vaccine
from providers, health care workers, and the public. It is operated

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:bno1@cdc.gov
mailto:PHaber@cdc.gov
dx.doi.org/10.1016/j.vaccine.2009.01.125
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ointly by the Centers for Disease Control and Prevention (CDC) and
he Food and Drug Administration (FDA) [6–9]. Although VAERS
annot usually prove causal associations between vaccines and
dverse events, it can detect signals to be tested with more rigorous
ethods [10].
Symptoms recorded on a VAERS report were assigned to one or

ore coding terms using Coding Symbols for Thesaurus of Adverse
eaction Terms (COSTART) [11]. This process does not employ
tandardized case definitions. Reports of death, hospitalization
r prolongation of hospitalization, life-threatening illness, persis-
ent or significant disability/incapacity, or certain other medically
mportant conditions are classified as serious [12] and followed
p by nurses to obtain additional medical information. All other
eports are coded as nonserious. Each COSTART code was also linked
o one or more body systems which we used to summarize the
istribution of adverse events by body system category.

.2. Reporting rates

We defined an influenza season as July 1–June 30 and searched
or all domestic TIV-related initial reports among persons aged ≥18
ears with vaccination between July 1, 1990 and June 30, 2005.
e grouped persons by age (18–49, 50–64, and ≥65 years) and

y reports classified as nonserious and serious. We used influenza
accination coverage data from the National Health Interview Sur-
ey (NHIS) to estimate the proportion of people receiving TIV by
ge group and season [13–15] and multiplied these proportions
y the census estimates of the population [16] for the same age
roups to derive the number of people vaccinated in each group
s denominators for reporting rates. We calculated age-specific
nd seasonal adverse event reporting rates for serious and non-
erious reports. We also calculated rates for the most commonly
eported events among nonserious and serious reports. Due to
he close attention given to neurological adverse events [17] we
alculated age-specific adverse event reporting rates for the 10
ost frequently reported neurological events. With a neurologist
e reviewed all neurological COSTART symptom codes and, where

ppropriate, combined codes (e.g., the codes ataxia and cerebellar
taxia are considered together as ataxia). Headache, which is often
systemic symptom, was not included. Coding terms suggestive

f stroke or transient ischemic attack,1 which are often classified
nder the circulatory system, were considered separately and not

ncluded as neurological adverse events in this analysis. We used
AS (version 9.01, SAS Institute, Inc., Cary, NC) to generate reporting
ates.

.3. Positive rechallenge reports

To identify positive rechallenge reports (i.e., an adverse event
hat followed receipt of TIV and recurred after a subsequent dose,
uggesting, but not confirming, a causal association with TIV), we
sed the coding term “POS RECHAL” and completed a text search
sing phrases consistent with a repeat event. All positive rechal-

enge reports were reviewed individually by two physicians and

ssigned to one of the following categories: local reaction, allergic
eaction, respiratory, dermatologic, neurological, systemic, muscu-
oskeletal, cardiovascular, or gastrointestinal illnesses.2

1 COSTARTs included were CEREBROVASC ACCID, EMB CAROTID, EMB CEREBR,
EM CEREBR, HEM INTRACRAN, HEM SUBARACHNOID, INFARCT CEREBR, ISCHEMIA
EREBR, OCCLUS CAROTID, THROM CAROTID, THROM CEREBR, THROM CEREBR ART.
2 Local reaction: Induration, redness, edema, pain, swelling, burning, mass at injec-

ion site; allergic reaction: urticaria, angioedema, pruritis, asthma; respiratory: cough,
hinitis, pharyngitis, laryngitis; dermatologic: rash, vasculitis, alopecia; neurological:
aresthesia, numbness, vertigo, nystagmus, ataxia, confusion, GBS, optic neuritis;
7 (2009) 2114–2120 2115

2.4. Death reports

We reviewed each death report and, when available, doc-
umented the cause of death from the autopsy report, death
certificate, and/or hospital records. We identified reported co-
morbid conditions that might have increased an individual’s risk of
death regardless of vaccination. As a crude risk adjuster, we adapted
risk categories previously used for potential influenza-related mor-
bidity and mortality and classified persons as high-risk (heart
disease, lung disease, or late stage malignancy), intermediate-risk
(diabetes, renal disease, rheumatologic disease, stroke, or demen-
tia), or low-risk (other or none) [18].

2.5. Advanced signal detection (data mining)

To screen serious VAERS reports among US adults aged ≥18
years for further individual review, we calculated the ratio of the
proportion of a particular COSTART term among serious reports
following TIV to the proportion of the same term among serious
reports following all other vaccines (proportional reporting ratios
[PRR]) [19–21]. The PRR was adjusted for age (<65, ≥65 years). We
used the proposed criteria for significant disproportionality [20]
(coding terms identified in at least three reports, with a PRR > 2.0
and chi square > 4.0) to guide selection of VAERS reports for fur-
ther review. We also employed empirical Bayesian data mining
methodology [22], with similar age adjustment, to identify reports
for further review using criteria outlined by Szarfman et al. [23].
Both of these data mining methods used WebVDME (Lincoln Tech-
nologies, Inc., Waltham, MA). To evaluate transverse myelitis (a
coding term identified for review), we used a hypothetical risk
period of 30 days to compare the reporting rate with published
estimates of background incidence (1.3–4.6 per million per year)
[24,25].

3. Results

3.1. Reporting rates

From July 1, 1990, through June 30, 2005, an estimated 747.1 mil-
lion doses of TIV were administered, and VAERS received 18,245
US reports among persons aged ≥18 years, resulting in an overall
adverse event reporting rate of 24.4 per million TIV vaccina-
tions; 14% (2518/18,245) were classified as serious reports. When
stratified by age group, we found the highest reporting rate for
serious events was among people aged 50–64 years (4.2 per mil-
lion vaccinations). For nonserious reports, the highest rate was
among people aged 18–49 years, more than twice the rate found
among people aged ≥65 years (28.3 and 13.1 per million vaccina-
tions, respectively)(Table 1). Seventy-nine percent (14,480/18,245)
of all reported adverse events followed TIV given alone, and
15% (2721/18,245) followed TIV and pneumococcal vaccines given
simultaneously. The remainder of reports included TIV given with
one or more other vaccines.

The vaccine doses administered steadily increased over time
from an estimated 24.3 to 71.1 million doses from 1990–1991 to
2003–2004; during the 2004–2005 season, there was a short-
age of TIV [26], and doses administered decreased by nearly 24

million doses. During the first few years after the inception of
VAERS in 1990, the reporting rates for nonserious reports tended
to increase, and by 1994–1995 through 2004–2005, the rates
remained fairly steady. The reporting rates of serious reports ini-

systemic: fever, myalgia, malaise, headache, asthenia; musculoskeletal: arthralgia,
joint pain; cardiac: irregular pulse, tachycardia, vasovagal reaction, hypertension;
gastrointestinal: nausea, diarrhea, vomit.
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Table 1
Adverse event reports following trivalent inactivated influenza vaccine in adults age ≥18 years, by age-group and severity, VAERSa, July 1, 1990 through June 30, 2005, United
States.

All ≥18 years 18–49 years 50–64 years ≥65 years

Serious reportsb

N (rate)c 2518 (3.4) 752 (2.9) 718 (4.2) 1048 (3.4)
% Male 43 37 43 46
% TIV alone 86 83 87 88
Mean (median) age 58 (60) 36 (38) 57(57) 75 (74)
Mean (median) onset intervald 19 (3) 20 (2) 15 (4) 21(3)

Nonserious reports
N (rate)c 15,727 (21.1) 7452 (28.3) 4197 (24.3) 4078 (13.1)
% Male 24 21 22 30
% TIV alone 78 84 79 67
Mean (median) age 52 (51) 37 (39) 56 (56) 73 (72)
Mean (median) onset intervald 5 (1) 6 (0) 5 (1) 2 (1)

All reports
N (rate)c 18,245 (24.4) 8204 (31.1) 4915 (28.5) 5126 (16.5)

a Vaccine Adverse Event Reporting System.
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Serious reports include deaths, life-threatening events, hospitalizations or prolo
c Reporting rate calculated per 1,000,000 TIV doses administered; total doses a

0–64 age group = 172,364,441; ≥65 age group = 311,009,963.
d Number of days from the date of vaccination to the first reported symptom ons

ially generally declined and then remained mostly steady from
994–1995 through 2004–2005 (Fig. 1).

We identified 15,727 nonserious VAERS reports which included
5,757 coded symptoms, or a mean of 3.7 coded symptoms per
eport (median 3.0, range 1.0–22.0). As demonstrated in Fig. 2, 40%
f these terms linked to the general body system category (includ-
ng nonspecific symptoms and injection site reactions). Among the
518 serious VAERS reports, 12,592 coded symptoms were included

n our analysis; the mean, median and range of coded symptoms
er serious report was 5.0, 4.0, and 1.0–25.0, respectively. Twenty-
ight percent of the codes from serious reports were linked to the
ervous system category (Fig. 2).
.2. Most commonly reported events—nonserious reports

The most frequent coding term in the nonserious reports to
AERS was injection site reaction (9561; 12.8 per million vac-

ig. 1. Reporting rates of serious and nonserious adverse event reports following
rivalent inactivated influenza vaccine, VAERS, July 1, 1990 through June 30, 2005,
nited States. Serious reports include deaths, life-threatening events, hospitaliza-

ions or prolongations of hospitalization, and persistent or significant disabilities.
ons of hospitalization, and persistent or significant disabilities.
stered for all age groups combined = 747,070,979; 18–49 age group = 263,696,575;

.

cinations); pain, fever, myalgia and headache were also among
the top 10 most frequently identified coding terms in nonserious
reports (Table 2). The 10 most common coding terms comprise
49% (27,504/55,757) of the terms included in the nonserious
reports.

3.3. Most commonly reported events—serious reports

GBS was the most frequently identified coding term among
serious reports (522), with a reporting rate of 0.70 per million
vaccinations. Among the 10 most common coding terms found in
serious reports, four were symptoms frequently associated with

GBS (paresthesia, asthenia, myasthenia and hypokinesia in 42%,
30%, 26% and 17% of reports with the coding term GBS). The 10 most
common coding terms comprise 26% (3260/12,592) of all codes
included in the serious reports (Table 2).

Fig. 2. Percent of reported serious and nonserious adverse events after receipt
of trivalent inactivated influenza vaccine attributed to each body system, VAERS,
1990–2005, United States. In the COSTART body system classification, some cod-
ing terms are mapped to more than one body system, and can be counted more
than once; analysis of 55,757 adverse event coding terms among 15,727 nonseri-
ous reports, and 12,592 adverse event coding terms among 2518 serious reports
reported to VAERS. Abbreviations: BODY, Body as a whole or non-specific (includes
also injection site reactions); CV, cardiovascular; DIG, digestive; ENDO, endocrine;
HAL, heme and lymphatic; MAN, metabolic and nutritional; MS, musculoskeletal;
NER, nervous; RES, respiratory; SKIN, skin; SS, special.
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Table 2
Most common coding terms (COSTART)a following trivalent inactivated influenza vaccine in adults age ≥18 years, VAERSb, July 1, 1990 through June 30, 2005, United States.

All ≥18 years 18–49 years 50–64 years ≥65 years
N (rate)c N (rate)c N (rate)c N (rate)c

COSTARTa for serious reportsd

Guillain-Barré syndrome 522 (0.70) 132 (0.50) 213 (1.24) 177 (0.57)
Asthenia 446 (0.60) 133 (0.50) 133 (0.77) 180 (0.58)
Paresthesia 413 (0.56) 166 (0.63) 139 (0.81) 108 (0.35)
Fever 398 (0.53) 121 (0.46) 96 (0.56) 181 (0.58)
Dyspnea 297 (0.40) 104 (0.39) 81 (0.47) 112 (0.36)
Pain 278 (0.37) 88 (0.33) 97 (0.56) 93 (0.30)
Myasthenia 254 (0.34) 79 (0.30) 96 (0.56) 79 (0.25)
Injection site reactionse 243 (0.33) 100 (0.38) 60 (0.35) 83 (0.27)
Hypokinesia 208 (0.30) 54 (0.20) 69 (0.40) 85 (0.27)
Headache 201 (0.27) 100 (0.38) 56 (0.32) 45 (0.14)

COSTARTa for nonserious reports
Injection site reactionse 9561 (12.8) 4560 (17.3) 2583 (14.9) 2418 (7.8)
Pain 2500 (3.35) 1102 (4.18) 734 (4.25) 664 (2.13)
Vasodilatation 3111 (4.16) 1519 (5.76) 832 (4.830 760 (2.44)
Fever 2468 (3.30) 1182 (4.48) 635 (3.68) 651 (2.09)
Myalgia 2334 (3.12) 1126 (4.27) 670 (3.89) 538 (1.73)
Pruritus 2079 (2.78) 1110 (4.21) 552 (3.20) 417 (1.34)
Headache 1474 (1.97) 747 (2.83) 436 (2.53) 291 (0.94)
Rash 1411 (1.89) 716 (2.72) 362 (2.10) 333 (1.07)
Asthenia 1344 (1.80) 632 (2.40) 360 (2.09) 352 (1.13)
Urticaria 1222 (1.64) 677 (2.57) 306 (1.78) 239 (0.77)

a Each adverse event report may have more than one COSTART code.
b Vaccine Adverse Event Reporting System.
c Reporting rate calculated per 1,000,000 TIV doses administered; total doses administered for all age groups combined = 747,070,979; 18–49 age group = 263,696,575;
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0–64 age group = 172,364,441; ≥65 age group = 311,009,963.
d Serious reports include deaths, life-threatening events, hospitalizations or prolo
e Includes: injection site reaction, injection site hypersensitivity, edema, mass, p

nduration.

.4. Neurological events

Among all reports (both serious and nonserious) paresthesia was
he most commonly reported neurological adverse event for all age
roups, with a rate of 1.80 per million vaccinations; it was reported
ore than twice as often as any other neurological coding term and
ore than twice as often among persons aged <65 years compared

o those aged ≥65 years. GBS followed as the next most common
ode at a rate of 0.78 per million vaccinations (including serious and
onserious reports). We identified GBS in reports from persons aged
0–64 years nearly twice as often as among both the elderly (≥65
ears) and younger adults (18–49 years) (Table 3). Multiple sclero-

is (reporting rate = 0.03 per million vaccinations) was not among
he top 10 most frequently reported neurological adverse events.
oding terms suggestive of stroke or transient ischemic attack (con-
idered cardiovascular rather than neurological) had a reporting
ate of 0.09 per million vaccinations.

able 3
ost common neurological coding terms (COSTART)a following trivalent inactivated infl

005, United States.

OSTART codea All ≥18 years
N (rate)c

aresthesia 1343 (1.80)
uillain-Barré syndrome 581 (0.78)
eripheral neuritis/neuritis/neuropathy 339 (0.45)
acial paralysis 215 (0.29)
onvulsion/convulsion grand mal 118 (0.16)
taxia 117 (0.16)
ncephalitis/encephalopathy 92 (0.12)
yelitis 88 (0.12)
eningitis/meningism 40 (0.05)
ptic neuritis 33 (0.04)

a Each adverse event report may have more than one COSTART code.
b Vaccine Adverse Event Reporting System.
c Reporting rate calculated per 1,000,000 TIV doses administered; total doses admini

0–64 age-group = 172,364,441; ≥65 age-group = 311,009,963.
ons of hospitalization, and persistent or significant disabilities.
st, atrophy, fibrosis, rash, necrosis, inflammation, abscess, hematoma, granuloma,

3.5. Positive rechallenge events

One hundred nine of 18,245 reports (0.6%) included a positive
rechallenge symptom. The most frequently reported adverse events
among these reports were local (23) and allergic reactions (19) and
systemic illness (16). We found 12 reports describing a neurologi-
cal illness, three of which were serious: GBS, optic neuritis, and a
transient episode of slurred speech and mental confusion associ-
ated with vomiting and hypertension. Three other serious positive
rechallenge adverse event reports included vasculitis, gastroenteri-
tis, and psychosis.
3.6. Death reports

We identified 371 death reports to VAERS after TIV vaccination
(0.5 per million doses administered), representing two percent of all
adverse event reports (371/18,245). Only 31 reports indicated that

uenza vaccine, in adults age ≥18 years old, VAERSb, July 1, 1990 through June 30,

18–49 years 50–64 years ≥65 years
N (rate)c N (rate)c N (rate)c

730 (2.77) 368 (2.14) 245 (0.79)
155 (0.59) 231 (1.34) 195 (0.63)
136 (0.52) 118 (0.68) 85 (0.27)
93 (0.35) 72 (0.42) 50 (0.16)
73 (0.28) 14 (0.08) 31 (0.10)
42 (0.16) 32 (0.19) 43 (0.14)
39 (0.15) 18 (0.10) 35 (0.11)
41 (0.16) 25 (0.15) 22 (0.07)
25 (0.09) 10 (0.06) 5 (0.02)
16 (0.06) 12 (0.07) 5 (0.02)

stered for all age groups combined = 747,070,979; 18–49 age-group = 263,696,575;
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utopsies had been performed. The median age was 73 years (range,
8–104). The median interval between vaccination and date of
eath was nine days (range <1–530 days). Thirty-five reports (9.4%)
escribed death on the day of vaccination, including four reported
s anaphylaxis and six others with death shortly after vaccination
within approximately 1 h based on time or text description) but no
pecified cause of death. We identified co-morbidities in 283 death
eports (76%), and we categorized 245 as high or intermediate-risk
or morbidity/mortality; only 38 of the deaths were associated with
ersons having low-risk co-morbidity.

Among all the reported causes of death, 152 (41%) were
ue to cardiovascular events, including myocardial infarc-
ion/atherosclerotic heart disease (62), heart failure (39), sud-
en death (35), cerebrovascular accident (7), endocarditis (3),
yocarditis (2), and other conditions (4); 70 (19%) were respi-

atory events, including pneumonia/pneumonitis (31), respiratory
ailure (22), chronic obstructive pulmonary disease (9), pulmonary
mbolism (3), and others (5); 39 (11%) were neurological events
GBS (26), myelitis (3), acute disseminated encephalomyelitis (2),
ncephalitis/encephalopathy (3), and others (5)). Malignancy (11),
epsis (8), anaphylaxis (4), Stevens Johnson syndrome (SJS) (3), liver
ailure (3), and various other conditions (20) were also reported
s causes of death. We were unable to find a cause of death for
ixty-one reports (16%). Reports of death due to cardiac causes were
roportionately higher among the older age group (11 [28%], 18
37%] and 120 [43%] among ages 18–49, 50–64 and ≥65 years);
onversely, reports indicating a neurological cause of death were
roportionately higher among the younger ages (8 [21%], 5 [10%]
nd 26 [9%]). Four of the eight death reports among the youngest
ge group stated GBS was the cause of death.

.7. Advanced signal detection (data mining)

GBS, myelitis (and related clinical findings such as paraly-
is, cerebral spinal fluid abnormality), apnea, respiratory disorder,
hinitis, SJS and dermatomyositis (all classified as serious reports)
et the criteria for closer review based on signal detection using a

RR (n ≥ 3, PRR > 2 and chi square > 4). We also reviewed nonserious
eports having coding terms suggestive of uncommon diagnoses,
uch as myelitis, SJS, and dermatomyositis. The median number
f serious reports with any of these coding terms was 13, ranging
rom four to more than 500 (GBS). We did not include a review
f GBS reports in this analysis, since this has been recently pub-
ished [27]. In the text of 70 reports coded as “myelitis” we found a
iagnosis of transverse myelitis or a description of myelitis with
igns/symptoms attributable to the spinal cord [28]. Among 60
eports that did not describe a potential etiology for transverse
yelitis, such as inflammatory arthritis, infection, or multiple scle-

osis, the median onset interval was seven days (range: 0–109; 6
nknown). Using these criteria, the reporting rate of transverse
yelitis within 30 days after vaccination was 0.064 per million

oses administered (48/747,070,979).
Our review of reports with apnea or respiratory disorder

evealed a variety of conditions that may have these symptoms,
ncluding GBS. Rhinitis was usually a coexistent symptom in a
eport for a more serious adverse event. Among 14 reports of
JS, nine patients were taking concomitant medications, and three
ad additional vaccinations. There were six reports of dermato-
yositis; all involved women, and five occurred within a week

fter vaccination (one occurred 298 days following vaccination).
fter reviewing the reports for the remaining coding terms identi-

ed through PRR screening we did not find unexpected patterns
ssociated with clinical characteristics, demographics, or onset
ntervals. Finally, no coding term met the criteria for further
eview using empirical Bayesian data mining methodology (results
ot shown).
7 (2009) 2114–2120

4. Discussion

We used a variety of methods to systematically search for
unusual patterns of adverse events following receipt of TIV among
adults in 15 years of VAERS data. Nearly 750 million TIV vaccinations
were administered to adults during the period of this review, and
it would be expected that a variety of serious medical conditions
may occur coincidentally after vaccination. While we did identify a
broad range of serious adverse events reported after receipt of TIV,
it is reassuring that no clear new safety concern emerged.

A review by an Institute of Medicine committee of neurolog-
ical adverse events following TIV [17] prompted us to focus part
of our review on this topic. Some of the neurological events iden-
tified in our review have previously been observed. GBS was the
most common serious event reported and second only to pares-
thesia for all reported neurological events. The 1976–1977 swine
influenza vaccines were associated with an increased risk of GBS
at a rate of one case per 100,000 persons vaccinated [2,17]. This
finding may continue to contribute to ongoing concerns and stim-
ulated reporting of GBS to VAERS. However, controlled studies of
TIV formulations since that time have demonstrated either no or
only slightly elevated risk [17,29–33]. A previous review of VAERS
data revealed reporting rates of GBS following receipt of TIV have
decreased four-fold from 1994 through 2003 [27].

A causal association of Bell’s palsy following receipt of TIV has
been hypothesized from reports to VAERS [34], but a self-controlled
observational study in the United Kingdom did not support this
association [35]. The Institute of Medicine committee reviewed the
hypothesized association between TIV and certain demyelinating
conditions such as optic neuritis and incident multiple sclerosis
and concluded that evidence was inadequate to accept or reject
this association [17]. In our examination of reports of transverse
myelitis, we found 60 with no alternative etiology, most with onset
within a few weeks after vaccination (median 7 days). Despite this
pattern, the reporting rate of transverse myelitis without an identi-
fied etiology and with onset within 30 days after vaccination (0.064
per million) was less than the background rate (0.107–0.378 per
million per 30 day period) [24,25]. Sensitivity analyses using a less
restricted subset from VAERS still yielded a reporting rate within
the range of the background rate (data not shown). However, recent
estimates of background incidence are not available, and because
VAERS is limited by underreporting, the true incidence of transverse
myelitis or other adverse events after TIV is unknown.

A previously published review found a number of SJS reports
following a variety of vaccines without other identified etiologies
[36]. We found a limited number of SJS reports following influenza
vaccinations, most with competing etiologies or insufficient infor-
mation. Our analysis did not identify SJS or transverse myelitis as
clear safety concerns, but due to the limitations of VAERS and the
seriousness of these conditions, continued monitoring is impor-
tant.

Dyspnea was one of the most commonly reported adverse events
among serious reports. One data mining method (but not the other
method) also highlighted the coding terms for respiratory disorder
and apnea, but review of these reports did not reveal any unex-
pected patterns. These symptoms reflect many conditions (e.g.,
hypersensitivity reactions, GBS, pneumonitis) and may also be
more common due to confounding by indication, i.e., persons with
chronic respiratory conditions are advised to receive TIV. An “ocu-
lorespiratory syndrome”, defined as respiratory symptoms or facial
edema or red eyes within 24 h following receipt of TIV, has been

described in Canada [37–41]. However these symptoms have high
background rates (3.4% among placebo recipients in one study [41]),
and it is difficult to assess their possible association with vaccina-
tion from spontaneous reporting. These symptoms would best be
assessed within clinical trials.
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The causes of death reported (primarily cardiovascular) and the
ges of the vaccinees in death reports, are largely consistent with
hat is seen in the general population [42]. In addition, there was a

ubstantial variation in causes of death. Together, these findings
o not suggest causation by TIV. We found neurological events
omprised the second largest proportion of death reports among
ersons aged 18–49 years, even though neurological conditions are
ot among the leading causes of death in US adults aged <65 years
42]. However, the total number of neurological death reports for
his age group (18–49 years) is small (8), with half indicating GBS
s the cause of death and no pattern among the others. Although
AERS data are likely limited by underreporting, this particular
nding may reflect stimulated reporting for GBS.

Four reports of deaths shortly after vaccination identified ana-
hylaxis as the cause. Anaphylaxis is a recognized risk of influenza
nd other vaccines [43,44]. Another six reports described deaths
ithin approximately 1 h after vaccination; we could not assess

rom available data whether these vaccinees had unrecognized ana-
hylactic reactions or some other event, such as arrhythmia, either
ot detected or not included in the report.

The most frequently reported symptoms among nonserious
eports were linked to the general body system category (e.g., local
eactions, fever, fatigue, and headache) (Fig. 2). Positive rechallenge
eports, which may provide some support for a causal relation-
hip between a vaccine and an adverse event, were mostly local
nd systemic reactions although some serious adverse events were
eported. Positive rechallenges might represent a reasonable basis
or further assessment; they do not by themselves prove relation-
hips to vaccination.

To our knowledge this is the largest comprehensive review of
ost-licensure adverse event reports following receipt of TIV, yet
he adverse events described and shown in Table 2 represent only
6% and 49% of the coding terms in serious and nonserious reports.
here are a multitude of other adverse events temporally associ-
ted with TIV, some of which have been described in published
eports or listed in product labeling, though causality is generally
ncertain [45–60]. Due to the vast accumulation of symptom codes
nd medical conditions in VAERS, and in order to concisely sum-
arize and present highlights of the safety profile, we limited our

eview. Adverse events did not appear in our report if they were
nfrequently reported, not associated with death or positive rechal-
enge, or not found to be disproportionately reported after TIV as
ompared to other vaccines in VAERS.

VAERS is subject to underreporting, biased reporting (as it
elates to severity, publicity or timing of the adverse event) and
nconsistency in the quality and completeness of reports. Serious
vents or events that occur shortly after vaccination, are highly
isible in the media or follow a recently marketed vaccine are more
ikely to be reported to VAERS [6,7,10]. However, VAERS provides
aluable information for a larger and more diverse population
han what is attainable during pre-licensure trials and has been
emonstrated to be useful for early detection of potential safety

ssues [61,62].
The 15 year period of our review included whole virus (not

urrently distributed), split, and purified subunit TIV manufactured
sing egg based technology. In the future, incorporation of new
echnologies into the development of pandemic and seasonal
accines (e.g., adjuvants, cell culture) may result in changes in
he safety profile; post-licensure monitoring will continue to be
rucial [1].
. Conclusion

Our review of VAERS data did not identify any clear new
afety concerns, but some rare serious events may warrant further
nvestigational studies (e.g., case–control or prospective analy-

[

[
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ses), and, due to its association with the 1976–1977 vaccines,
GBS requires continued monitoring. The most frequently reported
adverse events were not severe, consistent with data from clini-
cal trials. In the event of influenza pandemic when vaccines may
need to be rapidly distributed, only limited safety data from pre-
licensure trials may be available. This safety profile from 15 years
of post-marketing surveillance for TIV may provide a reference for
reported adverse events and a context to help identify new adverse
event patterns.
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