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Background:  Hypersensitivity  disorders  following  vaccinations  are  a cause  for concern.
Objective:  To  determine  the  type  and  rate  by  age, gender,  and  vaccine  received  for  reported  hypersensi-
tivity  reactions  following  monovalent  2009  pandemic  influenza  A  (H1N1)  vaccines.
Design:  A systematic  review  of  reports  to the  Vaccine  Adverse  Event  Reporting  System  (VAERS)  following
monovalent  2009  pandemic  influenza  A  (H1N1)  vaccines.
Setting/patients:  US  Civilian  reports  following  vaccine  received  from  October  1,  2009  through  May  31,
2010.
Measurements:  Age,  gender,  vaccines  received,  diagnoses,  clinical  signs,  and  treatment  were  reviewed
by  nurses  and physicians  with  expertise  in vaccine  adverse  events.  A  panel  of  experts,  including  seven
allergists  reviewed  complex  illnesses  and  those  with  conflicting  evidence  for  classification  of the  event.
Results:  Of  1984  reports,  1286  were  consistent  with  immediate  hypersensitivity  disorders  and  were
attributed  to anxiety  reactions,  syncope,  or other  illnesses.  The  female-to-male  ratio  was  ≥4:1  for  persons
20-to-59  years  of  age,  but  approximately  equal  for children  under  10. One  hundred  eleven  reports  met
Please cite this article in press as: Halsey NA, et al. Immediate hypersensitivity reactions following monovalent 2009 pandemic influenza A
(H1N1)  vaccines: Reports to VAERS. Vaccine (2013), http://dx.doi.org/10.1016/j.vaccine.2013.09.066

Brighton  Collaboration  criteria  for  anaphylaxis;  only  one-half  received  epinephrine  for  initial  therapy.
The overall  rate  of  reported  hypersensitivity  reactions  was  10.7  per million  vaccine  doses  distributed,
with  a 2-fold  higher  rate  for live  vaccine.
Limitations:  Underreporting,  especially  of  mild  events,  would  result  in  an underestimate  of the  true  rate  of
immediate  hypersensitivity  reactions.  Selective  reporting  of  events  in adult  females  could  have  resulted
in  higher  rates  than  reported  for  males.
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Conclusions:  Adult  females  may  be  at  higher  risk  of hypersensitivity  reactions  after  influenza  vaccina-
tion than  men.  Although  the  risk  of  hypersensitivity  reactions  following  2009  pandemic  influenza  A
(H1N1) vaccines  was  low,  all clinics  administering  vaccines  should  be  familiar  with  treatment  guidelines
for these  adverse  events,  including  the  use  of intramuscular  epinephrine  early  in  the  course  of  serious
hypersensitivity  reactions.
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. Introduction

Vaccines, including influenza vaccines, can cause immediate
ypersensitivity reactions. The rates of immediate hypersensitivity
eactions vary by vaccine and age; anaphylaxis after vaccination
ccurs at a rate of approximately one per million doses admin-
stered [1,2]. Less severe reactions such as urticaria undoubtedly
ccur much more frequently.

The Vaccine Adverse Event Reporting System (VAERS), co-
anaged by the Centers for Disease Control and Prevention (CDC)

nd the Food and Drug Administration (FDA) [3], accepts reports
rom anyone with knowledge of an adverse event following vacci-
ation, including healthcare providers, manufacturers and, affected
atients. We  systematically reviewed all VAERS reports from the
nited States for possible immediate hypersensitivity reactions fol-

owing monovalent 2009 pandemic influenza A (H1N1) vaccine
H1N1 vaccines) to determine factors associated with reported
vents, to assess the validity of diagnoses, and to determine if there
ere differences in reporting rates by vaccines produced by differ-

nt manufacturer.

. Methods

VAERS is a national spontaneous reporting system co-
dministered by the Centers for Disease Control and Prevention
nd the Food and Drug Administration that receives reports of
dverse events that occur after vaccination [3]. Signs and symp-
oms of adverse events described on the VAERS form are coded,
sing the Medical Dictionary for Regulatory Activities (MedDRA)
4]. A report is classified as serious if one of the following events is
eported: death, life-threatening illness, hospitalization or prolon-
ation of hospitalization, or permanent disability [5]. We  identified
ossible VAERS reports of immediate hypersensitivity events fol-

owing receipt of inactivated H1N1 vaccines (IV) or live attenuated
nfluenza vaccine (LAIV) received from October 1, 2009 through

ay  31, 2010. Initially, during the H1N1 vaccine campaign, all seri-
us adverse event reports reported to VAERS were reviewed for
ossible immediate hypersensitivity reactions as part of the Cen-
ers for Disease Control effort to detect unexpected serious adverse
vents from these new vaccines. In 2012, in order to detect all
eports of hypersensitivity adverse events, a retrospective search
f all VAERS reports for recipients of the H1N1 vaccine was con-
ucted using the following MedDRA search terms: anaphylactic
eaction, anaphylactic shock, anaphylactoid reaction, anaphylac-
oid shock, laryngeal edema, wheezing, allergic edema, face edema,
ongue edema, laryngospasm, allergic respiratory symptom, res-
iratory distress, urticaria, urticaria generalized, urticaria papular,
ngioneurotic edema, idiopathic urticaria, cross sensitivity reac-
ion, documented hypersensitivity to administered drug, drug
ypersensitivity, hypersensitivity, type I hypersensitivity, urticaria
hermal, urticaria vesiculosa, vaccination site hypersensitivity, lip
welling, swelling face, dyspnea, swollen tongue, allergy to vaccine,
nd throat tightness. These terms were chosen in order to capture
Please cite this article in press as: Halsey NA, et al. Immediate hypersen
(H1N1)  vaccines: Reports to VAERS. Vaccine (2013), http://dx.doi.org/10.1

ll possible immediate hypersensitivity reactions, including those
hat may  not have been properly diagnosed at the time of the report.

The retrospective search included reports of illness that
ad onset during days 0–2 following vaccination, and reports
© 2013 Elsevier Ltd. All rights reserved.

without a time recorded. Reports from military personnel and those
from outside the United States were excluded because the numbers
of doses administered to these populations were not available for
determination of reporting rates. Each report and available medical
records were reviewed by two  nurses and a physician (NAH) trained
in reviewing VAERS reports. Additional information was obtained
from medical records for reports from the persons who  reported
the adverse event and/or the healthcare providers when indicated
to obtain information needed to verify the diagnosis and interviews
were conducted with selected affected patients after the health care
provider obtained consent from the patient. We  classified reports
into diagnostic categories based upon all the clinical evidence
available. Patients with hives/urticaria who  also had more severe
symptoms (e.g. respiratory distress or angioedema) were classified
in accordance with the most severe manifestation. Difficult to clas-
sify and/or unusual health events were reviewed by one or more
allergists, and selected problem cases were reviewed with five to
nine immunologists/allergists on conference calls conducted by the
Clinical Immunization Safety Assessment (CISA) hypersensitivity
working group [6,7]. The Brighton Collaboration case definition [8]
was used to classify reports of anaphylaxis (Table 1). The number of
doses of H1N1 vaccine distributed by manufacturer was obtained
from the CDC. Immunization coverage rates by gender and age
groups were estimated from the National Health Interview Survey
(NHIS) [9].

This study was  approved by the Institutional Review Board of the
Johns Hopkins Bloomberg School of Public Health. Because VAERS
is an ongoing surveillance program that does not meet the defini-
tion of research, it was  determined that CDC IRB approval was not
needed.

3. Results

Of 1984 reports of suspected immediate hypersensitivity
adverse events following H1N1 vaccines submitted to VAERS,
medical records were obtained for 156 patients and 25 patients
were contacted directly for supplemental information. Following
review, 1286 reports were verified as hypersensitivity disorders.
The remaining were attributed to anxiety reactions, syncope, or
other conditions. Of the 1286 with hypersensitivity reactions, 140
were reported to have received other vaccines concurrently (100
of these received 2009–10 seasonal trivalent influenza vaccine):
190 were known to have received H1N1 vaccine only. For the
remaining records no information regarding other vaccines was
reported. The most common diagnosis assigned by the panel was
hives/urticaria, followed by anaphylaxis and anxiety (Fig. 1). The
gender distribution of reports with hypersensitivity diagnoses was
approximately equal for young children, but after 9 years of age
there was  a predominance of females with the ratio of females to
males greater than 4:1 for most age groups with a peak of 9.5:1
for 30–39 year olds, then decreasing to approximately equal dis-
tribution after 69 years of age (Fig. 2). This pattern was similar for
reports from healthcare providers and self-reports from affected
sitivity reactions following monovalent 2009 pandemic influenza A
016/j.vaccine.2013.09.066

individuals or their family members (data not shown). Data from
the National Health Interview Survey in May  2010 revealed slightly
higher coverage rates for males than females for H1N1 vaccines
in all age groups (Fig. 3). One hundred eleven of the immediate

dx.doi.org/10.1016/j.vaccine.2013.09.066


ARTICLE IN PRESSG Model

JVAC-14704; No. of Pages 6

N.A. Halsey et al. / Vaccine xxx (2013) xxx– xxx 3

Table 1
Brighton Collaboration major and minor criteria used in the case definition of anaphylaxis [8].

Organ system Major Minor

Dermatologic or mucosal • Generalized urticaria (hives) or
generalized erythema

• Generalized pruritus without skin
rash

•  Angioedema (not hereditary),
localized or generalized

• Generalized prickle sensation
•  Localized injection site urticaria

•  Generalized pruritus with skin rash • Red and itchy eyes

Cardiovascular • Measured hypotension • Reduced peripheral circulation as
indicated by the combination of at
least 2 of:

•  Clinical diagnosis of uncompensated
shock, indicated by the combination of
at least 3 of the following:

© Tachycardia and

©  Tachycardia © Capillary refill time > 3 s without
hypotension

©  Capillary refill time > 3 s © Decreased level of consciousness
©  Reduced central pulse volume
© Decreased level of consciousness

or loss of consciousness

Respiratory • Bilateral wheeze (bronchospasm) • Persistent dry cough
•  Stridor • Hoarse voice
•  Upper airway swelling (lip, tongue,
throat, uvula, or larynx)

• Difficulty breathing without wheeze
or stridor

•  Respiratory distress – 2 or more
of  the following:

• Sensation of throat closure
• Sneezing, rhinorrhea

©  Tachypnoea
© Increased use of accessory

respiratory muscles
© Recession
© Cyanosis
© Grunting

Gastrointestinal • Diarrhea
• Abdominal pain
• Nausea
• Vomiting

Laboratory • Mast cell tryptase elevation > upper
normal limit

For all levels of diagnostic certainty: Anaphylaxis is a clinical syndrome characterized by

• sudden onset AND
• rapid progression of signs and symptoms AND
• involving multiple (≥2) organ systems, as follows.

Level 1 of diagnostic certainty:

• ≥1 major dermatological AND
• ≥1 major cardiovascular AND/OR ≥1 major respiratory criterion.

Level 2 of diagnostic certainty:

• ≥1 major cardiovascular AND ≥1 major respiratory criterion OR
• ≥1 major cardiovascular OR respiratory criterion AND
• ≥1 minor criterion involving ≥1 different system (other than cardiovascular or respiratory systems) OR
• (≥1 major dermatologic) AND (≥1 minor cardiovascular AND/OR minor respiratory criterion).

Level 3 of diagnostic certainty:

•
•

h
r

r
1
6
c
p
4
a

≥1 minor cardiovascular OR respiratory criterion AND
≥1 minor criterion from each of ≥2 different systems/categories.

ypersensitivity disorder reports met  Brighton Collaboration crite-
ia levels 1(38), 2(62), or 3(11) for anaphylaxis.

The reported onset of symptoms was within 15 min  after vaccine
eceipt in 212 (17%) of the 1286 with hypersensitivity disorders;
88 (15%) were 16–60 min, 234 (18%) were between 1 and 4 h,
07 (47%) were 5–48 h, 22 (2%) were more than 2 days after vac-
Please cite this article in press as: Halsey NA, et al. Immediate hypersen
(H1N1)  vaccines: Reports to VAERS. Vaccine (2013), http://dx.doi.org/10.1

ine administration, and for 23 (2%) the time interval could not be
recisely determined. Most of the reports with onset more than

 h were hives/urticaria or other rashes, 56 were facial swelling,
nd one patient had a serum sickness-like illness. Treatment
information was available for 912 reports (Table 2). The most
common therapy administered for all conditions was diphenhy-
dramine. Fifty-two (51%) of 102 patients with anaphylaxis for
whom treatment data were available received epinephrine, the
recommended therapy for severe immediate hypersensitivity reac-
tions [10,11].
sitivity reactions following monovalent 2009 pandemic influenza A
016/j.vaccine.2013.09.066

Vaccine distribution information revealed that 127,075,320
doses of monovalent influenza vaccine were distributed in the U.S.
during 2009 and 2010 (Table 3). The reporting rate of hypersensi-
tivity was 10.1 per million doses of monovalent vaccine distributed.

dx.doi.org/10.1016/j.vaccine.2013.09.066
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Table 2
Treatment of 912 patients with suspected hypersensitivity reactions reported to VAERS by diagnosis.

Diagnosis (N) Epinephrine Diphenhydramine Steroids H2 antagonists Inhaler/nebulizer

Hives/urticaria (394) 17 (4%) 359 (91%) 122 (31%) 34 (9%) 7 (2%)
Anaphylaxis (102) 52 (51%) 87 (85%) 74 (73%) 31 (30%) 15 (15%)
Anxiety  (63) 15 (24%) 48 (76%) 21 (33%) 4 (6%) 11 (17%)
Angioedema (76) 8 (11%) 66 (87%) 40 (53%) 10 (13%) 5 (7%)
Respiratory hypersensitivity (70) 22 (31%) 40 (57%) 33 (47%) 8 (11%) 42 (60%)
Rash,  other (46) 3 (7%) 34 (74%) 23 (50%) 2 (4%) 2 (4%)
Sensation of throat closure (43) 15 (35%) 37 (86%) 19 (44%) 5 (12%) 4 (9%)
Pruritus without rash (21) 2 (10%) 21 (100%) 8 (38%) 2 (10%) 1 (5%)
Other  (56) 2 (4%) 22 (39%) 24 (43%) 4 (7%) 24 (43%)
Vasovagal response (12) 6 (50%) 9 (75%) 5 (42%) 1 (8%) 0 (0%)
Serum sickness (2) 0 (0%) 1 (50%) 1 (50%) 0 (0%) 0 (0%)
Facial  swelling ≥ 4 h after vaccine (27) 4 (15%) 22 (81%) 12 (44%) 2 (7%) 2 (7%)

Table 3
1286 hypersensitivity reactions by H1N1 vaccine manufacturer.

H1N1 vaccine manufacturer Hypersensitivitya reports Doses distributed Rate per million doses distributed

CSL 27 3,451,900 7.8
Novartis 298 37,778,800 7.9
Sanofi  pasteur 554 64,089,420 8.6
Medimmuneb 256 21,755,200 11.8
Unknown 151

All influenza vaccines 1286 127,075,320 10.1

H

 .05.
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1N1 vaccines = monovalent 2009 pandemic influenza A (H1N1) vaccine.
a Hypersensitivity only; anxiety, vasovagal and other were removed.
b Live Medimmune vs Novartis p < .001, vs Sanofi pasteur p < .001, and vs. CSL p =

lthough the reporting rates were all in the same general range, the
ate for the live vaccine was  significantly higher than for each of the
nactivated vaccines (Table 3). The rate of anaphylaxis was  0.8 per

illion doses, with no significant differences by manufacturer.
The specific allergens that might have been responsible for the

ypersensitivity disorders in these patients and allergy histories
ere not available for most reports. Four patients reported a his-

ory of egg allergy, but two of these reported eating eggs regularly
ithout problems and one other patient was negative to skin tests
ith egg protein. One of the 4 patients developed anaphylaxis
Please cite this article in press as: Halsey NA, et al. Immediate hypersen
(H1N1)  vaccines: Reports to VAERS. Vaccine (2013), http://dx.doi.org/10.1

Brighton level 1) 30 min  after vaccination and reported a history
f allergy to peanuts, tree nuts, and possible egg allergy prior to
accination. Two of these four patients had respiratory hypersen-
itivity only, and one had sensation of throat closure. One additional

0 100 200 300 400 500 600 700 800

Serum sickness

Vasovagal response

Pruritus without rash

Facial swelling ≥4 hours

Sensa�on of throat closure

Rash, other

espiratory hypersensi�vity

Anaphylaxis

Angioedema

Anxiety

Other

Hives/ur�caria 

Number of Reports

Male

Female

ig. 1. Diagnoses for 1984 reports to VAERS of suspected hypersensitivity following
1N1 vaccines by gender. VAERS = Vaccine Adverse Event Reporting System. H1N1
accines = monovalent 2009 pandemic influenza A (H1N1) vaccine.
1-year-old patient developed hives 2 days after vaccination and 1
day after eating eggs but did not report a history of egg allergy prior
to vaccination: allergy testing revealed allergy to eggs.

4. Discussion

The overall rate of anaphylaxis reports to VAERS following
receipt of 2009 pandemic influenza A (H1N1) vaccines was low,
and consistent with other reports of anaphylaxis following immu-
nizations in populations where all health outcomes were identified
and linked to immunization records [2,12]. Less severe hypersen-
sitivity reactions were reported at a higher rate than anaphylaxis,
consistent with the recognized more frequent occurrence of milder
hypersensitivity reactions from vaccines and other causes [2].
These rates most likely underestimate the true rate because of the
recognized underreporting of mild or moderate adverse events in
passive surveillance systems such as VAERS [3]. The higher rate
of reports in adult females cannot be explained by differences in
immunization coverage since males had slightly higher coverage
rates. The higher reported rate in adult females could be explained
by higher rates of reporting adverse events by females or by a
true higher rate of immediate hypersensitivity reactions in females.
Since the gender ratios were similar for reports from different
sources, we do not believe that this pattern can be attributed to
selective reporting by females. The pattern of equal rates in children
under 10 years of age, increasing female-to-male ratios by age with
a peak in 20–39 year olds and then reverting to approximately equal
in older individuals suggests a biological effect possibly associated
with reproductive hormones. Other reports of patients treated in
emergency rooms and hospitals suggest that adult females may  be
at higher risk than males of developing hypersensitivity reactions
following exposure to different allergens [13–19]. There may  be
biologic mechanisms that could explain the apparent higher rate
of hypersensitivity reactions among females following a variety of
sitivity reactions following monovalent 2009 pandemic influenza A
016/j.vaccine.2013.09.066

allergen exposures. Females have reported higher rates of other
adverse events than males in clinical trials of rubella and anthrax
vaccines [20–22]. Studies of hypersensitivity reactions following
other products should include analyses of gender ratios by age to

dx.doi.org/10.1016/j.vaccine.2013.09.066
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ee if there is a pattern similar to what was observed in this study.
lso, a better understanding of the role of hormones and genetics in

he pathogenesis of hypersensitivity reactions would help explain
he observed differences in rates by gender.

Since all vaccine doses distributed are not administered, the
ates by manufacturer slightly underestimate the rates of reported
eactions. The reporting rate was higher for the live vaccine than
or any of the inactivated vaccines. Possible explanations for these
ifferences could include increased awareness or concern about
espiratory symptoms following the live vaccine, differences in
omponents, or the route of administration.

In spite of the known therapeutic advantage of the early use
f intramuscular epinephrine during an immediate hypersensi-
ivity reaction, epinephrine was administered to only 51% of
atients with anaphylaxis and 9% of patients with angioedema
10,11]. Treatment with epinephrine is safe and establishing stan-
ard protocols for management of anaphylaxis can improve the
tilization rates for epinephrine and other essential medications
23]. Delays in initiating treatment with epinephrine can be asso-
iated with severe complications, need for hospitalization, and
eath [24,25]. Most patients received diphenhydramine and many
eceived combinations of therapy. Standard guidelines for man-
gement of serious allergic reactions have been developed and all
linics where vaccines are administered should have staff trained
n recognizing the early signs of severe immediate hypersensitivity
Please cite this article in press as: Halsey NA, et al. Immediate hypersen
(H1N1)  vaccines: Reports to VAERS. Vaccine (2013), http://dx.doi.org/10.1

nd initiating proper therapy [21,26,27].
Patients who have had an immediate hypersensitivity reaction

ollowing a vaccine require careful investigation to determine the
dvisability of administering any additional doses of the vaccine,
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ig. 3. H1N1 immunization coverage by age and gender – as of May 2010. H1N1
accines = monovalent 2009 pandemic influenza A (H1N1) vaccine.
wing H1N1 vaccines by age and gender. VAERS = Vaccine Adverse Event Reporting

usually under the guidance of a specialist. CISA has developed an
algorithm approach to assist with evaluating and managing these
patients [28].

As with most hypersensitivity reactions to vaccines, the specific
allergens responsible for the reactions have not been determined
for most of the affected individuals. All of the 2009 influenza vac-
cines were produced in eggs and contained residual small amounts
of egg protein as well as some other potential allergens (polymyxin,
neomycin, or gentamicin) and some contained polysorbate 80
which can cause anaphylactoid reactions [29–31]. The risk of seri-
ous immediate hypersensitivity reactions to influenza vaccines
among egg allergic patients is very low and most egg aller-
gic patients can safely receive influenza vaccines because of the
reduced levels of residual egg protein in vaccines produced in
recent years [26,32]. However, serious hypersensitivity reactions
can occur as noted in the patient in this series who  developed
anaphylaxis and the two patients with respiratory hypersensitiv-
ity. Thus, patients with a history of more serious reactions to egg
need to be evaluated by a specialist to determine the advisability
of administering any additional doses of the vaccine [26,30].

Most vaccines can cause hypersensitivity reactions [33]. Careful
review of reported hypersensitivity reactions can help determine
factors associated with these reactions and help differentiate true
hypersensitivity reactions from syncope, anxiety reactions and
other disorders.
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