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Abstract

Background—Anaphylaxis is a potentially life-threatening allergic reaction. The risk of 

anaphylaxis after vaccination has not been well described in adults or with newer vaccines in 

children.

Objective—We sought to estimate the incidence of anaphylaxis after vaccines and describe the 

demographic and clinical characteristics of confirmed cases of anaphylaxis.

Methods—Using health care data from the Vaccine Safety Datalink, we determined rates of 

anaphylaxis after vaccination in children and adults. We first identified all patients with a 

vaccination record from January 2009 through December 2011 and used diagnostic and procedure 

codes to identify potential anaphylaxis cases. Medical records of potential cases were reviewed. 

Confirmed cases met the Brighton Collaboration definition for anaphylaxis and had to be 

determined to be vaccine triggered. We calculated the incidence of anaphylaxis after all vaccines 

combined and for selected individual vaccines.
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Results—We identified 33 confirmed vaccine-triggered anaphylaxis cases that occurred after 

25,173,965 vaccine doses. The rate of anaphylaxis was 1.31 (95% CI, 0.90-1.84) per million 

vaccine doses. The incidence did not vary significantly by age, and there was a nonsignificant 

female predominance. Vaccine-specific rates included 1.35 (95% CI, 0.65-2.47) per million doses 

for inactivated trivalent influenza vaccine (10 cases, 7,434,628 doses given alone) and 1.83 (95% 

CI, 0.22-6.63) per million doses for inactivated monovalent influenza vaccine (2 cases, 1,090,279 

doses given alone). The onset of symptoms among cases was within 30 minutes (8 cases), 30 to 

less than 120 minutes (8 cases), 2 to less than 4 hours (10 cases), 4 to 8 hours (2 cases), the next 

day (1 case), and not documented (4 cases).

Conclusion—Anaphylaxis after vaccination is rare in all age groups. Despite its rarity, 

anaphylaxis is a potentially life-threatening medical emergency that vaccine providers need to be 

prepared to treat.
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Anaphylaxis is an acute, systemic, and potentially lethal hypersensitivity reaction with 

multiple organ system involvement.1-4 Anaphylaxis can occur after exposure to allergens 

from a variety of sources, including food, venom, drugs, and immunizations. Virtually all 

vaccines have the potential to trigger anaphylaxis.5,6 Recently, a committee of the Institute 

of Medicine (IOM) concluded that epidemiologic and mechanistic evidence convincingly 

supports a causal relationship between anaphylaxis and several childhood and adolescent 

vaccines (measles, mumps, rubella [MMR] vaccine; varicella vaccine; influenza vaccine; 

hepatitis B vaccine; diphtheria toxoid-, tetanus toxoid-, and acellular pertussis antigen-

containing vaccines; and meningococcal vaccine), favors acceptance of a causal relationship 

for the human papillomavirus vaccine (HPV; mechanistic evidence only), and is inadequate 

for hepatitis A vaccine (HAV).7 Vaccine components that might be allergenic include the 

vaccine antigen, residual animal protein, antimicrobial agents, preservatives, stabilizers, or 

other vaccine components.8 Individual vaccine components that have been implicated in 

acute vaccine reactions include egg protein, gelatin, milk proteins, and potentially other 

additives. Natural rubber latex, which can be contained in the syringe plunger, the tips on 

prefilled syringes, and vial stoppers, is another potential cause of anaphylaxis.9

The life-threatening nature of anaphylaxis and the acceptance of a causal relationship with 

certain vaccines make estimation of the magnitude of risk after vaccination an important 

priority for research into vaccine safety. Current data are limited for quantifying the risk of 

anaphylaxis associated with vaccination in general or with specific vaccines. Given the 

infrequency with which anaphylaxis occurs, large populations are necessary to study this 

exposure-disease relationship. The Vaccine Safety Datalink (VSD), a collaboration between 

the Centers for Disease Control and Prevention’s Immunization Safety Office and several 

integrated health care systems across the United States, offers such a population.10 The only 

population-based data on the risk of anaphylaxis associated with vaccination are from a 

much-cited historical VSD study conducted by Bohlke et al11 covering the years 1991-1997. 

At the time of the study by Bohlke et al,11 the VSD comprised 4 sites with a population of 

approximately 6 million persons, and the focus was on the safety of childhood 
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immunizations; there was limited use of influenza vaccine in the pediatric population. 

Bohlke et al11 used an ad hoc algorithm in their study to classify anaphylaxis cases. Based 

on 5 confirmed cases, the incidence rate of anaphylaxis in children and adolescents was 

estimated to be 0.65 (95% CI, 0.21-1.53) cases per million vaccine doses.11

Recently, since the report by Bohlke et al,11 there have been changes to the recommended 

childhood and adult immunization schedules, with broader age groups recommended to 

receive certain vaccines and the introduction of several new vaccines and vaccine 

combinations. Importantly, influenza vaccine has been generally recommended for the entire 

US population aged 6 months or greater, with more than 100 million doses of influenza 

vaccine administered annually. Because eggs are used in the production of most influenza 

vaccines, these contain small amounts of ovalbumin, and potential anaphylactic reactions 

among patients with egg allergy are an important safety concern for influenza vaccines. A 

recent advance in vaccine safety science has been the Brighton Collaboration’s development 

of standardized case definitions and guidelines for data collection, analysis, and 

presentation. In 2007, the Brighton Collaboration published a standardized case definition 

for anaphylaxis after vaccinations.12 Lastly, since the Bohlke et al report,11 VSD has 

expanded to a total of 9 sites with the ability to monitor vaccine safety in a larger and more 

diverse population of both children and adults.13

Therefore we conducted a study using recent VSD data and applied the Brighton criteria in 

our analysis. Our study objectives included (1) estimating the incidence of anaphylaxis after 

all vaccines combined and for individual vaccines (when dose numbers were sufficient to 

allow vaccine-specific analysis [eg, influenza vaccines]) and (2) describing the demographic 

and clinical characteristics of confirmed cases of anaphylaxis.

METHODS

Study population

Our study population included all children and adults enrolled in the health plans at 9 VSD 

sites who received 1 or more vaccines during the period from January 1, 2009 through 

December 31, 2011. Currently, the VSD has data on approximately 9.3 million subjects 

available annually, including 2.1 million children and 7.2 million adults.13 The participating 

VSD sites maintain automated databases of health care encounters, including immunization 

registries with detailed information on vaccines administered; have the capability to access 

written or electronic medical records and other data sources to provide detailed information 

on specific health care encounters; and provide integrated health care services to their 

members so that the full spectrum of health care from outpatient department (OPD) and 

emergency department (ED) visits to hospitalizations can be captured. The study protocol 

was approved by institutional review boards at the Centers for Disease Control and 

Prevention and each VSD site, and it was determined that informed consent was not 

required.
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Case identification

We identified potential cases of anaphylaxis based on International Classification of 

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (Table I). Our primary 

search in automated data of the OPD, inpatient/hospital, and ED settings identified either (1) 

a specific anaphylaxis code (995.0, anaphylactic shock; 999.4, anaphylactic shock caused by 

serum) occurring 0 to 2 days after vaccination, with day 0 being the day of vaccination, or 

(2) an external cause of injury code (E948.0 through E948.9, any adverse reaction from 

bacterial vaccines; E949.0 through E949.9, any adverse reaction from other vaccines and 

biological substances) occurring on day 0. To restrict to only incident cases, we excluded 

any of the above visits if the same code had been used at another visit in the prior 2 days.

Previous studies have suggested that some anaphylaxis cases are coded as other allergic 

reactions, and therefore we conducted a 2-phase secondary search of the electronic data to 

identify all vaccine-exposed persons with nonspecific codes for selected allergic episodes 

(restricted to diagnoses occurring only on day 0 and without a prior diagnosis in the 

preceding 42 days). The ICD-9-CM codes included can be found in Table I. At each VSD 

site, a site-specific algorithm was used to screen these subjects’ automated data to include 

only those patients with allergic episodes who also received epinephrine within 24 hours of 

vaccination for further case validation.

Case validation

Medical chart review was conducted at VSD sites by trained personnel on all potential 

anaphylaxis cases identified in the automated search by using a standardized chart 

abstraction instrument (Fig 1). The purpose was to obtain clinical information to document a 

clinical diagnosis of anaphylaxis, including whether the diagnosis was recorded in the chart 

by the treating provider.

All completed chart abstraction forms that indicated anaphylaxis, possible anaphylaxis, and 

allergic episode were adjudicated by 2 medical officers (M.M.M. and L.S.) using the 

Brighton criteria for anaphylaxis (Tables II and III).12 Although the Brighton criteria specify 

a “sudden onset and rapid progression” of signs and symptoms of anaphylaxis, an exact 

timeframe is not specified.

Vaccination and other variables

During the 3-year study period, vaccine exposure was determined by using automated data. 

In addition, medical chart abstraction of potential cases included vaccine, vaccine 

manufacturer, and lot number. Additional data obtained from the electronic records included 

sex, date of birth, VSD site, and health plan enrollment dates. Medical chart abstraction of 

potential cases also collected information on any prior history of and/or specific drug 

therapy for potentially atopic conditions, including anaphylaxis, asthma, atopic dermatitis, 

allergic bronchitis, rhinitis, bronchiolitis, and specific allergies (eg, to egg or medications), 

as well as clinical details on the anaphylactic episode of interest and follow-up management. 

Information about potential nonvaccine causes of anaphylaxis (eg, egg and medication 

allergy) was also collected. We classified anaphylaxis cases as vaccine triggered or not from 

information in the medical chart, including health care provider’s assessment and exposure 
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to vaccines and other nonvaccine triggers in relation to timing of onset of the anaphylactic 

episode.

Analyses

Using the number of validated cases of anaphylaxis and the number of vaccine doses 

administered, we calculated the incidence per million doses administered and exact 95% 

confidence limits of anaphylaxis after vaccination for all vaccines combined and for select 

vaccines with adequate numbers to allow calculation.14 SAS 9.3 software (SAS Institute, 

Cary, NC) was used for analysis.

RESULTS

From January 1, 2009 through December 31, 2011, we identified a total of 17,606,500 

vaccination visits at which a total 25,173,965 vaccine doses were administered. Among all 

visits, 1,117 potential anaphylaxis cases were identified by using electronic data. We 

identified 76 cases of chart-confirmed anaphylaxis (Brighton Levels 1 and 2); 33 

anaphylaxis cases were associated with vaccination, and 43 were attributed to other causes.

Characteristics of the 33 cases of postvaccination anaphylaxis are summarized in Table IV. 

Five cases were identified by screening for epinephrine administration and were not 

materially different from other cases. There were no deaths, and only 1 (3%) patient was 

hospitalized. There was a female predominance (20 female vs 13 male patients), and the age 

range was 4 to 65 years (median, 17 years). Children (<18 years) were predominantly male, 

but adults were predominantly female. Information on race was available for 25 (76%) 

cases: among male patients, 8 were white and 2 were black, and among female patients, all 

15 were white. The onset of symptoms among cases was within 30 minutes (8 cases), 30 to 

less than 120 minutes (8 cases), 2 to less than 4 hours (10 cases), 4 to 8 hours (2 cases), the 

next day (1 case), and not documented (4 cases). All cases received specific drug therapy, 

including epinephrine in 15 (45%), antihistamine in 28 (85%), corticosteroid in 17 (52%), 

H2-blocker in 7 (21%), nebulized bronchodilator in 13 (39%), oxygen in 5 (15%), and 

intravenous therapy in 5 (15%) cases. Three (9%) cases after evaluation were prescribed 

epinephrine autoinjectors, and 5 (15%) cases were referred to an allergist.

Selected clinical details on the individual cases are presented in Table V. All cases were 

classified as Brighton Level 1 (12 [36%]) or Level 2 (21 [64%]). Twenty-eight (85%) cases 

included a history of atopy. Of the atopic cases, 3 included a prior history of anaphylaxis, 

and an additional 16 included either a prior diagnosis of asthma (n = 12) or receipt of 

specific therapy suggesting an asthma diagnosis (n = 4); 9 of the 10 nonasthmatic atopic 

cases included a history of prior allergies, predominantly to food and antibiotics (Table V). 

Predominant signs and symptoms involved dermatologic and respiratory systems.

Specific vaccine exposures are shown in Table VI; 18 (55%) cases received a single vaccine, 

and 15 (45%) received 2 or more vaccines concomitantly. The most frequent vaccines 

identified included inactivated influenza and tetanus diphtheria acellular pertussis vaccines 

(Tdap/DTaP).
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The rate of postvaccination anaphylaxis for all vaccines was 33 cases per 25,173,965 doses 

or 1.31 (95% CI, 0.90-1.84) per million vaccine doses (Table VII). Rates were similar by 

age, although the rate was lower in the oldest age group. The rate in female subjects was 

slightly higher than in male subjects. Rates after specific vaccines were difficult to quantify 

because most were administered concomitantly with other vaccines. The cases that followed 

administration of a single vaccine involved predominantly trivalent influenza vaccine (TIV), 

for which the rate was estimated to be 1.35 per million vaccine doses (Table VIII). The 

highest rates followed herpes zoster vaccine (HZV) and rabies vaccine, but these were based 

on only 2 and 1 case(s), respectively, and had wide CIs (Table VIII). The rate for 

postvaccination anaphylaxis for cases that did not involve TIV was 19 cases per 14,394,021 

doses or 1.32 (95% CI, 0.79-2.06) per million vaccine doses.

When analyzed based on vaccination visits rather than vaccination doses, the rate of 

postvaccination anaphylaxis for all vaccines was 33 cases per 17,606,500 vaccination visits 

or 1.87 (95% CI 1.29-2.63) per million vaccination visits. The rate based on visits was 

higher than the per-dose rate because more than 1 vaccine was often administered at a 

vaccination visit. The median number of vaccines received at each visit was 2 (range, 1-14) 

among 0- to 17-year-olds, 1 (range, 1-12) among 18- to 49-year-olds, and 1 (range, 1-12) 

among those 50 years and older. The rate for postvaccination anaphylaxis for cases that did 

not involve TIV was 19 cases per 8,857,787 vaccination visits or 2.15 (95% CI, 1.29-3.35) 

per million vaccination visits.

DISCUSSION

In a large population-based study with extensive case finding, we identified 33 confirmed 

cases of anaphylaxis after administration of 25,173,965 vaccine doses or 1.31 (95% CI, 

0.90-1.84) cases per million vaccine doses. With the largest number of doses and the largest 

number of cases, inactivated TIV was the major contributor to the number of vaccine-

triggered anaphylaxis cases in the population, although the rate (1.35 [95% CI, 0.65-2.47] 

cases per million vaccine doses of TIV given alone) was similar to the rate for all vaccines. 

Our overall rate of postvaccination anaphylaxis was slightly higher than the previous study 

conducted in the VSD by Bohlke et al,11 which identified 5 cases of vaccine-associated 

anaphylaxis after administration of 7,644,049 vaccine doses or 0.65 (95% CI, 0.21-1.53) 

cases per million doses. However, that study was limited to children and adolescents and 

lacked outpatient data on a majority of subjects.11 The changes to the recommended 

childhood and adult immunization schedules and the introduction of new vaccines/vaccine 

combinations since the study by Bohlke et al11 stimulated our systematic re-evaluation of 

postvaccination anaphylaxis cases in the VSD. We used the same ICD-9-CM codes for 

anaphylaxis but supplemented our search strategy with allergy codes in conjunction with 

epinephrine-dispensing codes. In addition, we used the Brighton criteria, which facilitates 

comparison of our results with those of other studies of anaphylaxis.12 Our study population 

was considerably larger than the previous VSD study, and data on adults and the OPD 

setting at all sites were included. In recent years, TIV has become by far the most commonly 

administered vaccine in the United States, and we were able to provide the first estimates of 

anaphylaxis risk after TIV administration.
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Reviews by IOM committees have found that anaphylaxis can be caused by several 

vaccines.7 However, the IOM review concentrated on childhood and adolescent vaccines, as 

did the study by Bohlke et al.11 We identified anaphylaxis cases for all the vaccines that 

IOM found to be causally related to anaphylaxis with the exception of hepatitis B, which we 

did not find administered in association with any anaphylaxis cases. Additionally, primarily 

because we included both adults and children, we identified anaphylaxis after several 

vaccines not included in the earlier IOM reports (monovalent influenza vaccine [MIV], 

Tdap, pneumococcal polysaccharide vaccine [23-valent], HAV, HZV, and rabies vaccine). 

To the extent possible and using available information (including from Sanofi Pasteur, Paris, 

France), we determined the ovalbumin content of the influenza vaccines administered in our 

cases was less than 1 μg/mL for TIV and less than 5 μg/mL for MIV, respectively.15

Our study is subject to certain potential limitations. Our ability to estimate rates for 

individual vaccines, with the exception of TIV, was limited because of small numbers of 

anaphylaxis cases and/or vaccine doses administered or concomitant administration with 

other vaccines. We used a broad search strategy that supplemented specific anaphylaxis 

codes with allergy codes in conjunction with epinephrine-dispensing codes. Nonetheless, we 

might have missed some cases of anaphylaxis because only about half of the confirmed 

cases of anaphylaxis had been treated with epinephrine, which could have resulted in 

missing some anaphylaxis cases that received an allergy code but were not treated with 

epinephrine. The strengths of this study included the large population, the use of Brighton 

Collaboration case definition, the broad algorithm used to identify potential cases, and the 

use of chart review to confirm cases. We considered it important to use the published 

Brighton Collaboration case definition for postvaccination anaphylaxis for our study.12 In 

vaccine safety Brighton Collaboration definitions are generally accepted as the gold standard 

surveillance case definitions for postvaccination adverse events, including anaphylaxis. The 

Brighton Collaboration case definition of anaphylaxis is also used in human vaccine clinical 

trials. Other clinical algorithms to identify anaphylaxis regardless of cause have been 

proposed.16,17 On review, one third (11/33) of our cases do not meet the more specific 2nd 

National Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network 

Symposium clinical criteria,17 and 7 (64%) of these patients did not receive epinephrine.

We identified 3 recent reports of postvaccination anaphylaxis that used the Brighton criteria, 

all from spontaneous reporting systems. In a 2012 United Kingdom report, investigators 

analyzed data during September 2008 through October 2009 for reports in subjects less than 

16 years old through the “orange card” pediatrician surveillance system and found 7 

Brighton-validated cases with patients who recovered without sequelae; no cases followed 

an estimated 5.5 million doses of infant and preschool primary schedule immunizations, 

including MMR and influenza vaccines.18 Although denominators were unavailable for all 

vaccines, and thus the overall incidence was not calculated, 2 estimated incidence rates were 

reported (12.0 per 100,000 doses of single component measles vaccine and 1.4 cases per 

million doses of the bivalent HPV). In an Australian HPV4 school-based vaccination 

program in 12- to 18-year-olds, a rate of 2.6 per 100,000 doses was calculated (7 cases and 

all recovered among 269,680 doses administered).19 Lastly, in a 2009 H1N1 vaccination 

campaign in Quebec, Canada, a reporting rate of anaphylaxis of 8 per million distributed 

doses was reported after 2009 AS03-adjuvanted pandemic H1N1 vaccine (Arepanrix; 
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GlaxoSmithKline, Mississauga, Ontario, Canada).20 A follow-up study conducted by the 

vaccine manufacturer of reports after Pandemrix (GlaxoSmithKline Biologicals S.A., 

Rixensart, Belgium) or Arepanrix to the worldwide safety database (62/72 reports after 

Arepanrix were from Canada) found no evidence the reporting rate was increased compared 

with rates for other vaccines.21 Data from the Vaccine Adverse Event Reporting System in 

the United States, where only unadjuvanated 2009 H1N1 pandemic influenza vaccines were 

used, found a reporting rate of 1.4 per million doses.22

Our finding of no deaths among our cases is consistent with the above reports.18-20 (The 

death from the Canadian report above did not meet the Brighton case definition for 

anaphylaxis.20) In a review of reports after TIV in adults to the US Vaccine Adverse Event 

Reporting System from 1990-2005, of 371 deaths, 4 were reported as anaphylaxis; during 

this period, an estimated 747.1 million doses of TIV were administered.23 In addition, a 

recent review of fatal anaphylaxis cases during 1999-2010, which used the National Center 

for Health Statistics Multiple Cause of Death Database, found 1446 (58%) 2458 

anaphylaxis-related deaths were attributable to medications.24 However, most (74%) drug-

induced anaphylaxis-related deaths had no identified culprit drug. Among the 368 in which 

the implicated medication was specified, in only 10 (3%) was this categorized as “serum”; 

postvaccination anaphylaxis deaths were not identified separately.24

Contrary to Bohlke et al,11 who found patients in 4 of 5 cases were aged less than 2 years, 

we identified no cases in children less than 4 years old, and the median age of the patients in 

our cases was 17 years (range, 4-65 years). Of the total 1117 charts reviewed, 380 were 

identified provisionally as anaphylaxis, possible anaphylaxis, or allergy, and 135 (36%) of 

these cases were among children 5 years or younger. Only 2 were validated anaphylaxis 

cases (both Brighton Level 2), and neither was attributed to vaccine. A 1-year-old healthy 

female subject 48 hours after receipt of DTaP and HAV vaccines had anaphylaxis 3 hours 

after receiving amoxicillin for an ear infection and recovered after parenteral antihistamine. 

A 1-year-old male subject with a history of chronic urticaria had anaphylaxis 24 hours after 

receipt of DTaP, TIV, MMR, and varicella vaccines and recovered after epinephrine, 

antihistamine, and oral and topical corticosteroids; however, anaphylaxis was attributed to 

milk allergy and on follow-up by an allergist, he was found to have positive skin test results 

for eggs, peanuts, and almonds. Our finding of no validated postvaccination anaphylaxis 

cases among children less than 2 years old is consistent with the recent United Kingdom 

experience, which reported no anaphylaxis events after routine infant and preschool 

immunizations.18 Factors potentially contributing to the lack of infants and toddlers among 

our cases might include difficulty making a diagnosis of anaphylaxis and/or applying 

Brighton criteria in these age groups. Sargant et al25 suggested the tendency for anaphylaxis 

in children to present most frequently with respiratory features has raised concern about the 

potential for diagnostic confusion with acute asthma, and consideration of the diagnosis is 

recommended in all children presenting with severe asthma.

Our study identified a female predominance among adults. The Bohlke et al11 and Erlewyn-

Lajeunesse et al18 studies had small case numbers and did not report cases’ sex, and the 

Brotherton et al19 report was an HPV4 vaccination campaign that targeted female subjects 

only. However, the Rouleau et al20 safety study of 2009 pandemic H1N1 influenza vaccine 
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found after adjusting for doses administered that female subjects were represented 3.9-fold 

more often than male subjects among their anaphylaxis reports, and among reports included 

in Tavares et al,21 the proportion of anaphylaxis cases, which met Brighton Levels 1 to 3 

was higher in female compared with male subjects (84% vs 16%). In these 2 reports the 

rates were highest in women of childbearing age, and although the effect of a greater female 

tendency to report could not be ruled out in these passive surveillance studies, a biologic 

basis for the difference was hypothesized.20,21 Importantly, in our population-based study 

female preponderance was seen only in adults and not in children. Fourteen (70%) of 20 

female subjects were of childbearing age (ie, aged 10-50 years). In general, anaphylaxis and 

immediate hypersensitivity, particularly drug allergy, occur more frequently in women of 

childbearing age.26-32 Sex-specific differences in innate, humoral, and cell-mediated 

immune responses to vaccination have also been reported.33-35 In addition, sex differences 

in adverse events (fever, pain, and inflammation) after immunization have been noted for 

several vaccines, including influenza36,37 and MMR38,39 vaccines. Although precise 

biological mechanisms underlying sex-specific responses to vaccines are unknown, genetic 

and hormonal factors are considered important.33 Sex hormones have been shown to 

modulate immune responses,40,41 and Hox et al42 recently found that sex-specific 

differences in a mouse model of anaphylaxis were due to the female steroid estradiol.

The finding that 28 (85%) cases had pre-existing atopic disease (3 with prior anaphylaxis, 16 

with asthma, and 9 with specific prior allergies) is consistent with earlier reports 

emphasizing coexisting atopic disease, particularly asthma, as being clinical risk factors for 

anaphylaxis.29,30,43 Although epinephrine is recommended as the drug of choice for 

anaphylaxis,3,44 this therapy, as documented in the medical records, was administered in 

only 15 (45%) of our cases compared with antihistamines in 28 (85%) cases and 

corticosteroids in 17 (52%) cases. Only 3 (9%) cases were documented to have been 

prescribed epinephrine autoinjectors, and only 5 (15%) were known to have been referred to 

an allergist/allergy clinic for follow-up. The 2010 Joint American Academy of Allergy, 

Asthma & Immunology/ American College of Allergy, Asthma & Immunology/Joint 

Council of Allergy, Asthma & Immunology Task Force on Practice Parameters for the 

management of anaphylaxis clearly state that if initial assessment supports potential 

anaphylaxis, the immediate intervention is to assess the patient’s airway, breathing, 

circulation, and mentation; inject epinephrine; and re-evaluate for repeat injection, if 

necessary.3 After resolution, the patient should be provided with autoinjectable epinephrine, 

and in circumstances in which an allergist/immunologist is not already involved, it is 

strongly recommended that such consultation should be obtained.3 Lack of use of 

epinephrine and these other recommendations is not specific to our study and has been 

commented on by other investigators.3,45-48

Our study, which is based on a very large population receiving currently used vaccines, 

confirms the rarity of postvaccination anaphylaxis overall and after specific vaccines. 

Although anaphylaxis after immunization is rare, its immediate onset (usually within 

minutes) and life-threatening nature require that all personnel and facilities providing 

vaccinations have procedures in place for anaphylaxis management. Additional provider 

education concerning current recommendations for treatment and follow-up appears to be 

warranted.
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Clinical implications

Anaphylaxis after vaccination is rare in all age groups. Despite its rarity, anaphylaxis is a 

potentially life-threatening medical emergency that vaccine providers need to be prepared 

to treat.
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FIG 1. 
Search strategy for anaphylaxis cases, 2009-2011.
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TABLE I

Search algorithm for potential cases of anaphylaxis after vaccination

Adverse event ICD-9 codes

Postvaccination
observation 
window (d)* Medical setting

First episode 
in

what period?

Primary screen Anaphylaxis 995.0, 999.4 0-2 Outpatient, inpatient, ED First in 2 d

E codes E948.0-948.9 E949.0-949.9 0 Outpatient, inpatient, ED First in 2 d

Secondary screen Allergic reactions 995.1, 995.3, 708.0, 708.1, 
708.9, 695.1,
 995.20, 995.21, 995.27, 
995.29

0 Outpatient, inpatient, ED First in 42 d

E codes, External cause of injury codes.

*
Day 0 represents day of vaccination.
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TABLE II

Brighton Collaboration case definition of anaphylaxis12

For all levels of diagnostic certainty:

Anaphylaxis is a clinical syndrome characterized by

 • sudden onset AND

 • rapid progression of signs and symptoms AND

 • 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)

  • (≥1 major dermatologic) AND (≥1 minor cardiovascular AND/OR
    minor respiratory criterion)

  Level 3 of diagnostic certainty

   • ≥1 minor cardiovascular OR respiratory criterion AND

   • ≥1 minor criterion from each of ≥2 different systems/categories
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TABLE III

Major and minor criteria used in the case definition of anaphylaxis: Brighton Collaboration Criteria12

Major criteria Minor criteria

Dermatologic
 or mucosal

• Generalized urticaria (hives) or generalized erythema

• Angioedema,* localized or generalized

• Generalized pruritus with skin rash

• Generalized pruritus without skin rash

• Generalized prickle sensation

• Localized injection-site urticaria

• Red and itchy eyes

Cardiovascular • Measured hypotension

• Clinical diagnosis of uncompensated shock indicated 
by the combination of >3 of the following:

– tachycardia

– capillary refill time >3 s

– reduced central pulse volume

– decreased level of consciousness or loss of 
consciousness

• Reduced peripheral circulation, as indicated 
by the combination of ≥2 of the following:

– tachycardia and

– capillary refill time >3 s without 
hypotension

– decreased level of consciousness

Respiratory • Bilateral wheeze (bronchospasm)

• Stridor

• Upper airway swelling (lip, tongue, throat, uvula, or 
larynx)

• Respiratory distress, 2 or more of the following:

– tachypnea

– increased use of accessory muscles (eg, 
sternocleidomastoid and intercostals)

– recession

– cyanosis

– grunting

• Persistent dry cough

• Hoarse voice

• Difficulty breathing without wheeze or 
stridor

• Sensation of throat closure

• Sneezing, rhinorrhea

Gastrointestinal • Diarrhea

• Abdominal pain

• Nausea

• Vomiting

Laboratory • Mast cell tryptase level increase > upper 
normal limit

*
Not hereditary angioedema.
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TABLE IV

Vaccine-triggered anaphylaxis cases: demographic and clinical characteristics

No. of cases (n = 33) Percent

Year

 2009 11 33

 2010 8 24

 2011 14 42

Setting

 ED 13 39

 OPD 20 61

Age group (y)

 0-17 18 55

 18-49 9 27

 ≥50 6 18

Sex

 Female 20 61

Race

 White 24 73

 Black 2 6

 Unknown 7 21

Past history

 Atopy 28 85

 Anaphylaxis* 3 9

Time to onset

 <30 min 8 24

 30 to <120 min 8 24

 2 to <4 h 10 30

 4 to 20 h 3 10

 Not documented 4 12

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McNeil et al. Page 19

No. of cases (n = 33) Percent

Treatment of episode

 Epinephrine 15† 45

 Antihistamine 28 85

 Corticosteroid 17 52

 H2-blocker 7 21

 Bronchodilator 13 39

 Oxygen 5 15

 Intravenous therapy 5 15

Outcome

 Recovered 33 100

Follow-up care

 Inpatient 1 3

 Epinephrine autoinjector prescribed 3 9

 Referred to allergist 5 15

*
Two patients after TIV and 1 patient after aspirin.

†
Brighton Level 1=6, 50%; Brighton Level 2 = 9, 43%.
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TABLE VI

Vaccination-triggered anaphylaxis cases by vaccine exposures (n = 33)

Vaccine Alone

With
other

vaccines Other concomitant vaccine(s)*

TIV 10 4 MIV, Tdap (2), PPSV23

MIV 2 1 TIV

Tdap 1 8 TIV (2), HPV4, HAV, VAR, MCV4+MMRV,
 MCV4+VAR, MCV4+VA R +HAV

PPSV23 1 1 TIV

HAV 1 3 Tdap, Tdap+MCV4+VAR, VAR

HZV 2 0 —

Rabies 1 0 —

HPV4 — 2 Tdap, MMR+MCV4

MMR — 3 DTaP-IPV+AR, DTaP+IPV+VAR, HPV4+
 MCV4

MMRV — 2 Tdap+MCV4, DTaP+IPV

MCV4 — 4 Tdap+MMRV, Tdap+VAR, Tdap+VA R +
 HAV, HPV4+MMR

VAR — 5 Tdap, Tdap+MCV4+HAV, DTaP-IPV+
 MMR, HAV, Tdap+MCV4

DTaP-IPV — 1 MMR+VAR

DTaP — 2 MMRV+IPV, MMR+IPV+VAR

IPV — 2 DTaP+MMRV, DTaP+MMR+VAR

IPV, Inactivated polio vaccine; MCV4, meningococcal conjugate vaccine; MMRV, measles, mumps, rubella, and varicella vaccine; PPSV23, 
pneumococcal polysaccharide vaccine (23-valent); VAR, varicella vaccine.

*
A total of 15 (45%) cases received 2 or more concomitant vaccines.
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TABLE VII

Incidence of vaccination-triggered anaphylaxis by age, sex, year, and vaccine type

No. of cases Doses administered Rate (/106 doses) Lower 95% CI Upper 95% CI

Age group (y)

 0-17 18 12,403,201 1.45 0.86 2.29

 18-49 9 5,063,802 1.78 0.81 3.37

 ≥50 6 7,706,962 0.78 0.29 1.69

Sex

 Female 20 13,770,592 1.45 0.89 2.24

 Male 13 11,403,373 1.14 0.61 1.95

Year

 2009 11 8,535,631 1.29 0.64 2.31

 2010 8 8,207,595 0.98 0.42 1.92

 2011 14 8,430,739 1.66 0.91 2.79

Vaccine*

 Any hepatitis B 0 1,287,074 0 0.00 2.87

 RV1 0 57,517 0 0.00 64.13

 RV5 0 636,756 0 0.00 5.79

 Any DTaP 3 1,449,370 2.07 0.43 6.05

 Any HIB 0 1,143,025 0 0.00 3.23

 PCV7 0 558,201 0 0.00 6.61

 PCV13 0 742,467 0 0.00 4.97

 PPSV23 2 698,482 2.86 0.35 10.34

 Any IPV 2 1,215,163 1.65 0.20 5.95

 TIV 14 8,830,935 1.59 0.87 2.66

 LAIV 0 530,737 0 0.00 6.95

 MIV 3 1,422,921 2.11 0.43 6.16

 LAMV 0 298,721 0 0.00 12.35

 Other influenza 0 36,338 0 0.00 101.51
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No. of cases Doses administered Rate (/106 doses) Lower 95% CI Upper 95% CI

 Any influenza 17 11,119,652 1.53 0.89 2.45

 MMR 3 584,103 5.14 1.06 15.01

 MMRV 2 100,897 19.8 2.40 71.60

 VAR 6 866,129 6.93 2.54 15.08

 HAV 4 1,197,047 3.34 0.91 8.56

 Tdap 9 3,116,161 2.89 1.32 5.48

 Td 0 203,970 0 0.00 18.09

 HPV4 1 775,833 1.29 0.03 7.18

 MCV4 4 649,199 6.16 1.68 15.78

 HZV 2 304,001 6.58 0.80 23.77

 Rabies 1 18,041 55.43 1.40 308.79

 Typhoid 0 164,483 0 0.00 22.43

 YFV 0 34,176 0 0.00 107.93

 JEV 0 4,448 0 0.00 828.99

 Anthrax 0 81 0 0.00 44520.26

 Smallpox 0 31 0 0.00 112188.75

 All vaccines 33 25,173,965 1.31 0.90 1.84

HIB, Haemophilus influenzae type B vaccine; HPV4, quadrivalent human papillomavirus vaccine; IPV, inactivated polio vaccine; JEV, Japanese 
encephalitis vaccine; LAIV, live attenuated influenza vaccine; LAMV, live attenuated monovalent influenza vaccine; MCV4, meningococcal 
conjugate vaccine; MMRV, measles, mumps, rubella, and varicella vaccine; RV, rotavirus vaccine; PCV, pneumococcal conjugate vaccine; 
PPSV23, pneumococcal polysaccharide vaccine (23-valent); VAR, varicella vaccine; YFV, yellow fever vaccine.

*
Total count greater than 33 for vaccines received because some cases received more than 1 vaccine. This includes doses administered alone and 

coadministered with other vaccines.

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McNeil et al. Page 27

TABLE VIII

Vaccine-specific incidence of anaphylaxis

Vaccine (administered alone)
No. of cases (n = 

18) Doses administered alone* Rate (/106 doses) Lower 95% CI Upper 95% CI

TIV 10 7,434,628 1.35 0.65 2.47

MIV 2 1,090,279 1.83 0.22 6.63

Tdap 1 1,951,153 0.51 0.01 2.86

PPSV23 1 403,803 2.48 0.06 13.80

HAV 1 296,271 3.38 0.09 18.81

HZV 2 208,407 9.60 1.16 34.67

Rabies 1 11,619 86.1 2.18 479.43

PPSV23, Pneumococcal polysaccharide vaccine (23-valent).

*
Doses of specified vaccine administered without any other concomitant vaccines.
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