
Influenza A/H1N1 usually causes mild disease in otherwise
healthy children; however, more serious cases, and even death,
have been reported in children and in those with pre-existing

medical conditions.1,2 Given the potential serious nature of this ill-
ness, administration of the newly developed adjuvanted pH1N1
vaccine (Arepanrix™ H1N1) could be beneficial and the vaccine
has been recommended for children; particularly those less than
5 years of age or with chronic underlying disease.3

Similar to the seasonal influenza vaccine, the adjuvanted pH1N1
vaccine contains residual allergenic egg white proteins. Egg allergy
is one of the most common food allergies in children4 and allergic
reactions have been reported in egg-allergic patients treated with
the seasonal influenza vaccine.5,6 However, reports have also been
published on the safe vaccination of such patients.7-9 In the setting
of high-risk egg allergy, as defined by the Canadian Society of Aller-
gy and Clinical Immunology (CSACI), it is suggested that egg-allergic
patients be vaccinated with a physician present and in a location
where access to emergency treatment is available.10,11 Given the
potential risk of allergic reaction in such patients, many parents and
practitioners are reluctant to vaccinate. Therefore, egg-allergic
patients, including those with chronic underlying disease at risk for
serious Influenza A/H1N1 illness, fail to benefit from immunization.

In response to the recent Influenza A/H1N1 outbreak, the Chil-
dren’s Hospital of Eastern Ontario established a physician-
supervised clinic to immunize egg-allergic patients at high risk for
Influenza A/H1N1 disease. We proposed to document the risk of

serious reactions in egg-allergic patients receiving the adjuvanted
pH1N1 vaccine in a controlled medical setting. We hypothesized
that the adjuvanted pH1N1 vaccine, with a small amount of egg
protein and when given in a two-dose split protocol, would be well
tolerated.

METHODS

We completed a prospective observational cohort study of children
who were referred for H1N1 vaccination by Ottawa region allergists
between November and December 2009 after being identified as at
high risk for egg allergy and H1N1 disease. Informed written con-
sent was obtained and the study protocol was approved by the
Research Ethics Board.

Patients were considered at high risk for egg allergy on the basis
of their clinical history along with a positive skin prick test and/or
a positive serum egg IgE antibody level as documented by an aller-
gist. Children at high risk for Influenza A/H1N1 disease were iden-
tified based on the Public Health Agency of Canada (PHAC)
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recommendations for the use of the Influenza A/H1N1 vaccine:
children less than 5 years of age or with chronic underlying dis-
ease, including heart disease, diabetes, asthma and chronic lung
disease, kidney disease, blood disorders, severe obesity, liver dis-
ease, people with weakened immune systems and those with neuro-
logical disorders.3

On vaccination day, subjects underwent a medical history and
physical examination. Exclusion criteria included a fever, respira-
tory illness or other acute illness. The protocol used for vaccina-
tion was based on the CSACI Guidelines, which allow for the
administration of the Influenza A/H1N1 vaccine to egg-allergic chil-
dren at high risk for Influenza A/H1N1 disease, under the follow-
ing conditions: using a two-dose split protocol in a controlled
medical setting with monitoring for allergic reactions.11

The product monograph (October 2009) states that the adju-
vanted pH1N1 vaccine (ArepanrixTM H1N1) contains trace residual
amounts of egg proteins (ovalbumin). Verbal communication with
the manufacturer estimated the amount of egg proteins to be less
than 165 ng/mL (0.165 mcg/mL). Patients 6 months to 9 years of
age received the total 0.5 mL of the vaccination in an evenly split
dose 4 weeks apart, while those patients 10 years of age and older
received the total 0.5 mL vaccination during one visit. All patients
received an initial test dose of 0.05 mL (10% of total vaccine dose)
of vaccine administered intramuscularly followed by 30 minutes
of observation. If there were no signs of allergic reaction, patients
6 months to 9 years of age received the remainder of their half dose
of vaccine (0.2 mL), while patients 10 years of age and older
received the remainder of their full dose (0.45 mL). All patients
were then observed for 1 hour for any signs of allergic reaction.
This was completed in a physician-supervised setting equipped
with appropriate emergency treatment materials, including a resus-
citation cart and a medication stock (Salbutamol inhalers and Epi-
nephrine, Hydrocortisone and Diphenhydramine injections).

Patients 6 months to 9 years of age who tolerated the split dose
and required a second dose of vaccine were contacted and offered
the second dose 4 weeks later. Those who returned underwent the
same medical history and physical examination as mentioned
above. They then received the remaining 0.25 mL of the vaccine
intramuscularly in one injection and were observed for 1 hour for
allergic reactions.

RESULTS

Table 1 shows the patient characteristics of those who received the
first and second pH1N1 vaccine dose. A total of 62 patients (67.7%
of whom were male) received the first pH1N1 vaccine dose, while

14 patients (78.6% of whom were male) returned and received the
second pH1N1 vaccine dose. The mean age was 4.5 years and 2.4
years for those who received the first and second pH1N1 vaccine
dose, respectively. All patients received a diagnosis of egg allergy
by the referring allergist. Table 1 presents the skin testing and serum
IgE results.

All 62 immunized children were considered at high risk for
Influenza A/H1N1 disease. There were 37 (59.7%) children at risk
because of being age less than 5 years, 36 (58.1%) because of asth-
ma and 2 (3.2%) because of congenital heart disease, and 1 (1.6%)
child had an immunocompromised household contact.

Table 2 summarizes the adverse events following administration
of the pH1N1 influenza vaccine. Of the 62 children receiving the
first pH1N1 vaccine dose, there were no reactions following the test
dose. When given the remaining dose, two children developed
hives and were treated with Benadryl and one patient developed a
vasovagal response requiring symptomatic management. One
patient developed a hypo-responsive episode at the end of the 
1-hour follow-up and after a short period of observation in the
emergency department had an uneventful recovery. Of the 14 chil-
dren who returned for the second pH1N1 vaccine dose, one devel-
oped erythema and itching of the face and required Benadryl. This
child had not had a reaction to the first pH1N1 vaccine dose. Out
of the 30 patients who did not return for their second pH1N1 dose,
11 had received it at their family physician’s office, 2 had received
it elsewhere and 17 did not return our follow-up call. None of the
children experienced an anaphylactic reaction.

DISCUSSION

Infection with Influenza A/H1N1 is associated with increased risk
of morbidity and mortality, particularly in those less than 5 years
of age or with chronic underlying disease. Over half (58.1%) of our
egg-allergic subjects had asthma, which places them at high risk
for serious influenza A/H1N1 illness and related complications. In
this study, we found that administration of the adjuvanted pH1N1
vaccine in egg-allergic children at high risk for Influenza A/H1N1
disease was safe when performed in a two-dose split protocol in a
controlled medical setting. Only 3 children in total, following 138
vaccine doses, experienced mild allergic symptoms (hives), which
responded to Benadryl. One child had a vasovagal response and
one child had a hypo-responsive episode with full recovery fol-
lowing a short period of observation. There were no anaphylactic
reactions.

Although influenza A/H1N1 usually causes mild disease in other-
wise healthy children, many studies have reported more serious
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Table 1. Characteristics of the Study Population

Characteristic First pH1N1 Vaccine Dose Second pH1N1 Vaccine Dose
Total number of patients 62 14
Mean age, years (range) 4.5 (10mos-16yrs) 2.4 (10mos-5yrs)
Gender

Male, No. (%) 42 (67.7) 11 (78.6)
Female, No. (%) 20 (32.3) 3 (21.4)

Egg allergy
Skin test positive, No. (%) 36 (58.1) 10 (71.4)
Serum IgE positive, No. (%) 1 (1.6) 1 (7.1)
Skin testing + serum IgE positive, No. (%) 25 (40.3) 3 (21.4)

High-risk H1N1 diagnosis
Age, No. (%) 37 (59.7) 13 (92.9)
Asthma, No. (%) 36 (58.1) 8 (57.1)
Age + asthma combined, No. (%) 14 (22.6) 7 (50.0)

Heart disease, No. (%) 2 (3.2) 0 (0.0)
Immunocompromised household contact, No. (%) 1 (1.6) 0 (0.0)



cases, and even death, among young children and those with
chronic underlying disease. In a review of 251 hospitalized chil-
dren with H1N1 influenza, children under the age of 4 years were
at increased risk for severe disease (i.e., higher rates of hospitaliza-
tion, ICU admission, oxygen requirements, mechanical ventila-
tion); 75% of those admitted were <2 years of age and 32% had one
or more pre-existing conditions, including asthma, immuno-
suppression, chronic lung disease, neurologic disorder, and heart
disease.1 Furthermore, a pre-existing diagnosis of asthma was sig-
nificantly associated with the risk of admission to the intensive care
unit, while a pre-existing neurologic disorder and chronic lung dis-
ease specifically increased the odds of death.1 Other studies have
also shown that children admitted to hospital with H1N1 influen-
za were significantly more likely to have asthma2,12-15 and that
H1N1-positive children with asthma or neurological disorders have
an increased risk of influenza-related complications and/or
death.2,12,14,16,17 Given the potential serious nature of Influenza
A/H1N1 infection, PHAC recommends the use of the newly devel-
oped adjuvant pH1N1 vaccine (Arepanrix™ H1N1) in children less
than 5 years of age or with chronic underlying disease.3

The adjuvanted pH1N1 vaccine, manufactured in egg-containing
media, is potentially hazardous if administered to an egg-allergic
individual and presents a relatively common clinical dilemma. Egg
allergy is one of the most common food allergies in infants and
young children,4 with an estimated prevalence of between 0.5%
and 2.5%.18 Furthermore, co-existing food allergy and asthma is a
significant problem in the pediatric population and the prevalence
of egg allergy has been shown to be higher in asthmatic children.19

The literature has reported a number of adverse allergic events in
patients with egg allergy treated with the influenza vaccine;5,6 how-
ever, fortunately anaphylaxis is rare and estimated at an incidence
of approximately one in a million doses.20 In a large population-
based study, 11 episodes of non-fatal anaphylaxis were reported
after administration of 48 million doses of influenza vaccine.5 The
potential risk of allergic reaction in such patients has promoted fear
and controversy over the administration of the influenza vaccine
in patients with egg allergy, and therefore many egg-allergic chil-
dren fail to benefit from immunization. Of greater concern are
those patients with coexisting egg allergy and underlying chronic
disease, such as asthma, at high risk for serious influenza A/H1N1
illness who are denied protection from immunization because of
their egg allergy.

The Canadian Immunization Guide notes that egg-allergic indi-
viduals should not be routinely vaccinated with the influenza vac-
cine; however, those considered at risk for influenza complications
should be evaluated by an allergy specialist for possible immu-
nization.21 While the overall risk of a serious systemic allergic reac-
tion appears to be low, a limited number of studies have been
published on the safe vaccination of egg-allergic patients.7,8,10,11,22,23

In a multicentre trial, a two-dose protocol was used to administer
the influenza vaccine to 83 egg-allergic patients, all of whom tol-
erated vaccination without any significant allergic reactions.8 In
another trial, 44 asthmatic children with egg allergy were given the
adjuvanted influenza vaccine with low egg protein content in a
one-dose protocol. Two egg-allergic patients developed adverse
reactions including erythema and bronchospasm, and one control
subject with no egg allergy developed bronchospasm.7 The CSACI
statement advises that in the setting of high-risk egg allergy, defined
as previous respiratory or cardiovascular reaction, generalized hives
or those with poorly controlled asthma, egg-allergic patients can
be vaccinated using a two-dose protocol with a physician present
and where access to emergency treatment is available.11

There were several limitations to our study. The observational
study design and lack of blinding are potential sources of bias, how-
ever, the simple study design, close observation and straight-
forward outcome measures yielded clear results in terms of vaccine
reaction. We were limited in our sample size, based on allergist
referral, with a small return rate for the second pH1N1 vaccine
dose. A larger number of patients would be required to document
the risk of rarer reactions, such as anaphylaxis.

In conclusion, following a two-dose split protocol with close
medical supervision allowed us to safely administer the adjuvant-
ed pH1N1 vaccine in egg-allergic children at high risk for H1N1
disease. The benefits of H1N1 vaccination are great and similar clin-
ics may help promote better availability of vaccination to egg-
allergic patients at increased risk for severe disease.
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RÉSUMÉ

Contexte : Au Canada, le vaccin contre la grippe pH1N1 est
recommandé pour les enfants, en particulier ceux qui ont moins de 5 ans
ou une maladie chronique sous-jacente. Ce vaccin, qui contient une
quantité résiduelle de protéines de blanc d’œuf (un allergène), peut
poser un risque pour les enfants allergiques aux œufs.

Objectif : Décrire le résultat de l’administration du vaccin contre la
grippe pH1N1 à des enfants allergiques aux œufs et à risque de
contracter une forme grave de grippe H1N1.

Conception/Méthode : Étude prospective observationnelle de
cohorte. Des enfants désignés comme étant à risque élevé de faire une
allergie aux œufs et d’attraper la grippe H1N1 ont été vaccinés selon un
protocole en deux doses divisées dans un environnement médical
contrôlé. Les enfants ont reçu une première dose d’essai; ceux qui n’ont
fait aucune réaction ont reçu le reste de la dose, et les enfants ont été
suivis au cas où ils fassent des réactions allergiques. Ceux qui ont toléré la
dose divisée et qui avaient besoin d’une seconde dose se sont fait offrir la
vaccination quatre semaines plus tard en une seule injection.

Résultats : Soixante-deux enfants allergiques aux œufs considérés
comme étant à risque élevé de contracter la grippe H1N1 ont reçu le
vaccin anti-pH1N1 adjuvé. L’allergie aux œufs a été diagnostiquée
cliniquement par un allergologiste ainsi que par des tests cutanés et/ou
sériques de dépistage par recherche d’IgE. Dans un délai d’une heure
après la vaccination, deux enfants ont fait de l’urticaire, un enfant a eu
une réaction vasovagale, et un autre a eu un épisode hyporéactif.
Quatorze enfants ont reçu la seconde dose du vaccin anti-H1N1, et l’un
d’eux a présenté un érythème et des démangeaisons. Il n’y a eu aucune
réaction anaphylactique.

Conclusion : L’administration du vaccin adjuvé anti-pH1N1 aux enfants
allergiques aux œufs à risque de contracter une forme grave de grippe
H1N1 était sans danger lorsque effectuée selon un protocole en deux
doses divisées dans un environnement médical contrôlé.

Mots clés : virus A de la grippe sous-type H1N1; vaccins; enfant;
allergènes

MANGEZ DES ALIMENTS
SALUBRES! est une nouvelle
ressource en ligne qui aide les
gens à minimiser leur risque
personnel de maladies
transmises par l’alimentation.

Le site web contient des feuillets
de documentation que l’on peut
télécharger en format PDF en
français, en anglais, et dans
11 autres langues : arabe,
chinois, farsi (persan), inuktitut,
coréen, punjabi, russe, espagnol,
tagalog, tamil et urdu.

La production de cette
ressource, qui vise les membres
de groupes à risques élevés,
leurs soignants et la population
en général, a été rendue
possible grâce à une subvention
à l’éducation sans restrictions
versée par les Aliments Maple
Leaf Inc.

Visitez le site Web MANGEZ DES
ALIMENTS SALUBRES! à l’adresse
http://salubritealimentaire.cpha.ca




