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Purpose of review

Egg allergy is a common problem affecting young children especially. There has been
much debate over the past several decades on how to approach the subject of influenza
vaccination in children with egg allergy.

Recent findings

Because of concern regarding the egg protein content in the influenza virus vaccine,
pediatricians have in the past typically taken a conservative approach of avoiding
influenza vaccination in egg-allergic patients. Subsequently, it was shown that the
influenza vaccine could be safely administered to patients who had negative skin testing
to the vaccine. Most recently, studies have demonstrated a low risk of giving the vaccine
either in divided doses or as a single dose in a controlled setting without the need for
skin testing.

Summary

In considering vaccination in a patient with a history of egg allergy, several factors
should be weighed, including the severity of the egg allergy, the egg content of
vaccines, and the setting of vaccine administration. However, it appears that the risk of
anaphylaxis to the influenza vaccine in patients with egg allergy may be much lower than
previously thought, suggesting that in many cases skin testing may not be necessary.
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Introduction

Influenza is a common cause of vaccine-preventable
morbidity and mortality. Because of annual drifts in
antigenic immunogenicity, effective public health policy
requires annual vaccination. Children with asthma
represent one particular at-risk population that can
benefit from influenza vaccination. Food allergy affects
4-6% of US children [1,2], and egg allergy is reported in
1-2% of children [3]. Association of atopic conditions
including food allergy, eczema, rhinitis, and asthma
defines the allergic march of childhood, and as such a
significant proportion of children with asthma carry a
diagnosis of egg allergy. The influenza virus vaccine
contains small but variable amounts of egg protein. For
this reason, severe egg allergy has been long considered
a contraindication to administration of the influenza
vaccine.

The 2009-2010 influenza season presented significant
vaccination challenges because of the recognition of
novel HIN1 influenza disease. However, with great
challenges come great opportunities, and over the past
2 years renewed interest in egg allergy and influenza has
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generated new data that suggest the influenza vaccine
may be administered safely to patients with egg allergy in
controlled settings.

Recent trends in egg allergy

Egg allergy represents one of the most common food
allergies affecting very young children [4]. However, it is
often self-limited, with the majority of children with egg
allergy developing tolerance by late childhood [3]. Risk
factors for persistence of egg allergy beyond this time
point include a high initial level of egg-specific IgE, a
coexisting allergy to another food, and the presence
of other atopic diseases [5°°]. Symptoms of egg allergy
may vary significantly in their presentation and severity,
ranging from life-threatening anaphylaxis to localized
skin reactions including exacerbations of atopic derma-
titis. However, some children who are unable to tolerate
raw, scrambled, or hard-boiled eggs may sometimes
be able to tolerate eggs present in baked goods that have
been cooked at very high temperatures, such as muffins,
cakes, and pasta containing egg. Tolerance of baked egg
tended to be associated with lower skin prick test
sensitivity [6]. However, it has been noted as well that
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tolerance to ingestion of cooked egg may not correlate
with tolerance to the egg protein present in the influenza
vaccine [7°].

Egg content of vaccines

The intramuscular inactivated and live attenuated intra-
nasal influenza vaccines contain micrograms of cgg
protein from chicken embryos. The vaccines for measles,
mumps, and rubella also contain even smaller amounts of
egg protein (picograms to nanograms). In addition to
reactions to the egg content of vaccines, susceptible
individuals may also develop IgE-mediated reactions
to other components of these vaccines, such as gelatin
[8°]. Efforts to determine the relative risk of the influenza
vaccine in patients with egg allergy compared with non-
allergic patients have been hampered by the fact that this
vaccine has been avoided in allergic patients because of
concern regarding possible reactions. To further compli-
cate matters, different preparations of the influenza
vaccine can vary widely in their egg content [9°]. Egg
content is usually reported in micrograms of ovalbumin
per dose (or per ml). The amount of ovalbumin contained
in a specific influenza vaccine product is important,
because the risk of an egg-allergic reaction falls when
the egg vaccine content is negligible. Indeed, this was
demonstrated in a 1998 multicenter clinical trial by James
et al. [10] that suggested that patients with egg allergy can
safely receive an influenza vaccine in a two-dose protocol
when the vaccine preparation contains less than or equal
to 1.2 wg/ml egg protein. In this study, 83 patients with
egg allergy and 124 controls underwent vaccine skin prick
tests and vaccination. All patients with egg allergy tol-
erated vaccination using a two-dose protocol. In the
study, eight egg-allergic patients experienced mild
adverse reactions (with symptoms including mild throat
itching, cough, wheeze, small hives, and delayed local
reaction) compared with four controls (with symptoms
including local erythema, emesis, and urticaria). After
1 month, 34 egg-allergic patients subsequently received a
single, full-booster dose without any adverse reactions.

Unfortunately, for many years, vaccine manufacturers did
not state the egg protein content of vaccines, but more
recently most manufacturers now provide maximum
ovalbumin content information on package inserts.
Although, prior to 1994, independent evaluation of oval-
bumin content was quite variable and as high as
42.4 pg/ml [11], more recent studies have demonstrated
much lower ovalbumin content in influenza vaccines.
The stated ovalbumin content in Food and Drug
Administration-approved 2009-2010 seasonal influenza
vaccines has varied depending on the manufacturer
[12°°,13°]. However, Waibel and Gomez [13°] evaluated
actual ovalbumin content of 2009-2010 influenza
vaccines and demonstrated that actual ovalbumin content
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e Many patients with egg allergy would benefit from
receiving the influenza vaccine, especially if asthma
or other comorbid illnesses are present.

e Although children with egg allergy are at risk for
allergic reactions to the influenza vaccine, as it con-
tains small amounts of egg protein, the incidence of
allergic reactions to the vaccine in these patients may
be much smaller than previously thought.

e The benefits of vaccination should be weighed
against the risks, which include potential allergic
reactions in patients with egg allergy. Patients may
be at increased risk of reactions to brands that
contain higher ovalbumin content.

e Skin testing to the influenza vaccine is limited by
time, patient discomfort, and false-positive reac-
tions, which are particularly common with intrader-
mal testing.

e Patients who have a history of egg allergy but no
history of allergic reactions to the influenza vaccine
can receive the vaccine in an allergy clinic as either a
single dose or in divided doses without the need for
prior skin testing.

of specific lots tested was much lower than levels stated
on package inserts. In early 2010, these investigators
demonstrated that the actual ovalbumin content of
brands and lots of vaccines tested from manufacturers
claiming a maximum ovalbumin content of 2 pg/ml ran-
ged from 0.018 to 0.41 pg/ml for injectable vaccines. The
ovalbumin content from the manufacturer claiming a
maximal ovalbumin content of 10 wg/ml (Fluzone, Sanofi
Pasteur, Swiftwater, Pennsylvania, USA) ranged from
0.064 to 1.411 pg/ml. There have been no studies to date
comparing the risk of anaphylaxis to the intramuscular
versus the intranasal vaccines; however, measured levels
of ovalbumin in nasal influenza vaccines were found to be
lower than in injectable vaccines, ranging from 0.001 to
0.007 wg/ml. Data reported by Waibel and Gomez were
subsequently confirmed in a similar study by Li ez a/
published in June 2010. In this subsequent report,
median ovalbumin concentration of seasonal vaccine
was 350 ng/ml (range 0.5-1002). The Fluzone vaccine
(Sanofi Pasteur) demonstrated higher ovalbumin levels
than other brands [9°]. These are important reports,
because, although specific lots may still have higher
ovalbumin content, this study suggests that ovalbumin
content is likely below the 1.2 wg/ml level associated with
tolerance in the study by James ¢ /. [10]. These studies
also highlight the need for more accurate labeling of
vaccine ovalbumin content.

Risks associated with influenza infection
According to the most recent estimates, 15 and 40% of
preschool and school aged children become infected with
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the influenza virus each year, although not all seek
medical care. The risk of serious complications is
increased in children under the age of 4 years and in
children who have asthma [14°°]. These include asthma
exacerbations, pneumonia, and, rarely, death [15].
During the 2009-2010 influenza season, the rate of
hospitalization for influenza infection in children under
age 5 was greater than twice that of other age groups
surveyed (Fig. 1) [16°,17°]. Moreover, the 2009 pan-
demic influenza virus was associated with a higher
morbidity and mortality among children than the
usual seasonal influenza virus, as well as a substantial
healthcare and economic burden [18°]. In contrast to
seasonal influenza, most severe illness attributed to
the HIN1 pandemic occurred in children and adults
under the age of 65 [19°°]. Vaccination against
the HIN1 and seasonal influenza virus is therefore
crucial in preventing many of the complications associ-
ated with influenza infection. The Advisory Committee
on Immunization Practices (ACIP) published 2010
recommendations for prevention and control of
influenza with vaccines in August 2010 [14°°]. This
report provided an excellent summary of annual influ-
enza epidemics and specific recommendations on vacci-
nations. The American Academy of Pediatrics (AAP)
policy statement on recommendations for prevention
and control of influenza in children for the 2010-2011
influenza season was also published online in August
[16°]. The AAP and ACIP recommended annual vacci-
nation for persons aged 6 months and older for the
2010-2011 influenza season.

Figure 1 Cumulative rates of hospitalization associated with
laboratory-confirmed influenza virus infections compared over
3 years
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During the 2007-2008 influenza season, the highest rates of
hospitalization occurred in the elderly. Subsequent seasons saw a
decrease in hospitalizations in the elderly and a sharp increase in
hospitalizations in infants and young children during the 2009-2010
season. , 2007-2008; =, 2008-2009; m, 2009-2010. Reproduced
with permission from [16°].

Risks of vaccination in egg-allergic patients

Anaphylaxis to the influenza vaccine is rare, occurring in
approximately one in a million persons receiving the
vaccine [14°°]. Non-IgE-mediated reactions such as
febrile seizures, myalgias, and local swelling occur
with much greater frequency. A nationwide survey of
48 million individuals residing in the USA during the
1976-1977 influenza epidemic identified only 11 cases of
anaphylaxis. However, the authors thought that under-
reporting of reactions following vaccination may have
made this data less reliable [20]. From 1990 to 2005,
during which 747 million doses of influenza vaccine were
administered, only four reports of death from anaphylaxis
to the influenza vaccine were reported that identified
the influenza vaccine as the cause. It is unclear whether
these may have been due to egg allergy, as no information
on a history of egg allergy was provided [21]. There is a
single case report from 1969 of fatal anaphylaxis in a child
with egg allergy following administration of the influenza
vaccine [22].

History of the controversy

Concern for influenza vaccination in egg-allergic children
increased following the anaphylactic death after influenza
immunization of a child known to be allergic to egg in a
Seattle physician’s office in 1969 [22]. However, as far
back as the 1970s small studies had suggested that
patients with a history of systemic reactions to eggs could
safely receive the influenza vaccine after appropriate
evaluation, particularly if intradermal skin tests to the
vaccine were negative. Bierman e /. [22] studied
142 children aged 3—18 years with allergies to chickens,
eggs, or feathers and found that children with negative
influenza vaccine prick (full strength) and intradermal
(with a 1:100 dilution) skin test results appeared to
tolerate vaccination without any immediate reaction.
Of 130 children immunized, three developed delayed
reactions to the vaccine. As mentioned previously, influ-
enza vaccines studied before 1994 likely contained higher
amounts of ovalbumin [11].

Murphy and Strunk [23] evaluated a small cohort of six
children with documented egg allergy and negative skin
prick (1:10 dilution) but positive intradermal (1:100
dilution) skin tests to the influenza vaccine in 1985.
Patients were immunized with a multidose (six intramus-
cular injections) approach. Most patients tolerated the
procedure without reaction. One patient developed
wheezing after the first administration but tolerated a
second immunization with the same protocol without
difficulty. In 1998, the study by James referenced above
suggested that egg-allergic patients could receive influ-
enza vaccine containing less than or equal to 1.2 pg/ml in
a two-step protocol; still, concern existed that available
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vaccine ovalbumin content was either unknown or above
this threshold. A practice parameter from 2002 suggested
an algorithm performing skin prick tests (full strength)
followed by intradermal skin tests diluted 1: 100 volume/
volume to the influenza vaccine in patients with a history
of egg allergy and proceeding with vaccination if these
were negative. If skin testing was positive, there was an
option to give the vaccine in divided dose (either a two-
step approach if the vaccine content was known to be less
than or equal to 1.2 pg/ml or a multidose protocol if the
ovalbumin content was unknown or was above this
threshold) [11]. This continued to be the prevailing
recommendation for children with strongly suspected
egg allergy through the end of 2009 [24]. However, a
2007 investigation by Wood ez al. [25] concluded that,
while false-positive reactions to skin prick testing were
rare, intradermal testing with 1:10 dilutions of influenza
vaccine would be of limited value because of high rates
of false-positive reactions. The authors evaluated 20
healthy adult volunteers with no history of food, drug,
or vaccine allergy. Volunteers underwent prick and intra-
dermal skin testing to vaccine dilutions. Influenza
vaccine intradermal testing at 1: 100 dilutions was associ-
ated with a significant rate of false-positive reactions
(15% false-positive rate).

Recent developments

Because of concern about false-positive reactions with
intradermal skin testing to the influenza vaccine, inves-
tigators evaluated whether epicutaneous skin testing
alone might be adequate. In 2008, 88 asthmatic children
(44 with a history of egg allergy and 44 without) with
negative influenza skin prick tests received the virosomal
adjuvanted influenza vaccine as a single dose. No
immediate or delayed adverse events were observed [26].

In 2009, the demand for influenza vaccine testing
increased with the onset of the 2009 HIN1 pandemic.
Increased interest in providing influenza vaccine to chil-
dren with egg allergy prompted the investigation of
alternative testing methods. Evidence of irritant skin test
vaccine responses, combined with data suggesting actual
ovalbumin content may be much lower than stated con-
tent in vaccines, led to revised recommendations for
vaccinating egg-allergic patients. Kelso [27°] argued for
a less conservative approach in an editorial appearing in
the Journal of Allergy and Clinical Immunology in April
2010, suggesting that patients with less severe egg allergy
could receive a vaccine with a stated ovalbumin content
of less than 2 pg/ml as a single dose without prior vaccine
testing. Greater caution was recommended if ovalbumin
content was above this threshold. Questions remained
regarding the safety of the intranasal influenza vaccines,
as exposure is through the nasal mucosa rather than
intramuscular injection. It was emphasized that immu-
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nization in this group of patients should take place in a
setting in which personnel and equipment are available to
recognize and treat anaphylaxis.

Several studies published during the previous vyear
suggest that influenza vaccination may be well tolerated
in selected patients with a history of egg allergy. In May
2010, Chung ez /. [28°°] published a retrospective chart
review of 171 children which suggested that egg-allergic
children could receive influenza vaccine without skin
testing. Patients were 6 months to 18 years old with
documented egg allergy. Ninety-seven percent [95%
confidence interval (CI) 91.3-99.0] of patients were able
to tolerate the influenza vaccine in two graded doses
(10 and 90%) without serious adverse reactions. This
number did not differ significantly among children
who had skin testing prior to vaccine administration
and those who did not undergo skin testing. Thirty-six
patients experienced adverse reaction (seven systemic
reactions including wheezing, eczema exacerbation, or
hives on the face or chest). Selection bias could not be
excluded because of the retrospective nature of the
study, and patients with histories of recent egg-induced
anaphylaxis were not included in the study. Despite
these limitations, a 3—5% reaction rate was reported.

In August 2010, Gagnon e al. [29°°] published the
experience of the Quebec Ministry of Health and Social
Services during the 2009-2010 HIN1 pandemic. A pro-
spective observational study was conducted in patients
with confirmed egg allergy. Patients were enrolled at five
Canadian sites and reaction rates to HIN1 vaccination
were compared with controls. Patients with egg allergy
with a history of respiratory or cardiovascular reactions
after egg ingestion were vaccinated in two divided
doses (10 and 90%), but other patients received a single
dose. Among 830 patients with egg allergy, 9% received
the two-step method. No anaphylactic reactions were
reported. Nine patients experienced allergic reactions
(symptoms included hives, abdominal pain, hoarse voice,
sensation of throat closure, and wheezing). Subsequently,
more than 3600 children with egg allergy were vaccinated
(two patients received epinephrine for symptoms com-
patible with allergy following vaccination).

A study published by Greenhawt ¢7a/. [30°] in November
2010 demonstrated that skin testing was unnecessary
prior to vaccination and that lot-to-lot variation was
unlikely to be a significant concern. The authors con-
ducted a prospective controlled trial of HIN1 vaccination
between 105 egg-allergic patients and 19 controls. Prick
and intradermal skin testing was positive in 2.4 and 33.1%
of 124 patients, respectively. Patients with negative skin
tests received a single dose of HIN1 vaccination, whereas
those with positive skin tests received vaccination in a
two-step protocol (10 and 90%). Booster vaccine, if
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required, was given as a single dose from a different lot
(but same manufacturer) without prior testing. No sig-
nificant reactions resulted from either method of vaccina-
tion or subsequent booster doses. The authors concluded
that HIN1 vaccine could be administered to egg-allergic
children without prior skin testing or graded challenge.

In January 2011, Owens and MacGinnitie [31°] published
the results of a retrospective chart review of 64 egg-
allergic patients who received higher ovalbumin content
vaccines. The Sanofi Pasteur seasonal (Fluzone) and
H1NT1 influenza vaccines were given to egg-allergic chil-
dren using a two-step protocol (10 and 90%). Four mild
allergic reactions occurred among 64 patients who
received 96 total vaccinations, resulting in a reaction rate
of 6.2% of patients (95% CI: 4.4-7.8) and 4.2% of
vaccinations (95% CI 3.4-5.0). No patients had anaphy-
laxis and all reactions were limited to cutancous symp-
toms of urticaria or erythema. Three of sixty-four patients
reacted to the 10% dose and did not receive the sub-
sequent 90% vaccine dose. Although the ovalbumin
vaccine content of the product used in this study is higher
than other brands, it should be noted that it was still likely
lower than 1.2 pg/ml [9°,13°].

In summary, this constellation of studies suggests that
serious allergic reactions to the influenza vaccine are
uncommon even in patients with documented egg
allergy. Skin testing was likely to lead to false-positive
reactions, especially when intradermal skin testing was
used. Vaccination may be administered in one-step or
two-step protocols in a closely monitored setting without
the need for prior skin testing, and severe adverse reac-
tions were rare.

Most recent recommendations

With the intensity of investigations over the last year,
several themes have emerged. It appears skin testing to
influenza vaccine is associated with a significant rate of
irritant reactions. Furthermore, influenza vaccine skin
testing does not appear to predict tolerance to the influ-
enza vaccine. In October 2010, the American Academy of
Allergy, Asthma, and Immunology (AAAAI) published an
open letter regarding the administration of influenza
vaccine to egg-allergic recipients on the society internet
site (www.aaaai.org). The AAAAI recommended that
influenza vaccine could be successfully administered to
egg-allergic individuals via a number of approaches. Use
of the lowest ovalbumin containing vaccine was recom-
mended. The routine practice of skin testing to influenza
vaccine was no longer recommended; however, it may be
used in ‘special cases ... as an extra level of caution,
though there is no current evidence that has shown skin
testing under such settings is necessary or predictive of
outcome’. The option of either a single dose or a 10 and

90% two-step dose challenge (second dose after 30 min if
first dose is tolerated) was recommended with equipoise
noted between each (unless the patient has a history of
anaphylaxis to egg, in which case a two-step approach was
favored over a five or six multistep protocol). Patients
should be observed 30 min after the last dose. For any
provider administering vaccinations, it was stressed that
proper resuscitative equipment needs to be available in
the office to manage potential anaphylaxis [32].

It should be noted that current influenza vaccine recom-
mendations in egg-allergic patients apply only to this
particular clinical situation. These recommendations do
not apply to patients with a history of allergic reactions to
the influenza vaccine itself or to another ingredient of the
vaccine besides egg and patients with allergic reactions to
other vaccines or their ingredients. The reader is referred
to the Adverse Reactions to Vaccines Practice Parameter
published by the American College of Allergy, Asthma,
and Immunology and the AAAAI for additional infor-
mation regarding such situations [33].

In January 2011, a focused practice parameter update was
published regarding the administration of influenza
vaccine to egg-allergic recipients. The routine practice
of skin testing was no longer recommended. Both the
two-dose (10 and 90%) and single-dose methods were
recommended as appropriate for providing influenza
vaccine to egg-allergic individuals. Caution was recom-
mended when vaccinating patients with a history of
anaphylaxis or where the severity of their clinical reaction
was uncertain, particularly when the ovalbumin content
of the vaccine is unknown. Consultation with an allergist
experienced in food allergy and anaphylaxis was strongly
recommended in such situations. For patients requiring a
booster dose, it was recommended the same manufac-
turer be used but the same vaccine lot is not required. If a
product from the same manufacturer is not available, it
may be prudent to take the same precautions as with an
initial dose. A monitoring period of 30 min following
vaccination was recommended. Which approach is cho-
sen (two vs. single dose) is left to the discretion of the
healthcare provider in circumstances in which previous
egg-allergic reactions have not involved anaphylaxis.
Again, appropriate preparedness to treat an anaphylactic
reaction was recommended [34°°].

Although it is intuitive to choose an influenza vaccine
with the lowest stated ovalbumin content, this decision
may be made more difficult by age-specific label limita-
tion on specific vaccine brand indications. For instance, in
the 2010-2011 season, Fluzone (Sanofi Pasteur) was the
only product approved in children 6 months to 3 years
of age. At 3 years of age, Fluarix (GlaxoSmithKline,
Brentford, UK) is approved for use, whereas the Novartis
product Fluvirin was approved for patients 4 years of
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Table 1 Comparison of available influenza vaccines for the 2010-2011 season

Manufacturer CSL Behring GlaxoSmithKline Medlmmune Novartis Sanofi Pasteur

Brand Afluria Fluarix FluLaval  FluMist Fluvirin ~ Agriflu  Fluzone Fluzone high dose
Ovalbumin content (ng/dose)®  Low Low Low Low Low Low Higher Higher
Manufacturer's claims® <1 <0.05 <1 <0.24 <1 <0.4 <5 <1.6
Independent assays® 0.009-0.011 <0.025 <0.05 <0.001-0.004 <0.025 <0.1-0.711

With the exception of Fluzone, available vaccines contained low amounts of ovalbumin (less than or equal to 1 ng/dose). However, Fluzone was the only
vaccine approved for children under 2 years of age and for children less than 3 years of age with asthma. This presented a particular challenge for young

children with egg allergy, particularly when symptoms of asthma were also present. Reproduced with permission from [36°].

2Per 0.5-ml dose, except FluMist per 0.2-ml dose.

P Per package inserts, except FluMist and Fluzone and Fluzone High-Dose by personal communication.

©0Of 2009-2010 formulations.

age and older. Afluria (CSL, Parkville, Victoria, Australia)
had a lower ovalbumin content (labeled ovalbumin con-
tent <1pug/ml) and was initially approved for persons
aged 6 months and older; however, the vaccine was
subsequently recommended for individuals 9 years and
older because of an increased risk of febrile seizures [35°].
Fluvirin (labeled ovalbumin content <1 pg/ml) also had
lower ovalbumin content and Fluarix had ultra-low oval-
bumin content (labeled ovalbumin content <0.05 pg/ml),
but concern existed for an attenuated immune response
to Fluarix and Fluvirin in children younger than 3 and
4 years of age, respectively. But, while Fluzone may have
provided a greater antibody response in children under
3 years of age, it remained the vaccine with the highest
ovalbumin content [36°]. Still, independent assays indi-
cated that actual Fluzone content may have been less
than 1.4 pg/ml, and the study by Owens and MacGinnitie
[31°] discussed earlier provided some level of reassurance
in using this product. A summary of 2010-2011 influenza
vaccine age-specific indications and ovalbumin content is
provided in Table 1.

Conclusion

Recent studies and protocols have allowed us several
options for administration of the influenza vaccine in egg-
allergic patients. The option of forgoing skin testing in
favor of a two-step or single-dose protocol may save
significant time and discomfort for children requiring
the vaccination and may avoid some of the false-positive
reactions that may occur especially with intradermal skin
testing. It has been suggested that influenza vaccine in
egg-allergic patients be administered in an allergy/immu-
nology clinic or other specialty care clinic [37]. In the case
of a child who has documented egg allergy but no history
of systemic symptoms or anaphylaxis, vaccination in a
primary care setting may be feasible in the future if the
clinic is equipped to properly monitor and treat reactions
if they occur. However, in the setting of more severe egg
allergy, vaccination in the allergy/immunology clinic is
indicated. Further studies are needed to address these
issues as well as to provide further evidence regarding the
risks and benefits of influenza vaccination in patients with

egg allergy.
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