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Safety of Influenza Vaccine Administration in

Egg-Allergic Patients

~

WHAT’S KNOWN ON THIS SUBJECT: Current guidelines
recommend that egg-allergic patients receive an influenza
vaccine skin test before they receive an influenza vaccine.

WHAT THIS STUDY ADDS: The results of our study suggest that
an influenza vaccine skin test may be safely removed from
standard protocol, and egg-allergic patients without anaphylaxis
to egg may be administered an influenza vaccine in a 2-dose,

/

&

graded fashion without a vaccine skin test.

o

@

OBJECTIVE: Current guidelines recommend that egg-allergic patients
receive an influenza vaccine skin test before the influenza vaccine. This
study evaluated the safety of bypassing the skin test and administering
graded doses of influenza vaccine to egg-allergic children.

METHODS: We conducted a retrospective chart-review study of egg-
allergic patients aged 6 months to 18 years who received the vaccine
skin test and/or a 2-dose graded influenza vaccine. Between influenza
seasons 2002—-2003 and 20062007, egg-allergic patients underwent a
vaccine skin test before influenza vaccine administration. Starting in
2006—2007, the skin test was removed from our protocol and egg-
allergic patients received the influenza vaccine in 2 graded doses. All
vaccinated patients were observed for adverse reactions.

RESULTS: Two hundred sixty-one egg-allergic patients were evaluated
for influenza vaccine administration, and 171 went on to receive the
vaccine. Of the 56 patients who received the skin test before the influ-
enzavaccine, 95% (exact 95% confidence interval [Cl]: 85.1-98.9) toler-
ated the vaccine without a serious adverse reaction. This rate was
unchanged after the vaccine skin test was removed from the protocol.
Ofthe 115 patients who received the vaccine without a preceding skin test,
97% (exact 95% Cl: 91.3-99.0) tolerated the vaccine without serious ad-
verse reaction. The tolerance rate ratio was 1.01 (95% Cl: 0.97—1.06).

CONCLUSION: The results of our study suggest that egg-allergic pa-
tients without anaphylaxis to egg may safely receive the influenza vac-
cine in a 2-dose, graded fashion without a vaccine skin test. Pediatrics
2010;125:¢1024—e1030
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Influenza is a major public health con-
cern. Rates of hospitalization, outpa-
tient visits, and prescribed antibiotics
for children increase over the baseline
rate during the influenza season.'?
These rates are substantially in-
creased in high-risk populations, such
asthose with asthma and concomitant
food allergy.5® Annual influenza vacci-
nation is recommended to protect chil-
dren from the morbidity associated
with influenza infection.”? Despite the
benefits of decreased flu-like symp-
toms, outpatient visits, and hospital-
izations, influenza vaccination rates
are low."'" In select US cities, less than
20% to 30% of children receive the in-
fluenza vaccination.'2 This rate is likely
lower for children with egg allergy,
given conflicting recommendations re-
garding influenza vaccine in egg-
allergic patients. On the one hand, in
the 2009 Red Book,'s'* the American
Academy of Pediatrics stated that chil-
dren with severe allergic reactions to
egg generally should not receive the
influenza vaccine; on the other hand, it
stated that these children may receive
the influenza vaccine through a desen-
sitization protocol after a positive vac-
cine skin test result. Furthermore, in-
fluenza vaccine manufacturers report
egg allergy as a contraindication to in-
fluenza vaccine administration. In
2008, the Centers for Disease Control
and Prevention (CDC) expanded the in-
fluenza vaccine recommendation to in-
clude all children between 6 months
and 18 years of age.” Given the preva-
lence of asthma' '8 and egg allergy' in
the US population, providers are faced
with the challenge of administering
egg-containing influenza vaccine to
egg-allergic patients for whom the vac-
cine is indicated.

Various studies have emerged to as-
sess influenza vaccine administration
in egg-allergic patients. As early as the
1970s, study results indicated that pa-
tients with egg allergy should undergo
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skin testing with the influenza vac-
cine.'®20 |f the skin-test result were
negative, the influenza vaccine could
be safely administered. If the skin-test
result were positive, the recommenda-
tion was not to administer the vaccine.
Murphy and Strunk?!' later suggested
that egg-allergic patients with posi-
tive skin-test results could be safely
administered the influenza vaccine
through a protocol of multiple, graded
injections. In a detailed guideline pub-
lished in 2002, Zeiger® recommended
that individuals with histories of ad-
verse reaction to egg and positive egg
skin-test results receive the influenza
vaccine skin tests (prick and intrader-
mal) before vaccine administration. If
the influenza vaccine skin-test results
are negative, the vaccine may be ad-
ministered in a single dose. If the skin-
test results are positive, the vaccine
may be administered in a 2-dose
graded or desensitization protocol 222
In our study, we evaluated the safety of
bypassing the vaccine skin test and ad-
ministering the influenza vaccine in a
graded, 2-dose fashion to egg-allergic
children.

PATIENTS AND METHODS

Study Design

We performed a retrospective chart
review of influenza vaccine adminis-
tration to egg-allergic pediatric pa-
tients. This study was approved by the
Children’s Hospital Boston committee
on clinical investigation. Data were col-
lected retrospectively through review
of both the electronic and hard-copy
medical records during the influenza
seasons of 2002—-2003 through 2008 —
2009. For each influenza season, we
identified patients who received the in-
fluenza vaccine skin test, the influenza
vaccine in a graded fashion, or both.

Study Population

The study included patients between
the ages of 6 months and 18 years with
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egg allergy who received the influenza
vaccine skin test and/or the graded in-
fluenza vaccine at the Children’s Hospi-
tal Boston Allergy Program. The pro-
gram is equipped with experienced
staff and emergency supplies to man-
age serious adverse reactions and
anaphylaxis should they arise. A his-
tory of egg allergy was confirmed in
patients who received the graded in-
fluenza vaccine and was defined as (1)
a positive egg skin-test or radioaller-
gosorbent test (RAST) result (n = 167)
and allergic symptoms associated
with probable or definite egg con-
sumption or (2) significant RAST (>7
kU/L) or egg skin-test results (egg
wheal reaction > 10 mm with appro-
priate positive and negative controls)
but no documented allergic symptoms
to egg (n = 4) 2%

Patients with histories of recent egg-
induced anaphylaxis were not immu-
nized and, therefore, not included in
the study. Patients who were eating
egg-containing foods were given the
full-dose vaccine and also not included
in the study.

Vaccine Protocol

Between influenza seasons 2002—2003
and 2006—-2007, patients with egg al-
lergy underwent skin-prick testing
with full-strength influenza vaccine.
Patients with negative skin-test results
received the vaccine under a 2-dose
protocol (one-tenth of the recom-
mended dose, followed by nine-tenths
of the recommended dose); those with
positive skin-test results had vac-
cine administration deferred in most
cases. Starting with influenza season
2006—2007, skin testing for the influ-
enza vaccine was removed from our
standard protocol, and most egg-
allergic patients with clinical indica-
tions for influenza vaccination re-
ceived the influenza vaccine under the
2-dose protocol (one-tenth dose, fol-
lowed by a nine-tenths dose). Patients
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were observed for 30 minutes afterthe
one-tenth dose and 30 minutes after
the nine-tenths dose. The egg-protein
content of the influenza vaccine was
not measured in our program or re-
ported by the vaccine manufacturers.

Outcomes

All patients who received the influenza
vaccine were observed for tolerance of
the vaccine. Vaccine tolerance was de-
fined as the lack of localized or sys-
temic adverse reactions. Localized ad-
verse reactions included wheal and
flare limited to the site of injection.
Systemic adverse reactions included
urticaria, eczema exacerbation, and
wheeze.

Statistical Analysis

The x? and Fisher’s exact tests were
used to compare the demographics,
atopic history, egg reaction, and egg-
allergy test results between the vac-
cine skin-test and non—skin-test
groups. To adjust for unbalanced
baseline variables between the 2
groups, propensity scores were cre-
ated through logistic regression. The
vaccine-tolerance rates of the 2
groups and exact 95% confidence in-
tervals (Cls) were calculated. The rate
ratios of vaccine tolerance were esti-
mated with the propensity scores ad-
justment. The 95% Cls for rate ratios
were calculated to test for equivalence
of the vaccine skin-test and non—skin-
test groups. The x? and Fisher’s exact
tests were used to test the factors that
may predict an adverse reaction to the
influenza vaccine. 0dds ratios and 95%
Cls of these factors were also calcu-
lated. A P value of =.05 was consid-
ered statistically significant. Analysis
was conducted in SAS 9.2 (SAS Insti-
tute, Inc, Cary, NC).

RESULTS

Between influenza seasons 2002—2003
and 2008—-2009, 261 patients with egg
allergy were evaluated for influ-
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Total patients evaluated for influenza vaccine

261

/\

Vaccine skin test
146

No vaccine skin
test

Negative
55

Positive
91

O

N

No No
Influenza vaccine || influenza vaccine Influenza vaccine influenza Influenza vaccine
53 2 3 vaccine 15
_ 88
Reactions Reactions Reactions
Localized 8 Localized 1 Localized 20
Systemic 3 Systemic 0 Systemic 4
None 42 None 2 None 91
FIGURE 1

Flow diagram of study participants.

enza vaccine administration. Be-
tween influenza seasons 2002—2003
and 2006 —2007, 146 patients received
the influenza vaccine skin test. Ninety-
one patients tested positive and 55
tested negative for a skin reaction.
Subsequently, 56 patients who primar-
ily tested negative for a skin reaction
went on to receive the vaccine,
whereas 90 patients who primarily
tested positive for a skin reaction did
not receive the vaccine. Between
2006—2007 and 2008—-2009, the influ-
enza vaccine skin test was removed
from the standard protocol and 115
egg-allergic patients received the
2-dose graded influenza vaccine with-
out the vaccine skin test (Fig 1).

Data from the 2 groups of vaccinated
patients, those who received and those
who did not receive the vaccine skin
test, are compared in Table 1. The ma-
jority of patients in both groups were
male (61% and 70%, respectively) and
white (71% and 69%, respectively). In
both groups, most patients had histo-
ries of multiple food allergies (91%
and 84%, respectively) and atopic der-
matitis (71% and 64%, respectively).
The most common allergic reaction to
egg was dermatologic (68% and 74%,
respectively), which included hives,
rash, swelling, or flare of eczema, fol-

lowed by gastrointestinal reactions
(34% and 28%, respectively), which in-
cluded abdominal pain, emesis, or di-
arrhea, and then by respiratory reac-
tions (13% and 5%, respectively),
which included wheezing, coughing,
shortness of breath, or rhinitis. In
these 2 groups, the mean egg skin-test
wheal sizes were 11.2 and 12 mm, and
the mean egg RAST results were 10.16
and 11.95 kU/L, respectively.

Significant differences between the 2
groups included mean age (6.2 years
in the skin-test group vs 3.9 years in
the non—skin-test group; P < .0001),
history of asthma (77% in the skin-test
group vs 90% in the non—skin-test
group; P = .0007), and history of aller-
gic rhinitis (73% in the skin-test group
vs 33% in the non—skin-test group; P <
.0001). These differences can be ex-
plained by the CDC change in influenza
vaccine recommendation. During the
period in which the influenza vaccine
skin test was primarily performed (be-
tween 2002 and 2007), the influenza
vaccine recommendation was limited
to patients at high risk, such as those
with asthma. This is likely reflected in
the increased history of asthma and
older average age in the cohort of pa-
tients who received the vaccine skin
test. After the vaccine skin test was re-
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TABLE 1 Characteristics of Skin-Test (n = 56) and Non—Skin-Test (n = 115) Groups did not receive the vaccine skin test
Characteristic Skin-Test Group Non—Skin-Test P was likely to include those without his-
Group tory of asthma or allergic rhinitis and
ge”de“(:;")"'e' n (%) 54 (80.7) 81(70.4) 2 of younger age. Although these factors
ace, n (% . .
White 40 (71.4) 79 (68.7) 7 may be confound|.ng v.arflgbles, age,
Asian 1(1.8) 8(7) asthma, and allergic rhinitis were ad-
Black 6(107) 7(6.1) justed for through propensity scores
Hispanic 118) 469 in our multivariate analysis. Further-
Other 6 (10.7) 7(6.1) e y >
Declined 2 10 more, univariate analysis demon-
Atopic history, n (%) strated that these factors were not sig-
Asthma 43 (76.8) 57 (49.6) .0007 . . .
nificantl iated with adver
Allergic rhinitis 41 (73.2) 38 (33) <.0001 ca‘ tly assog ate t E_’] erse
Atopic dermatitis 40 (714) 74 (843) 4 reaction to the influenza vaccine (Ta-
Multiple food allergies 51(91.1) 97 (84.4) 2 ble 2). These factors, therefore, were
Reaction to egg, n (%) unlikely to be confounding variables in
Dermatologic 38 (67.9) 85 (73.9) 4 tud
Gastrointestinal 19 (33.9) 32 (27.8) 4 our stuay.
Respiratory 7(125) 6(5.2) e 0f the 171 patients who received the
Other 3(5.4) 5 (4.3) e . . o
Age, average (95% CI), y 62(5.1-7.) 3.9 (33-45) <o 'Mfluenza vaccine, 135 (73%) tolerated
Egg skin test, average wheal size (85% C), mm  11.19 (7.67-1471) 12 (10.27-13.73) 7 the vaccine without any adverse reac-
Egg RAST, average level (35% Cl), kU/L 10.16 (4.07-16.26) 11.95 (7.04-16.86) 7 tion, localized or systemic. The rate of
IgE, average level (95% Cl), U/mL 609.6 (371.2-848.1) 628.1 (307.8-948.4) 9

vaccine tolerance without localized or
systemic reactions was 78.6% (exact
95% Cl: 65.6—88.4) in the group that
received the vaccine skin test and
moved from our standard protocol in expanded to include all children be- 79.1% (exact 95% Cl: 70.6—86.2) in the
2006, the CDC recommendation for in- tween 6 months and 18 years of age. group that did not receive the vaccine
fluenza vaccination was incidentally Therefore, the group of patients who skin test. The rate of vaccine tolerance

IgE indicates immunoglobulin E.
aFisher’s exact test.

TABLE 2 Risk Factors for Adverse Reaction (Including Localized and Systemic)

Risk Factor Adverse Reaction No Reaction 0dds Ratio (95% Cl) Difference of Mean P
(N = 36) (N =135) (95% CI)
Gender, n (%)
Male 21(58.3) 94 (69.6) 0.61(0.29-1.30) — 2
Female 15 (41.7) 41 (30.4)
Race, n (%)
White 26 (72.2) 93 (68.9) 1.17 (0.52—-2.65) — 7
Asian 3(8.3) 6 (4.4)
Black 0(0) 13 (9.6)
Hispanic 0(0) 5(3.7)
Other 4(11.1) 9(6.7)
Declined 3(8.3) 9(6.7)
Atopic history, n (%)
Asthma 19 (52.8) 81 (60) 0.75 (0.36—1.56) — 4
Allergic rhinitis 14 (38.9) 65 (48.2) 0.69 (0.32—1.45) — 3
Atopic dermatitis 24 (66.7) 90 (66.7) 1.00 (0.46-2.18) — > 999
Multiple food allergies 31(86.1) 117 (86.7) 0.95 (0.33-2.77) — > 9992
Reaction to egg, n (%)
Dermatologic 24 (66.7) 99 (73.3) 0.73 (0.33—1.60) —_ 4
Gastrointestinal 13 (36.1) 38 (28.2) 1.44 (0.66-3.14) — 4
Respiratory 0(0) 13 (9.6) 0.52 (0.06—4.39) — 072
Other 1(2.8) 7(5.2) — — > 9992
Age, average (95% Cl), y 4.4 (2.99-5.79) 4.7 (4.11-5.28) — 0.31 (—1.02-1.63) 85
Egg skin test, average wheal (95% Cl), mm 13.3 (9.92—-16.75) 11.5(9.73-13.21) — —1.86 (—5.65-1.93) 3
Egg RAST level (95% CI), kU/L 14.30 (6.04—22.57) 10.54 (6.15—14.94) — —3.76 (—12.93-5.41) 4
ISE level (95% CI), U/mL 914 (44.01-1783.8) 530 (371-689.1) — —383.9 (—923.3-155.5) 2
— indicates not applicable. IgE, immunoglobulin E.
aFisher’s exact test.
PEDIATRICS Volume 125, Number 5, May 2010 e1027
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TABLE 5 Rate of Vaccine Tolerance in the Skin-Test Group (n = 56) Compared With the Non—Skin-

Test Group (n = 115)

Outcome Variable

Skin-Test Group

Non—Skin-Test Group  Rate Ratio (95% Cl)@

n % (Exact 95% n
Cl)

% (Exact 95%
Cl)

No localized or systemic reaction 44
No systemic reaction 93

78.6 (65.6-88.4) 91
94.6 (85.1-98.9) 111

79.1 (70.6-86.2)
96.5 (91.3-99.0)

1.12 (0.99-1.25)
1.01 (0.97-1.06)

@ Ratio with propensity score adjustment.

without systemic adverse reaction
but including localized reaction was
higher at 95% to 97%. In the vaccine
skin-test group, 94.6% (exact 95% Cl:
85.1-98.9) tolerated the vaccine with-
out serious adverse reaction, whereas
96.5% (exact 95% Cl: 91.3-99.0) of pa-
tients in the group that did not receive
vaccine skin test tolerated the vaccine
without serious adverse reaction. The
rate ratio of tolerance without serious
adverse reaction in the non—skin-test
group compared with the skin-test
group was 1.01 (95% Cl: 0.97-1.06)
(Table 3).

Of the 36 patients who had adverse re-
actions, 29 had localized reactions and
7 had systemic reactions. The localized
reactions were wheals and flares lim-
ited to the sites of injection. Of the sys-
temic reactions, 3 occurred in the
group that received the vaccine skin
test (3 of 56 [5.4%]) and 4 occurred in
the group that did not receive the vac-
cine skin test (4 of 115 [3.5%]). Six sys-
temic reactions occurred within 30
minutes after the one-tenth dose and
included wheezing, eczema exacerba-
tion, or hives on face/chest. These pa-
tients did not receive the subsequent
nine-tenths dose. One systemic reac-
tion of hives and facial flushing
occurred >30 minutes after the
nine-tenths dose. There were no
anaphylaxis or multisystemic aller-
gic reactions.

DISCUSSION

In our study, 95% of egg-allergic pa-
tients who received the vaccine skin
test tolerated the influenza vaccine
without any serious adverse reactions.
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Despite removal of the vaccine skin
test from the standard protocol, this
rate of vaccine tolerance remained
nearly the same at 97%. The tolerance
rate in the skin-test group compared
with the non—skin-test group was
nearly equivalent, as demonstrated by
the rate ratio of 1.01 and narrow 95%
Cl. The results of our study suggest
that the influenza vaccine can be safely
administered to egg-allergic patients
in a 2-dose, graded fashion without the
influenza vaccine skin test.

Our results are consistent with those
of a multicenter controlled clinical
trial of 207 patients by James et al® in
which the authors concluded that the
influenza vaccine could be adminis-
tered safely to egg-allergic patients in
a 2-dose injection protocol with vac-
cines containing no more than 1.2
ng/mL of egg protein. The influenza
vaccine skin test was given to all pa-
tients with and without egg allergy be-
fore the vaccine. All patients with egg
allergy, including 4 with positive skin-
test responses, received the influenza
vaccine without experiencing any sig-
nificant adverse reactions, resulting in
a 95% Cl of 95.7%—100%. Eight egg-
allergic subjects and 4 control sub-
jects experienced some mild reactions
during the 2-dose administration of
the vaccine. In a more recent prospec-
tive study of 88 asthmatic patients, half
of whom had egg allergy, Esposito et
al?” found that the influenza vaccine
was tolerated without serious adverse
reactions. Three patients developed
immediate adverse reactions, includ-
ing bronchospasm and erythema, and

15 patients developed localized reac-
tions. All patients had negative vaccine
skin-test results. Studies conducted
more than 25 years ago demonstrated
lower influenza vaccine tolerance
rates between 71% and 87% by egg-
allergic patients.’®20 These studies,
however, were not designed specifi-
cally to examine the safety of skin-
test removal from the influenza vac-
cine protocol for egg-allergic children.

The removal of the influenza vaccine
skin test has many benefits for both
the patient and clinical staff. First, the
vaccine skin test itself requires addi-
tional patient and staff time for admin-
istration and observation. Second, be-
fore the vaccine skin test, patients are
required to stop their long-acting anti-
histamine medications. During the
time without their medications, pa-
tients are at risk for exacerbation of
their atopic diseases. Third, the reli-
ability ofthe influenza vaccine skin test
in identifying patients at risk for ad-
verse reactions has been questioned
in previous studies.”% Wood et al?®
found that the interpretation of skin-
test results for vaccines is often com-
plicated by irritant reactions. The au-
thors examined 20 healthy adults with
no food- or drug-allergy history and ad-
ministered vaccines, including the in-
fluenza vaccine, at varying strengths to
assess the rate of irritant reactions.
They found that with one-tenth and full-
strength intradermal vaccine tests, ir-
ritant reactions were very common. Of
the 20 subjects who received the intra-
dermal 1:100 concentration, which is
the concentration recommended for
vaccine testing in egg-allergic patients
before influenza vaccine administra-
tion, 3 had positive results. Although
irritant reactions are not common, the
authors concluded that clinicians
should be aware that they may occur
even at the 1:100 concentration. The
study results suggest that false-

Downloaded from www.pediatrics.org by on May 12, 2010


http://www.pediatrics.org

positive testing may occur with the in-
fluenza vaccine skin test.

In our study, 3 patients who had a pos-
itive vaccine skin-test result received
and tolerated the influenza vaccine
without serious adverse reactions.
One of these patients had a small, lo-
calized reaction after the one-tenth
dose but subsequently tolerated the
nine-tenths dose without any reaction.
Furthermore, of the 55 patients with
negative skin-test results, 3 patients
still developed mild systemic reactions
to the influenza vaccine. Although this
was a very small sample and not a pri-
mary aim of our study, these results,
and those of previous studies, suggest
that the vaccine skin test may not be
reliable in distinguishing patients who
are safe to receive the influenza vac-
cine from those who are unsafe to re-
ceive the vaccine.

Our study was limited by our modest
sample size and the rare occurrence
of a systemic reaction to the influenza
vaccine, which affected the power of
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who are equipped to manage possible
serious adverse reactions.

Areas for further research include a
large, prospective, multicenter study
to validate our findings, assess the
safety of influenza vaccine in patients
with anaphylactic reaction to egg, and
identify risk factors that may predict
adverse reaction to influenza vaccine
in egg-allergic patients. In addition, a
study of the safety of full-dose influ-
enza vaccine administration may help
increase the rate of influenza vaccina-
tion in egg-allergic patients.
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