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Purpose of review

Safety of influenza vaccines

To review recent publications on the safety of influenza vaccines [both the injectable, inactivated trivalent
influenza vaccine (TIV) and the intranasal, live attenuated influenza vaccine (LAIV)] and new

recommendations regarding their use.

Recent findings

Numerous studies have demonstrated that TIV can be safely administered to patients with egg allergy.

Influenza vaccines are very unlikely to cause or exacerbate Guillain-Barré syndrome (GBS). TIV cannot
cause asthma exacerbations, whereas there may be some slight risk that LAIV could do so. TIV is well

tolerated by patients with immunocompromise. Some brands of influenza vaccine are not indicated for
certain age groups due to lack of effectiveness or possible side effects.

Summary

TIV should be administered to patients with egg allergy with appropriate precautions. Influenza vaccines
should be withheld from patients with a history of GBS only if the GBS began within 6 weeks of prior
influenza immunization. TIV should be given to patients with asthma, but they should not receive LAIV. TIV
should be given to immunocompromised patients, but they should not receive LAIV. Contacts of most
immunocompromised patients can receive either TIV or LAIV. Age appropriate brands of influenza vaccine

should be used.
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Each year in the United States, approximately
300000 people are hospitalized due to influenza
infection, including 20 000 children less than 5 years
of age. More than 20000 deaths occur annually as a
result of the disease, including over 100 children [1].
Influenza vaccines are about 70% effective in pre-
venting infection and can thus have a substantial
impact on reducing this morbidity and mortality
[2,3"]. Routine annual influenza vaccination is
recommended for all persons 6 months of age and
older [4"].

The overwhelming majority of patients receive
influenza vaccines uneventfully. However, as with
any vaccine, influenza vaccines can cause adverse
reactions. There are two types of influenza vaccines
approved for use in the United States, specifically
the injectable, inactivated trivalent influenza
vaccine (TIV) and the intranasal, live attenuated
influenza vaccine (LAIV). For safety concerns that
apply only to the live vaccine, the inactivated
vaccine can often be substituted. The majority of
patients who have suffered an adverse reaction to
either influenza vaccine, or who have a preexisting
medical condition that might increase the risk of
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such a reaction, can nonetheless be safely vacci-
nated with appropriate precautions.

Both TIV and LAIV are grown in chicken eggs and
contain residual amounts of egg protein (oval-
bumin). In theory, administration of these vaccines
to egg-allergic patients could result in systemic aller-
gic reactions (anaphylaxis).

Do influenza vaccines cause systemic
reactions when injected into egg-allergic
patients?

Seven studies, including six just in the last 2 years,
have been published involving more than 1600
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KEY POINTS

e Trivalent influenza vaccine (TIV) should be administered
to patients with egg allergy with appropriate
precautions. If egg ingestion caused hives only, TIV can
be given under observation in a primary care setting,
whereas if egg ingestion caused other systemic allergic
symptoms, TIV should be given in an allergist’s office.

Influenza vaccines should be withheld from patients
with a history of Guillain-Barré syndrome (GBS) only if
the GBS began within 6 weeks of prior

influenza immunization.

TIV should be given to patients with asthma, but they
should not receive live attenuated influenza vaccine

(LAIV).

TIV should be given to immunocompromised patients,
but they should not receive LAIV. Contacts of most
immunocompromised patients can receive either TIV
or LAIV.

e Age appropriate brands of influenza vaccine should
e used.

egg-allergic patients who have received TIV without
any serious reactions (no respiratory distress or
hypotension), and with only a low rate of minor
reactions (hives, mild wheezing) [5-11]. Further,
some studies included control groups and demon-
strated comparable rates of reactions among those
with and without egg allergy [5,7,8,11]. Thus, if TIV
causes systemic allergic reactions in egg-allergic
recipients, the rate of such reactions is very low.

What about patients with severe egg allergy?

Most studies have specifically included patients
with histories of severe anaphylaxis to egg ingestion
[5,7,8,10,11]. Collectively 185 such patients have
been immunized with TIV and these patients also
tolerate the vaccine. So, even these patients do not
appear to be at risk of serious reaction.

Does skin testing with the vaccine help
predict a reaction?

In most studies in which skin testing with the
vaccine was performed, either by prick or intrader-
mal method, patients were vaccinated irrespective
of their skin test results. Vaccinated skin test positive
patients had no reactions, or no greater rate of
reactions, than skin test negative patients
[5,6,8,10,11]. The rate (low) of reactions (minor) is
the same whether skin testing is included in the
protocol or not [6]. So, vaccine skin test results do
not predict vaccine reactions and are thus
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unnecessary. Vaccine skin testing is appropriate in
the evaluation of a patient who has had an apparent
allergic reaction to influenza vaccination itself as
opposed to egg ingestion [127].

Does dividing the vaccine dose reduce the
rate of reactions?

In some studies administering influenza vaccine to
egg-allergic patients, 10% of the dose was given and
the patient was observed for 30 min and, if they had
no reaction, the remaining 90% of the dose was
given with an additional 30min of observation.
As the vast majority of patients ultimately tolerate
the 10-90%, most authors have concluded that the
vaccine could have been administered as a single
dose [5-11]. Studies wherein the vaccine has been
administered as a single dose also report no serious
reactions [7,8,10,11]. Thus, dividing the vaccine
dose is not required.

Why are there no serious reactions being
reported?

In those studies reporting the ovalbumin level,
influenza vaccines administered to egg-allergic
patients have contained as much as 0.7 mcg per
0.5ml dose without serious reactions, so at least
that much appears well tolerated [5,7-11]. Such
data on ‘safe’ ovalbumin levels are based on analyz-
ing content of vaccines used in various studies, not
dose-response studies. Thus, it is not known what
amount of ovalbumin per dose might be associated
with a higher rate of reactions or more severe reac-
tions. Three of the four manufacturers of TIV report
the maximum amount of ovalbumin in the package
insert and the other manufacturer will provide the
information on request. The claimed amounts
are all less than 1 mcg per 0.5ml dose. When the
amount of ovalbumin contained in the vaccines has
been measured in independent laboratories, the
actual amounts are typically much lower than the
claimed amounts [13-15]. So the reason that the
vaccine is tolerated in egg-allergic patients is likely
that there is not enough ovalbumin in the vaccine to
cause a reaction.

What about live attenuated influenza
vaccine?

Although LAIV contains a low amount of oval-
bumin, all published studies to date have evaluated
TIV, and thus TIV rather than LAIV should be used
for egg-allergic recipients. Also LAIV should not be
used in children with asthma, which often coexists
with egg allergy.

Volume 12 e Number 4 o August 2012

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Changes to vaccine recommendations

The evidence outlined above has led the Centers for
Disease Control and Prevention’s (CDC) Advisory
Committee on Immunization Practices (ACIP) [4"]
and the American Academy of Pediatrics’ (AAP)
Committee on Infectious Diseases (‘Red Book’ com-
mittee) [16"] to revise recommendations on the
administration of influenza vaccine to patients with
egg allergy. These guidelines state that patients with
egg allergy should receive TIV, but do so in a setting
where anaphylaxis could be recognized and treated
should it occur, and that such patients should be
observed for 30 min after vaccination. If the reaction
to the ingestion of eggs involves hives only, TIV can
be administered in a primary care setting, whereas if
the reaction to the ingestion of eggs involved respir-
atory or cardiovascular symptoms or recurrent eme-
sis, these patients should be referred to an allergist
for TIV administration.

Some studies have suggested an association between
influenza vaccination and GBS.

What does Guillain-Barré syndrome have to
do with infection or vaccination?

Guillain-Barré syndrome is an acute inflammatory
demyelinating polyradiculoneuropathy. It is often
preceded by infection, most commonly with
Campylobacter jejuni, but also with other infectious
organisms including influenza [17,18]. The patho-
physiology is thought to be autoimmune through
molecular mimicry, whereby the immune response
generated toward specific elements on the infec-
tious agent also attack coincidentally similar
elements on peripheral nerves [17]. GBS has also
been temporally associated with receipt of various
vaccinations, most commonly influenza vaccine
[19].

What happened with the ‘swine flu’ vaccine
in 19762

In 1976, influenza A H1N1 virus isolates from Army
recruits at Fort Dix New Jersey demonstrated sim-
ilarity to the ‘swine flu’ virus that caused the 1918
pandemic, and public health authorities initiated a
special mass immunization program in the United
States [20]. However, an increased number of cases of
GBS after vaccination were reported and, after more
than 40 million people had been immunized, the
program was discontinued. Epidemiologic studies
estimated the risk to be one per 100000 vaccines [21].
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Has Guillain-Barré syndrome been
associated with influenza vaccine in other
years?

Because of the 1976 experience, influenza vaccina-
tion programs in subsequent years, including the
special mass immunization program in 2009 against
H1N1 ‘swine flu’, have been carefully monitored for
an association between vaccination and GBS. These
studies have demonstrated either no association, or
a risk in the order of one case per million vaccines
[17,22]. In a report published in 2011, the Institute
of Medicine stated that, except for the 1976 vaccine,
epidemiologic studies ‘generally report a null associ-
ation’, that the mechanistic evidence regarding the
association is ‘weak’, and concluded that ‘the evi-
dence is inadequate to accept or reject a causal
relationship between influenza vaccine and GBS’
[23]. It should also be appreciated that influenza
disease itself may also trigger GBS [18], and thus
influenza immunization may well prevent some
cases of GBS.

Can influenza vaccine be given to patients
with a history of Guillain-Barré syndrome?

Nonetheless, because of the possible increased risk,
however small, for GBS after influenza vaccination,
and because GBS is recurrent in a small percentage of
cases, persons who have had the onset of GBS within
6 weeks of influenza vaccination should avoid sub-
sequent immunization with influenza vaccine [24].
However, for those with a history of GBS without
a temporal association to influenza vaccine, the
benefits of vaccination likely outweigh any risks
[24].

Several studies have addressed the safety of both
inactivated and live attenuated influenza vaccines
in patients with asthma.

Can trivalent influenza vaccine safely be
given to patients with asthma?

TIV contains killed virus or viral subunits and can-
not cause influenza [24]. Further, the vaccine does
not cause asthma exacerbations in children or adults
with the disease [24,25].

Can live attenuated influenza vaccine safely
be given to patients with asthma?

LAIV contains live attenuated virus that has been
cold adapted. It can replicate in the cooler
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temperature of the nose where it is administered,
but cannot survive in the higher temperature of the
lungs. The package insert for LAIV states that it
‘should not be administered to any individuals with
asthma or children less than S5 years of age with
recurrent wheezing because of the potential for
increased risk of wheezing postvaccination’; how-
ever the data supporting this potential risk are not
very strong. In a study [26] wherein LAIV was
administered to 9689 children, medical utilization
was monitored for 42 days after vaccination.
Sixteen/728 LAIV recipients’ age 18-35 months
had asthma events compared with two of 369
placebo recipients [RR 4.06 (1.29, 17.86)]. However,
the asthma events were not clustered at any particu-
lar time point after vaccination and there was no
increased risk when the diagnoses of wheezing and
shortness of breath were included with asthma.
There was also no increased risk among children
with a previous diagnosis of asthma or in any other
age group. In another study [27] wherein the vaccine
was administered to over 11000 children annually
for 4 years, children age 18 months to 4 years had
a higher risk for asthma events 15-42 days after
vaccination only in the 1st year of vaccination that
was just barely of statistical significance [RR 2.85
(1.01-8.03)]. However, even in this age group there
was no increased risk for asthma events 0-14 days
after vaccination or at any time point in other years.
In both of these studies, the large number of com-
parisons made raises the possibility that these associ-
ations occurred by chance [27]. Other studies that
have specifically administered the vaccine to chil-
dren with asthma have not seen an increase in
asthma events after vaccine administration
[28,29]. The CDC states that ‘although FDA licen-
sure of LAIV excludes children aged 2—4 years with a
history of asthma or recurrent wheezing, the precise
risk, if any, of wheezing caused by LAIV among these
children is unknown,” but nonetheless concludes
that TIV, rather than LAIV, should be used for
patients with asthma [24].

The safety of influenza vaccines in patients with
immune compromise has been evaluated in a num-
ber of studies.

Can trivalent influenza vaccine safely be

given to immunocompromised patients?

Because TIV contains killed virus or viral subunits, it
cannot replicate, and therefore cannot cause disease
in immunocompromised recipients. Immuno-
suppression may dampen appropriate immune
responses to the vaccine making it less effective,
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although most such patients do achieve protective
antibody titers and protection from disease [30-34].
Although there are anecdotal reports of transplant
rejection after influenza vaccination, [35] influenza
infection has also been associated with rejection
[30,35] and most studies have not linked vaccina-
tion and rejection [24,30]. Although some studies
have demonstrated a transient rise in HIV RNA in
HIV-infected influenza vaccine recipients, there
have been no adverse consequences of this reported
[24,30] and the vaccine has demonstrated effective-
ness in HIV-infected patients [36]. TIV is specifically
recommended for patients who ‘are immunosup-
pressed (including immunosuppression caused by
medications or by human immunodeficiency virus)’
[24].

Can live attenuated influenza vaccine safely
be given to immunocompromised patients?

Because LAIV contains live attenuated virus that
might be allowed to replicate and cause disease in
immunocompromised patients, it should not be
administered to such patients, although there are
no reports of adverse outcome in immunocompro-
mised patients inadvertently vaccinated with LAIV
[37,38"]. Healthcare providers and household
contacts of patients who are so severely immuno-
compromised that they required a protected
environment (such as a bone marrow transplant
unit) should not receive LAIV due to the theoretical
risk of transferring the virus to such patients. How-
ever, contacts of patients with a lesser degree of
immunosuppression (such as with HIV infection
or on chemotherapy) can receive LAIV [24].

Each of the influenza vaccines approved for use
in the United States has a specific age range for
approval.

Is it necessary to choose a particular
influenza vaccine for a particular age group?

In some cases the vaccine is not approved for a given
age group simply because it has not been studied in
that age group. In other cases it is not approved for a
specific age group because it was not demonstrated
to be effective or demonstrated decreased immune
responsiveness in the age group. One vaccine was
also associated with an increased risk of febrile
seizures in a certain age group [39]. Thus, an age
appropriate vaccine (Table 1) should always be
administered.
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Table 1. Choice of influenza vaccines by age group, 201

122012 season

Manufacturer/brand biotf?esl'lz;pies Gla;?iignith biorr:eDdicaI MedImmune Novartis Sanofi Pasteur
Age Afluria Fluarix FluLaval FluMist Fluvirin Fluzone h’i:t_:l]l;fggze infrl:ég:]rﬁal
<6 months Influenza vaccine not recommend
6 months - 23 months Increa_sed
Decreased wheezing
immune Decreased
24 months - 35 months Increased risk response immune
of febrile response
36 - 47 months seizures Not studied Not studied
Approved
4 years - 8 years (if no asthma) Not studied
Approved
9years - 17 years
Approved
18 years - 49 years Approved
Approved Approved
50 years - 64 years Approved
Not effective
>65 years Approved Not studied

TIV should be administered to patients with egg
allergy with appropriate precautions. Influenza
vaccines should be withheld from patients with a
history of GBS only if the GBS began within 6 weeks
of prior influenza immunization. TIV should be
given to patients with asthma, but they should
not receive LAIV. TIV should be given to immuno-
compromised patients, but they should not receive
LAIV. Contacts of most immunocompromised
patients can receive either TIV or LAIV. Age appro-
priate brands of influenza vaccine should be used.
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