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Review article

Vaccine allergies

Currently, the increasing numbers of vaccine administrations are associated with increased
reports of adverse vaccine reactions. Whilst the general adverse reactions including allergic
reactions caused by the vaccine itself or the vaccine components, are rare, they can in some
circumstances be serious and even fatal. In accordance with many IgE-mediated reactions
and immediate-type allergic reactions, the primary allergens are proteins. The proteins most
often implicated in vaccine allergies are egg and gelatin, with perhaps rare reactions to yeast
or latex. Numerous studies have demonstrated that the injectable influenza vaccine can be
safely administered, although with appropriate precautions, to patients with severe egg aller-
gy, as the current influenza vaccines contain small trace amounts of egg protein. If an allergy
is suspected, an accurate examination followed by algorithms is vital for correct diagnosis,
treatment and decision regarding re-vaccination in patients with immediate-type reactions to
vaccines. Facilities and health care professionals should be available to treat immediate hy-
persensitivity reactions (anaphylaxis) in all settings where vaccines are administered.

Keywords: Vaccine, Allergy, Influenza, Egg, Anaphylaxis

Similar to other drugs, vaccines have the potential to cause allergic reactions [1-3]. Vac-
cines, specifically individual components of the vaccine, are known to, although rarely,
cause serious complications. Even after an allergic reaction after vaccination, it is diffi-
cult to ascertain whether the allergic reaction was caused by the vaccine itself or other
factors. Recently, mild allergic reactions caused by vaccinations have become common
in practice due to an increased amount of vaccinations, however, these mild allergic re-
actions can still lead to serious complications and therefore require attention.

The vaccine components include active immunizing antigens, conjugating agents,
preservatives, stabilizers, antimicrobial agents, adjuvants and culture media used in
the preparation of the vaccine, as well as inadvertent contaminants that are intro-
duced during vaccine handling (Table 1). Almost all the vaccine components can be
considered as potential triggers of an allergic reaction. Of particular importance are
culture derived proteins from egg, gelatin and yeast. Other sources of allergic reaction
are antibiotics and vaccination antigens.



Table 1. Type of vaccine components

Components Type

Toxoids, live-attenuated viruses,
killed viruses or portions of virus, viral
proteins, carrier proteins and antigens

Hen's egg, horse serum, murine and
simian cells, kidney cells of dog, yeast

Neomyecin, chlortetracycline, gentamicin,
streptomycin, erythromycin, kanamycin,
polymyxin B, amphotericin B

Thimerosal, 2-phenoxyethanol, phenal,
benzethonium chloride

Gelatin, human serum albumin, amino acid
mix, glutamate, glycine, monosodium
glutamate, sucrose, lactose, sorbitol,
ascorbic acid, phosphate, polysorbate
80/20, polygeline

Aluminum salts, MF-59, ASO4 (deacylated
monophosphory! lipid A+ aluminum
hydroxide)

Formaldehyde, beta-propiolactone,
formalin, gluteraldehyde

Latex

Active immunizing antigens and
conjugating agents

Culture media (protein/peptides)

Additives Antibiotics

Preservatives

Stabilizers

Adjuvants

Inactivation
residues

Contamination

The immune-mediated reactions caused by individual com-
ponents of the vaccines are outlined in Table 2. Allergic re-
sponses caused by vaccines are generally of Type I and IV hy-
persensitivity reactions.

The most immediate reactions are Type I hypersensitivity
reactions that are mediated by the interaction of IgE antibod-
ies against a particular vaccine component. These reactions
typically occur within minutes of exposure to the relevant al-
lergen and almost always occur within 4 hours of exposure to
the relevant allergen, however, possible exceptions for de-
layed-onset reactions do occur [4]. The most common symp-
toms of IgE-mediated allergic reactions are urticaria and an-
gioedema, with less common symptoms including nasal
congestion, cough, stridor, wheezing, shortness of breath,
vomiting, abdominal pain, diarrhea and hypotension. Ana-
phylaxis, an acute hypersensitivity reaction with multi-organ
system involvement can present as a severe life-threatening
reaction, or can occur after vaccination.

It has been reported that the average rate for immediate
type reactions in children and adolescents is 0.22 per 100,000
doses of vaccinations [2]. A total of 31% of these patients re-
ported immediate type reactions after the first vaccination.
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Table 2. Synopsis of potential immune-mediated reactions to vac-
cines

Immune mediated reaction Frequent clinical manifestation

IgE mediated Urticaria, angioedema,
rhinoconjunctivitis, bronchospasm,
anaphylaxis, gastrointestinal
disorders (diarrhea, abdominal cramping,
vomiting)

Vasculitis, myocarditis

Maculopapular exanthema, eczema, acute
generalised exanthematous pustulosis
(AGEP), erythema multiforme

Non-IgE mediated (pseudoallergic) Urticaria, angioedema, anaphylactoid
reactions, gastrointestinal disorders

Thrombocytopenia, vasculitis,
polyradiculoneuritis, macrophagic
myofasciitis, theumatoid arthritis, Reiter's
syndrome, sarcoidosis (juvenile), bullous
pemphigoid, lichen planus, Guillain-Barré
syndrome, polymyalgia

Immune complex (IgG)
T-cell mediated

Autoimmune/inflammatory

Adapted from Fritsche et al. [1].

This observation suggests either a pre-sensitization to a com-
ponent of the vaccine or a non-immunologically mediated
reaction [1]. In contrast, according to Bohlke et al. [3], the re-
ported cases of potential anaphylaxis after vaccination amount
to 0.065 per 100,000 given doses of vaccines.

Type IV hypersensitivity delayed reactions have also been
reported, however, these reactions are generally considered
to be harmless. Type IV hypersensitivity reactions generally
begin 48 hours after vaccination and peak between 72 and 96
hours [5]. These reactions are typically observed following
vaccines containing thimerosal, aluminum and anti-micro-
bial agents. The occurrence of such an event is not a contra-
indication for further vaccinations. Type IV reactions are be-
coming less frequent as mercury is being removed from
modern vaccines. Another reported hypersensitivity reaction
includes erythema multiforme. This reaction can be quite se-
vere in children and is triggered by a number of allergens, in-
cluding vaccine components [5].

The majority of delayed reactions are classified as Type III
hypersensitivity and are attributed primarily to the formation
of immune complexes, however, less well-defined mecha-
nisms, including T cell-mediated processes, may also play a
role [4]. The most common signs of delayed-type reactions
include rashes, which may include as urticaria, erythema
multiforme, and/or maculopapular eruptions. Angioedema
may also occur, paritcularly in association with urticaria or
erythema multiforme eruptions. Although uncommon, ar-
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thralgia, arthritis, joint swelling, serum sickness, and Henoch-
Schonlein purpura may occur, in conjunction with a variety
of other hematologic, renal and gastrointestinal manifesta-
tions. Some delayed reactions, however, may not be immu-
nologically mediated. Persistent hard nodules at the injection
site may involve irritant reactions, usually induced by adju-
vants such as aluminum and do not necessarily reflect im-
munologic hypersensitivity to vaccine constituents.

Rarely, hyperimmunized patients by previous injections of a
vaccine (e.g., tetanus vaccination) developed a local immune
complex mediated by a Arthus-type reaction at the site of vac-
cine injection [6,7]. T-cell mediated reactions usually manifest in
the form oflocal eczema, starting from 2-8 hours up to 2 days af-
ter vaccination. Sometimes the reaction may extend beyond the
injection area and may even become generalized [8,9].

Idiopathic and autoimmune responses are other immune
related reactions. Self-reactive antibodies, created by molec-
ular mimicry between the vaccine antigen and endogenous
epitope, may be induced by vaccination. For example, idio-
pathic thrombocytopenic purpura may be produced by sev-
eral viral infections that may induce autoantibodies to plate-
let surface glycoprotein [5]. Such reported cases are 1 in 3,000
for rubella virus, 1 in 30,000 for measles, mumps, and rubella
(MMR) vaccine and 1 in 6,000 for the measles virus [10]. The
Guillain-Barré syndrome (GBS) outbreak in 1976-1977, as a
result of a swine influenza vaccine campaign, is the most well
documented example of an autoimmune reaction to vacci-
nations. Briefly, in fear of an influenza pandemic, an ‘immu-
nization campaign’ took place throughout 1976-1977. Many
people immunized with the swine influenza vaccine during
the campaign period (approximately 0.04 per 100,000 vacci-
nations) developed GBS within 6 weeks following immuniza-
tion. At the end of the ‘immunization campaign, however,
there were no further reported cases of GBS [11]. Recently the
estimated rate of influenza vaccination-related GBS in Korea
was reported to be 0-0.025 per 100,000 distributed doses which
is considerably lower than 0.04 to less than one case per 100,000
vaccinations reported in previous studies [11-13]. Despite
strong epidemiological data of an association between swine
flu vaccination and GBS, the biological mechanisms remain
to be demonstrated and thus require further research.

A list of vaccine components that can potentially cause aller-
gic reactions are continually updated and are accessible on

the website of the Institute for Vaccine Safety: http://www.
vaccinesafety.edu. Below is a brief review of the vaccine com-
ponents that can potentially result in allergic reactions.

Stabilizer

In order to protect vaccines from unfavorable conditions
such as excessive heat or the freeze-drying process, stabiliz-
ers such as sugar (sucrose and lactose), amino acids (mono-
sodium salt of glutamic acid or glycine) and protein (gelatin
or human serum albumin) are added. Gelatin is commonly
found in every day food, pharmaceuticals, photography, cos-
metics, etc. When used in vaccines, gelatin is extensively cross-
reactive and is of bovine or porcine origin [14-16]. Gelatin is
used as a stabilizer in attenuated viral-containing vaccines
such as Japanese encephalitis virus, varicella and MMR (Ta-
ble 3) and causes the most allergic reactions compared with
other vaccine components [17]. In Japan, after the introduc-
tion of vaccines not containing gelatin, the incidence of aller-
gic reactions sharply declined [18,19].

Patients allergic to vaccines containing gelatin should be
checked for IgE antibody to gelatin using a serum specific IgE
test to gelatin (commercially available) or a skin prick test ex-
tract which is not yet approved by the Food and Drug Admin-
istration (FDA). People with a food allergy to gelatin may de-
velop an anaphylactic reaction following injection with a vac-
cine containing gelatin, however, it has been reported that
people without a gelatin food allergy may also develop an
anaphylactic reaction in response to a vaccine containing
gelatin [15]. This can be explained by the differing routes of
vaccine administration, that is, ingestion versus injection.

Table 3. Gelatin containing vaccine and its contents

Vaccine Gelatin content
Influenza (Fluzone; Sanofi Pasteur) 250 g per 0.5 mL dose
iz 2,000 pg per 0.2 mL dose

(FluMist; Medimmune Vaccines)

Measles, mumps, rubella
(MMRII; Merck)

Measles, mumps, rubella, varicella
(ProQuad; Merck)

Rabies (RabAvert; Novartis)
Typhoid Vaccine Live Oral Ty21a

14,500 pg per 0.5 ml dose

11,000 pg per 0.5 mL dose
12,000 pg per 1.0 mL dose

(VIVOTIF; Bernal Capsule
Varicella (VARIVAX, Merck) 12,500 pg per 0.5 mL dose
Yellow fever (YF-VAX; Sanofi Pasteur) 7,500 pg per 0.5 mL dose
Zoster (ZOSTAVAX; Merck) 15,580 pg per 0.65 mL dose

Adapted from Kelso et al. [17], with permission from Elsevier Ltd.
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Table 4. Administration of a vaccine in graded doses to patients with
positive skin test

0.05mL 1:10 dilution
0.05 mL full strength
0.1 mL full strength
0.15 mL full strength
0.2 mL full strength

Adapted from Kelso et al. [17], with permission from Elsevier Ltd.

Vaccine where the full dose was 0.5 mL, physicians should give the following
doses at 15-20 minute intervals. Patients under observation if an anaphylactic
reaction should it occur. Patients were observed for at least 30 minutes after the
last dose.

If a patient has a history of Type I immediate allergic reac-
tion to gelatin and this allergic reaction is confirmed by a skin
test or a serum specific IgE test, a skin test should be per-
formed using specifically the gelatin containing vaccine [4,
17]. If the result is positive, the vaccine should be injected in
graded doses under observation (Table 4). If the result is neg-
ative, the injection should be carried out normally with ob-
servation of the patient continued for another 30 minutes af-
ter injection.

Preservatives

To prevent the growth of microorganisms, preservatives such as
2-phenoxyethanol and thimerosal are often added to vaccines.
Thimerosal is a neurotoxic organic mercurial compound (50%
mercury by weight), however, it has been reported that low con-
centrations of thimerosal in vaccines does not result in any ad-
verse reactions [20]. Nonetheless, the U.S. Public Health Service
and the American Academy of Pediatrics (AAP) urged the re-
moval of thimerosal in vaccines routinely used for infants by the
year 1999. Consequently, with the exception of some vaccines,
thimerosal has been completely removed or reduced to trace
amounts in vaccines for children.

In general, the majority of patients hypersensitive to thi-
merosal do not experience any adverse reactions to vaccines
containing and consequently the administration of vaccines
containing thimerosal remains non contraindicative to future
vaccination.

Antimicrobial agents
To avoid contamination during the manufacturing process,
several vaccines include trace amounts of neomycin, strepto-
mycin, and/or polymyxin B.

Currently, only limited reports of allergic reactions due to

vaccines containing antibiotics exist. Some patients may ex-
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perience a Type IV delayed type allergic reaction such as in-
jection site papule 48 to 96 hours following vaccination [21].
Patients who experience an anaphylactic reaction to a specif-
ic kind of antibiotic, however, should avoid vaccines contain-
ing that specific antibiotic.

Yeast proteins
Hepatitis B vaccines and human papilloma virus vaccines are
created using antigens from the culture of recombinant Sac-
charomyces cerevisiae (bakers’ yeast), thus the vaccines con-
sist of a small amount of yeast protein (up to 5%) [22].
Allergic reactions as a result of the presence of yeast pro-
tein in vaccines appear to be extremely rare. After reviewing
180,000 allergic reports in the Vaccine Adverse Event Report-
ing System, only 15 appeared to result from a reaction to yeast
proteins in the vaccines. Furthermore, these 15 cases may
have resulted from other variables rather than the presence
of yeast protein in the vaccine alone [23]. If a patient is sus-
pected of yeast protein allergy, an IgE antibody to yeast
should be measured. Commercially available skin test re-
agents and skin tests are available and should be performed.
If the result is positive, the vaccine should be injected in
graded doses under constant observation. If the results of the
tests are negative, the vaccinations should be carried out nor-
mally and observation of the patient continued for another
30 minutes following vaccination (Table 4).

Adjuvants

Adjuvants, such as aluminum salts, are often added to vac-
cines to enhance an immune response. Persistent palpable
nodules at the injection site may form as a result of alumi-
num containing vaccines most likely due to a delayed type
hypersensitivity [24,25].

Latex

Latex, used to create a natural rubber latex and dry natural
rubber, contains naturally occurring impurities. Such impuri-
ties are often responsible for recipient allergic reactions. In
contrast, synthetic latex does not contain such impurities and
therefore should be considered as an alternative when ad-
ministering vaccinations. Contact type allergy is the most
common type of latex sensitivity [26]. Several cases of latex
anaphylaxis have been reported during operations [27,28].
Injection related latex allergies have been reported, however
such allergies rarely occur after vaccination. Only one ana-
phylactic reaction after vaccination has been reported [29].
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MMR vaccines

MMR vaccines are created by cell cultures using a chicken
embryo fibroblast. These vaccines contain minimal to negli-
gible amounts of egg protein. Consequently, even in children
with mild or severe egg allergies, MMR vaccinations result in
alow risk of anaphylaxis [30,31].

Mild adverse reactions to MMR may occur regardless of
skin test results in children with egg allergies. MMR skin tests
do not predict an allergic reaction [32,33]. Interestingly, the
majority of other hypersensitivity reactions following MMR
vaccination are caused by components other than egg pro-
tein.

Influenza vaccines

The influenza vaccine is grown in an allantoic fluid in embry-
onated chicken eggs. The vaccine contains measurable
quantities of egg proteins that vary broadly from 0.2 to 42 pg/
mL [34]. In theory, the influenza vaccine may result in sys-
temic reactions when injected into egg-allergic patients. The
safe administration of other vaccines containing egg protein
has been investigated. Egg-allergic patients administered
with either several graded doses of the influenza vaccine [35],
or a two-dose protocol with the influenza vaccine presented
with no negative vaccine reactions [36]. In the former study
(several graded doses of the influenza vaccine), the egg con-
tent of the vaccine was not stated; in the latter study (a two-
dose protocol with the influenza vaccine), the egg content
was less than or equal to 1.2 pg/mL [36]. When the egg con-
tent of the vaccine could not be determined, it appeared that
the appropriate clinical tests are the prick (full strength) and
intradermal (1:100) skin tests for the appropriate vaccine. If
the skin test results are positive, a more cautious (several
dose) protocol for vaccine administration must be adminis-
tered [34].

Recently, 28 studies have reported that more than 4,300
egg-allergic individuals who received influenza vaccines pre-
sented with no serious reactions (including respiratory dis-
tress or hypotension) and that only a low rate percentage of
patients presented with minor reactions (hives and mild whe-
ezing). Such results did not significantly differ from the rate in
non-egg-allergic controls [17,37,38]. The majority of these
studies specifically included patients with histories of severe
anaphylaxis (n=656) as a result of egg ingestion. These pa-
tients did not experience hypersensitivity due to trace amounts

of egg protein.

In 2011, the United States Centers for Disease Control
(USCDC) reported that the amount of ovalbumin in an influ-
enza vaccine circulated in the US was less than 1 pg per 0.5
mL vaccination dose since 2011 [39,40]. The USCDC reported
that all influenza vaccines distributed in the US contains low
amounts of ovalbumin.

Both the Centers for Disease Control and Prevention’s Ad-
visory Committee on Immunization Practices and the Ameri-
can Academy of Pediatrics’ Committee on Infectious Diseas-
es have recently concluded that egg allergy of any severity
(including anaphylaxis) is not a contraindication to the ad-
ministration of further influenza vaccine, but rather a precau-
tion (Fig. 1) [33,40].

Whilst the intranasally administration of live attenuated
influenza vaccine (LAIV) contains a low amount of ovalbu-
min, the majority of published studies support the injectable
trivalent inactivated vaccine (TIV), and thus support TIV
rather than LAIV for egg-allergic recipients.

Can the person eat lightly Yes
cooked egg (e.g., scrambled >
egg) without reaction??

In

After eating eggs or egg-

Administer vaccine
per usual protocol

AdministerTIV
Yes | Observe for reaction

containing foods, does the > :
person experience ONLY hives? forat Ieas't 30'm|nutes
after vaccination
l No
Refer to a physician
Does the person experience Yes | With expertise in
other symptoms such as » management

- Cardiovascular changes
(e.g., hypotension)?
- Respiratory distress
(e.g., wheezing)?
- Gastrointestinal
(e.g., nausea/vomiting)?
- Reaction requiring epinephrine?
- Reaction requiring
emergency medical attention?

of allergic conditions
for further evaluation

Fig. 1. Recommendations regarding influenza vaccination for persons
who report allergy to eggs according to the Advisory Committee on
Immunization Practices, United States, 2012-13 influenza season. TIV,
trivalent inactivated vaccine. ®Persons with egg allergy may tolerate egg
in baked products (for example bread or cake). Tolerance to egg-con-
taining foods does not exclude the possibility of egg allergy. Adapted
from Centers for Disease Control and Prevention [40].
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From 2004 to 2006, 9 different influenza vaccines were dis-
tributed in Korea by either domestic and/or foreign compa-
nies. These 9 different influenza vaccines were measured for
albumin content. Each of the 9 different influenza vaccines
were below 1.2 pg per 1 mL dose of albumin content (Fig. 2)
[41]. The domestic vaccination guideline, however, did not
list the amount of egg protein in all influenza vaccines being
circulated in Korea.

The risk of not vaccinating remains a greater risk than that
of vaccinating. Patients who report that they are egg allergic
should be referred to an allergist, who can assess the current
status of the patient’s egg allergy as previously diagnosed by
history and skin tests or blood tests for IgE antibody to egg.
Importantly, this should not delay influenza vaccination [17].
Skin testing of egg-allergic persons with the influenza vaccine
before administration is not recommended due to low sensi-
tivity of the test and specificity in predicting serious reactions
to vaccine administration. Dividing the dose of vaccine is also
not required because even the most severely egg-allergic pa-
tients can tolerate the full vaccine dose without reaction
[33,39,40].

The primary precaution of adverse influenza vaccination
to those who are egg allergic, include: that the vaccine be ad-
ministered in a clinical setting whereby anaphylaxis can be
recognized and immediately treated should it occur, and that
patients should remain under observation for at least 30 min-
utes after vaccination. The current guidelines indicate that
egg-allergic patients with a history of hives only after egg in-
gestion, can receive influenza vaccine in a primary care phy-
sician’s office provided that the appropriate personnel and
equipment are available. Patients with a history of more se-
vere reactions to egg ingestion, however, should receive their
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vaccine in an allergist’s office [39,40].

Egg protein containing vaccination candidates are routine-
ly asked if they are allergic to soft-bolied eggs such as “scram-
bled eggs” [39,40]. The influenza vaccine is not heated during
manufacturing and therefore still contains egg proteins that
would otherwise be destroyed by heat. It should be noted,
however, that a patient has shown to be allergic to a heat-la-
bile egg protein [42]. Thus, it may be difficult to identify all
persons allergic to egg proteins present in influenza or other
vaccines purely by patient clinical history.

Yellow fever vaccines

Whilst the Yellow fever vaccine is grown in chicken embryos
and contains residual egg protein, the amount of residual egg
protein remains unavailable to the manufacturer. Patients
with allergic reactions to egg-containing vaccines should be
evaluated for IgE antibody to eggs. There are commercially
available skin test reagents and serum specific IgE tests to
eggs. Individuals who react to egg ingestion should be evalu-
ated prior to administration of yellow fever vaccine. If the his-
tory is consistent with an immediate-type allergic reaction to
egg and is confirmed by skin tests or serum specific IgE, skin
testing should be performed with yellow fever vaccine before
administration [4,17]. If the result is positive, the vaccine
should be injected in graded doses under observation. If
negative, the injection should be carried out normally with
close observation for another 30 minutes following vaccina-
tion.

Patients with suspected allergies to vaccines or vaccine com-
ponents should be evaluated by an allergist. A meticulous
medical history of the patient should be recorded to deter-
mine the nature and timing of the reaction to the vaccine in
question and vaccine constituents, such as gelatin, egg, latex
and yeast.

All suspected anaphylactic reactions to vaccines should
ideally be evaluated in an attempt to determine the culprit al-
lergen. It is disturbing that a patient who experiences an IgE-
mediated reaction following immunization is often labeled
as being “allergic” to the vaccine and is thus advised against
receiving future doses without further investigation. This ap-
proach should be avoided as it may leave patients inade-
quately immunized if they unnecessarily avoid the vaccines
to which they are not allergic to, or if the vaccine can be ad-
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ministered safely without causing an allergic reaction. In ad-
dition, not knowing the particular constituents of a vaccine to
which the patient is allergic to may pose a risk to future doses
of other vaccines that contain similar constituents.

The approach to a patient who may be allergic to eggs and
require the influenza vaccine should be distinguished from
the approach to a patient who has had an apparent allergic
reaction to the influenza vaccination. Domestic vaccination
guidelines in Korea should list the amount of egg protein in
all influenza vaccines to provide further information about

vaccines being administered domestically.
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