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Abstract

Childhood immunisation is one of the greatest public health successes of the last century. Vaccines contain an
active component (the antigen) which induces the immune response. They may also contain additional
components such as preservatives, additives, adjuvants and traces of other substances. This review provides
information about risks of hypersensitivity reactions to components of vaccines. Furthermore, recommendations to
avoid or reduce reactions to vaccine components have been detailed.
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Introduction
Vaccines contain an active component (the antigen) and
additional components. Allergy to additional components,
especially foods, is not uncommon in childhood. Egg
allergy affects 2.5% of infants [1], cow’s milk allergy 2.2%
[2,3]. Despite a long-lasting debate, the approach to
vaccination in children allergic to additional constituents
remains one of ambiguity and concern for most pediatric
health care professionals. The Committee of the Italian
Pediatric Society ofAllergology and Immunology selected
for their expertise in research and clinical practice of
management of vaccination in at risk children, convened
in April 2013 to establish the structure of this document.
Three panelists were delegated to draft a document
addressing the identified key questions on commercially
available vaccines. The document was based on agreement
between panelists and on a comprehensive overview of
the literature. A careful evaluation of the literature was
performed. PubMed database was queried for articles
published in the last 10 years describing allergic reactions
following vaccination. The literature search was under-
taken in May 2014. The following search terms were
included: vaccine, adverse effect, adverse event, allergy,
hypersensitivity, cow’s milk, egg, yeast, gelatin, dextran,
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thimerosal, antibiotic, adjuvant, stabilizer, latex, aluminium,
phenoxyethanol. The search was limited to articles in
English, humans and age 0–18 years. Articles were consi-
dered if they described systematic reviews, meta-analysis,
randomized-controlled trials, observational studies, and
case reports. The search found 1937 references. Articles,
including those on ancient vaccines, that were useful for
the purpose of this article were cited. Relevant articles
published before 2004 were either familiar to the authors
or they were selected by searching the reference lists
of identified articles. The expert panel convened in
June 2014 to review distinct aspects of the document
and to reach consensus for the final document.
Review
Clinical approach
The vaccinator must carefully evaluate, prior to vaccine
injection, if any risk of developing hypersensitivity or aller-
gic reactions exists to prevent potentially severe hypersensi-
tivity reactions. Therefore parents must be asked whether
the child has ever experienced any allergic sign or symptom
after a vaccination even if they were not reported or diag-
nosed to be an allergy. Vaccinator should be trained to
recognize when the referred reactions were allergic. Fur-
thermore, in the pre-vaccine anamnesis, all prior adverse
reactions must be addressed, including those to additional
vaccine components such as: culture media antigens, adju-
vants, preservatives, stabilizers, antimicrobial agents, addi-
tives [4,5]. When an adverse reaction to a vaccine or to its
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constituent is reported, more specific issues have to be
investigated: route of administration (oral or parenteral),
clinical signs and symptoms, time and severity of reactions,
treatment and therapies provided. Severe asthma and
anaphylaxis must be ruled out: these conditions always
require an hospital supervised vaccination [6]. In a suspect
of allergic reaction to vaccine or its components arises,
patients need to be referred for an allergy consultation
before vaccination.

Potential allergens
Any vaccine contains culture media antigens, which are
protein-based, and could be responsible for hypersensitivity
reactions (Table 1).

Egg
Egg allergy is one of the most frequent food allergy
in infants. Although egg tolerance could spontaneously
Table 1 Reactions to vaccine components in studies with mor

Vaccine component Studies

Egg Measles-mumps-rubella

Goodyear-Smith et al. 2005 [9]

Erlewyn-LajeunesseM et al. 2008 [10]

Govindaraj P et al. 2009 [11]

Cronin J et al. 2012 [12]

Andersen DV et al. 2013 [13]

Total

Influenza

Cerecedo C et al. 2007 [27]

Esposito S et al. 2008 [28]

Chung E et al. 2010 [29]

Gagnon R et al. 2010 [24]

Greenhawt MJ et al. 2010 [30]

Pien GC et al. 2010 [31]

Webb et al. 2011 [32]

Erlewyn-Lajeunesse M et al. 2011 [21

Howe et al. 2011 [25]

Owens et al. 2011 [33]

Shuler JE et al. 2011 [34]

Fung et al. 2012 [35]

Greenhawt MJ et al. 2012 [26]

Wainwaring Upton JE et al. 2012 [36]

Des Roches et al. 2012 [23]

Forsdhal BA et al. 2012 [37]

Total

Yeasts DiMiceli L et al. 2006 [45]

Dextran Zanoni G et al. 2008 [62]

Thimerosal Wattanakrai P et al. 2007 [72]
develop, about 60% of chidren with egg allergy do not
tolerate egg at 6 years of age [7]. Egg proteins, especially
ovoalbumin, could be present in several vaccines prepared
on embryonated chicken eggs. Egg proteins concentrations
are not usually reported and could vary among vaccine’s
brands, batches and cultivation’s protocols. Concentrations
are usually higher on embryonated chicken eggs vaccines
(influenza, yellow fever, rabies) and are lower on chicken
embryos or fibroblasts of chicken embryos vaccines
(Measles-Mumps-Rubella, tick-borne encephalitis). The
European Union legislation has established 2 μg/ml as the
maximum egg proteins concentration allowed, which has
been demonstrated to be a safe amount in patients with
previous egg’s anaphylaxis. Therefore, no significant risk
of allergic reactions following vaccination should be
foresighted in patients with egg’s allergy [8], even
though all scientific studies referred to oral rather
than parenteral contact [8].
e than 25 participants

Partecipants, N Allergic reactions N (%)

73 0 (0%)

100.000 42 (0.04%)

45 0 (0%)

310 6 (1.9%)

32 0 (0%)

100.460 48 (0.04%)

26 0 (0%)

44 3 (6.8%)

171 29 (16.9%)

830 9 (1.08%)

105 0 (0%)

62 0 (0%)

152 2 (1.3%)

] 3640 88(2.41%)

135 0 (0%)

64 4 (6.25%)

62 4 (6.4%)

56 2 (3.5%)

105 0 (0%)

77 0 (0%)

367 13 (3.54%)

80 3 (3.75%)

5982 157 (2.62%)

107 15 (14%)

100.000 19 (0.01%)

46 0 (0%)
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MMR vaccine - Measles-Mumps-Rosolia (MMR)
vaccine is grown on cell cultures employing chicken
embryo-fibroblasts. This vaccine contains minimal
amounts of egg proteins, from nanograms to
picograms, often not precisely reported. Therefore, this
vaccine shows a very low risk of allergic reactions, even
in egg’s anaphylaxis [9-13] (Table 1). In Europe,
prevalence of anaphylaxis due to MMR vaccine is
estimated at 1.2 cases per million doses [14]. In the US,
an incidence of 3.5 cases per 1,000,000 doses has been
reported [15]. Interestingly, the vast majority of allergic
reactions to MMR is observed in patients without egg
allergy [16]; hence, it is probable that the real triggers
are other vaccine’s components, such as gelatin [17].
Available data show no additional risk for immediate
reactions in egg-allergic children, compared to non
allergic, with commercial MMR or measles vaccines.
In the Italian National Health Instiute website it is
clearly reported that all children with egg-allergy must
be vaccinated and no specific precautions are needed,
not even in previous egg anaphylaxis [18]. However, a
review [16] that analyzed all severe allergic reactions to
MMR referred from 1966 to 1999, reported 14 local
reactions and 16 systemic reactions in 1803 egg-allergic
children undergone to MMR vaccine. None of these
reactions was fatal. In 3 out of 16 systemic reactions a
proper anamnesis was collected and it was positive for
a previous severe allergic reaction after egg ingestion
and/or a chronic asthma. Therefore, it has been
suggested, in case of severe previous egg anaphylaxis or
moderate reactions in chronic active asthma, to
administer the vaccine under hospital supervision.
Sensitivity and specificity of skin prick test with MMR
vaccine are low and not predictive of serious reactions,
thus are not recommended [19,20].
Influenza vaccine - Despite a theoretical risk of
hypersensitivity reactions to minimal amount of
egg-proteins [21,22] in influenza vaccine, studies,
including papers and abstracts, from 1977 to 2012
showed that in 4172 egg-allergic patients (and 513
with severe allergic reaction), safety of influenza vaccine
has been proven, with especial regard to both severe
anaphylactic reactions (respiratory distress or
hypotension) and mild reactions (urticaria or mild
wheezing) [23]. These allergic reactions rates did not
differ significantly from those in non-egg-allergic
controls [24-26]. In investigations published in the last
ten years [21,23-37] the frequency of allergic reactions
to vaccine was 2.62% in 6532 subjects (Table 1). The
American Academy of Paediatrics [19] has recently
stated that the risks of missing influenza vaccination
outweigh those from vaccination itself. Therefore, egg
allergy of any severity (including anaphylaxis) is not a
contraindication to the administration of influenza
vaccine. However, influenza vaccine should be
administrated when resuscitation facilities are available,
and the patient should be observed in the office for
30 minutes after immunization [19]. In egg-allergic
patients the injectable vaccine should be preferred
rather than intranasal preparation because of an higher
amounts of ovalbumin in the latter [5]. Influenza
vaccine contains less than 1 μg/dose of ovalbumin.
Those with an higher amount (more than 1.2 μg/mL)
should be avoided in egg-allergic subjects [38].
Influenza vaccine cultured on human cells or insect
culture are not approved for pediatric use.
Administration of influenza and MMR vaccines -
All egg-allergic children can receive influenza or
MMR vaccine in primary care physician’s office. Or in
vaccination centre provided with appropriate
equipment and medications and with a 60 minutes
post-vaccine observation (Table 2). It is recommended
to investigate all suspected egg allergy before
vaccination. Due to low sensitivity and specificity, skin
prick test with influenza vaccine is not recommended.
As well, divided doses of vaccine is not required
because even in most severe egg-allergy vaccine can
be tolerated in full dose. Children with a previous
history of severe reactions to egg (anaphylaxis) should
instead receive their vaccine in a hospital supervision
[16]. This recommendation, however, shows a low
grade of strength and should be reviewed in the future
guidelines [39].
Yellow fever vaccine - Yellow fever is an acute viral
disease caused by Flavivirus and transmitted by the bite
of mosquito (Aedes Aegypti). It is endemic in South
America and Africa and has an high mortality. Yellow
fever vaccination is, therefore, required for traveling in
endemic countries. Yellow fever vaccine is grown in
chicken embryos and contains higher amounts of
egg-proteins in comparison with MMR and influenza
vaccines. Unlike influenza and MMR vaccines, all
subjects with egg-allergy and previous systemic
reactions should receive yellow fever vaccine under
hospital supervision. Patients with egg allergy should be
evaluated before vaccination, with skin prick test and
serum specific IgE to eggs [39]. When there is an
history of anaphylaxis to egg, it may be performed a
skin prick test with a 1/10 dilution of vaccine, and, if
negative, with undiluted vaccine. If skin prick tests are
negative, an intradermal test should be performed with
a 1/100 dilution (1/10 dilution has been demonstrated
to be irritative) [39]. If all skin tests are nega-tive,
vaccine could be normally administered, with a
60 minutes post-vaccine observation (Table 2). If
skin tests are positive, vaccine should be injected in
graded dose under hospital supervision. It has been
demonstrated that an intradermal 1/5 dose of vaccine



Table 2 Vaccination protocols in allergic subjects

Allergen Vaccine Vaccination protocol Setting

Egg Yellow fever* Rabies* ° Influenza
MMR Tick-borne en- cephalitis

MMR and Influenza:

1) If egg-allergy normally administer with a 60 minutes observation 1) Office

2) If egg-anaphylaxis normally administer with a 60 minutes
observation

2) Hospital

Yellow fever:

1) If skin tests are negative: normally administer with a 60 minutes observation Hospital

2) If skin tests are positive: desensitization/graded doses

Cow’s milk OPV, DTP, DT, DTaP, PCV-13 If previous anaphylaxis normally administer with a 60 minutes observation Office

Yeasts Hepatitis B, Quadrivalent HPV,
meningococcal , PCV-13, typhoid (oral)

1) If skin tests with vaccine are negative: normally ad- minister with a
60 minutes observation

Hospital

2) If skin tests with vaccine are positive: desensitiza- tion/graded doses

Neomycin MMR, IPV, rabies, influenza, varicella,
Zoster HepA

1) If local skin reaction: normally administer Office/Hospital

2) If anaphylactic reaction: no vaccine

Gelatin MMR*, Varicella*, Zooster*,
Yellow fever* Rabies °, DTP Influenza

1) If skin tests are negative: normally administered with a 60 minutes
observation

Hospital

2) If skin tests are positive: gelatin-free vaccine or de- sensitization/graded doses

Latex When vaccine has no removable
contaminated part (prefilled syringe),
vaccine should be normally administered
with a 60 minutes observation

Hospital

*High amount. °To be used when polygeline free and egg free vaccine is unavailable.
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could be protective and safe in egg allergy subjects
who have shown a severe local urticaria reactions [40].
Rabies vaccine - A rabies vaccine without egg and
gelatin is available. Therefore such vaccine should
be administered to subjects with severe allergy to egg
protein or gelatin (Table 2).

Milk
Milk proteins are often used as stabilizers or emulsifiers
in food derivates. Some vaccines (Table 2) could
contains hidden milk proteins, in order to prevent
viruses degradation. Anaphylactic reactions have been
reported in milk and egg-allergic children after MMR
vaccination [41]. Kattan JD et al. [42] have evaluated 8
pediatric patients with previous anaphylaxis arisen within
60 minutes after an acellular diphtheria-tetanus-pertussis
vaccine. In 6 of these children an immediate allergic
reaction to milk proteins have been recorded, and in
5 of these the reaction was a severe one. In all children a
significant sensitization to milk proteins have been
documented within 2 years after vaccine reaction.
Some researchers have observed that culture media
used for commercial vaccine against Chlostridium tetani,
Corynebacterium diphteriae and Bordetella pertussis could
have been supplemented with aminoacids derived
from the hydrolysis of milk proteins. Authors have
demon-strated, with an ELISA essay, a concentration
between 8.1 and 18.3 ng/mL of casein peptides in 8
different batches of DTP (Diphteria-tetanus-pertussis)
vaccine [43]. Furthermore, hidden amounts of alpha-
lactalbumin have been detected even in some oral
polio vaccine (OPV) [44]. Four children, receiving
OPV and measles-mumps vaccine at the same time,
have shown severe systemic reactions after vaccines
injections. In these children there was a previous history
of milk proteins allergy but no egg-allergy. As well, skin
prick test and serum specific IgE were positive for milk
proteins but negative for egg proteins. Moreover, skin
prick test with OPV, but not for measles-mumps vaccine,
were positive.Although based on these scattered case-
studies, due to the possible presence of milk proteins in
OPV and DPT vaccine, it has been suggested, in children
with history of milk’s proteins anaphylaxis, a 60 minutes
observation after vaccination (Table 2) [43].

Yeasts
Yeast proteins could be present as Saccharomyces cerevisiae
derived antigens in hepatitis B vaccine (up to 25 mg/dose)
and in quadrivalent human papillomavirus vaccine
(less than 7 mcg/dose) [39]. Yeast is also contained in
pneumococcal 13-valent conjugate (PCV-13), in meningo-
coccal and in oral thyphoid vaccines. Allergic reactions to
yeasts proteins appear to be rare. In the US, in more than
180,000 vaccine adverse reactions, only 15 were resulted
from a reaction to yeast proteins. Furthermore, these
15 cases may have been even related to other vaccine
components [45]. Although rare, in children with proven
yeasts allergy, it is recommended to prefer yeast-free
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Vaccine (e.g. bivalent human papillomavirus vaccine). If
not available, these children should be evaluated with
skin prick tests and serum specific IgE dosage to
Saccharomyces cerevisiae before vaccination. If an IgE
sensitization is confirmed, children could receive graded
vaccine; if negative, vaccine could be administered in
the usual manner, with a 60 minutes observation after
injection (Table 2).
Additives
Stabilizers
Stabilizers are used to protect vaccine from excessive
heat, drying, antigens’ adherence to vial’s walls. More
common stabilizers are sugars (destran, lactose, saccharose),
aminoacids (glycin, monosodium salt of glutamic acid) and
proteins (gelatin, human serum albumin).
Gelatin
Gelatin is a partial hydrolyzed protein derived from animal
connective tissue. It is an ubiquitous antigen: it is
commonly used in foods, juices and wines, confectionery
and it is also used for pharmaceutical purposes in tablets,
caps, suppository, plasma expanders, collagen, stitches.
Gelatin for medical purpose is of bovine or porcine origin
and shows an extensive cross-reactivity (although not with
fish derived gelatin) [46]. It is used as a stabilizer in several
vaccines that are currently available with concentrations
between 15 μg and more than 15,500 μg/dose of vaccine.
[20,47]. The highest concentrations of gelatin are
contained in MMR, rabies, varicella-zoster, oral typhoid
and yellow-fever vaccines, and, in less amounts (up to
2,000 μg/dose) in DTP and influenza vaccines. Gelatin is
the vaccine component responsible for most allergic
reactions to vaccine, for both IgE and non IgE mediated
reactions [48]. Severe reactions due to gelatin have been
described for MMR [47,49], varicella [50-52], yellow fever
[49] and japanese encephalitis vaccines. European and US
studies have documented gelatin specific IgE in 14-28% of
patients with vaccine anaphylaxis, while Japanese studies
reported much higher data (86-100%) in patients with
MMR and varicella vaccines anaphylaxis [47,53]. These
differences could be explained by the different type of
gelatin used in Japan in 1990. In those years, in the US
MMR vaccine contained highly hydrolyzed porcine
gelatin with low molecular weight. In Japan gelatin
was of bovine origin, partially hydrolyzed and with a
small amount of high molecular weight; highly hydrolyzed
porcine gelatin was used from 1998 and was completely
removed from DTP vaccine since 1999. It is possible,
however, that genetic issues should be taken into account.
It has been demonstrated that subjects with HLA-DR9
haplotype carry a 4 times increase risk to develop gelatin
specific IgE [54].
However this does not mean that they have clinical
hypersensitivity reactions to gelatin. Nowadays vaccines
contain highly hydrolyzed porcine gelatin, which shows
a lower sensitization rate with a subsequent decrease of
vaccines allergic reactions [55]. For the above mentioned
reasons, every child who needs a gelatin-containing
vaccine should be investigated for previous or possible
gelatin-allergic reactions, especially with food ingestion.
Children sensitized to red-meat (bovine, pork, lamb)
show a higher risk: 16% of children sensitized to bovine
meat and 38% of children sensitized to pork meat
already have specific IgE to gelatin. This sensitization
increases the risk of vaccine allergic reactions [56]. One
study has highlighted that immediate allergic reactions
to bovine meat usually arise in the first year of life and
involve 6% of children affected by atopic dermatitis or
food allergy and 20% of children with milk proteins
allergy [57]. In some subjects even delayed allergic
reactions could be due to red meat (3 to 6 hours
after ingestion). These subjects have a positivity to
serum specific IgE for bovine, pork and lamb meat
and milk, and mild positivity to skin prick test with
commercial extract (wheal less than 4 mm). On the
contrary, they have a strong positivity to skin prick
test with fresh meat [58]. In these patients serum IgE
for galactose-alpha-1,3-galactose are detectable. This
latter compound is a carbohydrate found in mammals
(not in primates or humans) and it is considered, by
some authors, as the major gelatin allergen [56]. All
children with a previous immediate reaction to food
gelatin should undergo an allergy consultation. However,
patients without gelatin allergy may show allergic
reactions to gelatin-containing vaccine [49]. This could be
explained by the different route of exposure to gelatin
allergens. Serum specific IgE are available for gelatin,
while no commercial standardized skin prick extract to
gelatin is available. Skin prick test could be performed
with a prick-by-prick technique dissolving 1 spoon of
sugared gelatin powder in 5 mL of saline solution
(non sugared powder tends to became a gel at room
temperature) [6]. If the skin prick test is negative but
a suggestive history of gelatin-allergy is reported, an
oral provocation test should be suggested [59]. If the
oral provocation test is positive, a skin prick test with
the gelatin-containing vaccine should be performed
and, if negative, the vaccine could be normally given
with a 60 minutes observation. If the skin prick test
is positive, a gelatin-free vaccine should be used or, if
not available, vaccine should be injected in graded
doses (Table 2) [5] in a setting with resuscitation
equipment [60]. For example, for a 0.5 mL vaccine, the
following doses may be given at 15–30 minutes intervals
[20]:0.05 mL 1:10 dilution;0.05 mL full-strength;0.1 mL
full-strength;0.15 mL full-strength;0.2 mL full-strength.
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Dextran
Dextran has been associated to anaphylaxis following both
Bacillum Calmette Guerin, due to a IgG mediated reaction
with complement fixation [61], and a MMR vaccine that is
no longer available [62]. Delayed localized skin reactions
have been reported, such as maculopapular exanthemas,
urticarial vasculitis and neutrophilic dermatosis [63].

Preservatives
Preservatives are usually added to vaccines preparation
to prevent bacterial or fungal growth or contamination.

Thimerosal - Thimerosal is an organic mercurial
(46% mercury) compound, metabolized to ethyl-mercury
and thiosalicilate. This preservative has been used
by pharmaceutical corporations since 1930 for
ophthalmological, dermatological, otolaryngological
purposes, for endovenous immunoglobulin, and vaccine
preparation. Previously available vaccines containing
thimerosal were DTP, Haemophilus Influentiae, DT,
hepatitis B, Influenza, Neisseria Meningitis, Steptococcus
Pneumoniae and Rabies vaccines. In 1998 the “Centers of
Disease Control and Prevention” has recommended the
complete removal of thimerosal from vaccine,
because of a possible cerebral toxicity induced by this
preservative. Indeed, the cumulative amount of
methyl-mercury to which children were exposed in the
first 6 months of life exceeded the recommended dose of
187,5 mcg, that has been assessed as inoffensive [64].
From 2001, in developed countries, thimerosal has been
removed from pediatric vaccines. Nevertheless, some
preparations of Td, DT, influenza (mainly in multi dose
vials), meningococcal (multidose vials) vaccines
could contains minimal, not significant, trace amounts
(<1 mcg/0,5 ml). However mercury’s toxicity has never
been fully demonstrated by scientific studies, and toxic
levels were extrapolated from studies conducted on
methyl-mercury’s toxicity, which is way more toxic and
has a half-life 7 times less than mercury [65]. Current
evidence sustains the safety of the use of thimerosal as a
preservative for inactivated vaccines [66] . This
supports the administration of multidose vials of
thimerosal-preserved vaccines, especially in low- and
middle-income countries, where they are a critical part
of immunization programs [67]. Thimerosal’s
sensitization could be investigated by patch tests and it is
detectable in 10% of the general population. It is more
frequent in those countries that are more exposed to
thimerosal containing preparations, in patients
affected by atopic dermatitis or conjunctivitis and in
subjects treated with desensitization thimerosal-containing
therapies [68]. Thimerosal is responsible for delayed
hypersensitivity reactions, among which atopic dermatitis
and local skin injection reactions [69]. Only one
generalized cellular-mediated reaction has been reported
after influenza vaccination [70]. Even in patch positive
subjects, exposure to thimerosal is considered safe [68,71]
and no contraindications are reported [72].
Phenoxyethanol – 2-phenoxyethanol (2-PE) is an
antibacterial additive associated with delayed
hypersensitivity reactions. Sensitization’s rate to 2-PE
is pretty low, local allergic reactions are rare and no
systemic reaction has been reported [73].
Antibiotics - Many vaccines contain little amounts of
antibiotics such as neomycin, aminoglycosides,
streptomycin, polymixin, tetracycline, and the fungicide
amphothericin B, to prevent bacterial and fungal
contamination. No vaccine contains beta-lactams or
sulfonamides. Until now, only a few case-reports of
vaccine adverse reactions due to antibiotics has been
reported [5]. Although, a proven anaphylaxis or
allergy to one or more antibiotics contained in
vaccines is considered an absolute contraindication
to those vaccines.

Adjuvants
Aluminium salts (aluminium hydroxide, aluminium phos-
phate, aluminium potassium sulphate) are widely used as
adjuvants in vaccines and in allergy immunoterapy, due to
their immunogenic effect. This activity, once thought to
be due to “depot” effect, is probable caused by an
increased activity of antigen presenting cells or by an
increase of cytokines and complement production [74].
DTP, hepatitis A and B, Haemophilus Influentiae B
vaccines are prepared adsorbing the antigens in either an
aluminium hydroxide or aluminium phosphate gel. As an
alternative, antigens are precipitated in a solution of alum.
Interestingly, children are anyhow exposed to aluminium
salts since they are also detectable in breast milk and in
artificial powder milk. No anaphylaxis to aluminium salts
have been reported. The most known and frequent
reaction is a palpable nodule at the injection site [75].
Sterile abscesses [76], localized or systemic dermatitis
due to aluminium salts have been reported [53].

Contaminants
Latex
Latex could be detected in vaccine’s vial or syringe. A
contamination of vaccines by latex particles could rarely
induce hypersensitivity reactions in latex-allergy children,
this risk seems to be mild. In a 160,000 case-review of
vaccine adverse events in the US, only 28 cases could have
been attributed to an IgE mediated latex-allergy [77].
Nowadays, most vaccinal preparations are latex free. If a
known latex-allergic patient requires a vaccine only
available with latex contamination, it is suggested to
remove the cap from the vial and to avoid the contact
between the cap and the needle. If a contaminating piece
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could not be removed or avoided, normally administer
the vaccine and have the patient under a 60 minutes
supervision (Table 2) [41].

Conclusions
Children with allergy to non-active components of vaccines
are rare. When they receive a vaccine containing the con-
stituent to which they are hypersensitive, the risk of having
an allergic reaction is small. However, this risk should not
be neglected since a high number of doses are adminis-
tered. Vaccinators should be able to identify children at risk
for allergic reactions to vaccine. An allergological evaluation
may be sought in selected cases to assess how and when
vaccines may be given. In subjects at high risk, the vaccine
can be safely given with precaution, when necessary giving
administering doses, and with available materials and
support for the treatment of anaphylaxis. This may
avoid unnecessary incomplete vaccinations.

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions
All authors have equally collaborated in the design and drafting of this
review. All authors read and approved the final manuscript.

Acknowledgements
We thank our colleague Roberto Bernardini for fruitful discussions and a
critical revision of the manuscript.

Author details
1Pediatric Unit, “Ospedali Riuniti”, University Hospital, Ancona, Italy. 2Pediatric
Unit, Imola Hospital, Imola, Italy. 3Pediatric Unit, Department of Pediatrics,
University of Pavia, Pavia, Italy. 4Allergy Unit, Department of Pediatrics,
University of Messina, Messina, Italy. 5Pediatric Unit, Civic Hospital, Senigallia,
Italy. 6Clinica Pediatrica Unit, University of Ferrara, Ferrara, Italy. 7Pediatric
Unit, Palmanova Hospital, Palmanova, Italy. 8Pediatric Unit, Bollate Hospital,
Bollate, Italy. 9Clinica Pediatrica Unit, Department of Clinical and Experimental
Medicine, Azienda Ospedaliera-Universitaria, University of Parma, Parma, Italy.
10Clinica Pediatrica Unit, Department of Clinical and Experimental Medicine,
Azienda Ospedaliera-Universitaria, University of Parma, Via Gramsci 14, 43123
Parma, Italy.

Received: 26 September 2014 Accepted: 10 December 2014

References
1. Peters RL, Dharmage SC, Gurrin LC, Koplin JJ, Ponsonby AL, Lowe AJ, et al.

Health Nuts study. The natural history and clinical predictors of egg allergy
in the first 2 years of life: a prospective, population based cohort study.
J Allergy Clin Immunol. 2014;133:485–91.

2. Høst A1, Halken S, Jacobsen HP, Christensen AE, Herskind AM, Plesner K.
Clinical course of cow’s milk protein allergy/intolerance and atopic diseases
in childhood. Pediatr Allergy Immunol. 2002;13 Suppl 15:23–8.

3. Caffarelli C, Baldi F, Bendandi B, Calzone L, Marani M, Pasquinelli P, et al.
Cow’s milk protein allergy in children: a practical guide. Ital J Pediatr.
2010;36:5.

4. Haywood A, Glass BD. Pharmaceutical excipients: where do we begin?
Aust Prescriber. 2011;34:112–4.

5. Chung EH. Vaccine allergies. Clin Exp Vaccine Res. 2014;3:50–7.
6. Kelso JM, Greenhawt M, James T. Adverse reactions to vaccines practice

parameters. 2012 update. J Allergy Clin Immunol. 2012;130:25–43.
7. Savage JH, Matsui EC, Skripak JM, Wood RA. The natural history of egg

allergy. J Allergy Clin Immunol. 2007;120:1413–7.
8. Taylor SL, Hefler SL, Bindslev-Jensen C, Bock SA, Burks Jr AW, Christie L, et al.
Factors affecting the determination of threshold doses for allergenic foods:
how much is too much? J Allergy Clin Immunol. 2002;109:24–30.

9. Goodyear-Smith F, Wong F, Petousis-Harris H, Wilson E, Turner N. Follow-up
of MMR vaccination status in children referred to a pediatric immunization
clinic on account of egg allergy. Hum Vaccin. 2005;1:118–22.

10. Erlewyn-Lajeunesse M, Manek R, Lingam R, Finn A, Emond A. Anaphylaxis
following single component measles and rubella immunization. Arch Dis
Child. 2008;93:974–5.

11. Govindaraj P, Alfaham M, Davies C, Tuthill D. Decline of hospital admissions
for MMR vaccinations in children with egg allergy. Arch Dis Child.
2009;94:914–5.

12. Cronin J, Scorr A, Russell S, McCoy S, Walsh S, O’Sullivan R. A review of a
paediatric emergency department vaccination programme for patients at
risk of allergy⁄anaphylaxis. Acta Pædiatrica. 2012;101:941–5.

13. Andersen DV, Jørgensen IM. MMR vaccination of children with egg allergy
is safe. Dan Med J. 2013;60:A4573.

14. Erlewyn-Lajeunesse M, Hunt LP, Heath PT, Finn A. Anaphylaxis as an adverse
event following immunisation in the UK and Ireland. Arch Dis Child.
2012;97:487–90.

15. Bohlke K1, Davis RL, Marcy SM, Braun MM, De Stefano F, Black SB, et al.
Vaccine Safety Datalink Team Risk of anaphylaxis after vaccination of
children and adolescents. Pediatrics. 2003;112:815–20.

16. Khakoo GA, Lack G. Recommendations for using MMR vaccine in children
allergic to eggs. BMJ. 2000;320:929–32.

17. Sakaguchi M, Ogura H, Inouye S. IgE antibody to gelatin in children with
immediate-type reactions to measles and mumps vaccine. J Allergy Clin
Immunol. 1995;96:563–5.

18. 18.Gallo G, Mel R, Rota MC (Eds). Guida alle controindicazioni alle
vaccinazioni. Roma: Istituto Superiore di Sanità, 2009. (Rapporti ISTISAN 09/13)
http://www.iss.it/binary/publ/cont/09_13_web.pdf 9.

19. Committee on Infectious Diseases, American Academy of Pediatrics.
Recommendations for prevention and control of influenza in children,
2012–2013. Pediatrics. 2012;130:780–92.

20. Kelso JM. Potential food allergens in medications. J Allergy Clin Immunol.
2014;133:1509–18.

21. Erlewyn-Lajeunesse M, Lucas JS, Warner JO. Influenza immunization in egg
allergy: an update for the 2011–2012 season. Clin Exp Allergy. 2011;41:1367–70.

22. McKinney KK, Webb L, Petersen M, Nelson M, Laubach S. Ovalbumin
content of 2010–2011 influenza vaccines. J Allergy Clin Immunol.
2011;127:1629–32.

23. Des Roches A, Paradis L, Gagnon R, Lemire C, Begin P, Carr S, et al.
Egg-allergic patients can be safely vaccinated against influenza. J Allergy
Clin Immunol. 2012;130:1213–5.

24. Gagnon R, Primeau MN, Des Roches A, Lemire C, Kagan R, Carr S, et al.
Safe vaccination of patients with egg allergy with an adjuvanted pandemic
H1N1 vaccine. J Allergy Clin Immunol. 2010;126:317–23.

25. Howe L, Conlon ASC, Greenhawt MJ, Sanders GM. Safe administration of
seasonal influenza vaccine to children with egg allergy of all severities.
Ann Allergy Asthma Immunol. 2011;106:446–7.

26. Greenhawt MJ, Spergel JM, Rank MA, Green TD, Mansoor D, Sharma H, et al.
Safe administration of the seasonal trivalent influenza vaccine to children
wiyth severe egg allergy. Ann Allergy Asthma Immunol. 2012;109:426–30.

27. Cerecedo Carballo I, Dieguea Pastor MC, Bartolomè Zavala B, Sánchez Cano M,
de la Hoz CB. Safety of measles-mumps-rubella vaccine (MMR) in patients
allergic to eggs. Allergol Immunopathol. 2007;35:105–9.

28. Esposito S, Gasparini C, Martelli A, Zenga A, Tremolati E, Varin E, et al. Safe
administration of an inactivated virosomal adjuvanted influenza vaccine in
asthmatic children with egg allergy. Vaccine. 2008;26:4664–8.

29. Chung EY, Huang L, Schneider L. Safety of influenza vaccine administration
in egg-allergic patients. Pediatrics. 2010;125:e1024–30.

30. Greenhawt MJ, Chernin AS, Howe L, Li JT, Sanders G. The safety of the
H1N1 influenza A vaccine in egg allergic individuals. Ann Allergy Asthma
Immunol. 2010;105:387–93.

31. Pien GC, LeBenger KS, Carotenuto DR, Difilippi M, Scolpino D, Simmons JM,
et al. Coordination of multidisciplinary resources for vaccination of
egg-allergic individuals during an H1N1 (novel) influenza pandemic.
Allergy Asthma Proc. 2010;31:507–10.

32. Webb L, Petersen M, Boden S, LaBelle V, Bird JA, Howell D, et al. Single-dose
influenza vaccination of patients with egg allergy in a multicenter study.
J Allergy Clin Immunol. 2011;128:218–9.

http://www.iss.it/binary/publ/cont/09_13_web.pdf


Franceschini et al. Clinical and Translational Medicine  (2015) 4:3 Page 8 of 8
33. Owens G, MacGinnitie A. Higher-ovalbumin-content influenza vaccines are
well tolerated in children with egg allergy. J Allergy Clin Immunol.
2011;127:264–5.

34. Schuler JE, King WJ, Dayneka NL, Rastelli L, Marquis E, Chad Z, et al.
Administration of the adjuvanted pH1N1 vaccine in egg-allergic children at
high risk for influenza A/H1N1 disease. Can J Pub Health. 2011;102:196–9.

35. Fung I, Spergel JM. Administration of influenza vaccine to pediatric patients
with egg-induced anaphylaxis. J Allergy Clin Immunol. 2012;129:1157–9.

36. Upton JE, Hummel DB, Kasprzak A, Atkinson AR. No systemic reactions to
influenza vaccination in egg-sensitized tertiary care pediatric patients.
Allerg Asthma Clin Immunol. 2012;8:2.

37. Forsdahl BA. Reactions of Norwegian children with severe egg allergy to an
egg-containing influenza A (H1N1) vaccine: a retrospective audit. BMJ Open.
2012;2:e000186.

38. Li JT, Rank MA, Squillace DL, Kita H. Ovalbumin content of influenza
vaccines. J Allergy Clin Immunol. 2010;125:1412–3.

39. Kelso JM. Allergic reactions after immmunization. Ann Allergy Asthma
Immunol. 2013;110:397–401.

40. Roukens AH, Vossenb AC, Van Dissela JT, Visser LG. Reduced intradermal
test dose of yellow fever vaccine induces protectiveimmunity in individuals
with egg allergy. Vaccine. 2009;27:2408–9.

41. Yavuz ST, Sahiner UM, Sekerel BE, Tuncer A, Kalayci O, Sackesen C.
Anaphylactic reactions to measles-mumps-rubella vaccine in three children
with allergies to hen’s egg and cow’s milk. Acta Paediatr. 2011;100:e94–6.

42. Kattan JD, Konstantinou GN, Cox AL, Nowak-Wegrzyn A, Gimenez G,
Sampson HA, et al. Anaphylaxis to diphtheria, tetanus, and pertussis
vaccines among children with cow’s milk allergy. J Allergy Clin Immunol.
2011;128:215–8.

43. Slater JE, Rabin RL, Martin D. Comments on cow’s milk allergy and
diphtheria, tetanus, and pertussis vaccine. J Allergy Clin Immunol.
2011;128:434.

44. Parisi CA, Smaldini PL, Gervasoni ME, Maspero GF, Docena GH.
Hypersensitivity reactions to the Sabin vaccine in children with cow’s milk
allergy. Clin Exp Allergy. 2013;43:249–54.

45. DiMiceli L, Pool V, Kelso JM, Shadomy SV, Iskander J, VAERS Team.
Vaccination of yeast sensitive individuals: review of safety data in the US
vaccine adverse event reporting system (VAERS). Vaccine. 2006;24:703–7.

46. Dickinson E. Hdrocolloids as emulsifiers and emulsion stabilizers. Food
Hydrocolloids. 2009;23:1473–82.

47. Sakaguchi M, Inouye S. IgE sensitization to gelatin: the probable role of
gelatin containing diphtheria-tetanus-acellular pertussis (DTaP) vaccines.
Vaccine. 2000;18:2055–8.

48. Lasley MV. Anaphylaxis after booster influenza vaccine due to gelatin
allergy. Pediatr Asthma Immunol. 2007;20:201–5.

49. Sakaguchi M, Nakayama T, Inouye S. Food allergy to gelatin in children with
systemic immediate type reactions, including anaphylaxis, to vaccines.
J Allergy Clin Immunol. 1996;98:1058–61.

50. Kumagai T, Yamanaka T, Wataya Y, Umetsu A, Kawamura N, Ikeda K, et al.
Inouye S Gelatin-specific humoral and cellular immune responses in
children with immediate- and nonimmediate-type reactions to live measles,
mumps, rubella, and varicella vaccines. J Allergy Clin Immunol.
1997;100:130–4.

51. Singer S, Johnson CE, Mohr R, Holowecky C. Urticaria following varicella
vaccine associated with gelatin allergy. Vaccine. 1999;17:327–9.

52. Sakaguchi M, Yamanaka T, Ikeda K, Sano Y, Fujita H, Miura T, et al.
IgE-mediated systemic reactions to gelatin included in the varicella vaccine.
J Allergy Clin Immunol. 1997;99:263–4.

53. Patja A, Mäkinen-Kiljunen S, Davidkin I, Paunio M, Peltola H. Allergic
reactions to measles mumps-rubella vaccination. Pediatrics. 2001;107:E27.

54. Kumagai T, Yamanaka T, Wataya Y, Saito A, Okui T, Yano S, et al. A strong
association between HLA-DR9 and gelatin allergy in the Japanese population.
Vaccine. 2001;19:3273–6.

55. Nakayama T, Aizawa C. Change in gelatin content of vaccines associated
with reduction in reports of allergic reactions. J Allergy Clin Immunol.
2000;106:591–2.

56. Bogdanovic J, Halsey NA, Wood RA, Hamilton RG. Bovine and porcine
gelatin sensitivity in children sensitized to milk and meat. J Allergy Clin
Immunol. 2009;124:1108–10.

57. Restani P, Ballabio C, Tripodi S, Fiocchi A. Meat allergy. Curr Opin Allergy
Clin Immunol. 2009;9:265–9.
58. Commins SP, Satinover SM, Hosen J, Mozena J, Borish L, Lewis BD, et al.
Delayed anaphylaxis, angioedema or urticaria after consumption of red
meat in patients with IgE antibodies specific galactose-alpha-1,3-galactose.
J Allergy Clin Immunol. 2009;123:426–33.

59. Mullins RJ, James H, Platts-Mills TA, Commins S. Relationship between red
meat allergy and sensitization to gelatin and galactose-α-1,3-galactose.
J Allergy Clin Immunol. 2012;129:1334–42.

60. Caffarelli C, Ricò S, Rinaldi L, Povesi Dascola C, Terzi C, Bernasconi S. Blood
pressure monitoring in children undergoing food challenge: relationship
with anaphylaxis. Ann Allergy Asthma Immunol. 2012;108:285–6.

61. Rudin C, Gunthard J, Halter C, Staehelin J, Berglund A. Anaphylactoid
reaction to BCG vaccine containing high molecular weight dextran. Eur J
Pediatr. 1995;154:941–2.

62. Zanoni G, Puccetti A, Dolcino M, Simone R, Peretti A, Ferro A, et al.
Dextran- specific IgG response in hypersensitivity reactions to measles
mumps-rubella vaccine. J Allergy Clin Immunol. 2008;122:1233–5.

63. Barbaud A, Deschildre A, Waton J, Raison-Peyron N, Trechot P. Hypersensitivity
and vaccines: an update. Eur J Dermatol. 2013;23:135–41.

64. Barregard L, Rekic D, Horvat M, Elmberg L, Luth T, Zachrisson O.
Toxicokinetics of mercury after long term repeated exposure to thimerosal
containing vaccine. Toxicol Sci. 2011;120:499–506.

65. DeStefano F. Vaccines and autism: evidence does not support a causal
association. Clin Pharmacol Ther. 2007;82:756–9.

66. Global Advisory Committee on Vaccine Safety; World Health Organization.
Global advisory committee on vaccine safety, June 2012. Wkly Epidemiol
Rec. 2012;87:281–7.

67. King K, Paterson M, Green SK. Global justice and the proposed ban on
thimerosal containing vaccines. Pediatrics. 2013;131:154–6.

68. Audicana MT, Munoz D, del Pozo MD, Fernandez E, Gastaminza G.
Fernandez De Corrs L. Allergic contact dermatitis from mercury antiseptics
and derivatives: study protocol of tolerance to intramuscholar injections of
thimerosal. Am J Contact Dermat. 2002;13:3–9.

69. Tosti A, Merlino M, Bardozzi F. Hyposensitizing therapy with standard
antigenic extracts: an important source of thimerosal sensitization. Contact
Dermatitis. 1989;20:173–6.

70. Lee-Wong M, Resnick D, Chong K. A generalized reaction to thimerosal
from an influenza vaccine. Ann Allergy Asthma Immunol. 2005;94:90–4.

71. Wattanakrai P, Rajatanavin N. Thimerosal allergy and clinical relevance in
Thailand. J Med Assoc Thai. 2007;90:1775–9.

72. Goodwin H, Nash M, Gold M, Heath TC, Burgess MA. Vaccination of children
following a previous hypotonic-hyporesponsive episode. J Paed Child
Health. 1999;35:549–52.

73. Georgitis JW, Fasano MB. Allergenic components of vaccines and avoidance
of vaccination related adverse events. Curr Allergy Rep. 2001;1:11–7.

74. Offit PA, Jew RK. Addressing parents’ concerns: do vaccines contain harmful
preservatives, adjuvants, additives, or residuals? Pediatrics. 2003;112:1394–7.

75. García-Patos V, Pujol RM, Alomar A, Cisteró A, Curell R, Fernández-Figueras
MT, et al. Persistent subcoutaneous nodules in patients hyposensitized with
aluminum containing allergen extracts. Arch Dermatol. 1995;13:1421–4.

76. Lehman HK, Faden HS, Fang YV, Ballow M. A case of recurrent sterile
abscesses following vaccination: delayed hypersensitivity to aluminum.
J Pediatr. 2008;152:133–5.

77. Russel M, Pool V, Kelso JM, Tomazic-Jezic VJ. Vaccination of persons allergic
to latex: a review of safety data in the Vaccine Adverse Event Reporting
Sistem (VAERS). Vaccine. 2004;23:664–6.


	Abstract
	Introduction
	Review
	Clinical approach
	Potential allergens
	Egg
	Milk
	Yeasts
	Additives
	Stabilizers

	Gelatin
	Dextran
	Preservatives
	Adjuvants

	Contaminants
	Latex

	Conclusions
	Competing interest
	Authors’ contributions
	Acknowledgements
	Author details
	References

