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ABSTRACT

Background: Vaccines often contain potentially allergenic material in addition to pathogen-specific immunogens that may
induce allergic reactions. Parents and physicians often suspect that adverse reactions to vaccines are allergic in etiology. The
concern that some of the substances contained in vaccines may trigger an anaphylactic reaction may lead to a low vaccination

adherence with emergence of infectious disease epidemics.

Objective: To provide practical suggestions for managing children suspected to have an allergic reaction to a vaccine.
Methods: Information was obtained from a search of guidelines and relevant studies on allergic reactions to vaccines for

infectious diseases.

Results: True allergic reactions elicited by a vaccine are rare. Skin testing to the vaccine and to its components may identify
the triggering agent. Graded dosing desensitization is helpful in children sensitized to the offending vaccine.

Conclusion: All children with a suspected allergic reaction to a vaccine should be carefully evaluated by routine allergy
tests. When it is necessary, further immunization should be given under strict medical surveillance, which ensures that every

child can safely complete the vaccination schedule.

(Allergy Asthma Proc 39:177-183, 2018; doi: 10.2500/aap.2018.39.4128)

Vaccinations are recognized as one of the most im-

portant public health interventions and the reason
for the disappearance, or dramatic decrease, of many
severe infectious diseases. It, therefore, is imperative,
whenever an allergic reaction to a vaccine is believed to
have occurred, that the adverse reaction is evaluated so
that further immunization can be safely given. Possible
allergic reactions to vaccines are events that can cause
anxiety and concern in parents and sometimes can even
lead to an interruption of the vaccine schedule. Only a
small percentage of these reactions is related to vaccine
hypersensitivity and, even in cases of true allergy, most
children can continue the vaccination schedule, provid-
ing that the subsequent vaccine administration is per-
formed by expert medical personnel.
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A literature search of peer-reviewed journal articles
on hypersensitivity reactions to vaccines was under-
taken by using Medline. Identified relevant articles
were discussed and a we reached a consensus. A sum-
mary of the principal guidelines'~° and relevant stud-
ies that provide the evidence on allergic reactions to
vaccines for infectious diseases was included within
this report. Suggestions for a practical approach for the
assessment and management of children with sus-
pected allergic reaction to a vaccine were also pro-
vided.

The suspicion of vaccine-associated allergic reaction
is supported by knowledge of previous studies'® that
show increased risk or a clear association of a specific
allergic reaction in vaccinated groups. However, the
lack of such studies does not mean that the vaccine
cannot induce an allergic reaction. The diagnosis is
based on clinical manifestations, an onset of an allergic
reaction usually within minutes to hours after vaccine
administration, and laboratory test results that demon-
strate the relationship.'

It is compulsory that any physician who administers
a vaccine that causes an allergic reaction files a written
report of the observed reaction with a detailed descrip-
tion of the type of vaccine, composition, dose, and
interval time between vaccine administration and symp-
toms. Although a definite diagnosis may theoretically be
proved by vaccine challenge, this can be ethically unac-
ceptable in practice. This decision should be based on
clinical judgment that considers the individual patient
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Table 1 Postvaccination anaphylaxis rate in children

Study No. Doses Study Period Country Anaphylaxis Incidence (per
million doses)
McNeil et al.,'° 2016 12,403,201 2009-2011 US. 1.45
Oberle et al.,'* 2016 19,243,519 2008-2010 Germany 0.11
Cheng et al.,'* 2015 3,203,951 2007-2013 Australia 8.42
Mahajan et al.,'* 2015 3,937,876 2013 Australia 0.25
Galindo et al.,'* 2012 45,237 532 1999-2008 Cuba 0.04
Lawrence ef al.,'®> 2008 3,702,124 2007 Australia 0.54
Bohlke et al.,'® 2003 7,644,049 1991-1997 UsS. 0.65

and the disease in question. The severity of reaction, the
results of laboratory tests, and the importance of the
specific immunization should be assessed. For example, it
may be reasonable for tetanus or measles but unreason-
able for influenza or rabies.

CLINICAL MANIFESTATIONS

Symptoms consistent with an allergic reaction after
vaccine administration can be immediate or delayed in
onset.

Immediate Allergic Reactions

Immediate allergic reactions to vaccines are rare,
with a frequency of 1 per 50,000-1,000,000 doses.”®
These reactions can take many forms and require the
exclusion of several differential diagnoses. Immediate-
type reactions usually occur within a few hours after
vaccination and are mostly mediated by immunoglobulin
E (IgE). They may occasionally occur without any history
of allergy. No fatal postvaccine reaction has been defi-
nitely proved, but the possibility of severe allergic reac-
tions underlines the importance of prompt assistance in
any setting.”

Anaphylactic Reactions. Postvaccination anaphylaxis
is rare, and the incidence varies greatly among studies
(Table 1)."°7'° The highest rate of anaphylactic reactions
has been reported with rabies vaccine; measles, mumps,
rubella, varicella vaccine; measles, mumps, rubella
(MMR) vaccine; varicella vaccine; and human papilloma
virus (HPV) vaccine.'”'®'” Anaphylactic reactions typi-
cally develop within a few minutes up to 1 hour after
vaccination.'” Anaphylaxis may recur after 5-24 hours of
symptom resolution (biphasic reactions)."’ Anaphylaxis
is defined as a systemic and severe allergic reaction,
potentially fatal, whose diagnosis relies on clinical crite-
ria. Criteria developed by the National Institutes of
Allergy and Infectious Diseases and Food Allergy and
Anaphylaxis Network'® could not be suitable for vaccine-
related anaphylaxis because the diagnostic certainty is
unclear. Furthermore, a reaction is called “anaphylactic”
when it is elicited by a “known or probable allergen” that,
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in most cases of a reaction to vaccine, could not be de-
fined at the time of the reaction. Therefore, more accurate
criteria for case definitions of anaphylaxis to vaccines
were proposed by the Brighton Collaboration Working
Group.” They define anaphylaxis as the involvement of at
least two organs and provide a combination of major and
minor criteria for classifying increasing levels of diagnos-
tic certainty.” In practice, it is difficult to apply the
Brighton criteria because most vaccinators do not ade-
quately document all symptoms of the reaction or they
use terms different than those required.’

Other Immediate Allergic Reactions. Other immediate
IgE-mediated reactions can occur up to 4 hours after
vaccination. Urticaria is the most frequent manifesta-
tion and occurs four times more frequently than ana-
phylaxis after influenza vaccine.'” The rate of postvac-
cination urticaria has been found to vary from 0.3% for
rabies vaccine® to 3.9 per 10,000 doses for diphtheria,
tetanus, pertussis vaccine.”' Generalized urticaria with
severe itching occurs in 90% of reactions, usually
within 30 minutes and subsides after a few hours.
Other skin reactions include erythema, isolated pruri-
tus, angioedema, especially involving the face and lips.
Respiratory symptoms, such as rhinoconjunctivitis,
sensation of throat closure, dyspnea, and wheezing, are
less commonly reported. Vomiting and diarrhea after
an influenza vaccine have been rarely reported.”**
Cardiovascular (tachycardia, hypotension, shock) and
neurologic (psychic and sensorial impairment, sei-
zures, dizziness, incontinence, loss of consciousness)
symptoms are not usually isolated. If immediate aller-
gic reactions to vaccines appear without other symp-
toms, a diagnosis should be address toward other vac-
cine-associated adverse events with a more frequent
onset, which are listed in Table 2.424730

Delayed Allergic Reactions

Local delayed allergic reactions are observed more
commonly than a systemic reaction (13% versus
0.2%).** An inflammatory response to aluminum is
frequently associated with itching nodules, which
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Table 2 Differential diagnosis of immediate
allergic reactions to vaccines

Immediate local reaction

Breath-holding spells

Panic attacks

Vasovagal reactions

Hypotonic hyporesponsive episode
Oculorespiratory syndrome

Anaphylaxis triggered by other allergens
Bradykinin-mediated angioedema

could persist for months, or with granuloma at the
injection site.’® These reactions should be differentiated
from other delayed hypersensitivity reactions that are
characterized by pain, erythema, and swelling at injec-
tion sites. The onset of an allergic reaction usually
occurs within 2-8 hours after vaccination, with a peak
after 12-36 hours and resolution in a few days.**
Delayed allergic reactions are caused by hyperimmu-
nization related to high levels of antibodies (Arthus
reaction), and they are caused by a localized immune-
complex—mediated mechanism. A history of a high
number of previous injections and elevated protective
antibody titers are risk factors. The most frequently
involved vaccines are diphtheria, tetanus, pertussis
vaccine in childhood and pneumococcal polysaccha-
rides vaccine in adulthood.

Generalized delayed allergic reactions, in most
cases, are characterized by macular-papular exan-
thema; arthralgia, arthritis, hematologic, renal, and
gastrointestinal involvement are rarely observed.
Due to the unavailability of standardized allergy
tests, the cause-effect relation is frequently unclear.*
However, these are mild reactions and do not con-
traindicate additional doses of vaccine. Severe de-
layed reactions to vaccine have rarely been described
(e.., Steven-Johnson syndrome, toxic epidermoly-
sis).?*>* IgE antibodies to galactose-a-1,3-galactose
(a-gal) trigger delayed urticaria, abdominal symptoms,
or anaphylaxis to red meat that occurs 3 to 6 hours after
ingestion; a-gal has been detected in bovine gelatin,
and IgE to a-gal is associated with antigelatin IgE and
gelatin anaphylaxis.”” Contrasting data were provided
on the safety of zoster vaccine that contains gelatin in
patients with an allergy to a-gal.*®*

IN VIVO AND IN VITRO TESTS

In patients with a history of adverse events consis-
tent with an immediate allergic reaction to a vaccine,
the first step is to verify whether there is a hypersen-
sitivity to the vaccine and/or one of the vaccine com-
ponents. Performing allergy testing is recommended
before continuing with further vaccinations. This ap-
proach is also advisable when patients do not require
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additional doses of a vaccine. A definitive diagnosis is
necessary to establish preventive measures to avoid
future adverse reactions to vaccine components. The
allergy workup should be initiated with vaccine skin
tests.*07%3 Skin tests should be performed, if possible,
with the same batch of the vaccine that caused the
allergic reaction with positive (histamine) and negative
(normal saline solution or solvent) controls. First, a
skin-prick test should be performed with undiluted
vaccine. In patients with anaphylaxis, a skin-prick test
with the vaccine at a concentration of 1:10 is recom-
mended.” If skin-prick test results are negative, then
intradermal tests should follow with a 1:100 dilution.
An intradermal test with a 1:10 dilution has been re-
ported to provoke irritant responses, especially for
MMR, influenza, and varicella vaccines, and may lead
to false-positive reactions®*?; therefore, this test has no
value.

Skin tests and measurement of serum-specific IgE
antibodies to some of the potentially allergenic compo-
nents of the suspected vaccines should also be per-
formed (Table 3).%°~*3 Constituents include residuals of
culture media used for growing organisms such as
yeasts (hepatitis B, quadrivalent HPV vaccine, pneu-
mococcal conjugate vaccine [PCV], typhoid fever vac-
cine), egg (MMR, influenza, yellow fever, rabies),
cow’s milk proteins (oral polio vaccine; diphtheria,
tetanus, acellular pertussis vaccine; typhoid fever vac-
cine).****> Studies on large populations found that
MMR vaccine**™° and influenza vaccine® > are well
tolerated in children with egg allergy. The amount of
egg proteins in influenza vaccine is below the level that
induces allergic reactions.”**> Accordingly, the content
in egg protein of MMR and influenza vaccine is con-
sidered to be safe for children with egg allergy.”®

Vaccines for diphtheria-tetanus-pertussis, MMR, in-
fluenza, varicella, yellow fever, zoster, rabies, typhoid
fever contain gelatin as a stabilizer.® Skin-prick tests to
both bovine and porcine gelatin should be performed
by using a solution that contains 1 teaspoon of sugared
gelatin powder in 5 mL of saline solution.* MMR and
zoster vaccines contain both gelatin and bovine calf
serum contaminated by a-gal.***” In patients who react
to such vaccines, specific IgE to a-gal should be deter-
mined. Delayed allergic reactions have rarely been
associated with antimicrobial drugs (neomycin) and
adjuvants (aluminum hydroxide and phosphate).
Contaminants, such as latex contained in vaccine
rubber stoppers and in syringes, may rarely elicit
immediate reactions.*”* Thimerosal, a preservative
contained in influenza vaccine, has been sporadi-
cally reported to cause maculo-papular rash.”” There
is no evidence that IgE tests to neomycin, aluminum
hydroxide and phosphate, and thimerosal have di-
agnostic value.
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Table 3 In vivo and in vitro tests for assessing allergic reactions to a vaccine

Vaccine

Skin Test Material

Specific IgE

DTaP, Td, Tdap

DTaP, Td, Tdap, tetanus toxoid, gelatin,
milk proteins

Gelatin, milk proteins

Hepatitis B Hepatitis B, yeast Yeast

HPV HPV, yeast (one type) Yeast (one type)

Influenza Influenza, egg, gelatin# Egg, gelatin#

JEV JEV, protamine Protamine

MMR MMR, measles, mumps, rubella, egg, Egg, gelatin, a-gal
gelatin

orv OPV, milk Milk

PCV13 PCV13, DTaP, yeast Yeast

Rabies Yellow fever, egg (one type), gelatin Egg (one type), gelatin

TBE TBE, protamine Protamine

Typhoid fever (oral) Typhoid fever, gelatin, yeast, milk Gelatin, yeast, milk gelatin,

a-gal

Varicella/zoster

Yellow fever

Hepatitis A, HiB, MCV, IPV, PPSV23,
rotavirus

Varicella/zoster, gelatin
Yellow fever, egg, gelatin
Vaccine given before reaction

Egg, gelatin

IgE = Immunoglobulin E; DTaP = pediatric diphtheria, tetanus, acellular pertussis vaccine; Td = tetanus, diphtheria vaccine
(older children and adults); Tdap = tetanus, diphtheria, acellular pertussis vaccine (older children and adults); HPV = human
papilloma vaccine; JEV = Japanese encephalitis vaccine; MMR = measles, mumps, rubella vaccine; a-gal = galactose-o-1,3-
galactose; OPV = oral polio vaccine; PCV13 = pneumococcal conjugate vaccine; TBE = tick-borne encephalitis vaccine;
HiB = haemophilus influenzae type B vaccine; MCV = meningococcal conjugate vaccine; IPV = inactivated polio vaccine;

PPSV23 = pneumococcal polysaccharides vaccine.

#Gelatin is present only in the live attenuated influenza vaccines.

In some vaccines, capsule polysaccharides are conju-
gated to carrier proteins that may trigger an allergic
reaction to increase immune response. PCV13 is con-
jugated to a nontoxic diphtheria mutant toxin (CRM
197). Haemophilus influenzae type b vaccine with tetanus
toxoids and MCV with tetanus toxoid or CRM 197°®
The carrier protein CRM 197 in PCV13 has been found
to trigger anaphylaxis in an infant.’® In some cases,
allergic reactions are directly correlated with vaccine
antigens. Heptavalent PCV can induce an IgE-mediated
sensitization against pneumococcal polysaccharides and
may cause anaphylaxis after a PCV23 injection. In these
cases, a prick-by-prick test with vaccine (nondiluted),
followed by an intradermal test 1/100 can provide good
diagnostic reliability.”” In patients with a suspicion of a
delayed allergic reaction to a vaccine, no allergy workup
is usually necessary. When a vaccine induces a local
delayed reaction, patch testing may be considered.

MANAGEMENT OF SUBSEQUENT
VACCINATIONS

Because immediate reactions to a vaccine are un-
likely to be IgE mediated when in vivo and in vitro
allergy test results are negative, the clinical history
must be considered. If anaphylaxis occurred, then a
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two-step vaccination is suggested by using a first dose
with 10% of the total dose and, after 60 minutes, a
second dose with the remaining vaccine,*’ followed by
a 60-minute observation period. Alternatively, the
whole vaccine dose can be given, followed by a 60-
minute observation period.*! If allergy test results are
positive, then the child must be considered as allergic
to that specific vaccine and some recommendations are
required (Fig. 1).

If the child had a positive allergy test result to a
vaccine component and if a similar vaccine without
that specific allergenic component is available, then
that vaccine should be administered as usual in an
outpatient setting by following general recommenda-
tions. If no vaccine that lacks the specific allergenic
component is available or if the child had a positive
allergy test result to the vaccine but not to its compo-
nents, then levels of IgG antibodies to the immunizing
agent should be measured to verify if immunity has
already been achieved.*®! If this is the case, then an
additional dose is not required. However, it is manda-
tory to periodically measure levels of IgG antibody
titers to determine that protective levels are main-
tained over time.
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‘ Suspicion of immediate allergic reaction to vaccine ‘

!
‘ Detailed history and physical exam and screening
lab tests (CBC, Diff, SGPT, UA, and ESR)

|

Skin prick test/intradermal test/serum specific
IgE antibodies to vaccine and components

' '

TR
| | ! I

Protective IgG Low IgG
antibody titers antibody titers

Anaphylaxis No

history. anaphylaxis | i

Give 10% of history.

total dose, Give Additional dose Give vaccine without
after 30" vaccine as is not required. allergic component.
give the usual Monitor levels of If unavailable or unknown
remaining and observe IgG antibodies allergic component:
and observe for 60", over time. give vaccine in graded
for 60" doses with prompt

availability of treatment for
severe reactions

Figure 1. An algorithm for the management of a suspected im-
mediate reaction to a vaccine. CBC = Complete blood test; Diff =
blood differential test or white blood cell count; SGPT = serum
glutamic-pyruvic transaminase; UA = urine analysis; ESR =
erythrocyte sedimentation rate.

If there is no available vaccine that lacks the com-
ponent to which the child is allergic or if the child
had a positive allergy test result to the vaccine but
not to its components and IgG antibody titers are not
protective, and clinical judgment based on the indi-
vidual patient and the disease in question recom-
mend vaccination, vaccination should be performed
with a graded-dose protocol.* This procedure con-
sists in increasing doses of vaccine every 15-30 min-
utes or more if the previous reaction was observed in
a longer interval.>®* There are several protocols that
differ in the initial dilution. The more diluted, the
more numerous are the doses needed to complete the
vaccination. In general, every dose is 2-10-fold
greater than the previous one.®> " Kelso et al.* indi-
cated administering graded doses of vaccine with a
0.5 dose every 15 minutes as follows: 0.05 mL of 1:10
dilution, 0.05 mL of full strength, 0.1 mL of full
strength, 0.15 mL of full strength, and 0.2 mL of full
strength. When the vaccine dose is 1 mL, the 0.5 mL
that remains could be given in one shot after 15
minutes. The graded-dose protocol should be per-
formed in a monitored setting under close supervi-
sion of experienced personnel and with prompt
availability of materials and support for treating se-
vere reactions. However, only minor local reactions
have been reported.®”” With a down-scaling or a wid-
ening of the interval, it is usually possible to com-
plete the procedure despite these reactions and
avoid more severe reactions.” All local reactions and
nonsevere generalized delayed allergic reactions are
not a contraindication to further vaccinations.
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ALLERGIC REACTIONS TO COMBINATION OR
MULTIPLE VACCINES

The approach is more intricate and time consuming
when an allergic reaction occurs after administration of
multiple vaccines or a multivalent vaccine that is com-
mon in a single pediatric vaccination visit. Patients
should be skin tested to all suspected vaccines because
each vaccine, or more than one, may be a potential
culprit. This requires that skin testing should be per-
formed not only with the combination vaccines but
also separately with each individual vaccine contained
in a multivalent vaccine, if commercially available.
Vaccine should be skin tested, as described above.
After skin testing, it is prudent to separately give the
next doses of potentially implicated vaccines to reduce
the risk and to document the cause of the reaction if
another reaction occurs. Therefore, children with neg-
ative skin test results to the vaccines should receive
each vaccine or combined vaccine on different days
(Fig. 1).

If the skin testing result to a vaccine is positive, and,
after assessing the risk and benefits, it is necessary to
give the vaccine (Fig. 1), each individual vaccine may
be administered by using a graded-dose protocol in a
single visit. Separating vaccines causes concern be-
cause children may be at risk for acquiring the prevent-
able disease for a period of time. So, it may be reason-
able to start with a vaccine that prevents diseases for
which the risk of exposure is elevated in the particular
region. However, when taking into account the likeli-
hood of reactogenicity, it could be important to start
with pertussis and hepatitis B vaccines and continue
from there. Another issue is that an increased number
of vaccination visits may severely elevate costs (loss of
work days, transport) for the family and the likelihood
of a lack of adherence to the vaccination schedule.
Therefore, it is suggested that vaccines should be given
during the shortest possible period of time.

CONCLUSION

Allergic reactions to vaccines rarely occur but poten-
tially are severe. A prompt and correct diagnosis is
essential to assure a safe vaccine administration. All
children with a suspected allergic reaction to a vaccine
should be carefully evaluated by an allergist because it
is mandatory to assess risks and consequences of fur-
ther vaccine doses, and to provide indications on how
a satisfactory vaccination schedule should be com-
pleted.
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