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ABSTRACT

Measles vaccines prepared in chick embryo fibroblast culture have been used since 1963.
Since then, dramatic reductions of the incidence of measles have been observed where the
vaccination was extensively applied in the pédiatrie population, with the best results ob-
served in the initial phase when the target population was that producing over 90% of cases
in the prevaccinal era. Since the virus vaccine is grown in cultures of chicken fibroblast cell,
although egg proteins could not be found in vaccines, a possible limiting factor to the diffu-
sion of measles vaccination is represented by the assumption that allergy to egg proteins con-
traindicates the vaccination. It is known that there is a controversy in the literature about
the safety of measles vaccine and measles, mumps, and rubella vaccine (MMR) in egg-
allergic children. Recent data suggest that reactions to MMR vaccine can be mediated by
gelatin and/or neomycin. In this paper, current knowledge on the safety of measles immu-
nization in children with and without egg allergy is discussed. In addition, we propose that
all children to be immunized with MMR vaccine and their families should be questioned
about neomycin and related antibiotic allergy.

INTRODUCTION

The administration of measles, mumps, and rubella vaccine (MMR) in egg-sensitive children is still
a controversial issue; however, a recent report shows that prevalence of potential allergic reactions to

MMR is confined to between 0.18% and 0.0007%.(1' Several studies have questioned the utility of the guide-
lines set forth by the American Academy of Pediatrics (AAP). The procedure currently recommended by
the AAP specifically states that persons with a history of anaphylactic reactions (urticaria, swelling of the
mouth and throat, wheezing, laryngospasm, hypotension, or shock) following egg ingestion should not be
vaccinated until they have been skin tested; this in turn has led to the recommendation that an appropriate
series of skin tests be performed prior to the vaccine administration/2' According to the Red Book, chil-
dren with immediate hypersensitivity reactions following egg ingestion should undergo a series of 5 skin
tests (prick test with 1:10 dilution in saline of the vaccine followed by intradermal 1:100, and 1:10 dilu-
tions if the result of the prick test is negative and, in addition, 1 positive control with histamine and 1 neg-
ative control with saline solution) before immunization. If the tests are positive, the vaccine should be ad-
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ministered as previously described by Herman/3' Briefly, 0.05 ml of MMR vaccine are diluted, first, 1:100
then 1:10, and the neat vaccine is given every 20 minutes until the full dose of 0.5 ml is achieved. The
Centers for Disease Control guidelines recommend that MMR vaccination not be given to children with
IgE-mediated egg allergy or with an allergic reaction after eating eggs serious enough to require medical
assistance/4' These suggestions come largely from previous reports/3'5,6' especially one by Herman et al./3'
of anaphylactoid reactions following MMR vaccine in 2 children with egg allergy. The authors' conclusion
was that a cross-reactivity could be operating between chick embryo fibroblasts, on which the virus is grown,
and egg proteins.

ANALYSIS OF CHILDREN GIVEN MMR VACCINE

Children with documented egg allergy
Kamin et al/78' first reported 22 children with documented IgE-mediated egg allergy who experienced

no anaphylactoid reactions following measles immunization (MI); however, still quoted is the subsequent
study by Herman et al./3' in which only 2 children with unconvincing histories of egg sensitivity devel-
oped an immediate, generalized reaction after the administration of the measles vaccine. We emphasize that
the allergic reactions to egg were not scientifically documented in the children, since only skin tests to egg
were performed, without a confirmation by RAST or a challenge test/3' Therefore, we cannot exclude the
possibility that the anaphylactoid reactions reported by Herman et al. were unrelated to egg sensitivity. We
summarize briefly recent work by several authors who failed to confirm any allergic reaction due to MMR
vaccine in 1466 children with egg allergy (Table 1). We understand that a meta-analysis of the studies we

discuss is rather difficult, since the methods to detect and diagnose egg allergy varied in the different stud-
ies, as did the methods of performing and evaluating the skin testing. However, we will attempt, in the fol-
lowing list, to provide a useful compilation of information as a basis for sound discussion.

Table 1. Number of Egg Sensitive Children Safely Vaccinated with

MMR Vaccine and Number of the Anaphylactic Reactions

No. of vaccinated Anaphylactic reactions
Authors (Ref.) with no reaction (no. of cases)

Aickin et al. (19a) 410 4a
Bruno et al. (15, 16) 125
Fasano et al. (13) 140
Freigang et al. (19b) 500
Greenberg & Birx (14) 15
Hermann et al. (3) 8 2b
Kamin (7) 11
Kamin (8) 11
Kemp et al. (10) 35
Lavi et al. (11) 111 3b
Panayiotopoulou et al. (15) 63c
Puvvada (24) 8
Tounian et al. (17) 17
Trotter et al. (18) 12 2a

Total 1466 11

aThe reactions observed by the authors have not required the administration of
adrenaline or other medications, and the children completed the normal vaccination.

bThe children presented with urticaria, which spontaneously disappeared, and
were subsequently vaccinated according to the desensitization protocol of Herman.
The children were regularly vaccinated following the above protocol.
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1. The above-cited 22 children reported by Kamin et al/7'8'
2. Juntunen-Backman et al. described 134 children affected by atopic diseases (asthma, atopic dermati-

tis, and food allergy, including egg allergy) safely immunized with MMR vaccine/9'
3. Kemp et al/10' reported 32 children with immediate reactions to egg ingestion who received MI with-

out any side effects. Three highly allergic children developed strong positive prick tests to egg, although
they had never been exposed to egg; even these children were safely immunized, and Kemp et al. stated
that measles vaccine can be given safely without performing vaccine skin tests, despite a history of imme-
diate hypersensitivity reactions to egg proteins/10' An accompanying editorial'5' contested their conclusions
and commented: "Such IgE-mediated reactions are admittedly unusual; this rarity explains why Kemp et
al. could immunize 32 consecutive children without a reaction if such reactions occur in 1 in 100 chances
or less."

4. In the study by Lavi et al/1" 24 of 114 (21%) egg-allergic children had a positive response to skin
tests with MMR vaccine. There was a relationship between the severity of the reaction reportedly follow-
ing egg ingestion and the probability of a positive reaction to the skin test with MMR vaccine. Three out
of 24 patients who had positive skin tests to the vaccine and who were immunized with a graded desensi-
tization regimen developed generalized urticaria between the second and fourth dose of the neat MMR vac-

cine. However, the "generalized urticaria" disappeared gradually and spontaneously without any emergency
treatment. Accordingly, these 3 patients could receive the subsequent doses of MMR vaccine according to
the desensitization protocol with no systemic reactions/11' This suggests that the urticaria was not triggered
by an anaphylactic reaction to the vaccine, and that an IgE-mediated allergic reaction to egg protein was

not likely in the 3 children. In order to prevent potential systemic reactions it would have been necessary
to treat the patients with antiallergic drugs. Since 90 of 114 (78.9%) egg-allergic children with negative
skin tests to the vaccine were immunized safely. Lavi et al. concluded that their data confirmed the relia-
bility of negative reactions to skin tests with a diluted MMR vaccine in predicting the safe administration
of the vaccine in such children/11'

5. Subsequently, Beck et al. observed 28 egg-allergic children who had negative tests to MMR vaccine
and were all vaccinated without complications/12'

6. Similarly, Fasano et al/13' reported that 140 children with various degrees of egg allergy received
MMR vaccine without reactions. Skin-prick tests to the vaccine were positive in 2 of 71 children (2.8%),
and intradermal skin tests were positive in 3 of 6 tested children and in 3 of 6 nonallergic adult controls.
Regardless of the results, all 71 children received the vaccine with no reaction; only in 1 highly allergic
child, four small hives developed 15-25 minutes after MMR administration/13'

7. Greenberg and Birx"4' vaccinated without adverse reactions 15 children aged 15-36 months with pos-
itive tests to egg and negative skin tests to MMR vaccine.

8. Recently, 63 infants with a mean age of 22.65 months/15' all with a positive history of anaphylactic
reactions to egg, received the MMR vaccine according to the protocol of Herman et al/3' It should be noted
that in all infants intradermal testing was done, and results were positive in 11 of 63 (45.8%); however, the
MMR vaccine was administered regardless of the results. There were no systemic reactions; only mild lo-
cal reactions were noted, and these faded spontaneously by the end of the desensitization protocol.

9. To ascertain whether MI actually induces adverse reactions in egg-allergic children, we have studied
125 children (78 males, 47 females), aged 16 months to 6 years (median age, 2 years, 5 months) with doc-
umented egg allergy. The diagnosis of egg allergy was made on clinical grounds and confirmed by posi-
tive prick tests, as well as by specific IgE and challenge tests to egg. The children were given an attenu-
ated measles vaccine (Morbilvax, Sclavo). No allergic reactions after MI were observed; only the common

late reactions, including fever and rashes were recorded in sporadic cases/16'
10. Tounian et al/17' reported 17 children vaccinated with no reactions. Two had positive intradermal

tests with the vaccine and received divided doses following the protocol set forth by Herman et al/3'
11. Trotter et al/18' recently published a study of 12 egg-allergic children aged 12 months to 5 years, 2

of whom presented systemic hypersensitivity reactions while undergoing desensitization to the MMR, which
was done with injections of the undiluted vaccine. The authors' report is inconclusive, since 1 child expe-
rienced only vomiting, and the other, urticaria associated with a drop in his saturation to 80% as measured
by pulse oximetry. Remarkably, both children promptly recovered following intramuscular diphenhy-
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dramine; the second also required intravenous fluids and supplemental oxygen. On the basis of our expe-
rience and the experience of others, we believe that only epinephrine is successful in treating systemic ana-

phylaxis in children. It is of note that the first child above had negative responses to both the skin-prick
test to egg and the MMR 1:10 diluted vaccine, whereas she experienced urticaria following the MMR 1:100
(more diluted vaccine). Both children were subsequently regularly vaccinated.

12. Aickin et al. vaccinated 410 children with a median age of 26.2 months with clinical reactions to

egg and/or positive skin tests to egg. Reactions were observed in 4 children who did not require any med-
ication and the reactions resolved by two hours. One of the 4 children was comprised in a subgroup of 96
babies subjected to intradermal testing with vaccine. She was a 13-month-old girl with a 3-mm wheal on
intradermal testing who developed perioral urticaria at 1 hour. (19a'

13. Freigang et al. vaccinated 500 children with proven allergy to egg, but only 5 children showed mi-
nor rashes. (19b'

Children virtually without egg allergy presenting with immediate and anaphylactic type
reactions to measles or MMR vaccine

As previously mentioned, severe immediate reactions following the MMR immunization were noted in
47 children that were virtually unrelated to egg allergy(1'3-9'13-19c~22' (Table 2). A discussion can be gener-
ated from the studies discussed below.

1. Juntunen-Blackman et al. reported that 7% of their children had a positive skin-prick tests to

measles/mumps vaccine. However, 4 children who had skin-prick tests negative to the vaccine experienced
immediate reactions following MI, whereas 2 children received the vaccine with no side effects, despite the
positive skin test response/9'

2. Pollok and Morris(19c) have reported that immediate reactions following MI occurred in 9 of 170,000
children with no egg allergy (0.00005%).

3. Thurston et al/20' vaccinated 2 healthy infants who exhibited immediate, generalized urticaria and
shock after MI. In both studies'190'20' the children were classified as not egg-allergic, although no allergy
tests were performed.

4. Van Asperen et al/21' reported anaphylactic reactions to MI in 3 of 6 children.
5. McEwen et al/22' documented early-onset adverse reactions (30 minutes) occurring in 15 children

given MI.
6. Aukrust recorded an additional 6 children with skin tests negative to the vaccine who had immediate

reactions to MMR vaccine/23'
7. Fasano et al/13' reported 2 non-egg-allergic children who reacted systemically to the vaccine.

Table 2. Number of Immediate and Anaphylactic-Type Reactions
to Measles or MMR Vaccine Not Related to Egg Allergy

Immediate reactions Egg-allergic
Authors (Ref.) (no. of cases) (no. afeases)
Aukrust et al. (22) 6 0/6
Fasano et al. (13) 2 0/2
Juntunen-Backman et al. (9) 4 0/4
Kalet et al. (1) 5 0/5
Kelso et al. (24) 1 1/1
McEwen (22) 15 0/15
Pollock & Morris (19) 9 0/9
Thurston (20) 2 0/2
Van Asperen et al. (21) 3 0/3

Total 47 1/47
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8. Recently, 5 patients without a history of egg allergy experienced immediate reactions to the MMR
vaccine, requiring emergency treatment with antihistamines and epinephrine/"

9. Puvvada et al. regularly vaccinated 8 children with history of egg allergy, and reported that 2 11 to
22-month-old children allergic to egg (as determined by prick tests and RAST) could not be vaccinated be-
cause they had systemic reactions after MMR intradermal skin testing, which cast doubt on the safety of
MMR vaccine/24' A close reading of their report reveals that one boy had a 5-mm wheal after the skin
prick test to egg and an uneventful test to MMR 1:10 diluted vaccine, whereas he experienced generalized
urticaria and pruritus following the MMR 1:100 (more diluted vaccine), similar to the girl reported by Trotter
et al/18' In the second case, no egg skin test was done; however the MMR 1:100 (more diluted vaccine)
resulted in local swelling greater than 5 mm as well severe dyspnea and wheezing, requiring emergency
department care. Her parents refused to further proceed with MMR desensitization/24'

Alarmingly, recent reports have documented that anaphylactoid reactions can be due to the gelatin con-
tained in some MMR vaccines as a stabilizer'25' or to the neomycin also contained in the vaccine/26'

QUESTIONS TO BE ANSWERED

Reliability of skin testing
These data stress that the clinical accuracy of skin tests to MMR vaccine is rather poor, thus supporting

previous data showing that skin tests to egg proteins are questionable/27-28' The sensitivity of skin test to
egg is 1.00, the specificity is 0.28, and the positive predictive value is 0.23, while the negative predictive
value and of 1.00 is remarkable/28' Consequently, the utility of skin testing egg-allergic children to predict
untoward reactions to MMR vaccine appears to be doubtful. In addition, only in a few cases were the prick
test results confirmed by a challenge test with egg, and we all know that this test is the golden standard in
allergy diagnosis.'27' Further, several children manifested with systemic reactions to MMR vaccine, although
they had negative skin tests to it. Fasano et al/13' performed the skin-prick tests with full-strength MMR
vaccine, judging that this would increase the test sensitivity in comparison with the 1:10 dilution. Recent
data, however, have revealed that the first step in the Red Book recommended procedure, that is, the MMR
1:10 diluted skin-prick test, can be negative while the more diluted intradermal testing 1:100 is positive/18'24'
Therefore, the utility of skin testing egg-allergic children to predict allergic reactions to MMR vaccine seems

to be questionable.

Suggested pathogenetic mechanisms
Herman et al. suggested that a cross-reactivity between chick embryo fibroblasts and egg proteins could

be operating/3' During the processing, the egg-derived vaccines contain ng (nanogram) (10~9 g) of proteins,
which may be antigenically similar or cross-reactive with egg protein. However, Fasano et al./13' using a

competitive ELISA assay, revealed 37 pg ( 1 pg = 10~12 g) of ovalbumin per 0.5 ml of standard MMR dose;
this remarkably low quantity of ovalbumin seems unlikely to provoke allergic reactions. Accordingly, the
anaphylactoid reactions might be due to other constituents of the vaccine, such as hydrolyzed gelatin'25' or
neomycin/26' The collagen base of gelatin is derived from pork; allergy to this meat, although rare, could
conceivably be the cause of some systemic reactions to the vaccine/25' The prevalence of reactions to gelatin
is between 0.07 and 0.25%; however, among the risk factors we find the dietary intolerance to gelatin with
a prevalence of 30%/29' The injection dose of MMR vaccine contains 25 ug of neomycin. Allergy to

neomycin is higher than 2% of treatments, however, anaphylactic shock is uncommon'29'; more frequent
(5%-6%) are the cutaneous manifestations/30' thus explaining the very high prevalence of urticarial reac-
tions in MMR-vaccinated children. In a child possibly reacting to the neomycin aliquot of the vaccine (a
skin-prick test to neomycin was not feasible), immediate reactions were seen after the first dose of the de-
sensitization protocol, consistent with type I hypersensitivity/26' In addition, neomycin allergy can be a de-
layed type (cell-mediated immune) response; while these two hypersensitivity reactions are usually distinct
entities, they are not mutually exclusive. However, we know that another child with a contact sensitivity to
the antibiotic received the MMR vaccine safely/31'

This data on the vaccine components might explain why non-egg-allergic children are at risk of adverse
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reactions to MMR vaccine; however, we know that the prevalence in this group is as low as 0.00005%,(19c)
hence quite negligible.

Finally, we comment on two recent studies related to the risks of aseptic meningitis'32' and acute throm-
bocytopenic purpura following the MMR vaccine.'33' The first'32' clarifies that after the MMR vaccination
the prevalence of meningitis appears to be 4 times lower than that occurring after natural mumps infection.
We were informed in September 1992 that the MMR vaccine had been immediately withdrawn all over the
world because the producers ascertained that after the MMR vaccination an uneventful meningitis compli-
cation developed in 1 vaccinated out of 11,000 (0.00009%), instead of 1 of every 300,000 to 500,000
(0.0000033%-0.000002%), as predicted. As regards the severe thrombocytopenic purpura/33' it occurs af-
ter MMR vaccination in 0.000033% of cases, a prevalence much lower than that following natural rubella
or measles infection (0.0033%).

DISCUSSION

Probably Puvvada et al/24' thought that their 2 patients were too young to attempt the MMR vaccination
(11-22 months). They concluded that if severe reactions occur in 1 of 100 chances or less there is a high
probability of missing them when the study population is less than 100. However, our analysis shows that
among the 556 children we studied (Table 1) there were more than 100 with egg-induced severe reactions
who received the measles vaccine without adverse reactions, while 46/47 non-egg-allergic children exhib-
ited immediate reactions virtually unrelated to egg sensitivity (Table 2). We have commented on the 2 cases

with systemic reactions to diluted MMR vaccine reported by Puvvada et al.,'24' the cases of so called ana-

phylactic reactions/3-18' and those attributed to regularly vaccinated children (Table 1). The systemic reac-

tions occurred in 0.1% of MMR vaccinations (p = 0.0001). This is much lower than the 2.5% forecast by
Fasano et al/13'—as we understand from their paper, since the authors said that with the 140 patients stud-
ied we could be 95% confident that at least 97.5% of egg-allergic children would not react to the MMR.
Therefore, the MMR vaccine is safe in children with IgE-mediated egg allergy, and the reported immedi-
ate reactions in non-egg-allergic children following the vaccine are probably unrelated to egg proteins. We
suggest that all patients and their families be questioned about neomycin and related antibiotic allergy be-
fore the administration of MMR vaccine.

In conclusion, we do not advocate strictly following the AAP guidelines, which would not only be use-

less for preventing such reactions, but would complicate the vaccination procedure, thus deprivating a large
population of children of the vaccination. However, since the potential exists that any child with or with-
out egg allergy may experience immediate reactions following MMR administration, even with the cur-

rently recommended Red Book procedure,"1' in children with documented egg allergy the immunization
should be done in a supervised setting by a physician expert in the treatment of such reactions, with epi-
nephrine in the same tray as the vaccine, and with appropriate emergency equipment at hand for prompt
management of anaphylaxis. However, extending these recommendations to all children subjected to MMR
vaccine'34' appears to be impractical, as that would eliminate all programs in which vaccination is per-
formed by nurses without doctors in attendance, as occurs in most Third World countries and in almost all
public health clinics in the industrialized nations. We believe that these recommendations should be re-

served for those children with documented egg allergy, not all children.
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