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Cases of systemic immediate-type
urticaria associated with acellular
diphtheria—tetanus—pertussis

vaccination

Masahiro Sakaguchi*§, Tetsuo Nakayamat and Sakae Inouye¥

The authors found eight children who had systemic urticaria within 30 min after
administration of acellular diphtheria—tetanus—pertussis (DTP) vaccines which contain
gelatin as a stabilizer. The authors measured the specific IgE to gelatin and DTP
toxoids in their sera, and found that none of the children had anti-gelatin IgE. Of the
eight children, two had detectable levels of anti-toxoid IgE. As a negative control, of
the 10 children who showed no allergic reaction to the acellular DTP vaccines, four
also had detectable levels of anti-toxoid IgE. From these results, there was no obvious
relationship between the specific IgE to the vaccine’s component proteins and systemic
urticaria to acellular DTP vaccines. © 1998 Elsevier Science Ltd. All rights reserved
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After diphtheria—tetanus—pertussis (DTP) vaccine
injection, the most common local reactions seen at
injection site are pain, redness and swelling'. Systemic
reactions such as fever, drowsiness, fretfuiness and
anorexia also are frequent’. Severe reactions, which
include high fever, persistent crying, collapse and
convulsions, occur infrequently’. Recently, it was
reported that a child showed systemic urticaria which
began 10 min after the administration of acellular DTP
(DTaP) vaccine.

Kelso et al.* recently reported that a patient who
suffered anaphylaxis to gelatin-containing measles—
mumps-rubella (MMR) vaccine had anti-gelatin IgE.
The authors also found that most of children who
showed systemic reactions to live and inactivated virus
vaccines, including gelatin, had anti-gelatin IgE>™".

Children immunized with DTP, DT or T vaccines
have also been reported to have specific IgE to the
toxoids'*". Tt was suggested that there is a relationship
between anti-toxoid IgE and the local side effects to
these vaccines".

The authors report here eight children who had
systemic immediate-type urticaria and/or respiratory
symptoms after injection of DTaP vaccines containing
gelatin, To clarify the relationship between the
systemic urticaria and the components proteins (gelatin
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and the toxoids) of the vaccines, the authors measured
the specific IgE to those proteins in these children’s
sera.

MATERIALS AND METHODS

Children

Serum samples and the clinical reports of children
who had systemic immediate-type reactions to gelatin-
containing DTaP vaccines were sent to the Japan
National Institute of Infectious Diseases (formerly the
National Institute of Health) in 1995 and 1996 for the
measurement of anti-gelatin IgE (the authors have at
present no information on the systemic allergic
reactions to DTaP vaccines without gelatin). Table 1
gives information on these children (4 boys and 4 girls)
(mean age+SD, 1 year 6 months+11 months). As a
negative control, 10 children (6 boys and 4 girls) (mean
age+SD, 1 year 5 months+5 months) who had no
reaction to gelatin-containing DTaP vaccines were
employed. Of these ten children, nine had received
DTaP vaccines three times, and one had four times.

Vaccines and purified toxoids

In Japan, alum-adsorbed DTaP vaccines have been
produced by six manufacturers, replacing the vaccines
containing Bordetella pertussis whole cells. Four of the
six DTP vaccines contain gelatin (24-100 ug dose ') as
a stabilizer. Each purified component of DTP toxoids
was supplied by a vaccine manufacturer.

Assays for specific IgE

IgE antibodies to bovine gelatin (Wako Pure
Chemical Industries, Osaka, Japan) and tetanus toxoid
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were measured by the Pharmacia CAP system
(Pharmacia, Uppsala, Sweden)’.

Specific IgE antibodies to diphtheria and pertussis
toxoids were determined by a fluorometric ELISA®.
Briefly, microplates were coated with gelatin and each
toxoid protein (1 ugml '). After incubation of the
serum samples and a reference serum (a pooled serum
with anti-gelatin IgE) with the immobilized antigens,
anti-human IgE  antibody  conjugated  with
3-D-galactosidase (Pharmacia) was added. The enzyme
reaction substrate was 0.2 mM 4-methylumbelliferyl-
B-D-galactoside (Sigma Chemicals, St. Louis, MO,
USA). Fluorescence was measured on a fluorometric
microplate reader (Fluoroskan, Flow Laboratory,
McLean, VA, USA). The levels of the specific IgE
antibody were expressed as arbitrary unit ml~'. The
units of each serum in the ELISA were calculated from
standard titration curves of the anti-gelatin reference
serum with known CAP units (Ua ml™ "), corresponding
to the CAP values.

RESULTS

Clinical findings in children with systemic urticaria to
the DTaP vaccine

Clinical findings in the children with systemic
symptoms to gelatin-containing DTaP vaccine are
shown in 7Table 1. Of these eight children, two had
systemic urticaria, with wheezing or a cough. The other
six had only systemic urticaria. All the children
developed the allergic reactions within 30 min after
vaccination. These children had not shown systemic
reactions to a previous vaccination.

Specific IgE levels to vaccine-component proteins in
children with and without allergic reactions to the
vaccines

Table 2 shows specific IgE levels to gelatin and
tetanus toxoid determined by the CAP system in sera
of the eight children. None of them had detectable

Table 1 Clinical findings for children with systemic allergic reactions to DTaP vaccines

Child Amount of Total number Allergic reaction to vaccine Time of onset
gelatin of DTaP after vaccination
No Age Sex (ug dose ™) vaccinations (times) (min)
1 1 year M 33.5 3 Systemic urticaria 10
2 2 years M 100 2 Systemic urticaria, wheezing 10
3 1 year M 335 3 Systemic urticaria, cough 10
4 1 year, 3 months F 33.5 2 Systemic urticaria 10
5 3 years F 100 1 Systemic urticaria 20
6 7 months F 100 1 Systemic urticaria 10
7 2 years, 8 months F 33.5 4 Systemic urticaria 5
8 6 months M 335 1 Systemic urticaria 30

Table 2 Allergen-specific IgE in children with systemic allergic reactions to DTaP vaccines

Specific IgE (Ua ml~") by CAP

Specific IgE (Uaml~") by ELISA

Child no. Gelatin Tetanus toxoid Diptheria toxoid Pertussis toxoid
1 <0.35 0.47 0.75 0.94
2 <0.35 0.61 <0.35 <0.35
3 <0.35 <0.35 <0.35 <0.35
4 <0.35 <0.35 «<0.35 <0.35
5 <0.35 <0.35 <0.35 <0.35
6 <0.35 <0.35 <0.35 <0.35
7 <0.35 <0.35 <0.35 <0.35
8 <0.35 <0.35 <0.35 <0.35

Table 3 Allergen-specific IgE in children with no allergic reaction to DTaP vaccines

Specific IgE (Ua ml~") by CAP

Specific IgE (Uaml™") by ELISA

Child no. Gelatin Tetanus toxoid Diptheria toxoid Pertussis toxoid
9 <0.35 3.31 3.02 1.35
10 <0.35 217 0.66 2.23
11 <0.35 0.61 0.69 0.68
12 <0.35 <0.35 <0.35 0.74
13 <0.35 <0.35 <0.35 <0.35
14 <0.35 <0.35 <0.35 <0.35
15 <0.35 <0.35 <0.35 <0.35
16 <0.35 <0.35 <0.35 <0.35
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anti-gelatin IgE. Two children had detectable levels of
anti-tetanus toxoid IgE, 0.47 (no. 1) and 0.61 (no. 2)
Uaml™". Six children (nos. 3-8) had no anti-tetanus
toxoid IgE. The authors also measured IgE antibody
activities to diphtheria and pertussis toxoids in their
sera using the ELISA (Table 2) because there is no
CAP system for anti-diphtheria and -pertussis toxoid
IgE. One child (no. 1) had detectable levels of anti-
diphtheria and -pertussis toxoid IgE, whereas the other
seven (nos. 2-8) had no specific IgE to these toxoids.

Table 3 shows the specific IgE levels to gelatin and
DTP toxoids determined by the CAP system and
ELISA in the sera of 10 children without allergic
reactions to DTaP vaccines. No child had anti-gelatin
IgE. Of these 10 children, three (nos. 9-11) had
detectable levels of anti-DTP toxoid IgE. One child
(no. 12) had detectable levels of anti-pertussis IgE
only. The other six children (nos. 13-18) had no anti-
DTP toxoid IgE.

DISCUSSION

In Japan, six manufacturers produce DTaP vaccines
and the vaccines from four of them contain gelatin
(24-100 ug dose ™ "). It has been reported that most of
children with systemic immediate-type reactions to
gelatin-containing live and inactivated virus vaccines,
had anti-gelatin IgE*”. In this study, the children who
had systemic urticaria to gelatin-containing DTaP
vaccine, however, had no anti-gelatin IgE. The authors
speculate that the systemic urticaria to DTaP vaccines
does not reflect gelatin allergy.

The protein concentrations of DTP toxoids in the six
vaccines range from 9.8 to 15.1 (D), 2.0 to 2.7 (T) and
5.5 to 14.0 (P) ug ml~', respectively'®. In this study, the
authors found that some children who had systemic
urticaria to DTaP vaccine had detectable levels of anti-
DTP toxoids IgE, but some children who had no
reaction to the DTaP vaccines also had detectable
levels of anti-DTP toxoid IgE. The authors did not find
that there was an obvious relationship between the
specific IgE to DTP toxoids and the systemic urticaria.

All the DTaP vaccines contain thimerosal (a
mercury-containing compound), now most often used
as an injectable drug preservative. Hypersensitivity to
thimerosal is reported to be common'®. Okada et al.’
reported that a child who had systemic urticaria to
DTaP vaccines had an immediate-type positive skin
test to thimerosal. Moreover, DTaP vaccines contain
alum (aluminum hydroxide gel) as an adjuvant. There
is aluminum allergy; patients with local reactions to
aluminum-bound DTP vaccines had a positive patch
test to AICL"”. However, there is no method for
measuring anti-thimerosal and -alum IgE. In future,
the method to measure anti-thimerosal and -alum IgE
should be developed.
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