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Background: Anaphylactic reactions to measles, mumps, and
rubella vaccines, including gelatin as a stabilizer, have been
reported. It had been found that most of these reactionsto live
vaccines are caused by the bovine gelatin included in these
vaccines. Gelatin mainly includes denatured type | collagen,
which consists of al and a2 chains.

Objective: The current study was designed to investigate the
IgE reactivity to al and a2 chains of bovine type| collagen in
gelatin-sensitive children.

Methods: Serum samples were taken from 10 children who
had anaphylaxis to the vaccines and high levels of specific IgE
to bovine gelatin. Bovinetype | collagen was isolated from
bovine skin and then separated to al and a2 chains by column
chromatography. |gE reactivity to denatured type | collagen
and itsal and a2 chains was analyzed by immunoblotting,
ELISA, and histamine release from the mast cells passive sen-
sitized with IgE antibodiesin pooled serum of the children.
Results: All children had specific IgE to bovine type | collagen.
Furthermore, IgE antibodiesin their serareacted with the a2
chain but not with the al chain. Similarly, the mast cells sensi-
tized with pooled sera in the children showed a2 chain-specific
histamine release but not a1 chain—specific histamine release.
Conclusion: In gelatin allergy denatured bovine type | collagen
isamajor allergen and IgE-binding sites exist in the a2 chain
of type | collagen. (J Allergy Clin Immunol 1999;104:695-9.)
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Anaphylactic reactions to measles, mumps, and rubel-
la vaccines and the combined measles-mumps-rubella
(MMR) vaccines have been reported and have been sug-
gested to be caused by allergy to egg proteins present in
the vaccines.! However, the anaphylactic reactions also
have been reported to occur after administration of the
MMR vaccine in the children who tolerated eggs.26
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Kelso et a7 reported that a child who had anaphylaxis
to MMR vaccine had IgE antibody to gelatin. Also, in
previous studiest-10 we found that most children who had
the systemic immediate-type reactions, including ana-
phylaxis, to measles, mumps, and rubella vaccines had
anti-gelatin IgE. It is suggested that most of the systemic
immediate-type reactions after vaccination are caused by
gelatin present in the live vaccines as a stabilizer. Fur-
thermore, we found that the systemic reactions to vari-
cella and Japanese encephalitis vaccines that contain
gelatin are caused by the gelatin in the vaccines.11.12 |t
has been reported that gelatin causes food allergy.®
Recently, we found that anaphylaxis to erythropoietin
products containing gelatin was caused by the gelatin.13

Gelatin has long been believed to be nonimmunogenic
and nonallergic to humans, and therefore gelatin has
been widely used as a stabilizer in vaccines.14 In Japan,
most of the live vaccines contain bovine gelatin.14
Gelatin, obtained from bone and skin, consists mainly of
denatured type | collagen, which is composed of 2 al
and 1 a2 chains.15.16

The current study was designed to investigate the IgE
reactivity to al and a2 chains of bovine type | collagen
and its al and a2 chains in gelatin-sensitive children.

MATERIAL AND METHODS
Children

Physicians and vaccine manufacturers submitted serum samples
from 10 children with anaphylaxis to live vaccines to the Japan
National Institute of Infectious Diseases (former National Institute
of Health). Table | lists 10 children (mean age + SD, 2 years 4
months * 1 year) who had anaphylaxis on vaccination. Two children
(No. 7 and 8) had food allergy to gelatin.

As anegative control, serum samples from 26 children (14 boys,
12 girls) (mean age + SD, 2 years 4 months * 1 year) who had no
reaction to measles vaccine containing gelatin (1 mg/dose) were
collected.

Gelatin and collagen

Gelatin for ELISA was prepared as described previously.8
Bovinetype | collagen was prepared from skin dermis by 0.5 mol/L
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TABLE |. Children with anaphylaxis to vaccine and antigelatin IgE levels in serum

Vaccines
Children Amount Time of Antigelatin

of gelatin onset IgE

No. Age Sex Vaccine (mg/shot) Reaction to vaccine (min) (Ua/mL)
1 3y6mo M Mumps 1.0 Urticaria, wheezing 30 34.0
2 ly 11 mo M Meases 15 Urticaria, airway obstruction with wheezing 10 251
3 ly6mo M Mumps 1.0 Urticaria, wheezing cough 5 15.0
4 1y 8mo F Measles 15 Urticaria, airway obstruction with wheezing 15 425
5 4y 11 mo F Mumps 1.0 Urticaria, wheezing cough 15 30.7
6 2y 1mo M Measles 15 Urticaria, cough 15 11.0
7 3y 11 mo M Measles 1.0 Urticaria, hypotension 10 11.8
8 2y 9mo M Rubella 1.0 Urticaria, wheezing cough 15 62.9
9 ly7mo F Measles 15 Urticaria, airway obstruction with wheezing 20 24.4
10 1y 8mo F Measles 15 Urticaria, cough 15 28.0

Serum that had more than 100 Ua/mL as specific IgE was diluted and measured.

acetic acid extraction and purified by differential salt precipita-
tion.17

Isolation of al and a2 chains from collagen

type |

The a1 and a2 chains from heat-denatured type | collagen were
isolated by carboxymethyl (CM) cellulose (CMC 32, Whatman,
Maidstone, UK) chromatography at 42°C and 0.06 mol/L sodium
acetate buffer, pH 4.8, with use of alinear salt gradient described by
Piez et al.18 Eluted fractions were monitored at 230 nm. Identifica-
tion and assessment of purity were routinely achieved by sodium
SDS-PAGE.19.20

SDS-PAGE and immunoblotting

SDS-PAGE was performed according to the procedure of
Laemmli.20 The sample was applied to SDS-PAGE (5% gel) under
reducing conditions. The gel then was stained with coomassie blue
or the proteins in the gel were transferred to a polyvinylidene fluo-
ride membrane (Bio-Rad Laboratories, Hercules, Calif). The mem-
brane was rinsed in PBS and blocked with 1% BSA in PBS. After
another rinse with PBS containing 0.02% Tween 20, it was cut into
strips, which were incubated overnight with the pooled serum of
patients diluted 1:2. After washing, the strip was incubated with
antihuman IgE antibody—conjugated alkaline phosphatase (Quidel,
San Diego, Calif) overnight and stained with 5-bromo-4-chloro-3-
indolyl phosphate/N-benzoyl-L-tyrosyl.2L

Measurement of specific IgE antibody to
gelatin and denatured collagen

The Pharmacia CAP system (Pharmacia, Uppsala, Sweden) was
used to determine the concentration (unit allergen [Ua] per milli-
liter) of IgE antibody to gelatin (Wako Pure Chemical Industries,
Osaka, Japan).8

Specific IgE antibodies to gelatin or denatured collagen were
determined by a fluorometric ELISA as described previously.9.22
Microplates were coated with gelatin or denatured collagen (5
ug/mL). After incubation overnight at 4°C, the serum sample was
added to the wells. Each child’s serum was diluted (1:10-1:200) to
approximately 1 Ua/mL as the level of specific IgE to gelatin. Neg-
ative sera were diluted 1:10. After incubation for 3 hours at room
temperature, antihuman IgE antibody conjugated with 3-p-galac-
tosidase (Pharmacia) was added. The enzyme reaction substrate was
0.1 mmol/L 4-methylumbelliferyl-B-p-galactoside (Sigma, St
Louis, Mo). The fluorescence unit was measured on a fluorometric
microplate reader (Fluoroskan, Flow Laboratory, McL ean, Va).

Human mast cell

Cultured human mast cells were prepared as described previoudy.23
Briefly, mononuclear cells were obtained from umbilical cord blood
and cultured in minimum essential medium containing 20% FCSin the
presence of recombinant human stem cell factor (SCF) (200 ng/mL)
and IL-6 (10 ng/mL) (Kirin Brewery, Gunma, Japan). When the mast
cells reached 100% purity, they were used for experiments.

Allergen-specific histamine release from
cultured mast cells passive-sensitized
with children’s sera

Allergen-specific histamine release from mast cells was conduct-
ed as described previously.24 Briefly, the mast cells were washed 3
times in minimum essential medium containing SCF (100 ng/mL)
and IL-6 (10 ng/mL) and then incubated overnight with the sera at
37°C. During sensitization SCF and |L-6 were added to the cultures
at 100 and 10 ng/mL, respectively. After 3 washes they were sus-
pended in Tyrode-HEPES buffer (pH 7.4) containing 0.1% BSA in
the presence of SCF (10 ng/mL) and then were preincubated at 37°C
for 10 minutes. Then the cells were challenged with gelatin or heat-
denatured collagen (5 pg/mL) or antihuman IgE monoclonal anti-
body (4 pug/mL) (Chemicon, Temecula, Cdlif) at 37°C for 30 minutes.
The histamine contentsin the supernatants and in the cell pelletswere
determined by an automated fluorometric procedure. The sponta-
neous release was assessed by the addition of a buffer instead of
gelatin or collagen or anti-IgE mAb. The percentage of histamine
release was calculated according to the following eguation:

Released histamine contents
Total histamine contents

x 100 = Percentage of histamine
release

RESULTS

Specific IgE to gelatin and denatured type |
collagen in children with anaphylaxis to
vaccines

We measured specific IgE to gelatin and denatured
type | collagen in 10 children who had anaphylaxis on
vaccination. All the children had specific IgE to gelatin
(Table1). Similarly, al children had specific IgE to type
I collagen, which mainly isincluded in gelatin (Fig 1). As
a negative control, all 26 children who showed no reac-
tion to measles vaccines containing gelatin had no spe-
cific IgE to bovine gelatin and type | collagen.
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FIG 1. IgE reactivity to bovine gelatin and denatured type | collagen. Each child’s serum was diluted to approx-

imately 1 Ua/mL as level of specific IgE to gelatin.
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FIG 2. CM column chromatography of type | collagen. NaCl, Sodium chloride.

Specific IgE to al and a2 chains in type |
collagen

For isolation of al and a2 chains, we used CM col-
umn chromatography with a linear gradient of sodium
chloride (Fig 2). Type | collagen preparations showed 2
bands of a1 and a2 chainsin SDS-PAGE (Fig 3, a). The
first peak (fraction No. 49) showed a band of al chain
and the second peak (fraction No. 53) showed a band of
a2 chain on SDS-PAGE (Fig 3, a). We confirmed sepa-
ration and purity of a1l and a2 chains from type | colla-
gen by SDS-PAGE (Fig 3, a). IgE from pooled serum of

3 patients reacted only with a2 chain on immunoblotting
(Fig 3, b). Furthermore, we measured specific IgE to al
and a2 chains of bovine type | collagen in sera of the
children by ELISA. Their IgE antibodies reacted with a2
chain but not with a1 chain (Fig 4). As the negative con-
trol, all 26 children had no specific IgE to al and a2
chains.

Denatured type | collagen-specific histamine
release

Denatured type | collagen—specific histamine release
assay was carried out with cultured mast cells passive sen-
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FIG 3. Analysis of SDS-PAGE (a) and immunoblotting (b). Lane 1,

Denatured type | collagen; lane 2, al chain; lane 3, a2 chain.
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FIG 4. IgE reactivity to al and a2 chains. Each child’s serum was
diluted to approximately 1 Ua/mL as level of specific IgE to
gelatin.

sitized with pooled serum (Fig 5). The mast cells sensi-
tized with their pooled sera showed bovine gelatin-spe-
cific histamine release. Furthermore, the mast cells sensi-
tized with pooled sera in the children showed a2
chain—specific histamine release but no al chain—specif-
ic histamine release. As a positive control, the mast cells
challenged with gelatin and antihuman IgE showed hista-
mine release.

DISCUSSION

Many children who showed anaphylaxis to bovine
gelatin containing live virus vaccines had specific IgE to
bovine gelatin.”-10 Gelatin mainly consists of denatured
type | collagen. It was expected that the children with
anaphylaxis to vaccines had specific IgE to gelatin aso

J ALLERGY CLIN IMMUNOL

SEPTEMBER 1999

= 1 ehain

o 2 ehaln

Galatin

Amti-igE

i o 30 40

0

Higtaming releass (%)

FIG 5. Histamine release from mast cells passive sensitized with
sera of bovine-sensitive children.

demonstrated specific IgE to denatured type | collagen.
As expected, in this study the children sensitized with
gelatin strongly reacted with type | collagen, which
mainly is contained in gelatin. It is suggested that type |
collagen isamajor allergen in gelatin alergy.

Bone, tendon, and skinisrichin type| collagen.16 The
molecule is a heterotrimer composed of two al chains
and one a2 chain.16 To examine whether al and a2
chains have allergenicity, we separately isolated a1 and
a2 chains from type | collagen. IgE antibodies in chil-
dren who had gelatin alergy strongly reacted with a2
chain but not with a1 chain. Furthermore, mast cells sen-
sitized with pooled serum in the children showed only a2
chain—specific histamine release. We found that a2 chain
in type| collagen has allergenicity.

In our previous study we reported the complementary
DNA coding sequence for a2 chain of bovine typel col-
lagen.25 The encoded amino acid sequence shows 93%
identity to the a2 chain of human type | collagen.?6 It
was reported that the amino acid sequence of the al
chain of bovine type | collagen has 98% identity to the
ol chain of human type | collagen.27.28 From these data
we found that homology (98%) between al chains of
human and bovine type | collagen is higher than that
(93%) between the a2 chain of human and bovine type |
collagen. These homology data might suggest that the a2
chain has higher alergenicity than the al chain.

Anaphylaxis to vaccines, drugs, and food containing
gelatin have been reported, and it has been suggested that
the anaphylaxisis caused by alergy to the gelatin present
in them. 13 Gelatin with no or low allergenicity needsto
be developed. In this study we found that there are IgE-
binding sitesin the a2 chain of bovinetypel collagen. In
the future, to develop a gelatin that has no or low aller-
genicity to humans, we will analyze IgE-binding sitesin
the a2 chain of bovine type | collagen. Anaphylaxis
caused by gelatin in vaccines might be reduced by diges-
tion of IgE-binding sitesin gelatin.
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