Soy allergy in atopic children

C F Magnolfi, MD; G Zani, MD; L Lacava, MDM F Patria, MD; and M Bardare, MD

Background: Although soy is considered a major food allergen (along with milk, Clinic at the Pediatric Department of
egg, peanut, fish, and wheat), the prevalence of soy allergy in the pediatriddilan University.
population is not well defined.

Objective: To determine the prevalence of soy allergy in atopic children attend-METHODS
ing the Allergy Clinic at the Pediatric Department of Milan University.

Methods: Seven hundred four patients with allergic signs and symptoms, aged
month to 18 years, were recruited between December, 1991 and April, 1992. T
subjects with positive skin prick tests to soy were tested using a DBPCFC wit Litv between December 1991 and
powdered soy formula in fruit juice, and rice or corn flour as placebo. In childrenA y'l 1992 t d f ' th
who refused the liquid challenge, capsules containing dehydrated soy flour ot pr(;, » were recruited for the
talcum powder as placebo were administered. An age-matched and sex-matchadtdy: . .
group of subjects with negative skin prick tests to soy were tested using an open All patients with signs a”d.sy”?p.'
challenge with soy formula. toms suspected to be of allergic origin

Results: A positive skin prick test to soy was found in 148/704 patients (21%); ¥vere ;nrolled in the bstqdy daffter 'T}'
131 out of 148 children with positive skin prick test (group A) and 131 out of 556 ormed consent was obtained from the
children with negative skin prick test to soy (group B) were challenged with Soy:parents. Patients on antihistamines
8/131 (6%) in group A had a positive soy challenge while no clinical reactions were2nd/0r steroids were excluded from the
observed in children in group B. A younger median age, a positive past and currer?lwdy' A total of 857 patients were
personal history of cow milk allergy, and a previous history of soy allergy Wereenr%"ed (549h males and 308 Bemales,
found most often in children with positive soy skin prick test and positive soy aged 1 mont tﬂ 18 years, median age
challenge than in children with positive skin prick test and negative soy challenge.7 years 8 months).

The eight soy-allergic children reacted to the soy challenge mostly with cutaneouBrocedures
and gastrointestinal symptoms; symptoms were immediate in six and late in tw@t the initial visit to the hospital clinic,
children. The eliciting dose of soy was very small in the immediate reactions; highethe subject’s allergy history was re-

ubjects
n atients seen at the Allergy Clinic of
ediatric Department of Milan Univer-

and repeated doses were necessary for the onset of late reactions.
Conclusion: The prevalence of clinical soy allergy in our children with positive report. Information was collected on
skin prick tests to soy is 6.1% (8/131), while none of 131 children with negative skinfamily history of atopic disorders in

prick test to soy reacted to the challenge.
Ann Allergy Asthma Immunol 1996;77:197-201.

INTRODUCTION

Consumption of soybean is common in
children. Since the use of soy milk was
suggested in 1929 by Hill and Stuart as
an alternative for feeding children with
cow milk protein intolerancésoy pro-
tein-based infant formula has become a
routinely used, safe and nutritionally
adequate feeding for infants with cow
milk allergy. The use of soy formulas
has increased over the years and in
1991 a 6-fold increase in soy use in the
United States by the year 2000 was
projectec?
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Gastrointestinal reactions to soy
have been reported in some infants
under 3 years of age with cow milk
intoleranc& however, only a few
cases of systemic or extraintestinal re-
actions to soy have been reported, all
in atopic patients older than 3 years of
age?

Although soy is considered a major
food allergen along with milk, egg,
peanut, fish, and wheatprospective
controlled clinical trials that estimate
the prevalence of soy allergy in chil-
dren are lacking. This investigation
was designed to determine the preva-
lence of soy allergy (as defined by
positivity of soy skin prick test and soy
challenge) in a group of atopic infants
and children attending the Allergy

corded on a standardized case history

parents and siblings, personal history
of allergic symptoms, past or current
cow milk intolerance, previous inges-
tion of soy formula, and previous soy
intolerance.

Laboratory studies included a bat-
tery of skin prick tests using commer-
cially available extracts of inhalant and
food allergens: pollens (grasses, rag-
weed, mugwort, Parietaria judaica
and trees), moldsAlternaria tenuis
and Aspergillus fumigatys animal
dander (cat and dog), dust mitd3e(-
matophagoides pteronyssinaisdDer-
matophagoides faringe milk, egg,
pea, and peanut (standard glyceros-
aline solution, Lofarma Laboratories,
Milan, Italy). Standardized soy glyc-
erinized extract (1:20 wt/vol) was used
(Greer Laboratories, Lenoir, NC).

Histamine (1%) was used as a pos-
itive control and human serum albumin
as a negative control. The degree of
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skin prick test positivity was graded
using the test wheal size/histamine
wheal size according to the recommen-
dations of the Societa’ Italiana di Al-
lergologia e Immunologia Clinica
(SIAIC)S:

1+ = from 1/4 to 1/2 histamine

wheal size

2+ from 1/2 © 1 x histamine wheal

size

3+ from 1 to 2 x histamine wheal

size

4+ > 2X histamine wheal size.

Total serum IgE concentration was
measured by Phadebas PRIST (Phar-
macia Diagnostic, Uppsala, Sweden).
Serum IgE values more than two stan-
dard deviations (SD) above the geo-
metric mean for age were considered
abnormaf.

The subjects with positive skin prick
tests to soy were further tested using a
DBPCFC to soy. Challenges were per-
formed in the hospital clinic during a
1-day admission. An age-matched and
sex-matched group of subjects with
negative skin prick tests to soy was
tested using an open challenge accord-
ing to Leinhas et dl. Patients were
asked to stop taking any antihistamine
ten days before the challenges. All soy
foods were strictly eliminated from the
diet during the 2 weeks preceding the
day of the challenge. At the end of the
2 weeks of soy-free diet, a fecal occult
blood test was performed in all pa-
tients. On the day of the challenge all
patients were symptom-free, and a re-
peat skin prick test to soy was done to
confirm the earlier skin prick test re-
sults. The DBPCFC was conducted on
two non-consecutive days and the soy
and placebo challenges were separated
by at least 48 hours. Randomization
was done by a department nurse not
involved in the administration of the
challenge.

Up to 200 mL of powdered soy for-
mula (Isomil, Abbott Laboratories,
Ross Products Division, Columbus,
Ohio) made up in fruit juice and water
at the concentration typically fed to
infants (13%, 1.8 g soy protein/100
mL), and rice or corn flour as placebo
(13% solution) made up using the
same diluent, were administered in the

fasting state during a 2-hour period.
Gradually increasing doses were given
every 20 minutes starting with one
drop on the inner lower lip (one drop,
1 mL, 5mL, 10 mL, 50 mL, and 134
mL). In older children who refused the
challenge with soy milk (n= 38), up

to 40 capsules (white opaque gelatin
tinted with titanium oxide, Lofarma
Laboratories, Milan, Italy) containing
dehydrated soy flour (88 mg soy pro-
tein/capsule) or talcum powder (place-
bo) were administered in a graded
fashion every 20 minutes, starting with
one capsule (cps) and followed by 2
cps, 3 ¢ps, 5 cps, 10 cps, and 19 cps.
The capsules were opened and the
powder dissolved in a minimal amount
of fruit juice and water. Open chal-
lenge was performed with 200 mL of
13% soy formula (Isomil powder re-
constituted in water or fruit juice) ad-
ministered in a graded fashion with
increasing doses every twenty minutes.
No food or drink was allowed during
the challenge. Meals were deferred un-
til 1/2 hour after the completion of the
challenge to avoid food delaying ab-
sorption of the test item and also to
avoid introducing other possible aller-
gens.

When clinical reactions occurred,
the challenge was immediately stopped
and the appropriate treatment given.
The type, severity, and time of onset of
the reaction, the amount of food elic-
iting the symptoms, and the duration of
symptoms were all recorded during the
challenge.

All the children were carefully ob-
served during each challenge and for at
least four hours after the challenge
prior to discharge from the hospital
clinic. If no symptoms appeared in the
following 24 hours, parents were in-
structed to feed their children soy in
the diet on a daily basis for at least 1
week at home. Children were given
200 mL/day (3.6 g protein) of soy for-
mula (Isomil powder, reconstituted as
directed by the manufacturer) or other
soy products (yogurt, bread, pasta, or
cookies) in quantities that would pro-
vide approximately 3.6 g protein/day.

At the end of the week a fecal occult
blood test was performed (OC-Hemo-
dia, Eiken, Tokyo, Japan).

Statistical Analysis
Data from patients with positive and
negative skin prick tests to soy were
compared using the chi square test.
The Fisher’'s exact test was used to
compare data from patients with posi-
tive soy skin prick test/positive soy
challenges and patients with positive
soy skin prick test/negative soy chal-
lenges.

RESULTS

A total of 704 of the 857 infants and
children enrolled in the study had one
or more positive skin prick tests to
inhalants and/or food allergens and
were classified as atopic. A positive
skin prick test to soy was found in 148
(21%) of the atopic infants and chil-
dren (group A), a negative skin prick
test to soy was found in 556 (79%)
(group B). The degree of soy skin
prick test positivity was ¥ in 63 sub-
jects, 2+ in 73 subjects, ¥ in 11
subjects and 4 in 1 subject.

There were no statistically signifi-
cant differences between the two
groups of children when compared for
age, distribution of males and females,
family history of atopy, of cow milk
intolerance, and soy allergy. The two
groups were similar for personal his-
tory of asthma, atopic dermatitis, and
past and current cow milk intolerance.

Positive personal history of pollino-
sis occurred in a greater percentage of
subjects in group A than in group B
(69/148 = 47% versus 132/556=
24%, P < .001); similarly, a positive
history of gastrointestinal symptoms
was more prevalent in group A versus
group B (29/148= 20% versus 71/
556 = 13%, P < .05). No significant
differences between the two groups
were found as far as elevation> (2
SD) of serum IgE and skin prick test
positivity for dust mite and cow milk;
skin prick test positivity was signifi-
cantly more prevalent in group A ver-
sus group B for pollens (137/14%
93% versus 350/530= 66%, P <
.001), molds (61/144= 42% versus
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100/516 = 19%, P < .001), animal
dander (89/143= 62% versus 228/
514 = 44%,P < .001), egg (44/13%
34% versus 111/475 23%,P < .05),
pea (92/148= 62% versus 25/556-
4%, P < .001), and peanut (41/148
28% versus 15/556= 3%, P < .001).
There was no statistical difference
between group A and group B in the
previous use of soy formula: 30% of
patients (45/148) in group A and 27%
(152/556) in group B were soy formula
fed in the first year of life. A history of
soy intolerance was reported in 26 sub-
jects, 10/45 (22%) from group A and
16/152 (10%) from group BR < .07).

Challenges

DBPCFC to soy was conducted in 131/
148 subjects of group A (92 males and
39 females, median age 10.6 years); 17
children refused to undergo the chal-
lenge. In group B 131/556 subjects (92
males and 39 females, median age 10.1
years) were challenged. Eight children
in group A (8/131= 6%) reacted pos-
itively to soy challenge, while none of
the children in group B reacted to the
challenge.

Characteristics of the eight patients
that reacted to soy including age, clin-
ical diagnoses, and history of soy and
cow milk allergy are presented in Ta-
ble 1. All the children had a history of
food allergy, seven had a history of
oral allergy syndrome (OAS), and five
had a history of cow milk allergy. Four
of the children were fed soy milk in the
past. All four reported a history of soy
intolerance with atopic dermatitis
worsening in all cases and vomiting
and sleepiness occurring in one case.

At the time of the soy feeding, three of
the four children were also cow milk

intolerant. The skin prick test positiv-

ity for specific allergens in the eight

subjects reacting to DBPCFC to soy
was as follows: birch pollen, 7; grass
and animal dander, 6; molds, 5; Com-
positae and dust mite, 4; pea, 5; egg
and milk, 4; and peanut, 3.

Seven of eight subjects had serum
total IgE levels>2 SD above the geo-
metric mean for age.

At the challenge 6/8 subjects had
immediate clinical reactions beginning
within 5 to 15 minutes from the inges-
tion of the eliciting dose in five chil-
dren and at four hours in one child (no.
4) (Table 2). Late reactions occurred in
one child after three days of the soy
diet and in one child after seven days
of the soy diet. The immediate reac-
tions were itching, erythema, urticaria,
or systemic anaphylaxis whereas the
late reactions were gastrointestinal. In
one patient (no. 8) with a late reaction
the clinical symptoms occurred after
seven days of soy feeding and the co-
lonic and rectal biopsy showed an al-
lergic proctocolitis with a marked in-
filtration of eosinophils in the lamina
propria. Abnormal stools with pres-
ence of gross blood lasted for 3 months
after the elimination of soy from the
diet. After 4 months of the soy-free
diet, the gastrointestinal symptoms had
disappeared and the occult blood test
was negative. A colonic and rectal bi-
opsy after 11 months of a soy-free diet
showed mucosal edema only in the
distal colon and rectum. The occult
blood test was positive for one other

patient (no. 7) with immediate onset
symptoms in response to the challenge;
the test was negative one week after
the challenge on a soy elimination diet.

Demographic and allergy history
data (gender, family history of atopy,
cow milk and soy allergy, personal his-
tory of asthma, pollinosis, atopic der-
matitis, urticaria, and gastrointestinal
symptoms) were similar in the soy-
allergic (eight patients) and soy-toler-
ant children (123 patients). Prevalence
of previous ingestion of soy milk was
also similar in soy-allergic (4/8=
50%) and soy-tolerant (39/123 31%)
children.

Patients in the soy-allergic group
were also similar to those in the soy-
tolerant group in total serum IgEe 2
SD and in skin prick test positivity for
pollens, dust mite, molds, animal dan-
der, egg, pea, peanut. If we consider in
particular the positivity of the skin
prick test to birch pollen, this was
more prevalent, but not significantly
different in soy-allergic children than
in soy-tolerant children (7/8 87.5%
in soy-allergic children and 42/76
55% in soy-tolerant children). Further-
more, children in the soy-allergic
group have a higher prevalence of cow
milk skin prick test positivity than chil-
dren in the soy-tolerant group (4/8
50% in soy-allergic children and 22/
113 = 19% in soy-tolerant children).

In soy-allergic children, cow milk
intolerance was more prevalent than in
soy-tolerant children (4/8= 50% in
soy allergic versus 19/123 15% in
soy tolerantP < .05); a previous his-
tory of soy allergy was also more prev-

Table 1. Sex, Age, Clinical Diagnosis, History of Soy and Milk Allergy in Children with Soy Positive Challenge

Patient Sex Age, yr:mo Clinical Diagnosis* History of Soy Allergy History of Cow Milk Allergy
1 F 10.10 A, P, OAS, FA T pos
2 M 5.10 A, P, OAS, FA T neg
3 M 1.1 AD, FA pos pos
4 M 1.8 AD, FA, P, OAS pos pos
5 M 5.10 A, AD, FA, P, OAS pos pos
6 M 3.11 A, AD, FA, U, OAS T pos
7 F 4.6 FA, OAS T neg
8 F 6.7 A, AD, FA, P, OAS pos neg

* A = asthma, FA = food allergy, OAS = oral allergy syndrome, AD = atopic dermatitis, P = pollinosis, and U = urticaria.

T No previous soy feeding.
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Table 2. Positive Oral Soy Challenges®: Amount of Soy Eliciting Symptoms, Reaction Time from Last Given Dose, Symptoms, After Challenge
Fecal Occult Blood, Soy Skin Prick Test, and RAST Results

Patient  Eliciting Dose R?r'c::;t;on Symptoms Occult Blood Psr ?gks'l'k;Zt SogI:sASST
1 2 cps 5’ labial itching - 2+ 2
2 20 cps 10’ vomiting, tongue itching - 1+ 2
3 4 cps 10’ urticaria - 2+ 4
4 200 cc 4 hr perioral erythema - 3+ 3
5 1 cps 5’ abdominal pain, vomiting, malaise, collapse not done 3+ 6
6 200 cc/daily 3d abdominal pain, gastrointestinal disorders - 2+ 3
7 1cps 15’ nasal itching, perioral erythema, burning lips, + 2+ 1
frequent urination
8 200 cc/daily 7d fecal gross blood, abdominal pain + 2+ 0

1 cps = 88 mg soy protein/capsule.

alent (4/4= 100% versus 9/39 23%,

P < .05). Soy-allergic children were

younger than soy-tolerant children
(median age 4 years 2 months in the
soy-allergic patients and 10 years 5
months in the soy-tolerant group).

DISCUSSION

In this study, the prevalence of soy
allergy determined by DBPCFC in a
group of soy skin prick test-positive,
atopic children is 6.1% (8/131) while
none of 131 children with negative
skin prick tests to soy reacted to the
challenge. The prevalence of soy al-
lergy in this study is similar to that
previously reported for differently se-
lected groups of atopic childrén!?
Giampietro et & and Bock and At-
kins'® reported soy allergy in approxi-
mately 3% of children with food aller-
gies. Sampsdhreported a prevalence
of 5% in a younger group of patients
with atopic dermatitis. If we consider
the prevalence in the literature of aller-
gic adverse reactions to other foods as
stated by DBPCFC, we found that soy
allergy is much less prevalent than al-
lergy to milk, egg, and peanuts!!

The prevalence of soy skin prick test
positivity in our study (21%) is similar
to the prevalence (22%) of humoral
sensitization to soy recently reported
by Giampietro et dlin 317 children
with history and symptoms suggestive
of food allergy. This prevalence is also
not different from the prevalence of
egg (26%), milk (16%), and pea (16%)
sensitization and is greater than sensi-

tization to peanuts (8%). The degree of
skin prick test positivity is very low:
only 8% had a skin prick test positivity
to soy greater than-.

Infants and children with positive
skin prick tests to soy appear to be a
more highly sensitized group than
those with negative skin prick tests as
they have a significantly greater prev-
alence of skin prick tests positive for
pollens, molds, animal dander, egg,
pea, and peanut. On the contrary, the
prevalence of cow milk sensitization is
similar in the soy skin prick test posi-
tive and negative patients (20% and
14% respectively).

Soy formula feeding in the first year
of life does not seem to affect the prev-
alence of soy sensitization and the
prevalence of soy clinical allergy in
soy sensitized children. On the con-
trary, infants with documented soy
clinical allergy are more likely to have
cow milk clinical allergy than infants
without soy allergy: four of eight
(50%) soy-allergic patients are cur-
rently allergic to cow milk while only
19 out of 123 (15%) soy-tolerant pa-
tients are allergic to cow milk.

In our study no child with a negative
skin prick test to soy had a positive soy
challenge. These data agree with
Sampson’s observations of patients
with atopic dermatitis: he reported pos-
itive soy challenges only in patients
with positive soy skin prick test€.In
the literature, non-IgE mediated soy
adverse reactions with diarrhea have
been reported especially in infants with
protein intolerance. Probably the neg-

ativity of the soy challenges in our
patients with negative soy skin prick
tests is related to the fact that our study
group includes atopic children with
IgE-mediated reactions and not infants
with protein intolerance. The preva-
lence of soy allergy in the entire atopic
group of 704 children cannot be deter-
mined from our study; however our
hypothesis is that clinically relevant
soy allergy in atopic children is present
mostly in patients with skin prick test
positivity to soy while it is rare in
children with negative skin prick tests
to soy. If this hypothesis is true, a
further study that includes challenges
in all the negative soy skin prick test
children would yield a total prevalence
of about 1.1% (8/704).

From our data we can also assume
that there may be a correlation between
soy allergy and the oral allergy syn-
drome, based on the history of oral
allergy syndrome with other foods in
7/8 patients, on the clinical manifesta-
tions of oral allergy symptoms at soy
challenge in 3/8 patients, and on the
skin prick test positivity to birch pollen
in 7/8 patients. Whether soy allergy is
in some way an expression of a cross
reactivity with pollen allergens, partic-
ularly birch pollen, requires further
study.
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