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It has been proposed that a down-regulation of interleukin (IL)-12 and
interferon (IFN)-c might be related to susceptibility to allergy in early
life. The aim of this study was to assess serum IL-12 levels in food-
sensitized and pollen-sensitized children and to compare these with
another activation marker, sCD30. Twenty children with pollen allergy
and 22 food-sensitized children were included. The diagnosis of
immunoglobulin (Ig)-E-mediated allergy, suggested by clinical
symptoms, was based on skin-prick tests, serum IgE antibodies and total
IgE levels. Samples from 24 non-allergic children were used as controls.
IL-12 and sCD30 levels were measured by ELISA. It was found that
pollen-sensitized patients had normal IL-12 and higher sCD30 levels
than controls (114 vs. 63 U/ml, p = 0.028), but, surprisingly, food-
sensitized infants showed normal sCD30 and increased serum IL-12
levels (323 vs. 118 pg/ml, p = 0.0001). No differences were found in
patients suffering from asthma or allergic dermatitis. Levels of sCD30
and IL-12 determined in May showed a strong correlation with those
obtained in November. Interleukin-12 and IgE levels had an inverse
correlation (r = ±0.494, p = 0.0001) whereas no correlation was found
between sCD30 and IgE. Age had a strong negative in¯uence on IL-12
levels in allergic (Z = 4.834, p , 0.0005) and in normal children
(Z = 3.00, p , 0.002); by contrast, sCD30 levels were not signi®cantly
age-dependent. When IL-12 levels from the food-allergy group were
compared with those from normal controls younger than 4 years of age,
the difference remained signi®cant (p = 0.001), ruling out an age-bias.
The conclusions made in this study were that serum IL-12 and sCD30
showed different behaviors in children with food or pollen allergy. We
found IL-12 and sCD30 levels in pollen-allergic patients that agree with
the classical T-helper (Th) 1/Th2 paradigm of allergy. In contrast, serum
IL-12 levels were increased in food-sensitized children, suggesting a
different immunologic pathogenesis.
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Interleukin-12 (IL-12) is involved in immune
responses against intracellular bacteria such
as Mycobacterium tuberculosis (1) and in
cell-mediated immunity (2). Interleukin-12
induces interferon (IFN)-c production from
natural killer (NK) and T cells, showing a
powerful synergistic effect with IL-2 (3). It has
been proposed that down-regulation of IL-12 and
a de®cient production of IFN-c might be related
to allergic disturbances (4±7). CD30 glycoprotein

was described as a surface antigen (Ki) expressed
by Hodgkin and Reed±Sternberg cells (8).
CD30-bearing cells release a soluble form of the
molecule (sCD30), which can be detected in
serum. This molecule is a member of the tumor
necrosis factor receptor superfamily (9), which
appears to be preferentially associated with
T-helper (Th) 2-type responses (10,11), although
not exclusively (12). High serum CD30 levels
were reported in asthmatic patients (13) and
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particularly in patients with allergic dermatitis
(14,15). Food allergy occurs predominantly in
infants, is associated with an immature immune
response and has some differential follow-up
characteristics. The main goal of this study was to
compare IL-12 and sCD30 levels in children with
food or pollen allergies.

Subjects

Pollen sensitization

Twenty pollen-sensitized children, mean age
9.8 6 2.0 yr (range 7±13 yr), were studied. In
9/20 cases, either parents or siblings had
allergic disease. All children had suffered
rhino-conjunctivitis, and 11 were also asthmatic,
but none of them had allergic dermatitis. All
patients were asymptomatic at the time of the
study, although some children suffered mild
rhino-conjunctivitis during the May determina-
tion. Peak-¯ow measurements were performed in
all pollen-sensitized children. Although none of
the children suffered either acute crisis of asthma
or clinical wheezing, a low peak-¯ow record
according to the age was found in 10/20 cases
in May and four of these remained low in
November. Serum determinations were per-
formed in May during the highest atmospheric
concentrations of grass pollen, and were repeated
in November of the same year when there was no
airborne pollen. The diagnosis was based on the
clinical history and skin-prick tests with allergens.
Serum immunoglobulin (Ig) E-antibodies against
grass pollen were class 4 (i 17.5 kU/l) in all
children, except one who showed class 3
(i 3.5 kU/l). Sensitization to olive pollen was
found in 12/20 cases with positive serum anti-
bodies (class 2 to class 4). Although seven
children had also serum antibodies against
mites and/or mould, only one showed perennial
symptoms suggesting a clinical expression of
sensitization to these allergens. None of the
patients received steroid treatment at the time
of the study, although antihistamine drugs were
administered in some cases during the May
determinations. sCD30 and IL-12 measurements
were also repeated in May and November on 8
non-allergic control children.

Food sensitization

After discarding nine cases with a later negative
challenge test, the ®nal food allergy group
included 22 children, mean age 2 yr 3 months
(range 2 months±12 yr). An open elimination-
challenge test was done in all cases. Serum
determinations were performed at the time of

diagnosis, before the withdrawal of the disturbing
food allergen. All patients were sensitized to egg
(13 cases) or cow's milk protein (11 cases), except
in one child with exclusive ®sh sensitization. In
three cases, a polysensitization to three or more
allergens was present, and two children had a
combined sensitization to cow's milk and egg.
Coincidental sensitization to pollen and food was
found in two cases. Only patients with a clear
positive response to an elimination diet were
included in the study, and an open food challenge
was also performed after the elimination period.
All 22 cases had at least one skin-prick test
positive to any food allergen. Serum IgE
antibodies to food allergens were detected in all
cases (i 0.70 kU/l). Clinical symptoms included
gastrointestinal disturbances (10 cases), asthma
or wheezing (10 cases), allergic dermatitis (11
cases), urticaria (12 cases) and oral allergy
syndrome (2 cases). None of the children
showed any anaphylactic crisis. In general,
patients suffered a heterogeneous clinical picture,
except for one case with gastrointestinal symp-
toms as the unique clinical manifestation.

Controls

Samples from 33 non-allergic children, mean age
4 yr 6 months (range 5 months to 11 yr), were
used as controls. A negative family history was
recorded in all cases. The control group was
selected from children attending the Day
Paediatric Clinics for routine checkups of differ-
ent ailments, such as minor surgical problems,
iron-de®ciency anemia, or similar processes.
Children who showed levels below or above
95% con®dence interval were discarded from this
group in order to eliminate latent abnormal cases.

Methods

The skin-prick test was considered positive when
the weal produced by the allergen was larger than
the histamine weal control, used at 1 : 1.000
dilution. Measurements were performed 15±
20 min post-injection and the means of the
largest and smallest diameters were recorded.
Speci®c serum IgE-antibodies were determined
by the CAP system (Pharmacia), using auto-
mated equipment, and results were compared
to a curve constructed with a World Health
Organization (WHO)-IgE standard provided by
the manufacturer. CAP results were considered
positive when levels were above 0.35 kU/l, and
these were graded from class 1 (i 0.37 kU/l) to
class 6 (100 kU/l). Total serum IgE was measured
by the Phadebas IgE PRIST (Pharmacia),
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the results of which showed a good correlation
with the CAP system IgE FEIA. Results were
expressed as kU/l.

Interleukin-12 was measured by an
enzyme-linked immunosorbent assay (ELISA)
according to the test protocol provided by the
manufacturer (Endogen, USA) and using the
standards included in the kit. The sensitivity of
the test was 5 pg/ml and total IL-12 (p40 + p70
forms) was also quanti®ed. No cross-reaction
with any other human cytokine was detected.
Soluble CD30 (Ki-1 antigen) was also measured
by an ELISA kit that uses a mouse monoclonal
antibody sandwich (Dako, Denmark). The coat-
ing and conjugated monoclonal antibodies are
non-competitive and they react with different
epitopes on the CD30 molecule. The detection
limit of the assay was estimated to be 1 U/ml.

Statistical analysis

Assuming a non-parametric distribution of serum
IL-12 and sCD30 data, results are presented as
median and interquartile range (25%±75%). For
the same reason, differences between groups
were assessed by the Mann±Whitney U-test.
The Spearman's rank correlation coef®cient was
calculated in order to evaluate the relationship
between two different parameters. Statistical
signi®cance was de®ned as a p value , 0.05, as
it is generally assumed in clinical studies. All
statistical calculations were performed using the
software package StatView1 v1.0 (Abacus Inc.,
USA).

Results

Allergic patients, as a whole, had higher serum
IL-12 levels than controls (184 vs. 134 pg/ml,
p = 0.028), whereas the increase found in serum
CD30 levels was not statistically signi®cant for a
non-parametric distribution (76 vs. 63 U/ml).
Nevertheless, pollen- and food-allergic groups
showed a different behavior with regard to
these factors. Levels of sCD30 were higher in
pollen-allergic patients than in controls
(114 U/ml vs. 63 U/ml, p = 0.031), but not in
the food allergy group (63 U/ml) (Fig. 1). In
contrast, IL-12 levels were increased in the
food allergy group (323 pg/ml vs. 134 pg/ml,
p = 0.0001), but no signi®cant differences were
found between pollen-allergic patients and con-
trols (100 pg/ml vs. 134 pg/ml). These factors
clearly showed an inverse trend, so the IL-12/
sCD30 quotient was different in patients with
food allergy as compared with patients with
pollen allergy (5.72 vs. 0.96, p = 0001).

Interleukin-12 results were strongly in¯uenced
by age (p , 0.0005) within the allergic group,
whereas sCD30 levels showed a great variability
independent of age, although pollen-allergic
patients had a rising trend without statistic
signi®cance. In non-allergic controls, both IL-
12 and sCD30 levels showed a slight correlation
with age, with a poor statistical signi®cance for
IL-12 levels (p = 0.02) (Table 1).

When IL-12 levels showed by food-allergic
children were compared with data obtained from
normal controls younger than 4 yr of age, the
difference was still statistically signi®cant
(p = 0.001). In the same way, when sCD30
levels from pollen-allergic patients were com-
pared with those found in a group of controls
older than 5 yr of age, we obtained a higher
statistical signi®cance (p = 0.017) because sCD30

p=0.03

NS

NS

p=0.0001

Control Food
allergy

Pollen
allergy

IL
-1

2 
(p

g/
m

l)
C

D
30

 (
U

/m
l)

Fig. 1. Results of serum sCD30 and interleukin (IL)-12
levels showed a different pattern. sCD30 (above) was
increased exclusively in the pollen-allergy group, whereas
IL-12 levels (below) were increased in patients with food-
sensitization but not in the former. (Data are expressed as
median, interquartile values and ranges).
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levels decrease with age in controls and increase
in pollen-sensitized patients. CD30 and IL-12
showed similar levels in patients suffering from
asthma or allergic dermatitis.

Individual IL-12 and sCD30 levels obtained in
May showed a strong correlation with those
found in November, proving a good stability
(Fig. 2). This behavior was observed in
the separated study of both pollen allergic
(sCD30: r = 0.836, p , 0.0001; IL-12:
r = 0.837, p , 0.0001) and non-allergic controls
(sCD30: r = 0.963, p , 0.0001; IL-12: r = 0.745,
p = 0.034).

IL-12 levels were inversely correlated with IgE
titers (r = ±0.494, p , 0.0005) in the allergic
group as a whole, whereas no correlation was
found between IgE and sCD30 levels. On the
other hand, there was no relationship between
IL-12 and sCD30.

Discussion

The most useful method for the diagnosis of
food allergy in children is debatable (16). A
double-blind placebo-controlled food challenge
was not performed in our patients; however, this
procedure does not con®rm the allergic nature of
the reaction. In recent work, high serum titers of
IgE antibodies against egg, milk or ®sh predicted
clinical reactivity in 95% of food-allergic children,
and the authors suggested that the use of the CAP
System could avoid the need to perform a
placebo-controlled food challenge in many
patients suspected of having IgE-mediated food
allergy (17).

Allergy seems to be associated with a
down-regulation of IL-12 (4). A low number of
IL-12 mRNA-expressing cells, and their increase
after steroid treatment, was found in bronchial
biopsies from adult asthmatic patients (18). In
addition, a de®cient IL-12 response was reported
in some allergic reactions. In contrast, an
enhanced production of IL-12 was found in
cells from allergic patients after 4 years of
successful grass pollen immunotherapy (19).
Ovalbumin antigen induces IL-4 and IgE synth-
esis, but ovalbumin fused to IL-12 produces large
quantities of IFN-c, suggesting that IL-12 can
convert a Th2-type response into a Th1-type one
(20).

We observed higher serum IL-12 levels in
children with food allergy than those with pollen
allergy. This ®nding could be surprising, but an
increased production of IFN-c was also found by
enzyme-linked immunosorbent spot (ELISPOT)
in blood from children with cow's milk allergy
(21) and different cytokine patterns in
IgE-mediated allergy to food and to inhalants
were previously reported (22).

Some authors proposed a possible role for IL-
12 in modulating allergic in¯ammation (5). It is
well-known that patients with allergic dermatitis
improve after varicella infection, and a local
expression of IL-12 mRNA was found in these
patients simultaneously with an improvement
in skin lesions (23). According to our results,
this protective role may be present in only
food-allergic and not in pollen-allergic children.
Food allergy is frequently a transitory disease and
symptoms and IgE-antibodies can disappear after
several years on an allergen-free diet, meanwhile
this situation rarely occurs in pollen-allergy. The
mechanism of this tolerance is unclear and we are
following up these patients in order to ascertain
the clinical and immunologic outcome of patients
according to the IL-12 levels at diagnosis.

Food allergy occurs early in life and these
patients are always younger than children with
pollen allergy. Food-allergic infants frequently

Table 1. In¯uence of age on sCD30 and IL-12 serum levels*

Control group (n = 33) Atopic patients (n = 42)

sCD30
Z = ±1.92 Z = ±0.184

NS (p = 0.06) NS

Interleukin-12
Z = ±3.00 Z = ±4.834
p = 0.002 p , 0.0005

*Non-parametric Spearman rank correlation test.
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Fig. 2. May±November variation. Serum
levels of sCD30 and interleukin (IL)-12
from the same patient or control case
obtained in May and November showed
an excellent correlation, suggesting a
strong stability and a precise regulatory
mechanism.
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become pollen sensitized later in life. In our study
IL-12 levels were age-dependent, but the age
in¯uence was stronger in allergic patients than in
non-allergic controls, meaning that in pathologi-
cal situations the rise was disproportionately
higher in younger (Z = ±4.83, p , 0.0001) than
in older (Z = 1.88, p = 0.06) patients. Cytokine
production by peripheral blood mononuclear
cells differs in children and adults, suggesting a
maturation process. When stimulated with anti-
gens, IL-2 and IL-4 levels were lower in children
than in adults whereas production of IL-6 and
IFN-c was higher (24). Precisely, macrophage
IL-12 is a strong inductor of IFN-c synthesis
(25).

Interferon-c inhibits IgE synthesis in vitro, but
other cytokines from antigen-presenting cells,
mainly IL-12, and also transforming growth
factor (TGF)-b, have been shown to be more
important than IFN-c in the down-regulation of
Th2 responses (26,27). We found a negative
correlation between IL-12 and IgE serum levels
although the interpretation must be cautious
owing to the in¯uence of age on these levels.

Concurrent with a lack of IL-12 rise, sCD30
levels were also increased in these pollen-
sensitized patients, whereas food-allergic infants
showed similar sCD30 values to non-allergic
controls. An association between CD30 and
allergic dermatitis has been reported, but not in
psoriasis, seborrheic dermatitis or contact der-
matitis (14,15). High sCD30 levels were also
found in patients with allergic asthma (13) and
CD30 could be a marker allergy after allergen
exposition (28). A high number of CD30+

circulating cells was found in allergic patients
during seasonal allergen exposure (29).
Nevertheless, in our study, both sCD30 and IL-
12 showed a striking steady-state level in both
patients and controls, similar in May and
November. This ®nding suggests that sCD30
and IL-12 levels are sustained by a precise
regulation, although the mechanism remains
unknown. In our experience the presence or
absence of environmental pollen does not in¯u-
ence sCD30 or IL-12 levels, and an individual
regulation system must be relevant. None of the
pollen-allergic children suffered acute asthma at
the time of the May determination, although
some of them had rhino-conjunctivitis and a low
peak-¯ow record, suggesting the presence of
bronchial hyper-responsiveness and in¯amma-
tion. In November, when patients were asymp-
tomatic, IL-12 and sCD30 levels remained
similar. It seems likely that non-severe symptoms
and in¯ammation have a weak effect on serum
IL-12 and sCD30 levels, but this question needs

further studies in children with acute respiratory
symptoms.

sCD30 levels showed an increasing trend with
age in pollen-allergic children (without reaching
statistical signi®cance), meanwhile the opposite
occurred in the control group. This leads us to
believe that the difference found in sCD30 levels
when both groups were compared would be even
greater using older, age-matched controls.

In conclusion, we found IL-12 and sCD30
levels in pollen-allergic patients that agree with
the classical Th1/Th2 paradigm of allergy. In
contrast, serum IL-12 levels were increased in
food-sensitized children. This ®nding could be
related to the fact that children suffering from
food allergy are younger than those with pollen
allergy. The rise of IL-12 in young patients could
suggest a protective role and it may be related to
the transitory sensitization found in some
food-allergic infants.
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