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The prevalence of IgE sensitization to formaldehyde in asthmatic

children

Background: Formaldehyde (FA) is well documented as a cause of occupational
asthma. Recently, attention has been paid to FA as an allergen and a pollutant
that enhances allergic sensitization. We have investigated the prevalence of FA-
specific IgE in asthmatic children and the correlation between IgE sensitization
to FA and the severity of asthma.

Methods: One hundred and fifty-five children were investigated, 122 of them
asthmatic and 33 nonallergic. Specific IgE against FA was measured by CAP
RAST. In addition, the patients answered a questionnaire, containing questions
on clinical features of their asthma, their living conditions, and symptoms of
mucosal irritation.

Results: Of all the subjects assessed, FA-specific IgE was detected in only two
asthmatics, and their IgE levels of FA were low (0.42 and 0.46 UA/ml). One of
the two patients with FA-specific IgE had severe asthma and frequent symptoms
of mucosal irritation, but the other had mild asthma and only rare symptoms of
mucosal irritation.

Conclusions: The prevalence of IgE sensitization to FA appears very low in
Japanese children, whether or not they have asthma. Therefore, it appears likely
that FA is not one of the major allergens causing childhood asthma.
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Recognition of numerous sources of formaldehyde (FA)
in indoor environments has increased concerns about
health hazards from this pollutant (1). Ambient FA,
which primarily affects the upper airways and eyes as an
irritant, has been shown to cause and exacerbate asth-
matic symptoms (1-4); FA probably elicits airway
inflammation associated with asthma, such as airway
microvascular leakage, secretion into the airway lumen
and denudation of airway epithelium (4, 5).

Intravenous FA has been shown to elicit systemic IgE-
mediated anaphylaxis (6). Since inhaled FA is presumed
to combine rapidly with a variety of proteins, such as
albumin, there is a possibility that inhaled FA induces
FA-specific IgE, and causes bronchoconstriction. How-
ever, no definite evidence for FA-specific IgE-dependent
bronchospasm has been shown. Although FA appears to
have little ability to produce IgE sensitization in adults
(7-14), Wantke et al. (15) have reported elevated IgE
levels to FA in 39% of 8-year-old children attending a
primary school where indoor FA concentrations did not
exceed 0.08 ppm. These studies suggest that children may
be more susceptible to IgE sensitization to FA than are
adults.
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In recent years, the structure of houses in Japan has
rapidly shifted to Western types and people now are
living in very airtight rooms during most of their daily
activities. Furthermore, in most houses, the ventilation
systems for room air have been poor. These facts indicate
that FA contamination in the room air of Japanese
houses is a very serious problem, as several reports have
warned (4, 16). In the present study, we have investigated
the prevalence of FA-specific IgE in Japanese asthmatic
children and the correlation between IgE sensitization to
FA and severity of asthma.

Material and methods
Study groups

In July 1998, 122 asthmatic children (82 boys and 40 girls, mean age
9.5 years) and 33 nonallergic patients (21 boys and 12 girls, mean
age 8.8 years) were randomly recruited from outpatient clinics in the
department of pediatrics of our general hospitals. For this study
patients were categorized as being asthmatic if they had ever been
diagnosed as asthmatic by a pediatric allergologist, and if they also
had clinical records of the current use of asthmatic drugs, or had
experienced asthmatic attacks or episodic wheeze and shortness of



breath during the past year. On the other hand, patients who had no
present or past history of asthma, allergic rhino-conjunctivitis,
atopic dermatitis, or recurrent urticaria were chosen as nonallergic
controls.

Assessment of formaldehyde-specific IgE and personal factors

Serum samples were obtained from all of the subjects, and kept
frozen at —80°C until analysis. Levels of total serum IgE and
FA-specific IgE were measured by Pharmacia CAP system
(Pharmacia & Upjohn Diagnostics AB, Uppsala, Sweden). A
CAP level equal or greater than class 1 (0.35 UA/ml) was taken
as positive.

Information on family history of physician-diagnosed asthma,
characteristics of the dwelling, exposure to environmental tobacco
smoke in the dwelling, and symptoms of mucosal irritation was
collected from an interview questionnaire. The symptoms of
mucosal irritation included irritation of the eyes, nose and throat,
shortness of breath, and cough when they entered newly built
houses, a poorly ventilated room, or stores dealing with clothing
or furniture, in which FA concentration may be relatively high.
Clinical features of asthma, included onset age, severity (mild,
moderate, severe), immunologic factors (atopic/nonatopic), vul-
nerable season (seasonal/perennial), susceptible place (outdoor/in-
door), and history of other allergic diseases. These features were
usually determined by a pediatrician in charge of each subject,
based on the clinical records. Classification of asthma severity was
assessed in accordance with the Guidelines for Diagnosis and
Management of Childhood Asthma, which was adopted by the
Japanese Society of Pediatric Allergy and Clinical Immunology in
2000.

Statistical analysis

Statistical analyses on questionnaire data were performed as fol-
lows: chi-square test or Fisher’s exact probability test was used
when analyzing the relation between binary dependent and inde-
pendent variables, and the Mann—Whitney U-test was applied to
evaluate the significance of differences in age and total serum IgE
between the two groups. A level of P < 0.05 was considered to be
statistically significant.

This study was performed after written, informed consent was
obtained from all of the children studied and their parents.

Results

Baseline characteristics of the asthmatic and nonallergic
patients assessed in this study are shown in Table 1. The
personal factors in terms of age, gender, family history of
physician-diagnosed asthma, domestic exposure to
tobacco smoke and symptoms of mucosal irritation,
and characteristics of the dwelling were similar in the two
groups. However, the median level of total IgE of
asthmatics (755 IU/ml) was significantly higher than that
of controls (108 IU/ml, P < 0.01). Among all the
subjects, FA-specific IgE was detected by the Pharmacia
CAP system in only two asthmatic children (Table 2); one
exhibited 0.42 UA/ml of FA-specific IgE and the other
0.46 UA/ml. The former had severe asthma and frequent
complaints of mucosal irritation in places where the FA

Formaldehyde-specific IgE in children

Table 1. Characteristics of subjects

Asthmatic patients Controls
(n=122) (n = 33)
Age (range, years) 9.5 (3-18) 8.8 (5-16)

Sex (M/F) 82/40 2112
Severity of asthma

Mild/moderate/severe 68/38/13 (3%) -

Duration of asthma (range, years) 6.4 (0.5-16) -
Immunologic factor
Atopic/nonatopic 113/6 (3%) -

Vulnerable season
Perennial/seasonal
Susceptible place

31/42/12 (37%) -

Outdoor/indoor 2/90 (30%) -
History of allergic diseases (%)
Allergic rhino-conjunctivitis 69 -

Atopic dermatitis 47 -
Family history of asthma (%)

Father/mother/siblings 11/14/43 9.4/18/33
Housing environment

Detached/apartment 64/56 (2%) 20/13

Wood, mortar/steel, concrete 57/63 (2%) 19/14
Age of house

0-5/5-10/>10 years 16/22/82 (2*) 7/7/19
Tobacco smoking indoors (%) 62 64
Symptoms of mucosal irritation

Rarely/sometimes/often 90/22/8 (2*) 28/4/1

* Number of uncertain or unidentified answers.

level was likely to be high. On the other hand, the latter
had mild asthma and rare complaints of mucosal irrita-
tion. There was no significant difference between the two
groups in prevalence of IgE sensitization to FA.

For the asthmatic patients, we analyzed the relation-
ship between mucosal irritability, assessed by the fre-
quency (often/sometimes/rarely) of symptoms of mucosal
irritation, and the clinical features of asthma and other
personal factors that were described above. There was a
significant relationship between severity of mucosal
irritation and duration of asthma (P < 0.05), and
between severity of mucosal irritation and tobacco
smoking indoors (P < 0.05). No other significant rela-
tionships were observed. Because the prevalence of IgE
sensitization to FA was very low in this study, it was
impossible to evaluate the relationship between the
existence of FA-specific IgE and the characteristics of
asthma and mucosal irritation.

Discussion

We have shown that FA-specific IgE was detected in
only two asthmatic children out of all the 155 subjects,
including the nonallergic patients. Both patients with
FA-specific IgE did not have severe asthma or frequent
symptoms of mucosal irritation. These results suggest
that the prevalence of IgE sensitization to FA may be
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Table 2. Characteristics of two children with formaldehyde-specific IgE

Patient 1 Patient 2

Age (years) 6 12
Sex Male Male
Formaldehyde-specific IgE (UA/ml) 0.42 0.46
Total serum IgE (IU/ml) 9800 1270
Severity of asthma Severe Mild
Onset of asthma (years) 2 6
Immunologic factor Atopic Atopic
Vulnerable season Perennial Seasonal
Susceptible place Unsettled Indoor
History of allergic diseases AR, AD AC, AD
Familial history of asthma Father -
Housing environment Detached; wood, Detached;

mortar wood, mortar
Age of house (years) >10 >10
Tobacco smoking indoors No No
Symptoms of mucosal irritation Sometimes Rarely

AR, allergic rhinitis; AC, allergic conjunctivitis; AD, atopic dermatitis.

rare in Japanese children and FA may not play an
important role as an allergen causing asthma or as an
irritant.

There is increasing evidence that exposure of adults
to FA, even in relatively high concentrations, rarely
evokes the production of specific IgE (7-14), and
therefore FA-related asthmatic symptoms cannot be
attributed to IgE sensitization to FA. This is consistent
with our results on the allergenic properties of FA in
asthmatic children. However, Wantke et al. (15) have
found that the prevalence of IgE sensitization to FA is
much higher in children than in adults. It is difficult to
explain the reason for the discrepancy of prevalence of
IgE sensitization in children; one possibility seems to
be the difference in the method for measuring FA-
specific IgE. Like Liden et al. (12) and Baba et al.
(14), we measured it by a Pharmacia CAP system,
because the system’s specificity for measuring FA-
specific IgE has been confirmed by RAST inhibition
analysis using FA-human serum albumin conjugate as
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