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Abstract
Background: The importance of fungal allergens in the

development of allergic diseases in a desert environ-

ment is uncertain. This study evaluated the prevalence of

IgE sensitization to moulds among patients with allergic

respiratory diseases in Kuwait – a desert country. Meth-

ods: A total of 810 patients (male:female ratio 1.4) with a

mean age of 32.3 years (range 2–76 years) with extrinsic

asthma or allergic rhinitis were studied. Sera from the

patients were tested by the CAP-RAST method for spe-

cific IgE to 6 fungi (Penicillium, Cladosporium, Aspergil-

lus, Candida, Alternaria and Helminthosporium). For

comparison house dust mite and Bermuda grass were

also assessed. Results: The overall positivity to at least

one mould was 20.9%. Among 120 matched control sub-

jects, the value was 5.8%. The value was much higher

among patients with asthma alone (45.8%) or both asth-

ma and rhinitis (28.3%) than those with rhinitis alone

(11.8%; p ! 0.001). Asthmatic children had the highest

sensitization rate (66.0% in the 7- to 12-year age group),

which declined sharply with age. Among asthmatics,

Candida and Aspergillus had the highest sensitization

rates (23.1 and 21.3%, respectively), followed by

Helminthosporium (18.8%), Cladosporium (15.9%), Al-

ternaria (14.6%) and Penicillium (13.9%). The values for

mite and Bermuda grass were 41.2 and 54.6%, respec-

tively. Among asthmatic children, severe asthma was

significantly more frequent among mould-positive

(51.6%) than mould-negative patients (17.5%; p !

0.0001). Conclusions: Even in this desert environment,

sensitization to moulds is quite common among patients

with allergic respiratory diseases, with a striking prepon-

derance among children with asthma. Mould allergy

could also be an important factor determining asthma

severity in this environment.
Copyright © 2000 S. Karger AG, Basel

Introduction

Allergic diseases occur worldwide and their prevalence
appears to have been on the increase in the last 2 decades
[1–3]. Reports from different geographical areas have
shown that sensitization to moulds through exposure to
airborne fungal allergens is common among patients with
respiratory allergic diseases [4–6]. However, the associa-
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tion of mould sensitization with allergic symptoms, espe-
cially of the respiratory tract, is only beginning to be
appreciated. In a recent study involving 6-year-old chil-
dren with persistent asthma, Alternaria was the allergen
most closely associated with the development of asthma
[7]. Exposure to airborne spores of Alternaria has been
shown to be a trigger for severe asthma and a risk factor
for respiratory failure, especially in children with bron-
chial asthma [8, 9]. In a recent large study involving 4,295
subjects, Gergen and Turkeltaub [10] showed a strong
independent association of Alternaria sensitization with
bronchial asthma and allergic rhinitis. A similar conclu-
sion was reached for Cladosporium [11]. More directly,
bronchial challenge of sensitized individuals with mould
extracts readily induced acute bronchospasm [12].

Kuwait is a small desert country northeast of the Ara-
bian Peninsula. The climate is dry and very hot in sum-
mer with an average daytime temperature of around
42°C and a mean annual relative humidity of about 30%.
The average annual rainfall is less than 15 cm, and there is
little or no vegetation in most parts of the country. Such
conditions are often considered unfavorable for the occur-
rence of aeroallergens such as pollens, house dust mites
and moulds, yet asthma and allergic rhinitis are quite
common [13–15]. The role of moulds as causative aller-
gens of allergic diseases in a desert environment has
received limited attention. The pattern of allergic sensiti-
zation and the type of fungal species are likely to be differ-
ent in different climatic conditions. For example, in an
Australian study, Peat et al. [16] showed that Alternaria
was the major asthma-associated allergen in the desert
region, unlike at the seacoast where the house dust mite
was the major allergen. A similar result was obtained in a
recent study in another desert environment in Tucson,
Ariz., USA [7]. On the other hand, Sporik et al. [17] found
that animal danders rather than house dust mites were the
allergens most frequently associated with asthma in the
dry, high-altitude areas of New Mexico. Although the
spores of some of the ubiquitous moulds such as Clado-
sporium, Penicillium and Aspergillus have been regularly
trapped from the outdoor air of Kuwait [18], their role in
allergic sensitization and association with allergic respira-
tory diseases have not been studied,

The objective of this study was, therefore, to determine
the prevalence and pattern of IgE-mediated sensitization
to moulds among Kuwaiti patients with allergic respirato-
ry symptoms and to assess its relationship to disease
severity among asthmatics.

Materials and Methods

Patients
A total of 810 patiens [male:female ratio of 1.4; mean age 32.3

years (range 2–76 years)] with a diagnosis of extrinsic asthma or aller-
gic rhinitis participated in the study. They were recruited randomly
(by random numbers of patients meeting the selection criteria) from
patients with asthma and/or rhinitis who attended the Kuwait Aller-
gy Centre or the allergy clinic of the Mubarak Al-Kabir Hospital
(children) between January 1997 and December 1998. A comparable
number of patients (30–50) was recruited per month throughout the
period of study so as to avoid seasonal bias. The mean duration of
disease was 7.4 years (range 1–33.6 years). The diagnosis of asthma
was confirmed using the American Thoracic Society criteria [19].
Asthma was classified as severe if the peak expiratory flow rate at the
time of the visit was less than 60% of the predicted value and/or the
patient had had 4 or more attacks in the preceding 12 months. Aller-
gic rhinitis was established by a combination of clinical history,
examination of nasal discharges, and viewing of the mucus mem-
brane of the nose and sinuses. All patients had either a documented
positive skin prick test (SPT) reaction (wheal diameter 63 mm) to at
least one of 5 test aeroallergens: Dermatophagoides pteronyssinus,
grass pollen mix, tree pollen mix, date palm pollen and Aspergillus
fumigatus, or a positive CAP-Phadiatop test (for children under 4
years of age). In addition, a study questionnaire covering demograph-
ic data, family history of atopy, smoking habits and respiratory
symptoms was given to each patient. Asthma alone occurred in 165
patients (20.4%) while allergic rhinitis alone occurred in 353
(43.6%). In the remaining 291 patients (35.9%), both diseases coex-
isted. According to the criteria used, in the asthmatic group, asthma
was considered mild to moderate in 384 patients (84.2%) and severe
in 72 (15.8%). In the total patient population, 241 (29.8%) had a
clear family history of atopy while 468 (57.8%) claimed they had not.
The rest were equivocal or did not know. Only 85 patients (10.5%)
were active smokers. Native Kuwaitis comprised 50.2% of the
patient population, the rest being mainly other Arabs and Asians who
had resided in Kuwait for a minimum of 1 year (mean 5.4 years).

In addition, 120 normal subjects (without any allergic disease)
matched for sex and age were also studied. They were recruited from
healthy blood donors at the Central Blood Bank (adults) and from
patients visiting the outpatient clinics (including the pediatric one) of
the Mubarak Al-Kabir Hospital for other complaints. All patients
and control subjects (or the parents of children) gave informed con-
sent before entering the study.

Venous blood samples were taken once from each patient or con-
trol subject, and the separated serum stored at –43°C for less than 3
months before antibody determination.

IgE Antibody Determination
The Pharmacia CAP-FEIA® test system, comprising the CAP-

RAST, CAP-IgE and CAP-Phadiatop tests, were employed to mea-
sure the allergen-specific IgE, total serum IgE and atopy, respectively.
Total and allergen-specific IgE assays were calibrated against the
WHO reference serum 75/502. The working ranges of the assays were
0.35–100 kU/l for CAP-RAST and 2–2,000 kU/l for CAP-IgE. The
Phadiatop test collectively measures the presence of specific IgE in a
balanced mixture of common allergens. The test has been widely val-
idated for the diagnosis of atopy [20, 21]. Specific IgE values greater
than 0.35 kU/l (or CAP-RAST class 61) were regarded as positive.
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All samples were screened for specific IgE to the following 6
moulds (Penicillum notatum, Cladosporium herbarum, A. fumigatus,
Candida albicans, Alternaria alternata and Helminthosporium ha-
lodes) as well as 2 nonmould allergens, house dust mite (D. pteronys-
sinus) and Bermuda grass pollen (Cynodon dactylon). These were
thought to be relevant to this environment by aerobiologic criteria or
local SPT experience.

Analysis of Data
All data were analyzed with SPSS on a PC. For statistical pur-

poses, total IgE values less than 2 kU/l were assigned a value of
1 kU/l. The severity of sensitization to individual allergens was
expressed in CAP-RAST classes of 0–6. Data were expressed mainly
as percent frequency and the difference between groups was tested by
the ¯2 analysis or Fisher’s exact test as appropriate. Significance was
set at p ! 0.05.

Results

Among the 810 patients with allergic respiratory dis-
ease, the overall frequency of positive specific IgE to any
of the 6 mould allergens was 20.9% (table 1). The corre-
sponding value for the control group was 5.8%. The val-
ues for the individual moulds were: Candida (16.9%),
Aspergillus (15.2%), Helminthosporium (13.3%), Clado-
sporium (11.4%), Alternaria (10.1%) and Penicillium
(9.0%). The corresponding values for the control group
were 4.2, 5.0, 3.3, 4.2, 3.3 and 2.5%, respectively. In com-

parison, the frequency of sensitization to the 2 nonmould
allergens, house dust mite and Bermuda grass, among
allergic patients was 38.4 and 56.5%, respectively. The
corresponding values in control subjects were 14.9 and
15.8%, respectively.

Results in table 1 also show that mould sensitization
was clearly associated with asthma rather than rhinitis. In
all cases, the frequency of sensitization was highest among
patients with asthma alone, intermediate in those with
both asthma and rhinitis and very low in patients who had
only rhinitis. For example, among patients who had asth-
ma alone, the prevalence of sensitization to any mould
was as high as 45.8% compared with 11.9% for patients
with rhinitis alone and 28.3% for all asthmatic patients
with or without rhinitis. The prevalence rates for the indi-
vidual allergens among patients with asthma alone were:
Candida (37.6%), Aspergillus (29.7%), Helminthosporium
(35.1%), Cladosporium (31.5%), Alternaria (26.7%) and
Penicillium (25.5%). The corresponding values for the
group with rhinitis alone were: 8.8, 7.1, 6.5, 5.4, 4.2 and
3.1%, respectively. For the group that had both diseases
or had asthma with or without rhinitis, the values were
intermediate. The differences in the prevalence rates for
the individual allergens between the group with asthma
alone (or asthma with or without rhinitis) and the group
with rhinitis alone were highly significant (p ! 0.0001 in
each case). There was no significant difference in the sen-

Table 1. Frequency of IgE sensitization to moulds among all patients and the relationship with disease presentation

Allergens Frequency of sensitization

patients

all
patients
(n = 810)

asthma
B rhinitis
(n = 456)

asthma
alone
(n = 165)

rhinitis
alone
(n = 354)

controls
(n = 120)

16.9*** 23.1*** 37.6***, ++ 8.8 4.2
Aspergillus 15.2** 21.3*** 29.7***, ++ 7.1 5.0
Helminthosporium 13.3** 18.8*** 35.1***, ++ 6.5 3.3
Cladosporium 11.4* 15.9** 31.5***, ++ 5.4 4.2
Alternaria 10.1* 14.6** 26.7***, ++ 4.2 3.3
Penicillium 9.0* 13.9** 25.5***, ++ 3.1 2.5
Any mould 20.9*** 28.3*** 45.8***, ++ 11.9 5.8
House dust mite (D. pteronyssinus) 38.4*** 41.2*** 46.7+, *** 35.0** 14.9
Bermuda grass 56.5*** 54.6*** 58.2*** 58.5*** 15.8

Total IgE (GM) 325.5*** 324.1 378.3 327.3 65.8

Values represent % with the exception of total IgE where they represent kU/l. * p ! 0.05, ** p ! 0.01, *** p ! 0.001
vs. controls; + p ! 0.05, ++ p ! 0.0001 vs. rhinitis alone. GM = Geometric mean.
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sitization rates between patients with rhinitis alone and
control subjects, either with respect to the individual
moulds or to any mould (p 1 0.05). In contrast, the differ-
ences between the asthmatic groups and the controls were
statistically significant (p ! 0.05–0.001). House dust
mites, but not Bermuda grass, also had a higher preva-
lence rate in the group with asthma alone (46.7%) than in
the group with rhinitis alone 35.0% (p ! 0.05). However,
unlike for the moulds, the prevalence rates for the two
allergens were significantly higher in patients with rhinitis
alone than in controls (p ! 0.01–0.001). The total serum
IgE levels were not influenced by the disease presentation
(geometric means: 378.3, 324.1 and 327.3 kU/l for asth-
ma alone, asthma with or without rhinitis and rhinitis
alone, respectively) (table 1). The values were, however,
significantly higher than that for the controls (65.8 kU/l;
p ! 0.001 in each case).

As shown in table 2, sex had no significant effect on the
rate of sensitization to mould allergens except for Clado-
sporium and Aspergillus for which males had significant-
ly higher rates than females: Cladosporium: 13.0 ver-
sus 7.8% (p ! 0.05) and Aspergillus: 17.4 versus 11.4%
(p ! 0.05). For the 2 nonmould allergens, males had signif-
icantly higher rates than females – house dust mite (42.5
vs. 31.4%, p ! 0.01) and Bermuda grass (61.5 vs. 47.3%,
p ! 0.001). Males also had significantly higher total se-
rum IgE values than females (geometric mean 411.4 vs.
243.1 kU/l, p ! 0.005), and both values were significantly
higher than the corresponding values for the controls

Fig. 1. Frequency of allergic sensitization to any mould according to
age groups. The total number of patients per age group ranged
between 40 and 112 for all patients and between 38 and 56 for
patients with asthma.

(76.8 kU/l for males and 48.6 kU/l for females; p ! 0.001
in each case).

The analysis of the prevalence of sensitization to any
mould with respect to age (fig. 1) showed a clear age-
dependent frequency distribution with an overwhelming
preponderance among young patients (^18 years). The
peak rate of 62.4% (66.0% among asthmatics) occurred in

Table 2. Influence of sex on IgE
sensitization to mould allergens and total
IgE among all patients and controls

Allergens Frequency of sensitization

patients

males
(n = 476)

females
(n = 334)

controls

males
(n = 69)

females
(n = 51)

18.1 13.8 4.3 3.9
Aspergillus 17.4* 11.4 5.8 3.9
Helminthosporium 14.9 10.2 4.3 2.0
Cladosporium 13.0* 7.8 4.3 3.9
Alternaria 11.6 7.2 2.9 3.9
Penicillium 9.9 6.9 1.9 2.0
Any mould 23.1* 17.1 5.8 5.9

House dust mite (D. pteronyssinus) 42.5** 31.4 18.8 9.8
Bermuda grass 61.5*** 47.3 20.3 9.8

Total IgE (GM) 411.4*** 243.1 76.8* 48.6

Values represent % with the exception of total IgE where they represent kU/l. * p ! 0.05,
** p ! 0.01, *** p ! 0.001 vs. females. GM = Geometric mean.
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Fig. 2. Age dependency of allergic sensitization to the individual
moulds among patients with asthma (with of without rhinitis). Data
for house dust mite and Bermuda grass are included for compari-
son.
Fig. 3. Prevalence of severe asthma among asthmatic children (!18
years old) who were positive (+ve) or negative (–ve) to moulds: com-
parison with house dust mites and Bermuda grass. *** p ! 0.001.
NS = Not significant; D.p. = D. pteronyssinus.

the age range of 7–12 years and declined rapidly thereaf-
ter, reaching below 15% at the age of 25 and over. The
analysis of the individual allergens among asthmatics
revealed a strikingly similar age-dependent prevalence
pattern (both in magnitude and distribution) for the 6
moulds (fig. 2). The sensitization rates for each mould
rose steeply from around 35% in the !7-year-olds to peak
at around 58% in the 7- to 12-year age group before
declining sharply with increasing age. By the age of 25
years and over, the rates had decreased to between 0 and
7% in most cases. Among the 120 controls (42 children
under 18 years of age and 78 adults) mould sensitization
was also higher among children [5 out of 42 (11.9%)] than
adults [2 out of 78 (2.6%); p ! 0.05]. In contrast, the rates
for the house dust mite and Bermuda grass were more or
less independent of age up to 35 years of age, after which a
gradual decrease with age was seen. Smoking habits had

no significant effect on the frequency of mould sensitiza-
tion as 21.7% (18 out of 85) of smokers and 18.9% (116
out of 614) of nonsmokers were sensitized (p = 0.616).

Because of the preponderance of mould sensitization
among asthmatic children (!18 years), this subgroup was
analyzed further for the relationship between mould sen-
sitization and asthma severity (estimated as the % fre-
quency of severe asthma cases). As shown in figure 3,
severe asthma was significantly more common (51.6%)
among mould-positive asthmatic children than among
those that are mould-negative (17.5%; p ! 0.001). In con-
trast, there was no significant difference in the prevalence
of severe asthma between mite-positive and mite-nega-
tive asthmatic children, nor between Bermuda grass-posi-
tive and Bermuda grass-negative asthmatic children. The
propensity of the individual allergens to cause severe asth-
ma or severe sensitization (% frequency of cases with

2

3
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Table 3. Frequency of severe asthma and severe sensitization among
asthmatic children (n = 120; !18 years) sensitized to the various
moulds

Positive allergens Frequency, %

severe asthma
(clinical criteria)

severe sensitization
(CAP-RAST 64)

50.0 2.8
Cladosporium 48.3 7.5
Aspergillus 47.5 7.5
Candida 49.2 15.8
Alternaria 49.2 40.8*
Helminthosporium 50.0 31.71*
Any mould 51.7 –

House dust mite
(D. pteronyssinus) 40.0 7.5

Bermuda grass 36.7 27.5

* p ! 0.05 compared with similar values for the other moulds.

CAP-RAST class 64) was also examined. As shown in
table 3, the frequency of severe sensitization was by far
higher for Alternaria (41.2%) and Helminthosporium
(32.1%) than for the other moulds (2.3–17.1%, p ! 0.05–
0.001). However, the frequency of severe asthma (47.4–
50.0%) was similar in asthmatic children positive for the
individual mould allergens. Polysensitization was found
to be particularly common with 113 out of the 129 mould-
positive asthmatic patients (87.6%) sensitized to more
than 1 mould, and as much as 38.0% sensitized to all 6
moulds. The median number of sensitizing moulds per
patient in this group was 5.

Discussion

Kuwait is a small Arabian desert country where the
prevalence of allergic diseases is unexpectedly high.
Moulds are ubiquitous in nature, but the comparative
study of the different moulds as causative allergens in
allergic respiratory diseases has not been previously ad-
dressed in this environment nor, to our knowledge, in any
other desert environment. In this study, we evaluated the
prevalence of mould allergen sensitization and its rela-
tionship to disease severity among the entire age spectrum
of Kuwait patients with extrinsic asthma and allergic
rhinitis. IgE sensitization to moulds was found to be com-
mon, being present in 20.9% of all patients with respirato-

ry allergic disease and 28.3% asthmatics, compared with
5.8% nonallergic controls. The sensitization pattern re-
vealed that mould allergy was extremely common among
children with asthma, especially in the age group of 7–12
years, where the prevalence peaked at 66.0%. Beyond this
age group, the prevalence declined rapidly with increasing
age, falling to below 15% at age 25 and over. This shows
that mould allergy in this environment, unlike mite and
pollen allergy, is essentially a feature of childhood asthma.
Age dependency of mould sensitization has been pre-
viously reported. In the age group of 14–19 years, Kauff-
man et al. [22] reported a prevalence rate of 20 and
18.8%, respectively, for Alternaria and Cladosporium
among asthmatics, which decreased sharply to below
6.5% at the age of 30 years. As their study did not include
patients younger than 14 years, it might have missed the
peak prevalence. The corresponding prevalence rates for
the two moulds in the 13- to 18-year-old asthmatics in the
present study were higher (32.3 and 32.4%, respectively).
Using SPT and standardized mould extracts, Aas et al.
[23] reported a positive reaction rate of 60% for Cladospo-
rium among 8- to 15-year-old asthmatic children. This is
comparable to the rate of 54.3% obtained for the 7- to
12-year-old asthmatics in the present study. In other stud-
ies that covered the full age spectrum as the present study,
essentially similar results (both in magnitude and age-
dependent distribution) were reported [7, 24].

A clear preponderance of mould sensitization among
asthmatics compared with rhinitics has previously been
observed [7, 25]. It suggests an important role for fungal
sensitization/lung infection in the development of asth-
ma. On the other hand, it could be that the bronchial
inflammation of asthma predisposes for sensitization to
inhaled fungal spores.

The reason for the early sensitization to mould aller-
gens and its rapid decline after puberty is still uncertain. It
has been suggested that the relative capacity of the air-
ways to eliminate fungal spores, which may be low in early
childhood, probably surges during adolescence, thus lim-
iting the access of the spores to the immunocompetent
cells [26]. However, how children that are already sensi-
tized can outgrow their sensitization remains unknown.
One possibility is that the hormonal changes that accom-
pany puberty may play a role, but this remains to be clari-
fied.

Sex seemed to have little effect on sensitization to
moulds. Although males generally had higher rates than
females, only for Cladosporium and Aspergillus were the
differences significant. These sex differences were much
more pronounced for house dust mite and Bermuda grass.
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This confirms our recent data showing highly significant
differences in the sensitization to nonmould aeroallergens
among asthmatics in this environment [25]. The reason
for the overall tendency for sensitization rates to be higher
in males than females is uncertain. There is no evidence to
suggest that a differential exposure of the sexes to aeroal-
lergens may occur. It is also unlikely to relate to the higher
rate of smoking among males, since in the present study
the rates were similar in smokers and nonsmokers. It may
rather be a reflection of the generally higher total IgE val-
ues in males than females as seen in this and other studies
[24, 25], which may in turn depend on hormonal differ-
ences.

The relatively high sensitization rate to house dust
mites in this desert environment was unexpected. Mites
tend to require a minimum relative humidity of 60% and
moderate temperatures (around 25°C) to thrive [27],
whereas the mean relative humidity in Kuwait is about
30% and the average summer temperature may exceed
42°C. It is likely that the extensive use of air conditioners
in Kuwait in recent times may well have created indoor
climatic conditions conducive for the growth of mites,
and indeed moulds as well.

This study also revealed that among all patients with
respiratory allergic diseases, the rank order of sensitiza-
tion rates was: Candida 1 Aspergillus 1 Helminthospo-
rium 1 Cladosporium 1 Alternaria 1 Penicillium. This
prevalence pattern may contrast with those from Euro-
pean countries where Alternaria and Cladosporium seem
to be the most prevalent sensitizing moulds [28]. The rea-
son for the prominence of sensitization to Candida is
presently unclear. This yeast-like fungus, which unlike the
other fungi produces no airborne spores, is a common
commensal of the mucous membranes of man. One possi-
bility is that its prominence reflects an inappropriate use
of antibiotics in the community which might have led to
their proliferation and hence increased sensitization. This
is being further investigated. For the other fungi, the
results appear to be consistent with local aerobiologic data
which showed that the spores of Cladosporium, Aspergil-
lus and Alternaria are most frequently trapped in Kuwait
[18, 29] with two seasonal peaks in March to April and
November. In one study, the mean daily spore count was
reported to range from 1,200/m3 air for Cladosporium to
200/m3 air for Alternaria [29]. Nevertheless, it is to be
noted that among asthmatic children aged 7–12, the prev-
alence rates for Candida, Aspergillus, Alternaria and
Cladosporium were essentially similar (59.6, 59.3 57.4
and 54.3%, respectively). In fact in this age group the
moulds had higher sensitization rates than mites, and

only slightly less than Bermuda grass. The result for Alter-
naria is consistent with that of another study conducted in
a desert environment in Tucson, Ariz., USA, in which
Halonen et al. [7] showed that among asthmatic children
aged 6 Alternaria had a much higher prevalence of sensiti-
zation (50%) than house dust mites. The other moulds
were not investigated in that study.

Our results further showed a high rate of polysensitiza-
tion to the moulds, with 87.6% of all mould-positive asth-
matics sensitized to more than 1 mould. In fact, the
median number of mould allergens per patient was 5, with
38.0% being sensitized to all 6 moulds. Whether this
reflects intergenera allergen cross-reactivity or a case of 1
sensitizing mould predisposing the airways to others is
currently uncertain.

A number of studies have shown that mould sensitiza-
tion is a strong risk factor for the development of asthma
and its exacerbation [8–10]. In the present study we exam-
ined the possible relationship of mould sensitization with
asthma severity by determining the frequency of severe
asthma among mould-positive and mould-negative
groups. Among asthmatic children, severe asthma was by
far more common among those who were positive for at
least 1 mould (51.6%) than those who were not (17.5%).
No such significant relationship was seen with mites and
Bermuda grass allergens. Analysis of the individual
moulds revealed that while Alternaria and Helminthospo-
rium caused the severest sensitization, perhaps due to
their possession of more potent allergens, their ability to
cause severe asthma was comparable to those of the other
moulds, though higher than those of nonmould allergens.
The reason for these differences is not immediately clear,
but underscores the fact that the presence of IgE is only
one component of an apparently complex process of clini-
cal manifestation of allergic disease, in which the inflam-
matory reactions associated with fungal colonization may
even be more relevant. However, unlike severe sensitiza-
tion, the analysis of the propensity of individual moulds
to cause severe asthma may be less informative because of
the extensive polysensitization among the moulds. Thus,
although moulds may generally have lower sensitization
rates than other allergens, they may cause more severe
sensitization and more severe asthma. In one population
study, it has been reported that skin reactivity to moulds,
especially Alternaria, increased the risk of asthma 5-fold
as compared with 2- to 3-fold for sensitization to other
aeroallergens [10]. Similar conclusions were also reached
by Peat et al. [16] who showed that Alternaria was the
most asthma-associated allergen in a study in the Austra-
lian desert.
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In summary, these results have shown that in Kuwait,
a desert country, mould sensitization is common among
patients with allergic respiratory diseases, but with an
overwhelming preponderance in young children with
asthma. Furthermore, mould allergy may be an important
factor determining the severity of childhood asthma in
this environment.
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