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Abstract
Introduction: Humidity is commonly associated with increased airway hyper-
responsiveness in asthma.
Objective: To examine mold sensitization in patients with allergic asthma or
allergic rhinitis and self-reports of humidity as exacerbating factors of clinical
symptoms.
Methods: A retrospective, cross-sectional study at a University hospital outpatient
allergy and asthma clinic was performed. A total of 106 patients with either allergic
asthma or allergic rhinitis completed standard prick-puncture skin testing with 17
allergens and controls and completed standardized forms addressing trigger factors
for clinical symptoms.
Results: Allergic asthmatics sensitized to Cladosporium were more likely to have
a more severe asthma severity class (odds ratio = 4.26, confidence interval = 1.30–
16.93). Sensitization to Alternaria, Cladosporium, Helminthosporium, Aspergillus
and Dermatophagoides pteronyssinus in asthma was associated with higher
likelihood for previous hospitalization, while sensitization to Cladosporium,
Helminthosporium, Aspergillus, Dermatophagoides pteronyssinus and cockroach in
asthma was associated with higher likelihood of having reduced pulmonary func-
tion based on forced expiratory volume in 1 s. Furthermore, allergic asthmatics
more commonly reported humidity as an exacerbating factor of symptoms than
did patients only with allergic rhinitis (68.42% vs 42.86%, respectively; P < 0.05).
Conclusion: Mold sensitization is highly associated with more severe asthma, while
humidity is more of an exacerbating factor in patients with allergic asthma as
compared with allergic rhinitis alone. Further delineation between mold sensitiza-
tion and humidity is needed to determine whether these are independent factors
in asthma.
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Introduction

Allergic sensitization has been associated with the risk
of having asthma and worsened asthma severity.
Studies have been inconsistent on which allergens
confer the greatest risk, but molds, house-dust mite
and cockroach have been implicated in multiple
studies (1–6). Evaluating asthmatic patients for allergic
sensitization to perennial allergens through skin
testing or in vitro testing is currently recommended
(7). Furthermore, reducing exposure to known aller-
gens in order to improve asthma control is also
recommended in the most recent National Asthma
Education and Prevention Program guidelines
(NAEPP) (7). Specifically, for patients sensitive to
house-dust mite and/or mold, reduction of indoor
humidity levels to at or below 60% (ideally 30%–50%)
and outdoor avoidance when mold counts are highest
is recommended. It has been shown, however, that
damp housing conditions have been associated with
increased airway hyperresponsiveness after adjusting
for house-dust mite allergen levels (8). High levels of
indoor humidity support the growth of mold and
bacteria, with molds emitting bioaerosols and spores
along with volatile organic compounds. Additionally,
exposure to high cockroach allergen levels indepen-
dent of sensitization has been associated with greater
asthma morbidity in inner-city children (9). This sug-
gests that factors independent of allergens associated
with increased humidity or humid air itself may play
a role with higher indoor humidity contributing to
cough, wheeze, phlegm production and asthma, espe-
cially in children. Subsequently, the American College
of Occupational and Environmental Medicine released
a statement on the relationship of indoor environ-
ments and the adverse affect of molds and other fungi
upon human health through three processes, including
allergy, infection or toxicity (10).

Humidity has been studied extensively in asthma
with conflicting results. A reduction in the bronchop-
rovocation response or development of asthma symp-
toms with exercise occurred with increasing relative
humidity of inspired air (11–13). The use of a mask
retaining heat and moisture effectively controlled
exercise-induced bronchoconstriction in asthmatic
subjects (14). In contrast, there have been numerous
studies that associate an increase in humidity in the
homes of asthmatics to increased asthma symptoms
and wheezing in both adults and children (15–30). The
majority of these studies have addressed the higher
house-dust mite and mold content or both because
homes with higher absolute or relative humidity and
poor ventilation often contain higher levels of these

allergens compared with homes with lower humidity
and better ventilation.

The current study was performed to identify dif-
ferences in self-reported triggering factors, such as
humidity, for patients with allergic rhinitis and allergic
asthma. Additionally, the frequency of allergic sensiti-
zation to specific allergens was determined in patients
with allergic rhinitis and allergic asthma. The associa-
tion between allergic sensitization and asthma mor-
bidity was evaluated using various measures of asthma
severity, such as NAEPP-defined severity, pulmonary
function and history of severe exacerbations.

Materials and methods

This was a retrospective, cross-sectional study involving
106 subjects with either allergic rhinitis or allergic
rhinitis and asthma seen between August 2005 and
December 2007 in a university-based Allergy and
Immunology Clinic. The study was approved by the
University of Kentucky Institutional Review Board.
Patients with allergic rhinitis were selected by Interna-
tional Classification of Diseases (ICD)-9 codes with the
presence of at least one positive skin test that correlated
with clinical symptoms. Patients with allergic asthma
were also selected based on ICD-9 who had at least one
positive allergy prick skin test and spirometry per-
formed. The diagnosis of asthma was confirmed by an
allergist/immunologist according to current NAEPP
guidelines (7). Diagnosis was typically made by revers-
ibility after a one-time bronchodilator of 12% and
200 mL or by methacholine challenge. The patients
were selected by consecutive chart reviews with all
subjects fulfilling criteria included in the analysis.

The study population included 49 subjects with
allergic rhinitis and 57 subjects with allergic asthma.
All study subjects underwent prick-puncture skin
testing with a saline and histamine control and 17
allergens. Allergens tested included tree mix #1 (elm,
maple, willow, cedar and mulberry), tree mix #2
(hickory, walnut, oak, ash and sweet gum), grass mix
(Johnson, Kentucky Blue, Meadow Fescue, Orchard,
Red Top and Timothy), Bermuda grass, ragweed mix
(short and giant), indoor molds (Aspergillus and
Penicillium), outdoor (seasonal) molds (Alternaria
alternate, Cladosporium, Epicoccum, Fusarium, Helm-
inthosporium), cat, dog, Dermatophagoides farinae,
Dermatophagoides pteronyssinus and cockroach. A skin
test was considered positive if the difference in mean
wheal diameters between the allergen-specific test and
negative control was at least 3 mm. In order to be
included in this study, all subjects needed to have at
least one positive skin test.
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All information regarding triggering factors for
symptoms were extracted from the chart in which
standardized forms were used during the initial history
and examination and subsequent clinic visits. For all
patients seen in this clinic, the same forms were used
by the provider(s). The forms inquired about certain
factors that caused worsening of asthma and allergy
symptoms, including season of the year (i.e. spring,
summer, fall or winter), potential allergic exposures
(house dust, cats, dogs, cockroaches and molds),
humidity, being indoors or outdoors or being at work.
Standardized forms were also used to assess the fre-
quency of daytime and nighttime asthma symptoms,
the frequency of rescue inhaler use and the history
of hospitalizations for asthmatics. No actual scoring
system was used. Asthma severity (intermittent, mild,
moderate or severe) was assessed based on current
NAEPP guidelines (daytime symptoms, nighttime
symptoms, short-acting beta-agonist use for rescue
and pulmonary function) (7) with this data collected
on each clinic visit with the standardized forms. All
subjects with asthma underwent pulmonary function
testing to assess baseline forced expiratory volume in
1 s (FEV1).

Statistical analysis

Differences in skin test results and triggering factors
between subjects with allergic rhinitis and allergic
asthma were analyzed using c2 tests. Unadjusted odds
ratios (ORs) were calculated to identify relationships
between allergic sensitization in asthmatics and mea-
sures of asthma morbidity (NAEPP severity classifica-
tion, history of asthma-related hospitalization and
FEV1). Multivariate logistic regression analyses were
conducted to identify adjusted ORs while controlling
for age, sex and race (white and nonwhite). All statis-
tical analyses were performed using SAS 9.2 (SAS
Institute Inc, Cary, NC, USA). A significance level of
a = 0.05 was used.

Results

Allergic rhinitis and allergic asthma comparisons

Demographic characteristics for the study population
are outlined in Table 1. Study subjects with allergic
asthma more commonly reported humidity as an exac-
erbating factor for their asthma or rhinitis symptoms
compared with subjects with allergic rhinitis only
(68.42% vs 42.86%, respectively; P < 0.05). Other trig-
gering factors such as season, outdoor environment
and mold exposure were reported similarly for both

groups (Fig. 1). Indoor environment, dog and cat
exposure, house dust and work were more commonly
reported by asthmatics as triggers, but these differences
were not significant.

Subjects with allergic rhinitis alone were more
frequently sensitized to tree mix #2 (48.98% vs 29.82%,
P < 0.05), while asthmatics were more commonly
sensitized to Helminthosporium (36.84% vs 14.29%,
P < 0.05), Penicillium (29.82% vs 8.16%, P < 0.05),
Dermatophagoides farinae (64.91% vs 40.82%,
P < 0.05) and any perennial allergen (89.47% vs
67.35%, P < 0.05) (Fig. 2).

Asthma severity and allergic sensitivity

The mean FEV1 for the asthmatic group was 93.1%
predicted. A total of 20.75% of the asthmatics had an
FEV1 <80% predicted with a distribution of asthma
severity groups of 19.3% intermittent asthma, 24.6%

Table 1. Demographic characteristics of the study population

N = 106 (%)

Mean age, years (standard deviation) 37.9 (13.63)
White 84 (79.2)
Female 72 (67.9)
Asthmatic 57 (53.8)

Intermittent 11 (19.3)
Mild persistent 14 (24.6)
Moderate-severe persistent 32 (56.1)

Skin test results, number positive (%)
Tree mix #1* 38 (35.8)
Tree mix #2† 40 (37.7)
Grass mix 56 (52.8)
Bermuda 47 (44.3)
Ragweed mix 56 (52.8)
Alternaria 39 (36.8)
Cladosporium 28 (26.4)
Epicoccum 22 (20.8)
Fusarium 20 (18.9)
Helminthosporium 28 (26.4)
Aspergillus 25 (23.6)
Penicillium 21 (19.8)
Cat 49 (46.2)
Dog 26 (24.5)
Dermatophagoides pteronyssinus 56 (52.8)
Dermatophagoides farinae 57 (53.8)
Cockroach 32 (30.2)
Any positive skin test 106 (100%)
Any perennial positive skin test 84 (79.2)
Any positive house-dust mite 67 (63.2)
Any positive mold skin test 66 (62.2)
Mean number positive skin tests 6.04

*Tree mix #1 includes: elm, maple, willow, cedar and mulberry.
†Tree mix #2 includes: hickory, walnut, oak, ash and sweet gum.
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Figure 1. Triggering factors. *P < 0.05 between groups.

Figure 2. Skin test results in subjects with allergic rhinitis and allergic asthma. *P < 0.05 between groups. Any seasonal
mold = outdoor mold. D. farinae, Dermatophagoides farinae; D. pteronyssinus, Dermatophagoides pteronyssinus; HDM, House dust
mite.

Mold and humidity in allergic asthma Hayes et al.

138 The Clinical Respiratory Journal (2013) • ISSN 1752-6981
© 2012 Blackwell Publishing Ltd



mild persistent asthma and 56.1% moderate-severe
persistent asthma (Table 1). ORs were calculated for
measures of asthma severity (NAEPP severity class,
history of hospitalizations for asthma, FEV1) and of
allergic sensitivities. No significant associations were
found between allergic sensitization to trees, grasses,
weeds or cat and asthma severity (Fig. 3). Associations
between other allergic sensitivities and asthma seve-
rity are reported in Table 2. Asthmatics sensitized
to Cladosporium were more likely to have a more
severe asthma severity class (OR = 4.26, confidence
interval = 1.30–16.93). This finding persisted after
controlling for age, sex and race (4.45, 1.29–18.5).
Asthmatics sensitized to Alternaria, Cladosporium,
Helminthosporium, Aspergillus and Dermatophagoides
pteronyssinus were more likely to have had a history of
hospitalization for asthma (Table 2). These findings
also persisted after controlling for age, sex and race.
Asthmatics with allergic sensitization to Cladosporium,
Helminthosporium, Aspergillus, Dermatophagoides

pteronyssinus,and cockroach were more likely to have
reduced pulmonary function, as measured by FEV1.
After controlling for age, sex and race, asthmatics
sensitized to Alternaria, Helminthosporium, Aspergillus,
dog, Dermatophagoides pteronyssinus and Dermatopha-
goides farinae were more likely to have a lower FEV1.

Humidity, mold and house-dust mite
sensitization, and asthma severity

Multiple logistic regression analysis was performed to
assess the relationship between worsened symptoms
with humidity exposure and allergic asthma. As shown
in Table 3, the unadjusted OR for worsening symptoms
with humidity exposure and having allergic asthma
(compared with allergic rhinitis) was 2.89 (1.30–6.42).
After controlling for several demographic characteris-
tics, subjects with asthma more commonly reported
worsened symptoms with increased humidity com-
pared with patients with allergic rhinitis alone

Figure 3. Odds ratios for asthma
diagnosis by positive skin test. Patients
with allergic rhinitis are the referent
group. D. farinae, Dermatophagoides
farinae; D. pteronyssinus,
Dermatophagoides pteronyssinus;
Significant value denoted by ‘*’.
HDM, House dust mite.
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[OR = 2.56 (1.13–5.80)]. The finding continued to be
present despite controlling for allergic sensitization to
molds, house-dust mite or both allergens (Table 3). No
significant associations were found between asthmatics
that reported worsened symptoms with humidity
exposure and asthma severity, as assessed by NAEPP
guidelines (7), history of hospitalizations or FEV1
(Table 4).

Discussion

In this study, patients with coexistent asthma and
allergic rhinitis frequently reported humidity as an
exacerbating factor for their symptoms and were more
commonly sensitized to molds than subjects with aller-
gic rhinitis alone. Mold sensitization was also associ-
ated with more severe asthma as measured by NAEPP
severity classification, history of hospitalizations
for asthma and FEV1. Additionally, sensitization to
Dermatophagoides pteronyssinus was associated with a
history of asthma hospitalizations and reduced pulmo-
nary function. Importantly, asthma symptom worsen-
ing with exposure to humidity was independent of
allergic sensitization to mold or house-dust mites.
Worsened symptoms with humidity exposure itself,
however, was not associated with any measure of
asthma morbidity. Moreover, the typical asthmatic
requiring hospital admission includes children and
older patients, which our cohort did not represent.

Allergic sensitization has been associated with
asthma diagnosis in previous studies. In a study using
data from the Third National Health and Nutrition
Examination Survey, Arbes et al. (31) calculated the
population attributable risk of atopy on asthma diag-
nosis in over 10 000 individuals ranging in age from
6–59 years. It was estimated that 56.3% of asthma cases
were attributable to atopy. Specifically, sensitization
to cat, Alternaria and white oak were found to be
independently and positively associated with asthma.
Importantly, the only mold that subjects were skin
tested to was Alternaria. In our study, while Alternaria
sensitization was more commonly found in asthmat-
ics, the difference was not statistically significant when
compared with subjects with allergic rhinitis only;
however, sensitization to Helminthosporium, Penicil-
lium, Dermatophagoides farinae and any perennial
allergen was significantly associated with an asthma
diagnosis.

Other studies have also investigated the association
between allergic sensitization and various measures
of asthma control and severity. The results of these
studies have differed between children and adults. In aTa
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study by Akerman et al. (32), sensitization to Cladospo-
rium, trees and grasses was positively correlated with
asthma severity in adults but not in children. In fact,
a negative association between Cladosporium sensiti-
vity and asthma severity was found in children. Other
studies in children, however, have found positive cor-
relations between asthma severity and sensitization to
molds, cat and cockroach (33–36). The association of
allergic sensitization with lung function and bronchial
responsiveness has also been assessed using data from
the Childhood Asthma Management Program (37).
Study subjects were children with mild to moderate
asthma and were skin tested to multiple inhalant aller-
gens which included Alternaria, Aspergillus and Peni-
cillium. Although there was no significant correlations
found between any allergen tested and pulmonary
function, sensitivity to Alternaria, dog and cat were
strongly associated with methacholine responsiveness.

In adults, multiple studies using data from the Euro-
pean Community Respiratory Health Survey have
demonstrated an association between sensitization to
mold, particularly Cladosporium, and to house-dust
mite with worsened asthma severity (2, 38, 39). Mea-
sures of asthma severity in these studies included pul-
monary function (FEV1), frequency of asthma attacks,
asthma associated hospital/intensive care unit admis-
sions and Global Initiative for Asthma classification.
A study by Niedoszytko et al. (40) demonstrated

significant associations between sensitization to Aure-
obasidium pullulans and asthma severity. This same
study found Helminthosporium sensitization to be
associated with asthma-related hospitalizations. A
study by O’Driscoll et al. (4) also found a strong cor-
relation between allergic sensitization to molds and
hospital admissions in the United Kingdom. Sensitiza-
tion to Alternaria has been associated with poor pul-
monary function, and Cladosporium sensitization with
more severe bronchial hyperresponsiveness in a
Korean study (41). Sensitization to the same two
molds, Alternaria and Cladosporium, has also been
implicated in epidemic thunderstorm-related asthma
(42). Our results also confirm a relationship between
sensitivity to Cladosporium and more severe asthma, as
assessed by NAEPP severity class, history of hospital-
izations and FEV1. Sensitization to other molds, such
as Alternaria, Helminthosporium and Aspergillus, as
well as sensitization to Dermatophagoides pteronyssi-
nus, was also associated with more severe asthma in
our study.

The current research that evaluated the effects of
humidity upon asthma has conflicting results. Expo-
sure to low humidity along with cold air has long been
demonstrated as a method of provocation of asthma
symptoms and development of bronchoconstriction
in the setting of hyperventilation or exercise (43–49).
Although cold, dry air is well studied in asthma, we

Table 3. Humidity, allergic asthma and allergic sensitization to molds and house-dust
mite

OR humidity AOR humidity

Unadjusted model
Asthma 2.89 (1.30–6.42) –

Adjusted model* – 2.56 (1.13–5.80)
Any positive mold skin test – 2.53 (1.11–5.75)
Any positive HDM skin test – 2.39 (1.05–5.54)
Any positive mold/HDM skin test – 2.38 (1.04–5.52)

*Adjusted for age, sex, race.
OR, odds ratio; AOR, adjusted odds ratio; HDM, House dust mite.

Table 4. Humidity and asthma severity

Allergen
OR asthma
severity class*

OR
hospitalization† OR FEV1

AOR asthma
severity class*

AOR
hospitalization† AOR FEV1

Humidity 1.10 (0.36–3.23) 0.57 (0.15–2.22) 0.78 (0.28–2.16) 1.17 (0.36–3.66) 0.49 (0.12–2.02) 0.54 (0.18–1.57)

AOR adjusted for age, sex, race.
*Asthma severity class based on National Asthma Education and Prevention Program guidelines for frequency of daytime symptoms, night symptoms,
rescue inhaler use, FEV1, medication use.
†Hospitalization indicates any history of hospitalizations for asthma.
OR, odds ratio; AOR, adjusted odds ratio; FEV1, forced expiratory volume in 1 s.
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do not truly understand the underlying mechanism
of why this occurs. Alternatively, a study published
in 1982 demonstrated that peak expiratory flow rates
were significantly decreased in 10 asthma patients
during exercise in a climate chamber with 30°C and
a relative humidity of 70% (50). Moreover, two sepa-
rate studies published in the 1980s demonstrated
marked bronchoconstriction in asthmatic subjects
who inhaled humidified warm air (51, 52). More
recently, a study demonstrated bronchoconstriction in
an animal with hyperventilation of humidified warm
air, suggesting that humidity has a physiological effect
on pulmonary sensory nerves (53).

The current study has significant limitations includ-
ing the small sample size and the retrospective nature
of the design. Moreover, the group had more females
and was skewed to more severe asthma than typically
seen in a normal population. The patients provided
information regarding triggers of symptoms, including
humidity, as self-reports in a qualitative manner, which
may be perceived differently by individual patients.
There is potential for a patient not completely under-
standing the correct meaning of humidity. Addition-
ally, multiple statistical comparisons were made and
appropriate caution should be used when interpret-
ing the results. Although allergens could have been
grouped together by class (molds, house-dust mite, pet
dander, etc . . .) to limit the number of statistical com-
parisons, we felt it was important to evaluate indi-
vidual differences between allergens. It is possible that
antigenic differences between molds could be associ-
ated with more severe forms of asthma. A recent study
in children demonstrated that HLA-DQB1*03 was
protective, and HLA-DR restriction was positively
associated with moderate-severe asthma in Alternaria
sensitive subjects (54).

Mold sensitization is highly associated with more
severe asthma as determined by asthma severity classi-
fication, pulmonary function and need for hospitaliza-
tion. Interestingly, allergic asthmatics frequently report
humidity as an exacerbating factor and were com-
monly sensitized to molds than patients only with
allergic rhinitis. Despite these findings, there was no
increased association of asthma morbidity. We cannot
delineate whether mold sensitization and humidity are
independent factors because of the retrospective study
design. Humidity may play a role from a physiological
mechanism, but sensitization to molds could easily
be contributing simultaneously. Further research is
warranted both to delineate whether humidity and
mold sensitization are independent factors in allergic
asthma and to establish better defined pathophysi-
ologic mechanisms of asthma.

Acknowledgment

The authors would like to thank Raymond G. Slavin,
MD for his helpful comments in presenting the data
and preparing the manuscript.

References

1. Black PN, Udy AA, Brodie SM. Sensitivity to fungal
allergens is a risk factor for life-threatening asthma.
Allergy. 2000;55: 501–4.

2. Cazzoletti L, Marcon A, Corsico A, Janson C, Jarvis D,
Pin I, Accordini S, Bugiani M, Cerveri I, Gislason D,
Gulsvik A, de Marco R. Asthma severity according to
Global Initiative for Asthma and its determinants: an
international study. Int Arch Allergy Immunol. 2010;151:
70–9.

3. Gent JF, Belanger K, Triche EW, Bracken MB, Beckett WS,
Leaderer BP. Association of pediatric asthma severity with
exposure to common household dust allergens. Environ
Res. 2009;109: 768–74.

4. O’Driscoll BR, Hopkinson LC, Denning DW. Mold
sensitization is common amongst patients with severe
asthma requiring multiple hospital admissions. BMC
Pulm Med. 2005;5: 4.

5. O’Hollaren MT, Yunginger JW, Offord KP, Somers MJ,
O’Connell EJ, Ballard DJ, Sachs MI. Exposure to an
aeroallergen as a possible precipitating factor in
respiratory arrest in young patients with asthma. N Engl
J Med. 1991;324: 359–63.

6. Schwindt CD, Bacchus H, Leu SY, Tjoa T, Klebanova Y,
Delfino RJ. Characterization of the asthmatic population
of St. Vincent and the Grenadines: asthma severity
levels and atopic sensitization. J Asthma. 2010;47:
871–7.

7. National Asthma Education and Prevention Program.
Expert Panel Report 3 (EPR-3): guidelines for the
diagnosis and management of asthma-summary
report 2007. J Allergy Clin Immunol. 2007;120:
S94–138.

8. Nicolai T, Illi S, von Mutius E. Effect of dampness at
home in childhood on bronchial hyperreactivity in
adolescence. Thorax. 1998;53: 1035–40.

9. Rabito FA, Carlson J, Holt EW, Iqbal S, James MA.
Cockroach exposure independent of sensitization status
and association with hospitalizations for asthma in
inner-city children. Ann Allergy Asthma Immunol.
2011;106: 103–9.

10. American College of Occupational and Environmental
Medicine. Adverse human health effects associated
with molds in the indoor environment. Available at:
http://www.acoem.org/AdverseHumanHealthEffects_
Molds.aspx (accessed 18 December 2011).

11. Chen WY, Horton DJ. Heat and water loss from the
airways and exercise-induced asthma. Respiration.
1977;34: 305–13.

Mold and humidity in allergic asthma Hayes et al.

142 The Clinical Respiratory Journal (2013) • ISSN 1752-6981
© 2012 Blackwell Publishing Ltd



12. Anderson SD, Daviskas E, Schoeffel RE, Unger SF.
Prevention of severe exercise-induced asthma with hot
humid air. Lancet. 1979;2: 629.

13. Boulet LP, Turcotte H. Influence of water content of
inspired air during and after exercise on induced
bronchoconstriction. Eur Respir J. 1991;4:
979–84.

14. Stewart EJ, Cinnamond MJ, Siddiqui R, Nicholls DP,
Stanford CF. Effect of a heat and moisture retaining
mask on exercise induced asthma. BMJ. 1992;304:
479–80.

15. Korsgaard J. Preventive measures in mite asthma.
A controlled trial. Allergy. 1983;38: 93–102.

16. Strachan DP. Damp housing and childhood asthma:
validation of reporting of symptoms. BMJ. 1988;297:
1223–6.

17. Brunekreef B. Damp housing and adult respiratory
symptoms. Allergy. 1992;47: 498–502.

18. Brunekreef B, Dockery DW, Speizer FE, Ware JH,
Spengler JD, Ferris BG. Home dampness and respiratory
morbidity in children. Am Rev Respir Dis. 1989;140:
1363–7.

19. Dales RE, Burnett R, Zwanenburg H. Adverse health
effects among adults exposed to home dampness and
molds. Am Rev Respir Dis. 1991;143: 505–9.

20. Jaakkola JJ, Jaakkola N, Ruotsalainen R. Home dampness
and molds as determinants of respiratory symptoms and
asthma in pre-school children. J Expo Anal Environ
Epidemiol. 1993;3: 129–42.

21. Munir AK, Björkstén B, Einarsson R, Ekstrand-Tobin A,
Möller C, Warner A, Kjellman NI. Mite allergens in
relation to home conditions and sensitization of asthmatic
children from three climatic regions. Allergy. 1995;50:
55–64.

22. Yang CY, Chiu JF, Chiu HF, Kao WY. Damp housing
conditions and respiratory symptoms in primary school
children. Pediatr Pulmonol. 1997;24: 73–7.

23. Andriessen JW, Brunekreef B, Roemer W. Home
dampness and respiratory health status in european
children. Clin Exp Allergy. 1998;28: 1191–200.

24. Kilpeläinen M, Terho EO, Helenius H, Koskenvuo M.
Home dampness, current allergic diseases, and
respiratory infections among young adults. Thorax.
2001;56: 462–7.

25. Simoni M, Lombardi E, Berti G, Rusconi F, La Grutta S,
Piffer S, Petronio MG, Galassi C, Forastiere F, Viegi G,
SIDRIA-2 Collaborative Group. Mould/dampness
exposure at home is associated with respiratory disorders
in Italian children and adolescents: the SIDRIA-2 study.
Occup Environ Med. 2005;62: 616–22.

26. Piipari R, Keskinen H. Agents causing occupational
asthma in Finland in 1986–2002: cow epithelium
bypassed by moulds from moisture-damaged buildings.
Clin Exp Allergy. 2005;35: 1632–7.

27. Tham KW, Zuraimi MS, Koh D, Chew FT, Ooi PL.
Associations between home dampness and presence of
molds with asthma and allergic symptoms among young

children in the tropics. Pediatr Allergy Immunol. 2007;18:
418–24.

28. Rabito FA, Iqbal S, Holt E, Grimsley LF, Islam TM,
Scott SK. Prevalence of indoor allergen exposures among
New Orleans children with asthma. J Urban Health. 2007;
84: 782–92.

29. Hagmolen of Ten Have W, van den Berg NJ, van der
Palen J, van Aalderen WM, Bindels PJ. Residential
exposure to mould and dampness is associated with
adverse respiratory health. Clin Exp Allergy. 2007;37:
1827–32.

30. Karvonen AM, Hyvärinen A, Roponen M, Hoffmann M,
Korppi M, Remes S, von Mutius E, Nevalainen A,
Pekkanen J. Confirmed moisture damage at home,
respiratory symptoms and atopy in early life:
a birth-cohort study. Pediatrics. 2009;124:
e329–38.

31. Arbes SJ Jr, Gergen PJ, Vaughn B, Zeldin DC. Asthma
cases attributable to atopy: results from the Third
National Health and Nutrition Examination Survey.
J Allergy Clin Immunol. 2007;120: 1139–45.

32. Akerman M, Valentine-Maher S, Rao M, Taningco G,
Khan R, Tuysugoglu G, Joks R. Allergen sensitivity and
asthma severity at an inner city asthma center. J Asthma.
2003;40: 55–62.

33. Pongracic JA, O’Connor GT, Muilenberg ML, Vaughn B,
Gold DR, Kattan M, Morgan WJ, Gruchalla RS, Smartt E,
Mitchell HE. Differential effects of outdoor versus indoor
fungal spores on asthma morbidity in inner-city children.
J Allergy Clin Immunol. 2010;125: 593–9.

34. Schwindt CD, Tjoa T, Floro JN, McLaren C, Delfino RJ.
Association of atopy to asthma severity and medication
use in children. J Asthma. 2006;43: 439–46.

35. Ramsey CD, Celedón JC, Sredl DL, Weiss ST, Cloutier
MM. Predictors of disease severity in children with
asthma in Hartford, Connecticut. Pediatr Pulmonol.
2005;39: 268–75.

36. Sarpong SB, Karrison T. Sensitization to indoor allergens
and the risk for asthma hospitalization in children. Ann
Allergy Asthma Immunol. 1997;79: 455–9.

37. Nelson HS, Szefler SJ, Jacobs J, Huss K, Shapiro G,
Sternberg AL. The relationships among environmental
allergen sensitization, allergen exposure, pulmonary
function, and bronchial hyperresponsiveness in the
Childhood Asthma Management Program. J Allergy Clin
Immunol. 1999;104: 775–85.

38. Zureik M, Neukirch C, Leynaert B, Liard R, Bousquet J,
Neukirch F, European Community Respiratory Health
Survey. Sensitisation to airborne moulds and severity of
asthma: cross sectional study from European Community
respiratory health survey. BMJ. 2002;325: 411–4.

39. Jaén A, Sunyer J, Basagaña X, Chinn S, Zock JP, Antó JM,
Burney P, European Community Respiratory Health
Survey. Specific sensitization to common allergens and
pulmonary function in the European Community
Respiratory Health Survey. Clin Exp Allergy. 2002;32:
1713–9.

Hayes et al. Mold and humidity in allergic asthma

143The Clinical Respiratory Journal (2013) • ISSN 1752-6981
© 2012 Blackwell Publishing Ltd



40. Niedoszytko M, Chełmińska M, Jassem E, Czestochowska
E. Association between sensitization to Aureobasidium
pullulans (Pullularia sp) and severity of asthma. Ann
Allergy Asthma Immunol. 2007;98: 153–6.

41. Jung JW, Choi JC, Shin JW, Kim JY, Park IW, Choi BW.
Clinical characteristics according to sensitized allergens in
adult korean patients with bronchial asthma. Allergy
Asthma Immunol Res. 2010;2: 102–7.

42. Pulimood TB, Corden JM, Bryden C, Sharples L,
Nasser SM. Epidemic asthma and the role of the fungal
mold Alternaria alternata. J Allergy Clin Immunol.
2007;120: 610–7.

43. Zeballos RJ, Shturman-Ellstein R, McNally JF Jr,
Hirsch JE, Souhrada JF. The role of hyperventilation in
exercise-induced bronchoconstriction. Am Rev Respir Dis.
1978;118: 877–84.

44. O’Byrne PM, Ryan G, Morris M, McCormack D, Jones NL,
Morse JL, Hargreave FE. Asthma induced by cold air and
its relation to nonspecific bronchial responsiveness to
methacholine. Am Rev Respir Dis. 1982;125: 281–5.

45. Henderson AF, Heaton RW, Costello JF. Effect of
nifedipine on bronchoconstriction induced by inhalation
of cold air. Thorax. 1983;38: 512–5.

46. Johnson BE, Suratt PM, Gal TJ, Wilhoit SC. Effect of
inhaled glycopyrrolate and atropine in asthma.
Precipitated by exercise and cold air inhalation. Chest.
1984;85: 325–8.

47. Bethel RA, Sheppard D, Epstein J, Tam E, Nadel JA,
Boushey HA. Interaction of sulfur dioxide and dry cold

air in causing bronchoconstriction in asthmatic subjects.
J Appl Physiol. 1984;57: 419–23.

48. Ramsdale EH, Morris MM, Roberts RS, Hargreave FE.
Bronchial responsiveness to methacholine in chronic
bronchitis: relationship to airflow obstruction and cold
air responsiveness. Thorax. 1984;39: 912–8.

49. Julia-Serda G, Molfino NA, Califaretti N, Hoffstein V,
Zamel N. Tracheobronchial constriction in asthmatics
induced by isocapnic hyperventilation with dry cold air.
Chest. 1996;110: 404–10.

50. Bundgaard A, Ingemann-Hansen T, Schmidt A,
Halkjaer-Kristensen J. Influence of temperature and
relative humidity of inhaled gas on exercise-induced
asthma. Eur J Respir Dis. 1982;63: 239–44.

51. Aitken ML, Marini JJ. Effect of heat delivery and
extraction on airway conductance in normal and in
asthmatic subjects. Am Rev Respir Dis. 1985;131:
357–61.

52. Aitken ML, Marini JJ, Culver BH. Humid air increases
airway resistance in asthmatic subjects. West J Med.
1988;149: 289–93.

53. Lin RL, Hayes D Jr, Lee LY. Bronchoconstriction induced
by hyperventilation with humidified hot air: role of
TRPV1-expressing airway afferents. J Appl Physiol.
2009;106: 1917–24.

54. Knutsen AP, Vijay HM, Kumar V, Kariuki B, Santiago LA,
Graff R, Wofford JD, Shah MR. Mold-sensitivity in
children with moderate-severe asthma is associated with
HLA-DR and HLA-DQ. Allergy. 2010;65: 1367–75.

Mold and humidity in allergic asthma Hayes et al.

144 The Clinical Respiratory Journal (2013) • ISSN 1752-6981
© 2012 Blackwell Publishing Ltd


