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The National Institute for Occupational Safety and Health receives
weekly requests to help with issues of indoor environmental quality in rela-
tion to illness in nonindustrial workplaces, such as office buildings and
schools. Since the mid-1990s, there has been a marked increase in the num-
ber of these requests to the point where in 2007 they represented 57% of the
total of 390 requests for evaluation of the workplace in relation to health
and safety issues. As an example of requests concerning work-related
asthma, from January 2007 through December 2007, there were 39 requests
in relation to asthma, 34 (87%) from nonindustrial workplaces with workers
concerned about indoor environmental quality. Of these 34 requests,
23 (68%) listed dampness or mold as exposures of concern. Thus, asthma
in the nonindustrial environment accounts for the majority of the public’s
concern for possible work-related asthma, and requesters have made the
association between their work-related asthma symptoms and damp/moldy
environments. A recent calculation estimates that 21% (95% confidence
interval [CI], 12%–29%) of current asthma in the United States is attribut-
able to dampness/mold in homes [1].

This article presents epidemiologic findings pertinent to asthma and
asthma-like symptoms in relation to exposure to dampness/mold in homes,
schools, and workplaces.With regard to specific agents found in damp indoor
environments that may play a role in asthma, it concentrates on mold (used
synonymously with fungi) and includes some findings on bacteria. The litera-
ture on asthma in relation to dustmite or cockroach allergens is not addressed.

The findings and conclusions in this report are those of the authors and do not necessar-

ily represent the views of the National Institute for Occupational Safety and Health.
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Reviews of the epidemiologic literature up to 2003

A European review (NORDDAMP) of well-designed epidemiologic stud-
ies published prior to July 1998 found that odds ratios (ORs) for cough,
wheeze, and asthma associated with indoor dampness ranged from 1.4 to
2.2 [2]. A subsequent review (EUROEXPO) of studies published from
1998 to 2000 confirmed indoor dampness as a risk factor for health effects,
regardless of atopic status. The investigators concluded that additional pro-
spective studies were needed [3].

In the United States, the Centers for Disease Control and Prevention
asked the Institute of Medicine (IOM) to complete a review of the scientific
literature. The IOM committee reviewed studies published up to late 2003
believed influential in shaping the scientific understanding of dampness-
associated health effects [4]. With respect to asthma and asthma-related
symptoms, the IOM found that there was sufficient evidence for associations
between exposure to damp indoor environments or mold or other agents in
damp indoor environments and cough, wheeze, and asthma symptoms in
asthmatic persons, and limited or suggestive evidence for associations
with asthma development and dyspnea. They concluded that excessive in-
door dampness is a public health problem and that prevention or reduction
of this condition should be a public health goal. Among the research needs
formulated by the committee were improved characterization of dampness-
related microbial emissions and chemical emissions from building materials
and furnishings and their roles in adverse health outcomes; studies on inter-
action effects of multiple exposure factors in damp indoor environments;
and studies on intervention effectiveness.

Meta-analysis in 2007

A meta-analysis of 33 peer-reviewed epidemiologic studies on respiratory
health outcomes and home dampness or mold included studies published
from 1989 to 2006 [5]. The estimated OR for cough in adults was 1.52
(95% CI, 1.18–1.96); for cough in children 1.75 (95% CI, 1.56–1.96); for
wheeze in adults 1.39 (95% CI, 1.04–1.85); for wheeze in children 1.53
(95% CI, 1.39–1.68); for current asthma 1.56 (95% CI, 1.30–1.86); for
ever-diagnosed asthma 1.37 (95% CI, 1.23–1.53); and for asthma develop-
ment 1.34 (95% CI, 0.86–2.10). The investigators estimated that home
dampness or mold is associated with a 30% to 50% increase in respiratory
health outcomes.

Dampness/mold and asthma developmentdrecent publications

Recent research not included in the 2004 IOM report has increased the
body of evidence regarding the association between dampness and asthma
development (Tables 1 and 2).
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Adults

In a study that investigated occupational exposures, researchers reviewed
medical records at clinics in a Swedish town covering a 1.5-year period to
identify cases of newly diagnosed asthma among 20 to 65 year olds [6]. Con-
trols were randomly selected from the Swedish population registry, lived in
the same town, and were matched by age and gender to cases. Response
rates and study numbers for cases and controls were 90% (n ¼ 120) and
84% (n ¼ 446), respectively. The OR (adjusted for occupational exposure
to dust, fumes, or vapors, childhood allergy symptoms, and ever smoking)
for workplace exposure to building mold or moisture damage that lasted
3 or more years and occurred before the year of asthma diagnosis (for cases)
or referent time (for controls) was 4.7 (95% CI, 1.5–14.3). Because this study
included agricultural and maintenance workers whose exposure may differ
in intensity and type from office workers in damp buildings, caution should
be exercised when applying these findings to workers of nonindustrial in-
door environments.

A study byGunnbjörnsdóttir and colleagues used data from the 1990–1994
European Community Respiratory Health Surveys (ECRHS) and a follow-
up survey conducted in 1999–2001 [7]. Participants from four Nordic coun-
tries were 20 to 44 years old at the time of the initial survey. Response rates
and study numbers for the initial and follow-up surveys were 84% (n ¼
21,802) and 74% (n ¼ 16,190). New-onset asthma was defined as an asthma
attack or use of asthma medications during the past 12 months on the second
survey with negative responses to both of these questions on the first survey.
The OR (adjusted for age, study center, gender, body mass index, rhinitis,
smoking status, type of housing, age of building, and socioeconomic status)
for the association between the presence of home dampness anytime between
the two surveys and new-onset asthma was 1.13 (95%CI, 0.92–1.40) and thus
did not quite meet statistical significance. Associations for new-onset asthma
symptoms were significant. Researchers also investigated the remission of
asthma-like symptoms and found that presence of home dampness in-
between the two surveys significantly decreased remission of nocturnal dysp-
nea and nocturnal cough. Analysis of a subset (Swedish subjects, n¼ 1854) of
second survey, also by Gunnbjörnsdóttir and colleagues, participants
demonstrated significant positive associations between home dampness
and dyspnea at rest, dyspnea after exertion, and nocturnal dyspnea [8].

A Finnish population-based incident case-control study compared 521
adults, who had newly diagnosed asthma (defined as reversible airways ob-
struction with at least one asthma-like symptom) identified over a 2.5-year
period, to 932 randomly selected controls who did not have asthma [9].
Response rates for cases and controls were 90% and 80%, respectively.
Cases and controls were 21 to 63 years old and lived within the same hospi-
tal district in South Finland. Workplace wall-to-wall carpeting and work-
place mold independently increased the risk for new-onset asthma.
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ó
tt
ir

et
a
l
[7
]

P
ro
sp
ec
ti
v
e
st
u
d
y
w
it
h
a
7
.9
-y
ea
r

fo
ll
o
w
-u
p
p
er
io
d
(m

ea
n
a
g
e

a
t
fo
ll
o
w

u
p
:
4
0
y
ea
rs
)

R
ep
o
rt
ed

d
a
m
p
n
es
s
(w

a
te
r

d
a
m
a
g
e,

le
a
k
a
g
e,

o
r
m
o
ld

g
ro
w
th
)
in

th
e
h
o
m
eb

N
ew

-o
n
se
t
a
st
h
m
a
a
tt
a
ck

o
r
cu
rr
en
t
u
se

o
f
a
st
h
m
a

m
ed
ic
a
ti
o
n
sc

N
ew

-o
n
se
t
w
h
ee
ze

c

N
ew

-o
n
se
t
n
o
ct
u
rn
a
l
d
y
sp
n
ea

c

N
ew

-o
n
se
t
n
o
ct
u
rn
a
l
co
u
g
h
c

1
.1

(0
.9
–
1
.4
)

1
.3

(1
.1
–
1
.5
)

1
.3

(1
.1
–
1
.6
)

1
.3

(1
.1
–
1
.4
)

Ja
a
k
k
o
la

et
a
l
[9
]

P
o
p
u
la
ti
o
n
-b
a
se
d
in
ci
d
en
t

ca
se
-c
o
n
tr
o
l
st
u
d
y

(2
1
–
6
3
y
ea
rs

o
ld
)

R
ep
o
rt
ed

v
is
ib
le

m
o
ld

o
r
m
o
ld

o
d
o
r
a
t
w
o
rk

c
a
n
d

–
N
o
w
a
ll
-t
o
-w

a
ll
ca
rp
et

a
t
w
o
rk

–
W
a
ll
-t
o
-w

a
ll
ca
rp
et

a
t
w
o
rk

N
ew

-o
n
se
t
p
h
y
si
ci
a
n
-d
ia
g
n
o
se
d

a
st
h
m
a
w
it
h
b
o
th

re
v
er
si
b
le

a
ir
w
a
y
s
o
b
st
ru
ct
io
n
a
n
d

a
h
is
to
ry

o
f
a
t
le
a
st

o
n
e

a
st
h
m
a
-l
ik
e
sy
m
p
to
m

1
.4

(0
.9
–
2
.1
)

4
.6

(1
.1
–
1
9
.4
)

C
h
il
d
re
n

W
ic
k
m
a
n
et

a
l
[1
2
]

P
ro
sp
ec
ti
v
e
st
u
d
y
o
f
a
b
ir
th

co
h
o
rt

fr
o
m

a
g
e
2
m
o
n
th
s

to
2
y
ea
rs

o
f
a
g
e

R
ep
o
rt
ed

w
a
te
r
d
a
m
a
g
e,

w
in
d
o
w
p
a
n
e
co
n
d
en
sa
ti
o
n
,

v
is
ib
le
m
o
ld
,
o
r
m
o
ld

o
d
o
r
w
h
en

ch
il
d
w
a
s
2
m
o
n
th
s
o
f
a
g
e

T
h
re
e
o
r
m
o
re

ep
is
o
d
es

o
f

w
h
ee
zi
n
g
a
ft
er

a
g
e
3
m
o
n
th
s

a
n
d
ei
th
er

u
se

o
f
in
h
a
le
d
st
er
o
id
s

o
r
sy
m
p
to
m
s
su
g
g
es
ti
v
e
o
f

b
ro
n
ch
ia
l
h
y
p
er
-r
ea
ct
iv
it
y

1
.7

(1
.3
–
2
.4
)

E
m
en
iu
s
et

a
l
[1
3
]

N
es
te
d
ca
se
-c
o
n
tr
o
l
st
u
d
y
o
f

a
b
ir
th

co
h
o
rt

(2
y
ea
rs

o
ld
)

O
n
e
si
g
n
o
f
d
a
m
p
n
es
s
b
a
se
d

o
n
h
o
m
e
in
sp
ec
ti
o
n

T
h
re
e
o
r
m
o
re

si
g
n
s
o
f
d
a
m
p
n
es
s

b
a
se
d
o
n
h
o
m
e
in
sp
ec
ti
o
n

T
h
re
e
o
r
m
o
re

ep
is
o
d
es

o
f

w
h
ee
zi
n
g
a
ft
er

a
g
e
3
m
o
n
th
s

a
n
d
ei
th
er

u
se

o
f
in
h
a
le
d

st
er
o
id
s
o
r
sy
m
p
to
m
s
su
g
g
es
ti
v
e

o
f
b
ro
n
ch
ia
l
h
y
p
er
-r
ea
ct
iv
it
y

1
.3

(0
.8
–
2
.2
)

2
.7

(1
.3
–
5
.4
)

488 SAHAKIAN et al

 Downloaded for Anonymous User (n/a) at Madigan Army Medical Center - Fort Lewis / Tacoma JCol from ClinicalKey.com by Elsevier
 on August 27, 2018. For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



P
ek
k
a
n
en

et
a
l
[1
5
]

P
o
p
u
la
ti
o
n
-b
a
se
d
in
ci
d
en
t

ca
se
-c
o
n
tr
o
l
st
u
d
y

(1
–
7
y
ea
rs

o
ld
)

M
o
ld

o
d
o
r
b
a
se
d
o
n
cu
rr
en
t

h
o
m
e
in
sp
ec
ti
o
n

V
is
ib
le

m
o
ld

b
a
se
d
o
n
cu
rr
en
t

h
o
m
e
in
sp
ec
ti
o
n

V
is
ib
le

m
o
ld

in
m
a
in

li
v
in
g

a
re
a
b
a
se
d
o
n
cu
rr
en
t

h
o
m
e
in
sp
ec
ti
o
n

W
a
te
r
d
a
m
a
g
e
in

m
a
in

li
v
in
g

a
re
a
b
a
se
d
o
n
cu
rr
en
t

h
o
m
e
in
sp
ec
ti
o
n

N
ew

-o
n
se
t
p
h
y
si
ci
a
n
-d
ia
g
n
o
se
d

a
st
h
m
a
o
r
n
ew

re
fe
rr
a
l

to
h
o
sp
it
a
l
a
ft
er

tw
o
o
r

m
o
re

a
tt
a
ck
s
o
f
w
h
ee
zi
n
g

4
.1

(0
.6
–
2
6
.0
)

1
.2

(0
.7
–
2
.1
)

2
.6

(1
.2
–
5
.8
)

2
.2

(1
.2
–
4
.0
)

a
P
re
se
n
t
fo
r
3
o
r
m
o
re

y
ea
rs

a
n
d
o
cc
u
rr
ed

a
t
le
a
st

3
y
ea
rs

b
ef
o
re

y
ea
r
o
f
a
st
h
m
a
d
ia
g
n
o
si
s.

b
P
re
se
n
t
a
n
y
ti
m
e
in

b
et
w
ee
n
th
e
in
it
ia
l
a
n
d
fo
ll
o
w
-u
p
su
rv
ey
.

c
P
re
se
n
t
d
u
ri
n
g
th
e
p
a
st

y
ea
r.

489DAMPNESS AND MOLD IN THE INDOOR ENVIRONMENT

 Downloaded for Anonymous User (n/a) at Madigan Army Medical Center - Fort Lewis / Tacoma JCol from ClinicalKey.com by Elsevier
 on August 27, 2018. For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



T
a
b
le

2

E
p
id
em

io
lo
g
ic
st
u
d
ie
s
in
v
es
ti
g
a
ti
n
g
a
n
a
ss
o
ci
a
ti
o
n
b
et
w
ee
n
in
d
o
o
r
d
a
m
p
n
es
s
o
r
m
o
ld

a
n
d
n
ew

-o
n
se
t
a
st
h
m
a
th
a
t
u
se

in
ci
d
en
ce

ra
te

ra
ti
o
a
s
a
m
ea
su
re

o
f
ri
sk

R
ef
er
en
ce

S
tu
d
y
d
es
ig
n

E
n
v
ir
o
n
m
en
ta
l
ex
p
o
su
re

In
ci
d
en
ce

ra
te

ra
ti
o

(9
5
%

C
I)

A
d
u
lt
s

C
o
x
-G

a
n
se
r
et

a
l
[1
0
]

C
ro
ss
-s
ec
ti
o
n
a
l
st
u
d
y
w
it
h
in
fo
rm

a
ti
o
n
o
n

d
a
te
s
o
f
h
ir
e
a
n
d
a
st
h
m
a
d
ia
g
n
o
si
s

(m
ea
n
a
g
e
4
6
y
ea
rs
)

O
ffi
ce

b
u
il
d
in
g
w
it
h
w
a
te
r
d
a
m
a
g
e

a
n
d
m
o
ld

co
n
ta
m
in
a
ti
o
n
b
a
se
d

o
n
b
u
il
d
in
g
in
sp
ec
ti
o
n

7
.5

(n
o
C
I)

W
h
it
e
et

a
l
[1
1
]

C
ro
ss
-s
ec
ti
o
n
a
l
st
u
d
y
w
it
h
in
fo
rm

a
ti
o
n
o
n

d
a
te
s
o
f
h
ir
e
a
n
d
a
st
h
m
a
d
ia
g
n
o
si
s

(m
ea
n
a
g
e
4
8
y
ea
rs
)

S
ch
o
o
l
b
u
il
d
in
g
w
it
h
ev
id
en
ce

o
f
w
a
te
r

d
a
m
a
g
e
a
n
d
m
o
ld

co
n
ta
m
in
a
ti
o
n

b
a
se
d
o
n
b
u
il
d
in
g
in
sp
ec
ti
o
n

8
.5

(n
o
C
I)

C
h
il
d
re
n

Ja
a
k
k
o
la

et
a
l
[1
4
]a

P
o
p
u
la
ti
o
n
-b
a
se
d
co
h
o
rt

st
u
d
y
w
it
h

a
6
-y
ea
r
fo
ll
o
w
-u
p
p
er
io
d
(1
–
7
y
ea
rs

o
ld

a
t
b
a
se
li
n
e)

R
ep
o
rt
ed

m
o
ld

o
d
o
r
in

th
e
h
o
m
eb

2
.4

(1
.1
–
5
.6
)

R
ep
o
rt
ed

v
is
ib
le

m
o
ld

in
th
e
h
o
m
eb

0
.6

(0
.2
–
1
.7
)

R
ep
o
rt
ed

m
o
is
tu
re

o
n
su
rf
a
ce
s

in
th
e
h
o
m
eb

0
.9

(0
.5
–
1
.5
)

R
ep
o
rt
ed

w
a
te
r
d
a
m
a
g
e
in

th
e
h
o
m
eb

1
.0

(0
.4
–
2
.3
)

A
n
y
o
f
a
b
o
v
e
d
a
m
p
n
es
s
in
d
ic
a
to
rs

1
.0

(0
.7
–
1
.5
)

a
C
it
ed

in
F
is
k
W
J,
L
ei
-G

o
m
ez

Q
,
M
en
d
el
l
M
J.
M
et
a
-a
n
a
ly
se
s
o
f
th
e
a
ss
o
ci
a
ti
o
n
s
o
f
re
sp
ir
a
to
ry

h
ea
lt
h
eff

ec
ts
w
it
h
d
a
m
p
n
es
s
a
n
d
m
o
ld

in
h
o
m
es
.
In
d
o
o
r

A
ir
2
0
0
7
;1
7
:2
8
4
–
9
6
.

b
P
re
se
n
t
d
u
ri
n
g
th
e
p
a
st

y
ea
r
a
t
ti
m
e
o
f
in
it
ia
l
su
rv
ey
.

490 SAHAKIAN et al

 Downloaded for Anonymous User (n/a) at Madigan Army Medical Center - Fort Lewis / Tacoma JCol from ClinicalKey.com by Elsevier
 on August 27, 2018. For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Workplace wall-to-wall carpet together with workplace mold further in-
creased the risk for new-onset asthma. Results were adjusted for gender,
age, education, personal smoking, environmental tobacco smoke, water
damage, and damp spots at home. It is possible that carpets acted as a res-
ervoir for moisture and related contaminants.

Two cross-sectional studies of United States office and school employees
who worked in buildings with water damage and mold contamination found
postoccupancy adult-onset asthma incidence densities to be 7.5 and 8.5 times
greater than preoccupancy incidence densities, respectively [10,11]. Al-
though, incidence rate ratios (IRRs) were not adjusted for demographic
variables, pre- and postoccupancy asthma incidence densities were calcu-
lated for the same group of participants. These studies support a temporal
association, which is important in establishing a causal association of expo-
sure with disease.

Children

A birth cohort study of 4089 Swedish children at 2 months old and 1 and
2 years old found a positive association between damp home environment
and asthma development 1.74 (95% CI, 1.28–2.39), adjusted for gender, pa-
rental history of allergic disease, socioeconomic status, maternal age, exclu-
sive breastfeeding, maternal smoking, pet ownership, and age of building
[12]. Data on damp home environment were taken from the first question-
naire when the children were 2 months old. Asthma was defined as at least
three episodes of wheezing between 3 months and 2 years of age, in combi-
nation with treatment of inhaled glucocorticoids or signs of hyperreactivity
without upper-respiratory infection. In a subsequent nested case-control
study of the same birth cohort, 181 children who met the case definition
were compared to 359 age-matched healthy controls [13]. Information on
damp indoor conditions came from the baseline questionnaire and from
home inspections in the first winter season after recruitment into the case-
control study. There were consistent positive associations between indica-
tors of dampness/mold in the home and being a case. A strong finding
was that there was an increasing risk for recurrent wheezing with an increas-
ing number of indicators of dampness found during the home inspections:
one indicator of dampness was associated with an OR of 1.3 (95% CI,
0.8–2.2), whereas having three or more dampness indicators was associated
with an OR of 2.7 (95% CI, 1.3–5.4).

A cohort study of randomly selected children from the Finnish popula-
tion registry used results from a survey at age 1 to 7 years and another sur-
vey 6 years later [14]. Response rates and study numbers for the initial and
subsequent surveys were 80% (n ¼ 2568) and 77% (n ¼ 1984), respectively.
Children were considered exposed if mold odor, visible mold, dampness, or
water damage had been reported in the home prior to the baseline study.
The IRR for asthma comparing children exposed (n ¼ 384) and nonexposed
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(n ¼ 1532) to mold odor was 2.44 (95% CI, 1.07–5.60) after adjustment for
age, gender, duration of breastfeeding, parental education, single parent,
maternal smoking during pregnancy, environmental tobacco smoke expo-
sure, gas cooking, presence of furry or feathery pets, and type of child
care. One of the major strengths of this study was its prospective study de-
sign, which eliminated over-reporting of pre-existing home mold based on
newly diagnosed asthma and provided evidence for a temporal relationship
between home mold and asthma.

Other Finnish researchers conducted a case-control study of children
newly diagnosed with asthma at the university hospital in Kuopio, Finland
[15]. Cases were defined as children 1 to 7 years of age who had been referred
to the hospital because of two or more attacks of wheezing within the past
year or were newly diagnosed with asthma. Controls who did not have
asthma were randomly drawn from the Finnish population registry and
matched by age, gender, and municipality to cases. Cases and controls
were required to have lived at least 2 years or at least 75% of their lifetime
in their current homes. Participation rates and study numbers for cases and
controls were 98% (n ¼ 121) and 84% (n ¼ 241). Homes were inspected for
evidence of mold odor, visible mold, and water damage. Models adjusted
for parental asthma, paternal education, number of siblings, indoor pets,
and daycare attendance during the first year of life yielded significant results
for water damage in the main living area (OR 2.24; 95% CI, 1.25–4.01) and
visible mold in the main living area (OR 2.59; 95% CI, 1.15–5.85). The study
found a trend for increased risk for newly diagnosed asthma with each ad-
ditional square meter of observed home water damage (OR 1.36; 95% CI,
0.91–2.03).

Dampness/mold and dyspneadrecent publications

Recent studies have investigated associations with dyspnea, nocturnal
dyspnea, dyspnea during exertion, dyspnea after exertion, and dyspnea at
rest, with differing results. The findings of Gunnbjörnsdóttir and colleagues
in relation to dyspnea were discussed previously. Park and colleagues devel-
oped a grading system for visible water stains, visible mold, mold odor, and
moisture, which they applied in an investigation of 1231 employees (mean
age 51 years) of a United States community college that had several water-
damaged buildings [16]. Dampness indicators in models adjusted for age,
gender, smoking, job status, year of hire, allergies, and use of latex gloves
were shown to predict risk for dyspnea present during the past 12 months
that improved away from the building.

Others have compared the prevalence of work-related dyspnea among
employees in water-damaged and mold-contaminated buildings to a United
States survey of office workers in nonproblem buildings [10,17]. Work-
related dyspnea was defined as shortness of breath that occurred 1 or
more days per week in the past 4 weeks and which improved away from
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work. Although analyses could not be controlled for demographic factors,
researchers found significantly elevated prevalence rate ratios (2.2 to 4.6)
that suggested an association between building dampness and dyspnea.

Researchers in Norway studied 2819 randomly selected adults, ages 26 to
81 years, who resided 11 years earlier (time of first survey) in the same
county in Western Norway [18]. Response rate for the survey was 89%.
In logistic regression models adjusted for age, gender, smoking status,
educational level, pack years, and occupational exposure to dust or fumes,
visible mold in the home significantly increased the risks for dyspnea when
climbing two flights of stairs at an ordinary pace and of attacks of dyspnea
(OR 2.3 [95% CI, 1.35–3.85] and 1.7 [95% CI, 1.06–2.72], respectively).

In summary, all nine studies (five adult studies and four pediatric studies)
addressing environmental dampness and new-onset asthma published since
the IOM report demonstrate some significant associations between environ-
mental dampness and new-onset asthma or new-onset asthma-like symp-
toms. Additionally, all five adult studies investigating associations
between environmental dampness and dyspnea found some significant asso-
ciations between one or more measures of dyspnea and environmental
dampness. Two of these studies showed an exposure-response relationship.

Microbial exposures in damp environments and asthma
and asthma-like symptomsdrecent publications

Recent research has advanced the knowledge on associations between
asthma development or asthma-like symptoms and fungi and bacteria
(Table 3). Limitations of sampling and analytic methods for microbial
agents and lack of knowledge on which specific fungi or microbial agents
are relevant measures of risk for respiratory illness have hampered exposure
assessment. Such limitations include (1) lack of personal sampling methods
for estimating long-term exposure to airborne microbes or microbial agents,
(2) difficulty in accounting for the large temporal and spatial variability of
airborne microbial agents with standard short-term sampling methods, (3)
high sampling and analytic cost, and (4) lack of standardized analytic
methods. Despite these limitations, measured exposure assessments are
necessary to obtain evidence on possible etiologic agents of disease.

Adults

A longitudinal study of subjects who participated in the ECRHS in
Melbourne, Australia, followed 360 adults (20 to 45 years old) over
a 2-year period with regard to measured home exposures and the develop-
ment and remission of asthma [19]. The investigators measured dust mite
and cat allergens and ergosterol (the principal sterol in fungal membranes)
in bedroom floor and bed dust samples and culturable fungi from bedroom
air samples at the onset of the study and 2 years later. They found that
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increase in exposure to airborne Cladosporium over the study period signif-
icantly increased the risk for an asthma attack (OR 1.52; 95% CI, 1.08–
2.13). An increase in airborne total culturable fungi over the study period
also increased the risk for an asthma attack (OR 1.54; 95% CI, 0.98–
2.43) and the development of asthma (wheezing in the past 12 months
with bronchial hyper-responsiveness) (OR 1.53; 95% CI, 0.93–2.53). De-
spite the use of short-term (1-minute) air samples for fungal measurements,
positive associations were found. Conversely, although ergosterol levels in
dust may better represent long-term exposure, the investigators found no
associations.

A case-control study was nested within the cross-sectional study (dis-
cussed previously) of 888 participants working in a large water-damaged
building in the United States where there was a large increase of postoccu-
pancy adult-onset asthma [10,20]. Fungal exposures for 49 cases of current
physician-diagnosed postoccupancy asthma and 152 controls (who had no
lower respiratory and systemic symptoms and no physician diagnosis of
asthma, hypersensitivity pneumonitis, or sarcoidosis) were compared using
logistic regression models (adjusted for age, gender, race, smoking status,
and building occupancy period). Researchers found postoccupancy asthma
significantly associated with dust-borne total and hydrophilic (water-loving)
culturable fungi (yeasts, Phoma herbarum, Chaetomium globosum, Mucor
plumbeus, Rhizopus stolonifer, and Stachybotrys chartarum) in a linear
exposure-dependent manner. Interquartile ranges (IQRs) were calculated
by subtracting the 25th percentile values from the 75th percentile values.
ORs for the risk for postoccupancy onset asthma per IQR of total cultura-
ble fungi in floor and chair dust were 1.6 (95% CI, 0.96–2.53) and 1.7 (95%
CI, 1.07–2.60), respectively. ORs for the risk for postoccupancy asthma per
IQR of hydrophilic fungi in floor and chair dust were 2.2 (95% CI, 1.23–
3.89) and 1.9 (95% CI, 1.19–2.89), respectively. In a cross-sectional analysis
using all 888 participants, the same floor dust samples (n ¼ 338) analyzed
for culturable fungi and endotoxin (the biologically active lipopolysaccha-
ride found in the cell walls of gram-negative bacteria) were used to establish
low-, medium-, and high-exposure categories [21]. Symptoms were defined
as building related if they improved when away from the building. The in-
vestigators found that fungi and endotoxin in dust were significantly associ-
ated with building-related asthma-like symptoms in an exposure-dependent
manner (range of OR for wheeze, chest tightness, attacks of shortness of
breath, and attacks of cough: 1.7 [95% CI, 1.02–2.77] to 2.4 [95% CI,
1.29–4.59] in the highest fungal exposure group compared to the lowest
and 1.3 [95% CI, 0.77–2.19] to 2.5 [95% CI, 1.30–4.90] in the highest endo-
toxin exposure group compared to the lowest). The study also demonstrated
that workers exposed to high levels of endotoxin and fungi showed much
higher risks of building-related wheeze, chest tightness, and shortness of
breath compared to workers exposed to high levels of fungi or endotoxin
alone, implying a synergistic effect of endotoxin and fungi.
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A large United States cross-sectional study using a nationally representa-
tive sample of 831 residential homes (2456 residents) found that exposure to
Alternaria alternata allergen in surface dust was associated with an increased
risk for current asthma (physician-diagnosed asthma with asthma symptoms
in the past year) [22]. The OR for the second tertile was 1.45 (95% CI, 0.88–
2.39) and for the third tertile was 1.73 (95%CI, 1.08–2.77), inmodels adjusted
for age, gender, race, education, smoking, sampling season, dust mite aller-
gens, cockroach allergen, cat and dog allergens, mouse urinary protein, dust
weight, and endotoxin, suggesting a linear exposure-response relationship.
Inmodels withAalternata in dust as a continuous variable andwhich adjusted
for demographics, smoking, and sampling season, the risk for current asthma
increased by 31% with each twofold increase in A alternata allergen
concentration.

A United States study of 190 patients who had asthma and 36 patients
who had rhinitis measured forced expiratory volume in 1 second (FEV1)
and analyzed dust samples collected from the homes of patients for
(1/3)-b-D-glucan (a major carbohydrate constituent of fungal cell walls)
and endotoxin [23]. In unadjusted quartile models with mean levels of bed
and floor dust endotoxin and (1/3)-b-D-glucan as the exposures and
FEV1 percent predicted as the outcome, exposure to endotoxinwas associated
with a 3% to 6% decrease in FEV1 percent predicted (with a nonlinear
relationship). Exposure to increased levels of (1/3)-b-D-glucan had no
association with FEV1 percent predicted. A strength of this study was the
use of objective pulmonarymeasurements. A possible limitation was that sub-
jects who did not have asthma or rhinitis were not included for comparison.

In a Turkish case-control study, researchers collected 4-hour airborne
fungal samples from living rooms during the winter and compared the levels
of culturable fungi in homes with adult patients who had asthma with those
in homes of controls [24]. They found that the airborne fungal levels in
homes of cases and controls were not different. A limitation of this study
was the single measurement per home. Considering that temporal and
spatial variations of the airborne fungal concentration are large and that
asthma is a chronic disease, their negative finding might have resulted
from exposure misclassification.

In a cross-sectional study in Denmark of 522 teachers from 15 schools
(8 wet and 7 dry), researchers estimated individual teacher exposures based
on dust and air sample measurements from rooms (n ¼ 107) and the number
of hours spent in these rooms [25]. Using multivariate logistic regression
analyses with three categories of exposure (adjusted for demographics, psy-
chosocial work conditions, and building characteristics), they did not find
any significant associations between asthma or objective pulmonary mea-
surements (FEV1, forced vital capacity, and methacholine challenge test
results) and exposure to fungi in dust or endotoxin or other microbial agents
in dust and air. Although the levels of fungi in dust from rooms in the wet
and dry schools were not high, there was approximately a 150-fold
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difference between the highest and lowest exposure values in the classrooms.
The researchers pointed out that the study was conducted in schools with no
history of excessive indoor air problems or health concerns. Therefore, these
schools did not represent worst-case scenarios.

Children

In a prospective birth cohort study in the Netherlands, researchers col-
lected dust samples from homes of 696 healthy infants at age 3 months
and assessed their respiratory health 4 years later [26]. Mothers of all infants
had allergy or asthma. Eighteen percent of the infants developed physician-
diagnosed asthma. Dust samples were collected from living room floors and
the infants’ mattresses and were analyzed for endotoxin, (1/3)-b-D-glucan,
and extracellular polysaccharide (carbohydrate in fungal cell walls) of
Aspergillus and Penicillium species (EPS-Pen/Asp). They found that expo-
sure to increasing levels of living room endotoxin and EPS-Pen/Asp during
the first 3 months of life had significant protective effects on development of
asthma during the first 4 years of life. Using models adjusted for gender, re-
gion, parental education, exposure to indoor tobacco smoke, and number of
children in the household, the protective effect in the medium exposure group
for endotoxin (OR 0.47; 95% CI, 0.26–0.86) was stronger than in the me-
dium exposure group for EPS-Pen/Asp (OR 0.78; 95% CI, 0.40–1.55); and
the protective effect in the high exposure group for endotoxin (OR 0.40;
95% CI, 0.21–0.77) was similar in strength to the high exposure group for
EPS-Pen/Asp (OR 0.42; 95% CI, 0.18–0.99). The investigators found no as-
sociations of exposure to (1/3)-b-D-glucan with asthma development.

A case-control study in Finland investigated home characteristics and
levels of various microbial agents, including endotoxin, 3-hydroxy fatty
acids (a biomarker of lipopolysaccharide), ergosterol, fungi, and actinomy-
cetes (a large group of gram-positive bacteria), in house dusts of 36 children
who had newly diagnosed asthma or who were referred to a hospital because
of a history of two or more attacks of wheezing and 36 control children (age
range 1 to 7 years old) [27]. Researchers found an increased risk for devel-
oping asthma with exposure to higher concentrations of mesophilic actino-
mycetes, mesophilic and xerophilic fungi, and ergosterol (adjusted OR range
1.08–1.18). In this study, ORs were small and statistical significance was
marginal, possibly because of small sample size.

A cross-sectional study performed in rural areas of three countries in Eu-
rope collected dust samples from the mattresses of children and analyzed
these samples for endotoxin and muramic acid (a sugar in the peptidoglycan
layer of bacterial cell walls) [28]. They studied 241 farm and 311 non–farm
school children through a questionnaire and a skin test for a mixture of
aeroallergens (grass pollen, birch pollen, mugwort pollen, Der p1, cat dan-
der, dog dander, and Cladosporium herbarum). In an analysis stratified by
sensitization, they found that muramic acid had a protective effect on
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wheeze in the past 12 months and on physician-diagnosed asthma in a linear
exposure-dependent manner among nonsensitized children. Among the sen-
sitized children, however, no linear exposure-response relationship was
found. In this analysis, they adjusted for age, gender, study area, family
history of asthma or hay fever, educational level of parents, number of older
siblings, living on a farm, and mattress dust endotoxin concentration. Thus
the effect of muramic acid was independent of endotoxin and farming envi-
ronments. This study suggests that the effect of exposure to specific micro-
bial agents on asthma and asthma symptoms in children may be modified by
sensitization status.

A cross-sectional study of 1014 primary school children in Sweden an-
alyzed culturable fungi and bacteria, microbial volatile organic com-
pounds (MVOCs), plasticizers, and total fungal and bacterial counts in
air samples collected from 23 classrooms in eight schools [29]. Re-
searchers used school-specific mean values of each analyte as an average
exposure for all participants in each school. In logistic regression models
adjusted for age and gender, they found significant positive associations
between exposure to several individual MVOCs and wheeze, nocturnal
dyspnea, and physician-diagnosed asthma (OR range 1.03–3.41); total
MVOCs and nocturnal dyspnea (OR 5.25; 95% CI, 1.82–15.18) and phy-
sician-diagnosed asthma (OR 2.07; 1.09–3.93); and a plasticizer (2,2,4-tri-
methyl-1,3-pentanediol diisobutyrate) and wheeze, daytime dyspnea,
nocturnal dyspnea, and physician-diagnosed asthma (OR range 1.85–
5.71). One study limitation was the assumption that measured volatile
organic compounds were of microbial origin. Significant but small protec-
tive effects were found for total fungal counts on wheeze in the past 12
months (OR 0.98; 95% CI, 0.96–1.00), total bacterial counts on noctur-
nal dyspnea in the past 12 months (OR 0.92; 95% CI, 0.87–0.98), total
culturable bacteria on nocturnal dyspnea (OR 0.92; 95% CI, 0.87–
0.98), and total culturable bacteria on physician-diagnosed asthma (OR
0.97; 95% CI, 0.94–1.00). The investigators questioned these protective
effects and discussed that exposure misclassification bias may have oc-
curred due to restrictions on opening of windows during the sampling pe-
riod; however, how this misclassification produced the small protective
effects of fungal and bacterial exposure is not clear.

A 1-year study followed 17 children who had asthma and rhinitis and
two children who had rhinitis alone who had a positive skin test for one
or more fungal allergens (Cladosporium, Alternaria, Penicillium, or Asper-
gillus) [30]. Over a 1-year period, researchers collected monthly air samples
for culturable fungi from the homes of the children. The researchers did
not find significant correlations between total or individual airborne cul-
turable fungi and daily asthma score (based on symptoms, daily medica-
tion use) and morning or evening peak expiratory flow. Only simple
correlations between mold levels and health outcomes were performed,
however. Longitudinal data analysis accounting for correlations among
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repeated measurements adjusted for demographics and other potential
confounding factors may have provided more reliable and complete
results.

These studies present evidence that exposures to specific microbial agents
in damp indoor environments are associated with development of asthma
and asthma-like symptoms in adults. In contrast, studies among infants
and young children have found adverse and protective effects. This duality
of response in infants and children to microbial exposures has been a topic
of much discussion in the literature since the effects of unhygienic conditions
in relation to the development of allergic illnesses were first published [31].
A recent editorial expands on the complexities of exposure characteristics
and genetic factors that may influence health outcomes [32].

Intervention studies in relation to asthma and asthma-like symptoms

Three damp/moldy building remediation health studies with some aspects
pertinent to asthma or asthma-like symptoms were reviewed by the IOM;
two were among children in Finnish schools [33,34] and one was among
office workers [35]. All three studies reported some decrease in respiratory
symptoms after remediation. Among the office workers, there was no new
asthma after relocation or after return to the remediated building. Preva-
lences of chest tightness, shortness of breath, cough, and wheeze among
office workers were not reduced by 4 months after relocation but were lower
4 years after relocation. Eight newer studies are discussed.

Workplace intervention studies

A Danish study of employees of a damp/moldy swimming pool complex
(which included an office building), before and after remediation, indicated
drops in irritative and nonspecific symptoms, but lower respiratory symp-
toms were not studied [36]. Remediation included replacement of the roof
and damp insulation materials below the roof, replacement of portions of
the ceiling that were water damaged or contaminated with mold, cleaning
of the inner building surfaces, and cleaning of the ventilation system. Re-
searchers were able to document a significant decline in peak flow variability
(20% to 15%) based on 2-week peak flow monitoring results before and
6 months after remediation, indicating intervention effectiveness.

A double-blind multiple crossover study in office workers in three Cana-
dian office buildings investigated the effect of ultraviolet (UV) germicidal
lights installed in the heating, ventilation, and air conditioning (HVAC) sys-
tems on symptoms [37]. Despite noninclusion of buildings with known out-
breaks of building-related illness or which were known to have substantial
microbial contamination, researchers found that the use of UV lights lowered
the prevalence of cough, chest tightness, and difficulty breathing. This effect
was seen most strongly among never-smokers. The UV lights led to a 99%
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reduction of microbial contamination on exposed surfaces within the HVAC
system but had no effect on airborne microbial concentrations.

School intervention studies

A study of a Swedish school with moisture problems found a decrease in
lower respiratory symptoms (including dyspnea and cough) among the staff
7 months after remediation. Remediation consisted of ventilation of the
damp concrete slab foundation and replacement of interior walls that had
sustained water damage during repair of a prior roof leak. There was no
change in lower respiratory symptoms among pupils but there was a decrease
in some upper respiratory symptoms [38].

A 3-year follow-up of Finnish teachers in a damp/moldy school with
a cluster of eight asthma cases (26%) and a reference school found that
before and after remediation wheezing and dyspnea was higher in the
damp/moldy school and that the asthma cases were still on similar asthma
medication after remediation [39]. Remediation included replacement of
mold-contaminated materials and repair of water leaks. The study did
find some beneficial effects in regards to no new diagnosis of asthma and
significant decreases in conjunctivitis, bronchitis, and sinusitis in the
teachers after remediation.

A 5-year follow-up study of Finnish children in a damp/moldy school that
underwent remediation foundmixed results in terms of improvement in health
after remediation [40]. Remediation included an improved rainwater drainage
system, improved water barrier on the basement walls, replacement of water-
permeable materials with non–water-permeable materials in building loca-
tions prone to high moisture loads, improved ventilation in crawl spaces,
replacement of damaged materials, and extensive cleaning and disinfection
of all surfaces after remediation. There were decreasing trends over time for
sinusitis, nocturnal cough, and asthma in all students and in a smaller group
of students who participated in all three surveys. There was no clear trend in
other respiratory or nonspecific symptoms. Prevalences of symptoms in stu-
dents who first occupied the school after remediation were lower than in the
students who had occupied the school before remediation.

Another Finnish study of elementary students in a damp/moldy school
and a reference school found that symptoms were higher in students in
the damp/moldy school compared to the reference students before but not
during remediation [41]. Researchers surmised that there could have been
some over-reporting during the preremediation surveys. Remediation in-
cluded correction of moisture problems, installation of a mechanical exhaust
and supply ventilation system to replace the natural ventilation system, and
thorough cleaning after remediation. After remediation, study symptoms
prevalence at the two schools were similar (including lower respiratory
symptoms of cough, wheeze, and dyspnea) indicating that remediation
may have been effective in improving health.
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Home intervention studies

A randomized controlled trial in the United States recruited children (2 to
17 years old) who had asthma from a pediatric hospital in Cleveland, Ohio.
All children lived in a home with visible mold based on an inspection [42].
Children were randomized to remediation (n ¼ 29) and control groups
(n ¼ 33). Home remediation included removal of mold from hard surfaces,
elimination of rainwater intrusion, installation of ventilation systems to ex-
haust water vapor from kitchens and bathrooms, and repair of plumbing
leaks. The two groups had a standardized treatment regimen and measures
were taken to minimize treatment barriers. There was a significant reduction
in symptomatic days per month for the remediation group compared to the
control group during the 10th and 12th months of the study. In addition,
there were significantly fewer emergency department visits or hospitaliza-
tions among children in the remediation group (4%) compared to the con-
trol group (33%).

A randomized control trial in South Wales studied 164 houses with
dampness/mold, each with at least one occupant who had asthma [43]. Asth-
matic subjects (n ¼ 232) ranged in age from 3 to 61 years. Houses were ran-
domly allocated to an intervention group or control group. Intervention
consisted of visible mold removal, treatment with fungicide, and installation
of a fan in the loft to improve ventilation. Over the 12 months of the study,
asthma symptoms and asthma medication use declined in the intervention
group, but no difference was found between intervention and control groups
in changes in variability of peak flow.

Summary

Based on their review of the literature up to late 2003, the IOM concluded
that there was sufficient evidence for associations between exposure to damp
indoor environments or mold or other agents in damp indoor environments
and asthma-like symptoms, and limited or suggestive evidence for associa-
tions with asthma development and dyspnea. They suggested that respira-
tory effects be studied through additional prospective and intervention
studies. Recent epidemiologic studies not included in their report provide
additional evidence for an association between damp indoor environments
and asthma development and dyspnea. There is some evidence that remedi-
ation reduces respiratory health effects, but lower respiratory symptoms
may take some time to resolve and dampness-related asthma among occu-
pants may not completely resolve. Exposure to specific microbial agents,
such as total fungi, hydrophilic fungi, Cladosporium, Alternaria, and endo-
toxin, in damp indoor environments is associated with development of
asthma and asthma-like symptoms in adults; however, both adverse and
protective effects have been identified in studies of infants and children.
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