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ABSTRACT: Exposure to microbes present in mould-damaged buildings has been
linked to increased frequency of various inflammatory diseases. The current study
examined differences in inflammatory mediators in nasal lavage (NAL), induced sputum
(IS) and serum of occupants with rheumatic or respiratory disorders and their controls,
all working in the same moisture-damaged building.

Exhaled nitric oxide (NO) measurements, lung function tests, skin-prick tests and
health data collection by questionnaire were performed. Concentrations of NO,
interleukin (IL)-1, IL-4, IL-6 and tumour necrosis factor-a in NAL, IS and serum
(excluding NO and IL-1) of the subjects were measured during an occupational
exposure period and the vacation period without such exposure.

The concentrations of IL-4 in NAL fluid were significantly higher among all
occupants during the working period (geometric mean 8.5 pg?mL-1, range
0–206.5 pg?mL-1), as compared to that during vacation (0.4 pg?mL-1, range
0–3.7 pg?mL-1) (p=0.008). Absence from the work environment also significantly
diminished reporting of symptoms. IL-4 levels in the serum of case subjects were
significantly higher than in controls. Moreover, employees with respiratory symptoms
had markedly higher exhaled NO values than their controls (p=0.028).

In summary, these data suggest that mediators in nasal lavage samples reflect the
occupational exposure to moulds, whereas possible indicators of existing disorders are
detectable in serum.
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Indoor exposure to microbes is widely recognized as
a potential cause of various respiratory diseases [1].
This view is supported by the authors9 recent results
showing an association between increased production
of inflammatory markers in the nasal lavage (NAL)
fluid, the high prevalence of respiratory symptoms in
occupants, and chronic indoor exposure to microbes
[2]. There are also case reports linking environmental
exposure and a cluster of various inflammatory
rheumatic diseases in a mould-damaged building [3].
Although the pathological mechanisms primarily
involved in these effects remain unknown, inflamma-
tory responses triggered by the microbial exposures
in moisture-damaged buildings may be one factor
responsible for these adverse health effects.

There are multiple studies demonstrating that nitric
oxide (NO) and cytokines, e.g. tumour necrosis
factor-a (TNF-a), interleukin (IL)-1b, IL-4 and IL-6,
are associated with the pathogenesis of various
inflammatory disorders in the airways [4, 5]. Many
cytokines, including TNF-a, activate expression of
inducible nitric oxide synthase (iNOS) in immunolo-
gical cells, leading to the production of high amounts

of NO. NO is an extremely reactive radical with pro-
inflammatory effects that may damage the surround-
ing cells and tissues [6].

It has recently been established that TNF-a, IL-1b,
IL-4 and IL-6 are powerful local protein mediators in
inflammation and are involved in joint destruction in
autoimmune diseases such as rheumatoid arthritis
(RA) [7]. TNF-a and IL-1b have a special role in the
pathogenesis of autoimmune diseases by inducing pro-
duction of additional inflammatory cytokines as well
as synthesis and release of proteases and prostaglan-
din E2 [8]. IL-6 possesses many activating effects by
inducing B-cell growth and differentiation, secretion
of immunoglobulins and biosynthesis of acute phase
proteins [9, 10]. IL-4 may have anti-inflammatory
properties in RA by inhibiting production of IL-1 and
TNF-a [11].

The current study examined the production of
inflammatory mediators in upper and lower airways
and in the serum of occupants with respiratory or
rheumatic diseases and their control subjects, all
working in the same moisture- and mould-damaged
building. Production of NO, TNF-a, IL-1, IL-4 and
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IL-6 in NAL, induced sputum (IS) and serum
(excluding NO and IL-1) was measured. In addition,
measurements of exhaled NO concentrations, lung
function and skin-prick tests were performed.

Methods

Characterization of the exposure

The employees working in an office building had
complained of indoor air problems since 1992.
Microbial samples collected in 1996 revealed moisture
and mould damage in the outer wall insulation
material. The worst damage was repaired in a limited
area, but the indoor air complaints continued and the
occupational physician noted an exceptionally high
number of rheumatic inflammatory diseases. Techni-
cal, microbial and physical reinvestigations revealed
that moisture and mould damage affected the whole
outer layer of the building. Indoor air and outer wall
insulation material samples contained microbes indi-
cative of mould problems i.e. Aspergillus ochraceus,
Aspergillus versicolor, Aspergillus fumigatus, Chaeto-
mium spp. and Eurotium spp. Some insulation
material samples contained yeast.

Subjects and questionnaire

The company employed 93 females and 15 males.
Since all of the rheumatic diseases and all cases, except
one, of prolonged respiratory symptoms were con-
fined to females, the males were excluded from further
studies. The mean age of the females was 46 yrs and
the mean time of employment in the building was
10 yrs. During the past 10 yrs, 11 cases of inflamma-
tory rheumatic diseases had been diagnosed, all
confirmed in the unit of rheumatology of the local
university hospital.

Out of the 11 employees with rheumatic diseases,
eight were still working in the building and partici-
pated in this study. Three had ankylosing spondylitis,
three RA and two Sjögren9s syndrome (SS). One
occupant with RA also had asthma. Moreover, four
employees with prolonged upper and lower respi-
ratory symptoms were recruited. One had con-
firmed asthma and another allergic rhinitis. Age- and

sex-matched controls (¡2 yrs) without rheumatic or
prolonged respiratory symptoms or diseases, working
in the same building, were selected. Due to the low
number of healthy employees in the older age group,
only seven controls could be found for the rheumatic
cases. Only one case with rheumatic disease was a
current smoker (table 1).

The subjects were examined twice during the study.
The first contact was during the working period to
evaluate the effects of the exposure in the building.
The second contact was at the end of summer
vacation, to explore the effects of absence from the
moisture-damaged environment. After NAL, the
subjects completed a one-page questionnaire concern-
ing their symptoms during the preceding week, i.e.
symptoms in the lower airways (cough, phlegm,
dyspnoea, wheezing, painful breathing), laryngeal
symptoms (hoarseness, sore throat), nasal symptoms
(rhinitis, bloody nasal discharge, nasal bleeding,
blocked nose, maxillary sinus symptoms, sneezing,
itchy nose), eye symptoms, dermal symptoms and
nonspecific symptoms (fever, headache, fatigue,
nausea). Use of medication and other possible sources
of mould exposure were also determined. The ethical
committee of Kuopio University Hospital approved
the research plan.

Nasal lavage

NAL was performed as previously described [2].
Briefly, 4.5 mL prewarmed Hank9s balanced salt
solution (HBSS; Gibco, Paisley, UK) (37uC) was
instilled into the nostril through a heat softened
catheter. The cartilaginous bridge of the nose was
vibrated with a neonatal percussor (Neo-CussorTM,
General Physiotherapy Inc., MO, USA), and the fluid
was refluxed three times. The procedure was then
repeated on the opposite nostril. The sample was
centrifuged (4256g for 10 min), the cells were
resuspended in 2 mL of the supernatant, and the
rest of the cell-free supernatant was removed and
frozen. The remaining cell suspension was incubated
for 24 h at 37uC and then centrifuged (4256g for
10 min). The supernatant and cells were frozen at
-70uC.

Table 1. – Subject characteristics

Respiratory group Rheumatic group

Cases Controls Cases Controls

Number of subjects# 4 4 8 7
Age yrs mean (range) 49 (43–52) 49 (43–52) 51 (44–57) 51 (43–59)
Current smokers 0 0 1 0
Positive SPT reactions}

Basic series 2 0 2 0
Moulds 0 0 0 0
Storage mites 1 2 4 0

Total number of atopics 2 2 4 0

SPT: skin-prick test. #: all females; }: mean wheal diameter ¢3 mm in SPT to at least one common allergen.

543INFLAMMATORY MEDIATORS IN NAL, IS AND SERUM



Induced sputum collection

IS collection was performed as described earlier
[12]. Briefly, the sputum was induced with inhalation
of ultrasonically nebulized hypertonic (3%) saline. The
sputum plugs originating from the lower respiratory
tract were separated and the remainder was resus-
pended in HBSS (final volume 5 mL), centrifuged
(4256g for 10 min) and processed like NAL samples.
The collected plugs were mixed with dithiotreitol
(Sputolysin, Calbiochem corporation, San Diego, CA,
USA) and Dulbeccos phosphate-buffered saline
(Gibco, Paisley, UK), filtered and centrifuged
(7906g for 10 min). From the cell pellet, the cell
viability was estimated by trypan blue exclusion
method. Concentration of eosinophil cationic protein
(ECP) in the sputum supernatant was measured by
radioimmunossay (Pharmacia & Upjohn, Uppsala,
Sweden).

Cytospin

Cytocentrifuge preparation was made from 100 mL
(NAL) and 75 mL (IS) of cell suspension. Mucus was
broken using 10% sputolysin and the solution was
centrifuged (326g, 10 min; Megafuge, Heraus Instru-
ments, Germany). The slides were fixed using metha-
nol and stained with May-Grunwald-Giemsa [13]
staining for the cell differential counts.

Nitric oxide analysis

NO in the supernatant was assayed by the Griess
reaction as the stable NO oxidation product nitrite
[14], as described earlier [15]. Expression of iNOS in
the cells of NAL was determined with Western blot
analysis [15] with minor modifications.

Cytokine analysis

Cytokines from IS and NAL supernatants and
serum were analysed from IS and NAL supernatants
and serum by using DuoSeT human TNF-a, IL-1,
IL-4 and IL-6 enzyme-linked immunosorbent assay
(ELISA) kits obtained from R&D Systems (Minnea-
polis, MN, USA). Assays were performed as recom-
mended by the manufacturer.

Measurement of exhaled nitric oxide

Exhaled NO was measured by a chemilumines-
cence analyser (Sievers Model 280 NOA, Sievers
Instruments Inc., Boulder, CO, USA) according to
European Respiratory Society guidelines [16], as
described earlier [12]. Briefly, subjects performed a
slow vital capacity manoeuvre for 30 s against a fixed
expiratory resistance. The relative standard deviation
between three exhaled samples was expected to be
v10%. The detection limit for NO was 1 parts per
billion (ppb).

Lung function tests

Spirometry and measurement of pulmonary diffu-
sion capacity were performed according to American
Thoracic Society guidelines [17, 18]. Seven subjects
with rheumatic disease and two with respiratory
symptoms and their controls, conducted the follow-
up by recording their peak expiratory flow (PEF)
values for 2 weeks.

Skin-prick tests

Atopic status of the subjects was evaluated using
ALK skin-prick test system (ALK Laboratories,
Denmark) with 14 common environmental allergens
(house dust mite (Dermatophagoides farinae and D.
pteronyssimus), grass pollen, birch, alder, meadow
grass, timothy, mugwort, dandelion, horse, dog, cat,
cow, and natural rubber latex), three storage mites
(Lepidoglyfus destructor, Acarus siro and Tyrophagus
putrescentiae) and 13 moulds (Altenaria alternata,
Cladosporium herbarum, Aspergillus fumigatus, A.
versicolor, Aureobasidium pullulans, Botrytis cinerea,
Chaetomium globusum, Geotrichium candidum, Mucor
racemosus, Penicillium brevicompactum, P. expansum,
Phoma herbarum and Trichoderma viride). Histamine
hydrochloride (10 mg?mL-1) and ALK allergen dilu-
ent mediums were used as positive and negative
controls. Atopy was defined as at least one positive
reaction with a diameter of ¢3 mm and twice the size
of negative controls when they had given a positive
reaction.

Blood samples

Blood samples for the cytokine analysis, immuno-
globulin (Ig)-E measurements and ECP tests were
drawn at the same time with NAL. IgE and ECP
values were analysed in Helsinki Skin and Allergy
Hospital with commercial radioimmunoassays (Phar-
macia & Upjohn, Uppsala, Sweden).

Statistical analysis

The Wilcoxon signed-rank test was used to compare
each case subject to their age-matched control and to
evaluate individual differences between working time
and vacation time. In the comparison of different
groups of subjects, nonparametric Kruskall-Wallis
and Mann-Whitney tests were used.

Results

Skin-prick tests

Eight subjects out of 23 had positive skin-prick
reaction induced by at least one of the tested allergens.
Two of them were controls and six case subjects
(table 1). Two subjects with rheumatic diseases and
two with prolonged respiratory symptoms gave
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positive reactions in the basic series. Four subjects
with rheumatic diseases had a positive reaction for T.
putrescentiae and two of them also had a reaction for
A. siro. In the respiratory group, one case and two
controls had positive reactions for the tested storage
mites. In all, seven of the 23 subjects had positive
reaction for T. putrescentiae.

Symptoms

The reported symptoms were significantly more
frequent during the exposure period than at the end of
nonexposure period (table 2). There were no differ-
ences in the reporting of symptoms between cases and
their controls or between subjects with rheumatic and
respiratory disorders. Atopic subjects reported sig-
nificantly more nasal symptoms (p=0.012) and symp-
toms in the lower airways (p=0.013) during the
working period than subjects with no atopic tendency.
Absence from the building significantly decreased
complaints of nasal and eye symptoms and symptoms
in the lower airways in the atopic subjects, whereas in
the nonatopic individuals only the frequency of eye
symptoms was significantly decreased.

Nitric oxide production in nasal lavage and induced
sputum and expression of inducible nitric oxide
synthase

Production of NO, assessed as nitrite levels in NAL,
was slightly increased during the working period
(geometric mean 1.6 mM, range 0–11.9 mM) compared
to the value during the vacation (1.2 mM, range

0–5.3 mM). There were no differences in the nitrite
levels in the NAL fluid between cases and their
references or between subjects with rheumatic and
respiratory problems. Nitrite concentrations in IS
were only slightly higher during the occupational
exposure period (2.9 mM, range 0.8–30.4 mM) than
those from vacation period (2.4 mM, range 0.4–
6.9 mM). An atopic tendency had no effect on the
nitrite levels in NAL or IS. Consistent with the highest
nitrite concentrations in NAL and IS, the expression
of iNOS was detectable in cells (data not shown).

Exhaled nitric oxide

Exhaled NO values ranged 5.3–77.2 ppb (mean
19.3¡13.4 ppb). Rheumatic subjects did not differ
from their controls during the working or vacation
period, but the subjects with a history of respiratory
symptoms had significantly higher exhaled NO values
than their controls (10.7 and 5.6 ppb, respectively)
(p=0.028). However, there was no difference between
values at work and on vacation. Atopic tendency had
no effect on exhaled NO.

Cytokine concentrations in nasal lavage and induced
sputum

Concentrations of IL-1, IL-4, IL-6 and TNF-a in
NAL were increased during the working period,
compared to those taken in the vacation (fig. 1).
However, only the difference in the concentrations of
IL-4 was statistically significant (geometric mean
8.5 pg?mL-1, range 0–206.5 pg?mL-1 versus geometric

Table 2. – Symptoms reported by the subjects at work and during the vacation

Symptom Subjects n Lower
airways

Laryngeal
symptoms

Nasal
symptoms

Eye
symptoms

Skin
symptoms

Nonspecific
symptoms

Work 22 16* 13 19 14** 5* 10**
Vacation 23 9 7 13 3 0 2

Data are presented as number of workers reporting symptoms. *: pv0.05; **: pv0.01, determined using Mann-Whitney test.
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Fig. 1. – Geometric mean concentrations of interleukin (IL)-1, IL-4, IL-6 and tumour necrosis factor-a (TNF-a) in a) nasal lavage fluid, b)
induced sputum, and c) serum of the office workers at work (u) and during vacation (h). IL-1b was not measured in the serum. The
Wilcoxon signed-rank test was performed. *: indicates significant difference (pv0.05).
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mean 0.4 pg?mL-1, range 0–3.7 pg?mL-1) (p=0.008),
this being most evident among the symptomatic
employees. There were no significant differences in
the NAL cytokine levels between the case subjects and
their references (fig. 2) or between subjects with
rheumatic and respiratory diseases. Interestingly, the
concentrations of IL-4 in NAL were only significantly
increased in the nonatopic subjects during the work-
ing period, compared to those during vacation
(p=0.028). Otherwise, there were no differences
between atopic and nonatopic subjects in the studied
biomarkers in NAL or IS.

All the measured cytokines were detectable in the
IS samples of studied employees (IL-1 geometric
mean of all the measurements 18.1 pg?mL-1, range
0–123.3 pg?mL-1; IL-4 0.8 pg?mL-1, 0–56.9 pg?mL-1;
IL-6 8.3 pg?mL-1, 0–331.0 pg?mL-1; TNF-a1.1 pg?mL-1,
0–1,276.3 pg?mL-1). In contrast to NAL, there were
no significant differences in the IS cytokine levels
between working and vacation periods (fig. 1), bet-
ween the cases and their controls (fig. 2) or between
subjects with rheumatic and respiratory disorders.

Serum cytokines

Serum TNF-a (p=0.049) and IL-6 (p=0.001) con-
centrations were significantly increased during vaca-
tion, as compared to working period (fig. 1). The
difference was most obvious among rheumatic
employees. Concentrations of all of the studied
cytokines were increased in the serum of the cases,
as compared to the controls (fig. 2). However, only
the increase in the IL-4 concentration was statistically
significant (p=0.049). There were no differences
between atopic and nonatopic subjects in studied
serum cytokine concentrations.

Cell differential count

Neutrophilic cells dominated NAL and IS cell
profiles. There were no differences in the proportion
of lymphocytes, neutrophils and eosinophils in the

NAL or IS between the working period and vacation,
between cases and controls or between subjects with
rheumatic and respiratory disorders. Atopic subjects
had a significantly higher proportion of neutrophils
(p=0.003) and eosinophils (p=0.025) in NAL during
the vacation than nonatopic subjects. In the IS, sub-
jects with prolonged respiratory symptoms had a sig-
nificantly higher proportion of macrophages (2.2%)
than their controls (1.5%) (p=0.021). There were no
differences in the sputum ECP values between different
groups or between working and vacation periods.

Lung functions

In spirometry, the forced expiratory volume in one
second (FEV1) ranged 80–119% (mean 94%) of the
predicted value in all the studied subjects except the
rheumatic case with asthma (50%). There were no
significant differences in spirometry and pulmonary
diffusion capacity between work and vacation,
between the subjects with rheumatic and respiratory
disorders or between cases and controls. Total lung
diffusion capacity ranged 80–136% (mean 110%) of
the predicted value. The mean percentage of the PEF
variation during the working and off-work days was
12.5% and 13.9%, respectively, the difference being
statistically nonsignificant. No work related PEF falls
were seen and the greatest daily PEF differences were
seen on days out of work.

Blood samples

Serum IgE and ECP values were low (2.1–
16.6 IU?L-1 and 9.4–84.7 IU?L-1, respectively) in all
of the studied subjects.

Discussion

In Finland, y1% of the whole population is
taking reimbursed medication for some inflammatory
rheumatic disease [19]. However, the relative risk of
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Fig. 2. – Geometric mean concentrations of interleukin (IL)-1, IL-4, IL-6 and tumour necrosis factor-a (TNF-a) in a) the nasal lavage
fluid, b) induced sputum, and c) serum of the symptomatic (u) and nonsymptomatic (h) employees (pooled data from vacation and
work). IL-1b was not measured in the serum. The Wilcoxon signed-rank test was performed. *: indicates significant difference, as
compared with controls (pv0.05).
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inflammatory rheumatic diseases during 1990–1996
was 12.7 (95% confidence interval 5.5–27.6) in the
occupants of the studied office building [3], and since
then another four new cases have been diagnosed. In
the present study, employees with prolonged respira-
tory symptoms or rheumatic disease and their
reference subjects reported the same kind of symp-
toms, as observed earlier in an epidemiological study
of people living or working in moisture-damaged
buildings [1]. They did, however, report more skin and
eye symptoms than employees of a school with a
mouldy building in a previous study [2]. During the
vacation, all of the reported symptoms diminished,
indicating that they were related to workplace
exposure.

The prevalence of positive skin-prick tests for
storage-mite allergens was unusually high in these
employees. This is of special interest since atopy to
different storage mites has been commonly associated
with the agricultural environment [20], whereas house
dust mites are a known risk factor of asthma in urban
dwellings [21]. The present observation, suggesting a
link between storage mites and rheumatic and
respiratory diseases, needs to be clarified in future
studies.

The present data show that production of IL-4 in
NAL, reflecting upper airway responses, was signifi-
cantly elevated during the working period in all of the
studied occupants, as compared to the values during
the vacation. The difference was most apparent
among the nonatopic subjects. The more stable IL-4
production among the atopic individuals may be due
to atopy-related sensitivity to different environmental
allergens and irritants as a whole. Moreover, all
except two of the atopic subjects were taking medi-
cation for either rheumatic or respiratory diseases,
which may have influenced the level of the produc-
tion of the cytokines in this group. These results
support earlier findings suggesting that occupational
exposure in a mould-damaged building leads to
increased production of inflammatory mediators in
the upper airways of exposed occupants [2].

Systemic IL-4 levels in the serum were higher in the
samples of the cases than in their controls. This
observation is in-line with reports indicating a
significant role of IL-4 in the pathogenesis of both
respiratory and rheumatic diseases. Elevated IL-4
concentrations have been detected in the serum of
asthmatic patients [22] and there are reports showing
that stimulated peripheral blood mononuclear cells
from atopic children with asthma produce more IL-4
than cells from nonatopic controls [23]. Furthermore,
IL-4 downregulates Th1-mediated inflammatory res-
ponses and it may have immunosuppressive or even
preventive potential in autoimmune diseases [11].
The low incidence of Th2-type disorders, such as
atopy, in RA patients supports this view [24]. These
phenomena are thought to result from the opposite
immunological cytokine profiles in Th1 and Th2
mediated diseases, which may lead to antagonist
effects. Interestingly, IL-6 and TNF-a concentrations
in the serum samples were higher during vacation than
the working period, the difference being most appa-
rent in the rheumatic employees. This may be due to

the possible immunosuppressive potential of myco-
toxins originating from the microbes in the moisture-
damaged buildings [25]. Moreover, the decrement in
the production of pro-inflammatory cytokines during
the working period may be related to increased
production of IL-4 caused by occupational exposure.
However, it is not clear if endogenous production of
IL-4 is sufficient to control these disease processes.
Continual cell activation may exhaust the ability of
IL-4 to inhibit the bioactivity of proinflammatory
cytokines.

Exhaled NO values were significantly higher only
among the subjects with prolonged respiratory symp-
toms compared to their controls. The difference was
equal during working and vacation periods. This
finding is in concordance with earlier reports showing
an increase in the exhaled NO concentration in
respiratory disorders, such as asthma, upper respira-
tory tract infections and asthma-like symptoms
[26–28]. Elevated exhaled nitric oxide levels have
also been demonstrated in patients with SS [29]. This
phenomenon, however, was not detectable in the
present study, which included only two cases with SS.
Moreover, no differences between case and control
groups were seen in NO levels of NAL and IS
samples, indicated as nitrite concentrations, in spiro-
metry, in pulmonary diffusion capacity or in PEF
follow-up. Previously it has been shown that for-
maldehyde exposure at home increases exhaled NO
levels in healthy children at concentrations that have
no effect on lung function [30]. This indicates that
inflammatory reactions in the airways can be detected
at lower exposure levels than changes in pulmonary
functions.

The present data reveal that measurement of
inflammatory mediators in nasal lavage and induced
sputum can be used to assess the exposure to microbes
in a moisture-damaged indoor environment, whereas
possible indicators of existing disorders may be
detectable in the serum samples.
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