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Abstract
Objective—To investigate the clinical and
sociomedical outcome in patients with
various clinical manifestations of humidi-
fier disease and work related asthma after
removal from further exposure.
Methods—Follow up investigation (range
1–13 years) of respiratory symptoms,
spirometry, airway responsiveness, sick-
ness absence, and working situation in
patients with (I) humidifier fever (n=12),
(II) obstructive type of humidifier lung
(n=8), (III) restrictive type of humidifier
lung (n=4), and (IV) work related asthma
(n=22). All patients were working at
departments in synthetic fibre plants with
microbiological exposure from contami-
nated humidification systems or exposure
to small particles (<1 µm) of oil mist.
Results—At follow up patients with work
related asthma were less often symptom
free (37%, 7/19) than patients with hu-
midifier disease (I, II, III) (67%, 16/24).
Mean forced expiratory volume in one
second (FEV1) of patients with obstructive
impairment had been increased signifi-
cantly at follow up but still remained
below the predicted value. Mean forced
vital capacity (FVC) of patients with
initially restrictive impairment had re-
turned to normal values at follow up. Air-
way hyperresponsiveness at diagnosis
persisted in patients with obstructive
impairment (II+IV 14/17, but disappeared
in patients with humidifier fever (3/3) and
restrictive type of humidifier lung (2/2). In
patients with obstructive impairment
(II+IV), FVC and FEV1 at diagnosis were
negatively associated with the duration
between onset of symptoms and diagnosis
and the number of years of exposure.
Those with positive pre-employment his-
tory of respiratory disease had a lower
FEV1 at diagnosis. Sickness absence due to
respiratory symptoms decreased in all
groups of patients after removal from fur-
ther exposure, but this was most impres-
sive in patients with the humidifier lung
(II, III) and patients with work related
asthma (IV). At follow up 83% of the
patients were still at work at the same pro-
duction site, whereas 11% received a
disability pension because of respiratory
disease.
Conclusion—In patients with work related
respiratory disease caused by exposure
from contaminated humidification sys-
tems or oil mist, removal from further

exposure resulted in clinical improve-
ment, although, especially in those with
obstructive impairment, signs persisted.
Because of the possibility of transferring
patients to exposure-free departments
most patients could be kept at work.
(Occup Environ Med 1999;56:403–410)

Keywords: humidifier disease; work related asthma; fol-
low up

Between 1975 and 1990 the Occupational
Health Department of a large production site
with diVerent synthetic (nylon, polyester) fibre
plants was regularly faced with the occurrence
of work related respiratory symptoms in work-
ers of diVerent departments; although the
departments had some similarities. They were
characterised by microbiological exposure
caused by contaminated humidification sys-
tems or exposure to small sized particles (<1
µm) of oil mist, which mostly resulted from
heating and stretching the yarn after an oil
mixture had been applied.

The patients could be divided into diVerent
groups. Some workers had symptoms and signs
of inhalation fever (humidifier fever); in a small
group extrinsic allergic alveolitis or occupa-
tional asthma caused by humidifier antigens
(humidifier lung) was diagnosed. More pa-
tients had features of work related asthma. The
term work related asthma instead of occupa-
tional asthma for this group has been used
because it was not always clear if exposure had
functioned as an inciter or as an inducer.1

Moreover, in these patients the causal role of
contaminated humidification systems did not
become clear because specific skin tests, serol-
ogy, or specific inhalation challenges with
humidifier antigens had not been performed.

We have previously published the clinical
data of patients within this group with humidi-
fier disease,2 and data about lung function,
white blood cell counts, skin tests, and serology
in exposed workers.3 4

After diagnosing work related respiratory dis-
ease there is usually a need for taking remedial
action. Patients have to be removed from the
suspected exposure, and exposure conditions
have to change to prevent the occurrence of new
cases among the other exposed workers. Both
types of intervention were carried out and we
were interested in their eVects in the diVerent
groups of patients and other exposed workers.

In this paper we present follow up data of the
patients, both clinical (symptoms, and lung
function) and sociomedical (sickness absence,
disability, and employment status). To our
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knowledge this is the first follow up study
describing the full range of humidifier disease
occurring within one production site.

Methods
STUDY POPULATION

The patients were derived from a register of
workers with work related respiratory symp-
toms, kept up by the occupational health
department of the synthetic fibre production
site. Only patients were included who, when
they reported their symptoms, were working at
departments with contaminated humidifica-
tion systems or exposure to oil mist.

We divided the patients into two main
groups: (1) patients with established or most
likely humidifier disease (n=24 I, II, III); and
(2) patients with work related asthma (n=22
IV). Patients with humidifier disease were sub-
divided into: (I) a humidifier fever group
(n=12); (II) an obstructive humidifier lung
group (n=8); and (III) a restrictive humidifier
lung group (n=4). Inclusion criteria for the
humidifier disease group were:
x The reporting of work related respiratory

symptoms combined with feelings of general
illness (fever, myalgia) and >2000/mm3 in-
crease of white blood cell count, which is more
than the average diurnal change +3 SD, after
inhalation challenge by natural exposure at
work.5

x The reporting of work related respiratory
symptoms, and >20% decrease of peak flow, or
10% decrease of forced vital capacity (FVC), or
forced expiratory volume in one second (FEV1)
during workplace inhalation challenge com-
bined with positive skin tests and serology on
humidifier antigens.
x The reporting of work related respiratory

symptoms combined with restrictive lung
function, positive skin tests, and serology on
humidifier antigens.
x The reporting of work related respiratory

symptoms combined with a positive clinical
inhalation challenge with humidifier antigens.

Various patients fulfilled more than one of
the inclusion criteria.

Patients were classified into: (I) the humidi-
fier fever group when they had normal
spirometry values before workplace inhalation
challenge and reacted to challenge with an
increase of white blood cell count (>2000
mm3), with or without decrease of peak-flow
(>20%), or a decrease in FVC or FEV1

(>10%); (II) the obstructive humidifier lung
group when their prechallenge spirometry
values were already indicative of obstruction
(FEV1 <80% predicted, FEV1/FVC <70%pre-
dicted) and they reacted on challenge with a
greater decrease in FEV1 than FVC; (III) the
restrictive humidifier lung group when their
prechallenge spirometry values were already
indicative of restriction (both FVC and FEV1

<80% predicted and FEV1/FVC >70% pre-
dicted).

The second main group, with work related
asthma, (IV) consisted of 22 patients with work
related respiratory symptoms, however, not
associated with feelings of general illness. They
had no signs of restrictive lung function.

During workplace inhalation challenge in these
patients peak flow or spirometry have been fol-
lowed up, but not temperature and white blood
cell counts. There were no data on skin tests or
serology in the challenge period. This means
that in this group too there could have been
some patients with the obstructive type of
humidifier disease.

DATA GATHERING

From the medical records of the patients
present in the occupational health department,
the following data were derived:
x Data of pre-employment examination for

history of respiratory symptoms and atopic
symptoms
x Period between start of (work related) res-

piratory symptoms and intervention (lag time)
x The duration of the follow up period
x Smoking habits and spirometry data at the

moment of diagnosis
x Data on workplace inhalation challenge
x Data on skin tests, serology, and clinical

inhalation with humidifier antigens
x Data on skin tests with standard allergens
x Sickness absence (calendar days × 100/

365) due to respiratory symptoms in the period
between the first reporting of (work related)
respiratory symptoms and intervention and in
the follow up period after intervention
xWorking situation at the time of follow up.
Patients who were still at work at the time of

follow up were invited for a follow up
investigation consisting of filling in a modified
Dutch version of the British MRC standard-
ised questionnaire, spirometry, and assessing
airway responsiveness by a histamine challenge
test according to a modified version of the De
Vries protocol.6 The histamine threshold was
defined as the concentration at which the sub-
ject would have experienced or has experienced
a fall in FEV1 of>20%. For some patients who
had left the plant at the moment of the follow
up investigation, data on spirometry after
intervention were derived from their medical
records.

STATISTICAL ANALYSIS

Spirometry results were expressed as percent-
age predicted. Changes in spirometry at follow
up compared with data at the moment of diag-
nosis were tested by paired Student’s t test. In
the patient groups II and IV (obstructive
airways) the relation with spirometry at diagno-
sis and spirometry changes at follow up of the
variables pre-employment history, atopy, lag
time, and duration of exposure were tested
both by univariate (unpaired Student’s t test,
analysis of variance (ANOVA)) and in a multi-
variate lineair regression model. For this analy-
sis lag time and duration of exposure were cat-
egorised into three subclasses:

Lag time: <6 months, 7–24 months, > 24
months.

Duration of exposure (y):< 1 y, 2–5 y,> 5 y.
In the multivariate linear regression model

the classification smoking (smokers, non-
smokers) was also included. DiVerences in
nominative data were tested by ÷2 test. Analyses
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were performed with SAS (statistical analysis
system version 6.09).

Results
Table 1 summarises some characteristics of the
patient groups. All patients with humidifier fever
worked at a relatively new department which
explains their low mean age.

Most patients within the work related asthma
group and the humidifier lung subgroup with an
obstructive defect were smokers. By contrast, all
patients with humidifier lung and a restrictive
defect were non-smokers. Both patient groups
(II and IV) with the obstructive type disease had
the highest prevalence of history or signs of
atopy and positive pre-employment history of
respiratory problems.

Years of employment corresponded with
years of exposure to oil mist but it is not certain
if this was also the case with duration of expo-
sure to humidifier antigen. The period between
the start of symptoms and the intervention was
shortest in the humidifier fever group with a
relatively small range, especially compared with
the two groups of patients with obstructive air-
way disease. The medical records showed that

the first signal of work relateness in the
humidifier fever group was mostly presented at
the free consultation hour, whereas work
relateness in the other groups of patients was
usually suspected because of sickness absence.

Data on the workplace inhalation challenge
in the patients are only given in summary here.
In those with humidifier disease, an increase
(>2000/mm3) of white blood cell count proved
to be the most sensitive variable with a positive
reaction in 86% of the patients. Patients with
the restrictive type of humidifier lung did not
react with a significant decrease in spirometry
during one working week, but showed gradual
improvement after a longer period free from
exposure.

In the patients with work related asthma
workplace inhalation challenge was performed
in all but one. The reaction in 14 patients was
considered as positive because they showed a
peak flow decrease >20% or a decrease in FEV1

>10% during a challenge week. In four patients
the reaction was less clear and in three patients
no significant decrease of peak flow or FEV1

was found during a challenge day or challenge
week. This means that these seven patients

Table 1 Characteristics of synthetic fibre plant workers with humidifier disease and work related asthma 1975–90

Humidifier disease

IV Work
related asthmaI Humidifier fever

Humidifier lung

II Obstructive defect III Restrictive defect

Patients (n) 12 8 4 (1 /) 22 (2 /)
Age (range) 29.8 (22–44) 40 (20–53) 45.3 (39–49) 32.2 (21–55)
Smokers (%) 5 (42) 6 (75) 0 15 (68)
Non-smokers (%) 7 (58) 2 (25) 4 (100) 7 (32)
History or signs of atopy (%) 1 (8) 5 (62.5) 0 7 (44)*
Pre-employment history of respiratory

problems (%) 1 (8) 3 (37.5) 0 8 (36)
Years of employment at humidifier

department (range) 4.2 (0.25–10) 5.1 (0.25–10) 5.8 (2–11) 5.5 (0.25–26)
Period between start of symptoms and

intervention (range, months) 5.5 (1–15) 15.3 (1–72) 9.3 (3–17) 27.9 (0.5–84)
Follow up period after intervention

(range, y) 3.6 (2.0–4.5) 6.4 (1–13) 4.5 (2.5–6) 4.8 (0.5–10)†
First signal:

Sickness absence 3 5 2 12
Free consultation 8 3 1 8
Referral (general practitioner,
clinician) 1 1 2

*No atopy data for six patients.
†n=19.

Table 2 Follow up data after intervention in workers of synthetic fibre plants with humidifier disease and work related
asthma, 1975–90

Humidifier disease

IV Work related
asthmaI Humidifier fever

Humidifier lung

II Obstructive defect III Restrictive defect

Patients (n) 12 8 4 22
Symptom free 8 5 3 7†
Daily medication 0 3 1 8
FVC % predicted (SD):

At diagnosis 99 (11.9) 91.1 (15.0)* 77.8 (16.5)** 95.7 (13.2)
At follow up 99 (16.4) 106.7 (15.2)‡ 103.3 (8.0) 96.0 (13.8)†

FEV1 % predicted (SD):
At diagnosis 96 (95) 71.4 (13.0)** 75.3 (16.1)* 78.1 (16.1)*
At follow up 98 (16.6) 86.7 (13.2)‡ 99.7 (3.1) 83.5 (19.8)†

Working situation at follow up:
Same department 2 1
Transferred 10 4 3 18
Disabled 4 1 2
Resigned 1

*p<0.05; **p<0.01.
†Follow up data in 19 patients.
‡Follow up spirometry in seven patients.
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belonged to the work related asthma group
only because of their reporting of work related
respiratory symptoms.

Follow up data are presented in table 2.
Most patients with humidifier disease (I, II,

III) were free of respiratory symptoms at follow
up (67% 16/24) whereas in the group with
work related asthma (IV) this was only the case

in 37% (7/19) of the patients (p<0.05). At fol-
low up, patients with an obstructive defect
(II+IV) more often reported (p<0.05) needing
daily medication than did patients with hu-
midifier fever and the restrictive type of
humidifier lung (I+III) (11/27 v 1/16). In both
workers with humidifier lung and work related
asthma spirometry showed better results at fol-
low up than at diagnosis by contrast with the
workers with humidifier fever who had normal
values both at diagnosis and follow up.

The mean FVC and FEV1 of patients with a
restrictive defect was not diVerent from the
predicted value at follow up. Although in both
groups of patients with an obstructive defect
mean FEV1 at follow up was significantly
higher than at diagnosis it still remained below
the predicted value. Sickness absence due to
respiratory symptoms sharply declined after
intervention in the workers with humidifier
lung and work related asthma (figure). Sickness
absence due to respiratory symptoms before
intervention was already low in the humidifier
fever group but it also declined, although less
strikingly.

At follow up 83% of the patients were still at
work. Most patients had been transferred to
another department. Two patients with hu-
midifier fever returned to their original depart-
ment after modification of the humidification

Sickness absence due to respiratory symptoms (% of
calender days) in the period between first reporting of (work
related) respiratory symptoms and intervention and in the
follow up period after intervention.
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Table 3 FVC% predicted and FEV1% predicted at diagnosis and ÄFVC% predicted and ÄFEV1% predicted at follow up
after removal from exposure in workers with obstructive type of humidifier disease (II) and work related asthma (IV)

Diagnosis Follow-up

FVC% predicted
(SD)

FEV1% predicted
(SD)

_FVC% predicted
(SD)

_FEV1% predicted
(SD)

Pre-employment history of respiratory disease:
Negative (n=19) 98.6 (12.4) 80.6 (17.3) 2.5 (17.9)(n=15) 6.6 (16.1)
Positive (n=11) 90.2 (16.3) 71.9 (15.6) 7.9 (8.5) 10.5 (8.0)

History or signs of atopy:†
Negative (n=10) 96.9 (16.5) 75.4 (20.0) 0.7 (17.5) 4.6 (13.0)
Positive (n=14) 92.1 (14.1) 73.8 (14.2) 10.4 (16.1) 11.9 (12.5)

Lag time (months):
<6 (n=9) 94.2 (14.5) 77.4 (16.5) 11.4 (16.1)(n=8) 13.8 (11.0)
7–24 (n=10) 104.7 (10.4)* 85.3 (17.5) 2.6 (15.8) 9.9 (13.3)
>24 (n=11) 88.3 (13.5) 70.3 (14.9) −0.4 (12.0) 2.7 (13.6)

Duration of exposure (y):
<1 (n=13) 93.4 (13.9) 77.0 (15.1) 3.7 (16.8) 9.2 (15.3)
2–5 (n=7) 103.1 (11.2) 85.3 (19.1) 0.0 (3.5)(n=5) 4.0 (7.0)
>5 (n=10) 93.1 (16.1) 72.5 (17.5) 9.4 (15.4)(n=8) 9.3 (13.2)

*p<0.05.

†No atopy classification in six patients.
Lag time=time between start of symptoms and diagnosis.

Table 4 Adjusted regression coeYcients (SEM) for FVC% predicted and FEV1% predicted at diagnosis and ÄFVC%
predicted and ÄFEV1% predicted in patients (n=24) with the obstructive type of humidifier disease (II) and work related
asthma (IV)

Diagnosis Follow up

FVC% predicted
(SD)

FEV1% perdicted
(SD)

_FVC% perdicted
(SD)

_FEV1% perdicted
(SD)

Pre-employment history of
respiratory disease −4.046 (4.110) −16.353 (6.174)* 1.069 (6.998) 2.608 (7.087)

History or signs of atopy −2.174 (3.976) −0.651 (6.034) 8.284 (7.046) 3.702 (7.135)
Lag time (months)
<6 3.514 (4.644) 3.354 (7.201) 12.618 (7.293) 9.174 (7.385)
7–24 21.718 (4.792)* 25.018 (6.710)* −1.264 (10.082) 7.824 (10.210)
>24 0.0 0.0 0.0 0.0

Duration of exposure (y):
<1 −4.832 (4.104) 12.232 (7.415) −7.989 (7.378) −5.231 (7.472)
2–5 15.920 (5.240)* 40.286 (9.204)* −13.794 (9.993) −7.573 (10.120)
>5 0.0 0.0 0.0 0.0

Smoking 4.251 (5.575) −19.161 (5.562) −5.067 (10.027) −5.098 (10.154)

*p<0.05.
Lag time=time between start of symptoms and diagnosis.
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system. One patient with work related asthma
stayed at his department.

At the time of the follow up seven patients
received a disability pension and did not work
(table 2); in five of them (11% 5/46) the work
related lung disease was the main cause of dis-
ability.

Within patient groups II and IV (obstructive
patients) the association between spirometry at
diagnosis and the change at follow up and sev-
eral patient characteristics was analysed by
both univariate (table 3) and multivariate
(table 4) analyses. The univariate analyses
showed a significant association between classi-
fication of lag time and FVC% predicted at
diagnosis (table 3). This was confirmed in the
multiple linear regression analysis which could
be performed with the data of 24 patients. This
analysis also showed significant associations
between a positive pre-employment history of
respiratory disease, classification of lag time,
years of exposure, and FEV1 % predicted at
diagnosis (table 4). Although patients with a
lag time>24 months and>5 years of exposure
had the lowest FVC and FEV1, their spirometry
was most diVerent from those with a lag time of
7–24 months and 2–5 years of exposure, but
the diVerence with patients with less lag time
and number of exposure years was not signifi-
cant.

Both in univariate and multivariate analyses
there were no significant associations between
changes in FVC and changes in FEV1 and the
various characteristics of the patients. Analysis
performed with only the data of patients with
work related asthma (IV) showed the same
results.

In most patients airway responsiveness was
tested at diagnosis. However, we did not have
the opportunity to retest all those patients
again at the follow up (table 5).

Increased airway responsiveness (histamine
threshold <32 mg/ml) at diagnosis occurred in
only 27% (3/11) of the tested patients with
humidifier fever, but in 87.5% (7/8) of group II
and 89% (16/18) of group IV with diagnosed
obstructive disease. Also two out of three
patients with a restrictive defect tested had
increased airway responsiveness. All three

patients with humidifier fever who had in-
creased airway responsiveness at diagnosis
showed improvement at follow up to the
normal value (>32 mg/ml). In one patient with
humidifier fever and normal responsiveness at
diagnosis, the histamine threshold was lower at
follow up.

The two patients with a restrictive defect
who were hyperresponsive at diagnosis, had a
normal threshold at follow up. In the patients
with obstructive airway disease (II+IV) both
improvement and worsening of responsiveness
was noticed at follow up. However, most of the
retested patients (15/17, 88%) were still hyper-
responsive (table 5). There were no differences
in changes of hyperresponsiveness when pa-
tients with a positive pre-employment respira-
tory history were compared with patients with
a negative history or when patients with atopic
signs or symptoms were compared with
patients who were not atopic. Two out of the
seven patients within the work related asthma
group, who reported at follow up that they were
free of respiratory symptoms, showed a clear
increase in airway responsiveness.

Discussion
In this study we wanted to investigate follow up
after intervention in patients with work related
respiratory disease working at diVerent syn-
thetic fibre plants with contaminated humidifi-
cation systems and exposure to oil mist.

As outcome variables we distinguished clini-
cal symptoms (spirometry, airway responsive-
ness) and sociomedical symptoms (sickness
absence, disability, and working situation).

Removal from further exposure was the first
measure in all but one patient after establishing
diagnosis.

Because remedial actions took place to clean
the humidifier systems after an outbreak of
humidifier disease some patients could have
returned to their original workplace. Only in
two patients in the humidifier fever group had
this occurred. Most patients were transferred
to another department, sometimes within the
same plant.

Generally speaking, the follow up data show
an encouraging picture: disappearance of

Table 5 Airway responsiveness in workers of synthetic fibre plants with humidifier disease and work related asthma,
1975–90 at diagnosis and at follow up after removal from further exposure

Humidifier disease

IV Work related
asthma (n=22)

I Humidifier
fever (n=12)

Humidifier lung

II Obstructive
defect (n=8)

III Restrictive
defect (n=4)

Patients tested (n):
At diagnosis 111 8 3 18
At follow up 9 3 2 14

At diagnosis :
Histamine threshold <32 mg/ml 3 7 2 16

At follow up :
Histamine threshold ↑ 3 1 2 4
Histamine threshold ↓ 1 2 4
Histamine threshold ≡ 5 6
Histamine threshold <32 mg/ml 1 2 13

Follow up in patients with histamine threshold <32 mg/ml at diagnosis:
Histamine threshold ↑ 3 1 2 4
Histamine threshold ↓ 2 5
Histamine threshold ≡ 0 4
Histamine threshold<32mg/ml 2 12
No data 4 3

Synthetic fibre workers, humidifier disease, and work related asthma 407
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respiratory symptoms, improvement of spiro-
metry, decrease of sickness absence, and most
(83%) of the patients were still at work. How-
ever, between the patient groups and within the
group with obstructive impairment (II+IV) the
data were diVerent. Therefore we discuss
results of the diVerent patient groups in detail
separately.

HUMIDIFIER FEVER

Preintervention and postintervention data in
this study confirm the mild character of
humidifier fever. There was no diVerence
between spirometry at diagnosis and at follow
up. This is not surprising because normal
spirometry is one of the diagnostic criteria of
humidifier fever and diVerentiates it from
humidifier lung.7 In the humidifier fever group,
compared with the other patient groups,
sickness absence due to respiratory symptoms
before intervention was lower, the period
between the start of symptoms and diagnosis
was the shortest, and the first sign was mostly
reported in the free consultation hour.

Probably the rather acute presentation of
humidifier fever with clearly work related phe-
nomena is easily recognised by both the worker
and the occupational physician. All three
patients with humidifier fever who had hyper-
responsive airways at diagnosis had a normal
reaction at follow up. This is in accordance
with findings after exposure to toxic organic
dust8 9 and could be explained by reversible
inflammation caused by inhalation of
endotoxins.10 However, signs of airway inflam-
matory reaction have also been shown in work-
ers without hyperresponsiveness exposed to
organic dust.11

HUMIDIFIER LUNG

The four patients with a restrictive defect, a
sign of allergic alveolitis, also presented a more
favourable outcome at follow up than the eight
patients with an obstructive defect. Spirometry
returned to normal whereas mean FEV1 of the
obstructive group remained well below the
predicted value. Two patients with a restrictive
defect who had increased airway responsive-
ness at diagnosis (histamine threshold 4
mg/ml) had normal values (>32 mg/ml) at fol-
low up. Airway hyperresponsiveness is a
common finding in patients in the acute phase
of farmers’ lung.12 13 At testing a few months
later Mönkäre et al12 found that in most of their
cases there was no response to histamine as in
our two patients.

Unfortunately data on responsiveness were
available only in three out of eight patients of
the obstructive group at follow up. In two of
them responsiveness worsened, and in one it
improved to a normal value (>32 mg/ml). It
might be expected that because of the lower
FEV1 in other patients of this group increased
responsiveness would have been present at fol-
low up.

Follow up studies in patients with farmers’
lung or pigeon lung showed recovery of lung
function despite continued exposure.14–16 How-
ever, Mönkäre and Haahtela16 found that 65%
of the patients with farmers’ lung still had res-

piratory symptoms after 5 years of follow up,
especially in those who remained hyperrespon-
sive. Also Du Wayne Schmidt et al17 concluded
that long term exposure to pigeon antigens will
result in accelerated decline in pulmonary
function in symptomatic people.

Duration of exposure has been found to have
a predictive value on the prognosis of avian
hypersensitivity pneumonitis.18 Because we are
not sure if years of employment at the depart-
ments with humidifier antigen correspond to
years of exposure to antigen, we did not have
the opportunity to study this possible prognos-
tic factor.

Kokkarinen et al14 suggested that patients
who have had an episode of farmers’ lung have
an increased risk of developing subsequent
asthma. Their asthmatic patients did not have
asthma at the time of diagnosis of farmers’
lung, by contrast with our patients who already
had an asthmatic response at diagnosis and
were therefore considered as having occupa-
tional asthma as in the study of Burge et al.19

However, in at least three of them an asthmatic
response was accompanied by systemic reac-
tions (increase of body temperature or white
blood cell count) at workplace inhalation chal-
lenge.

Because the mean period between the start
of symptoms and diagnosis in the obstructive
group was >1 year, it is possible that they have
gradually developed asthma after they had
started having an alveolar response.

The disease pattern in our patients with
humidifier disease emphasises the statement of
Rose and King20 that hypersensitivity pneumo-
nitis is not a single uniform disease but a com-
plex syndrome characterised by a variable
clinical presentation and natural history.

WORK RELATED ASTHMA

All patients of this group reported work related
dyspnoea, and peak flow or spirometric record-
ing at work were suggestive of an asthmatic
response in at least 64% of them (18% border-
line positive, 14% negative response). How-
ever, from studying medical records and inter-
viewing patients at follow up, diVerentiation
between occupational asthma or work aggra-
vated asthma21 was not always possible. Those
who did not have a pre-employment history of
respiratory disease such as asthma or bronchi-
tis obviously can be classified as having
occupational asthma.

A history of asthma, however, does not
exclude the diagnosis of occupational asthma.22

The exposure which caused the work related
respiratory symptoms in this group could not
be clearly established because we did not have
data on skin tests, serology, or specific
challenges. Both oil mist23 and humidifier anti-
gens are possible causal agents.

The clinical follow up data of the work
related asthma group (IV) and to a lesser extent
of the patients with obstructive type of humidi-
fier lung were in accordance with the less
favourable prognosis which has been found in
diVerent studies of patients with occupational
asthma.24
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Only a few patients with work related asthma
(IV) were symptom free, spirometry was
improved but still showed signs of obstruction,
and airway hyperresponsiveness persisted in
most of the patients. Eight patients required
daily medication at follow up.

Long duration of exposure and long duration
of symptoms before diagnosis are determinants
of a less favourable prognosis.24

In our analysis of data from the patients with
an obstructive impairment (II+IV) we found an
association between these variables and the lev-
els of FVC and FEV1 at diagnosis, but not of
changes in FVC and FEV1 at follow up.
However, although the patients within the
categories with the longest lag time and duration
of exposure had the lowest mean level of FEV
and FEV1, they diVered most from patients
belonging to the middle group of lag time and
duration of exposure, and less from those in the
group with the shortest period. This might point
to separate clinical manifestations within the
group of patients with obstructive airway
disease, a fast developing type of work related
asthma versus an insidious one. The fast type is
expected to be more reversible. However,
although patients from the group with the
shortest lag time showed most increase of FEV1

at follow up their diVerence from the other lag
time groups was not significant.

Patients with a pre-employment history of
respiratory disease had a significantly lower
FEV1 at diagnosis. This subgroup may contain
patients with work aggravated asthma who
would be expected to show more increase in
FEV1 at follow up after intervention because of
the supposed, more reversible character of their
obstructive impairment. Indeed their changes in
FEV1 and FVC were greater but the diVerences
from patients with no pre-employment history
were not significant (table 3).

Airway responsiveness did not improve more
in those with no pre-employment history than in
those who did. It was also found that airway
hyperresponsiveness persisted at follow up in
cases of toluene di-isocyanate asthma,25 red
cedar asthma,26 asthma at a snowcrab processing
factory,27 and potroom asthma.28 Therefore per-
sistence of hyperresponsiveness does not allow
diVerentiation between work aggravated asthma
and occupational asthma. Even our finding of
worsening airway responsiveness in two patients
without respiratory symptoms at follow up is not
unusual.25 Paggiaro et al25 suggested that persist-
ence of airway hyperresponsiveness long after
the end of exposure might be due to mecha-
nisms other than inflammation.

To study the eVect of removal from further
exposure we should ideally have made a
comparison with follow up data from patients
who remained exposed or patients with asthma
working in an exposure free department. How-
ever, we think that despite the lack of these data
we can conclude that the intervention was suc-
cessful. Spirometry of patients with work
related asthma who remain exposed is not
likely to improve.24

WORKING SITUATION

Despite the less favourable clinical situation of
the patients with asthmatic signs (II+IV) at fol-
low up most (77%) were still at work, all but
one in another department. Their sickness
absence due to respiratory symptoms had
greatly decreased. At large production sites
with more plants there are normally more
opportunities to transfer patients to another
department. This might be the most likely
explanation for the better tertiary prevention
results than those of Venables et al.29

Transferring to another department, as
occurred in our study, did not result in loss of
income, whereas in the study of Gannon et al,
income in those who became “disabled” by
asthma was reduced by more than 30%.30

In The Netherlands, workers at small facto-
ries are at greater risk in becoming unemployed
because of disability, which can only partly be
explained by worse working conditions.31

Recent changes in the Dutch social security
system, which places greater financial responsi-
bility on the employer in cases of sickness
absence of their workers, will obviously dimin-
ish the chance of workers with asthma finding a
new job.

At follow up seven patients (15%) received a
disability pension. In two of them it was
because of musculoskeletal disease and in the
other five (11%) their respiratory disease was
considered to be the cause of disability.
However, as has already been suggested in
other studies,32 33 it remains questionable
whether it was the seriousness of the impair-
ment in their lung function that has prevented
them from returning to work.

SECONDARY PREVENTION

In all but four patients the first sign of work
related disease was noticed during consulta-
tions with the occupational physician. At the
departments where the patients came from,
workers did not undergo periodic lung exami-
nations. After two outbreaks of humidifier dis-
ease cross sectional studies were performed
before remedial actions were taken. Although
significant diVerences were found between
exposed and non-exposed workers for different
variables,3 4 no new patients meeting the
diagnostic criteria of humidifier disease were
found.

It seems logical to expect that periodic
screening procedures, as recommended by oth-
ers, will recognise patients as early as
possible.34 35 Screening procedures (frequency,
instruments) have to be adapted to the natural
history of the work related lung disease, which
may be diVerent between various agents of
occupational asthma.36 Also there may be delays
in reporting illness because workers might wait
until the next periodic examination instead of
visiting the physician during the consultation
hour. Moreover predictive value of the screen-
ings tests—such as questionnaires37 and
spirometry38 39—or immunological tests40 are
less satisfactory, or even too low to be used.

Therefore, possibly with the exception of
patients in the work related asthma group with
a long lag time and low FEV1 at diagnosis, it is

Synthetic fibre workers, humidifier disease, and work related asthma 409

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.56.6.403 on 1 June 1999. D

ow
nloaded from

 

http://oem.bmj.com/


unlikely that our patients would have benefited
from periodic screening.

Conclusion
Follow up in patients with work related
respiratory symptoms after removal from
further exposure in departments with contami-
nated humidification systems and oil mists
showed a better clinical outcome in patients
with humidifier fever and humidifier lung,
characterised by restrictive impairment, than in
patients with humidifier lung characterised by
obstructive impairment and patients with work
related asthma.

Patients with work related respiratory dis-
ease may stay at work, have less sickness
absence, and become less disabled by their res-
piratory disease when there is an opportunity
for them to transfer to an exposure free depart-
ment.

There is a need to evaluate the eVectiveness
of secondary preventive activities in occupa-
tional health.

It still has to be investigated whether clear
(periodic) information given to the workers
about possible risks at work, a readily accessi-
ble consultation hour, and prompt action if
sickness absence due to respiratory disease is
repeated lead to more eVective secondary pre-
vention of work related respiratory disease than
screening procedures.

We are indebted to Peter Hol, Franko de WolV, Tiny de Boer,
Jildou Pal, and Jan Coenraads for their assistence in gathering
and analysing the data and performing the follow up investiga-
tion in the patients.
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