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Humidifier-associated extrinsic allergic aiveolitis
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ASSENDELFT, A. VAN, FORSEN, K.-O., KESKINEN, H. and ALANKO, K. Humid­
ifer-associated extrinsic allergic alveolitis. Scand. j. work environ. & health 5 (1979)
35-41. Three cases of allergic alveolitis due to indoor humdification systems are
described. Thermoactinomyces vulgaris precipitins were detected in the serum of
a 37-year-old female patient who had typical febrile attacks during exposure to
cool-mist from a home humidifier. When the cause was detected and eliminated, the
symptoms and signs disappeared and the woman's gas transfer factor improved
from 56 % to normal within six months. In a printing office a 60-year-old woman
had had febrile attacks with cough for more than a year. The patient herself
associated the respiratory disease with a cool-mist humidifier sometimes used at
work. The water reservoir was heavily contaminated with amoebas (Amoeba pro­
teus), which might have been the causative organisms in this case. Aspergillus
fumigatus precipitins were found in the serum of a 53-year-old female printer with
the clinical picture of occupational allergic alveolitis. The same organism was
detected in the ambient air of the printing office.

Key words: allergic alveolitis, cool-mist humidifiers, humidifiers, Thermoactinomyces
vulgaris, Aspergillus fumigatus, Amoeba proteus.

Immunologic responses to inhaled organic
dust vary. Usually an immediate asthmatic
reaction (type I) develops, but occasionally
immunocomplex-related allergic alveolitis
(type III) is seen. Farmer's lung, a granu­
lomatous pneumonitis for which precipitat­
ing antibodies can be shown against ther­
mophilic actinomycetes in the serum of the
patient, is a typical example of the latter
(15).
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Many causative organisms can be found
in dusts containing molds, spores and bac­
teria. Sensitization to these organisms usu­
ally occurs when a person works under
dusty conditions, but it is also possible for
allergic alveolitis, e.g., bird fancier's lung,
to develop at home (18). Recently hyper­
sensitivity pneumonitis related to air-con­
ditioning or humidification systems has
been reported in several studies (table 1).
The cases presented in our report reveal
a similar phenomenon.

In such cases profound knowledge of
both the clinical features involved and the
existence of adequate exposure are essen­
tial for diagnosis. Also immunologic and
physiological examinations are helpful. Fi­
nally, if other measures have been ineffec­
tive, a provocation of the clinical symp­
toms by controlled exposure challenge can
be considered.
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Table 1. Previously reported cases of extrinsic allergic alveolitis caused by contaminated air-con-
ditioning systems and humidifiers.

Time from
Number Probable beginning of

Author of causal agent exposure to Precipitins
cases development

of illness

Pestalozzi 14 Mold fungi ? Not taken
(16) Micropolyspora

Banaszak et a1. 4 Micropolyspora ? Against an extract of
(2) faeni the specific thermophilic

organism cultured from
the air-conditioning
system + moldy hay

Weiss and 1 Thermophilic About 3 Against one of the
Soleymani (23) actinomyocetes months thermophilic fungi

Fink et a1. 1 Micropolyspora ? Against a saline extract
(4) faeni of the thermophilic acti-

nomycetes cultured from
the water of the
humidifier

Sweet et a1. 1 Thermophilic Less than Against a 10 Ofo w/v
(21) actinomyocetes 6 months saline extract of the

organism isolated from
the furnace humidifier

Tourville et a1. 1 Thermoactinomyces ? Against an extract of the
(22) vulgaris involved Thermoactino-

myces vulgaris isolated
from the humidifier

Keller et a1. 5 Thermophilic ? In one case against an
(10) actinomyocetes extract of the water

from the humidifier of
another patient

Hodges et a1. 1 ? ? Against the water of the
(7) humidifier

Marinkovich 1 Micropolyspora ? Against Micropolyspora
and Hill (13) faeni faeni and mold extract

Pickering et a1. 9 Mold fungi 5 months In eight cases against
(17) to 3 years the baffle plate "jelly"

and in six cases against
Thermoactinomyces
viride

Miller et a1. 1 ? 4 weeks Against the central
(14) humidifier water

Burke et a1. (3) 2 Thermoactinomyces 1-2 years Against both thermo-
vulgaris philic actinomyces cul-
Thermoactinomyces tured from the water of
candidus the humidifier in one

case and against the
undiluted humidifier
water in the other

CASE HISTORIES

Case 1

A 37-year-old nonatopic gymnastic teacher
with no previous diseases became ill on 22
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January 1976 after returning from a holi­
day in the Canarian Islands. The symp­
toms were chills, headache, and malaise.
Her temperature rose to 40°C in the night
and returned to normal during the day.
The symptoms repeated themselves during



the next few nights and were connected
with an irritating cough with some yellow­
ish sputum and dyspnea. Because the
symptoms continued despite tetracycline
and amoxicillin therapy, she was admitted
to the Mjolbolsta Hospital on 2 February
1976.

A physical examination on admission
showed a tired patient who, in two weeks,
had lost 4 kg. She had a dry irritating
cough, her expiration was wheezy, and
crepitant rales were present at both lung
bases. Her temperature was 37.5°C. The
fever and the other symptoms disappeared
after a couple of days in the hospital. The
fever during the hospital stay and before
admission can be seen in fig. 1.

A chest radiograph showed bilateral, dif­
fuse nodular interstitial infiltration. The
erythrocyte sedimentation rate (ESR) was
26 mm/h, the hemoglobin concentration
138 gil, and leucocytes 18.4 . 103/mm3 with
80 % neutrophils. No eosinophilia was
present. Sputum cultures revealed no
pathogenic bacteria. Blood cultures were
negative. Virus antibodies were not de­
tected. Hypergammaglobulinemia was not
present. The total amount of the immuno­
globulin IgE was normal, and no IgE anti­
bodies were found that were specific to
house dust. The Waaler-Rose and latex
fixation tests were normal.

Pulmonary function tests showed
changes which suit an interstitial lung
disease; i.e., a slightly subnormal vital ca­
.pacity (3.29 I or 82 0J0 of the predicted
value); slight arterial hypoxemia, which
became worse with exertion (p02 from 67
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to 59 mm Hg); and a clearly diminished
transfer factor (13.2 ml CO/min per mm Hg,
which is 56 0J0 of the predicted value).

Since the patient developed the symp­
toms during the weekends when she was
permitted to leave the hospital (fig. 1.), we
began to suspect extrinsic allergic alveoli­
tis caused by a domestic factor. A careful
inquiry revealed that in October of 1975
the patient had begun to use a poorly
cleaned cool-mist atomizer type of humidi­
fier in her bedroom. Before this time the
humidifier had been stored in a shed for
two years. During the autum the patient
had felt inexplicably tired. This fatigue
continued, in spite of her holiday after the
New Year, and culminated in the afore­
mentioned symptoms. In the water of the
humidifier, and in a film which covered
the inside of it, there were large amounts
of many different types of fungi, some
acinebacter, and a few bacteria of the
bacillus family.

After the humidifier was cleaned with
disinfectant, no symptoms were detected.
But after some days, during which the
humidifier was not used, the symptoms
reappeared. With the same humidifier the
clinical symptoms were provoked in the
hospital 8 h after the beginning of the ex­
posure challenge.

Precipitins against Thermoactinomyces
vulgaris were found in the patient's serum,
but none appeared against Aspergillus
fumigatus or Micropolyspora faeni. A cuta­
neous test with Aspergillus fumigatus was
also negative.

EXPOSURE CHALLENGE
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Fig. 1. Case 1: Fever curve and
changes in the erythrocyte sedi­
mentation rate (ESR) recorded
for a 37-year-old patient during
her stay at a hospital and inter­
vening intervals at home. The
period marked with an x was
immediately preceded by an
attempt to clean the humidi­
fier.
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The patient's history and the results of
the investigations are consistent with a
diagnosis of extrinsic allergic alveolitis
caused by thermophilic actinomycetes
which had spread into the air from the
contaminated humidifier. The patient
replaced the humidifier with one of the
steaming type, and she has remained with­
out symptoms ever since. Her ESR de­
creased to 4 mm/h, and her blood values
and partial oxygen pressure (p02) became
normal. In two months her carbon mon­
oxide diffusing capacity rose from 56 to
78 % of the predicted value, and after six
months it was normal.

Case 2

A 60-year-old female bookbinder with no
history of allergy had been in the same
profession for 30 years and had been em­
ployed by the same enterprise for 11 years.
During the last 1.5 years she had intermit­
tently had a fever of up to 39°C. It rose
fast, usually in the evening after she re­
turned home from work, and disappeared
by morning. Cough was the only symp­
tom connected with the fever. The patient
associated the symptoms with a humidifier
which was sometimes used at her place of
work. The symptoms came only after
days when the humidifier was on. It was
a cool-mist atomizer type of humidifier.
Its rotating blade and other upper parts
were covered with a dry film. In addition
the water in the reservoir was slimy, and
a microscopic investigation revealed a lot
of vigorously moving amoebas 1-5/1, in
diameter. They were identified as probable
Amoeba proteus at the Parasitology Labo­
ratory of the Aurora Hospital, Helsinki.

The patient had leucocytosis, her ESR
had risen to 43 mm/h, and her chest radio­
graph showed slight interstitial infiltration
in both lungs. Spirometry was normal.
Amoeba antibodies were negative. Farm­
er's lung antibodies were not taken.
The patient's symptoms vanished after the
practice of cleaning the humidifier with a
4 % formalin solution was initiated.

Case 3

Case 3 was a 53-year-old female printer
who had a 3- to 4-year history of allergic
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rhinitis during the springtime, for which
she had received specific hyposensibiliza­
tion treatment with good effect. She had
had a bird at home for the past 10 years.
She had worked as a printer for the same
employer since 1973. Two years ago she
began to run a fever, about 39°C, in the
afternoon of some workdays. During the
last year dyspnea was also connected with
the fever as was also muscle pain and poor
appetite. On her first workday after her
summer vacation in 1978, during which
she had been without symptoms at home,
she ran a high fever and experienced se­
vere dyspnea in the afternoon. Crepitant
rales were heard, and she was sent for
investigation.

The patient came to the hospital straight
from her job. Except for the crepitant
rales, her physical status was normal. Her
spirometric values were also normal, but
her transfer factor was 67 % of the pre­
dicted value. After a week in the hospital
the rales were no longer present and· her
transfer factor was within normal limits.
Histamine did not cause bronchial hyper­
reactivity. Skin tests with common al­
lergens administered with the prick
method showed several positive pollen
reactions, which were already known. The
intracutaneous tests with molds gave sev­
eral positive immediate reactions, e.g., in
the case of Aspergillus fumigatus, Clados­
porus, Fusarium, Penicillium; but no de­
layed reactions with molds were seen.

The work environment of the patient
was investigated. To keep the ambient air
at the optimal humidity, an atomizing
humidifier was located about 2 m from the
patient. Mold cultures were taken from
the air of the office, and a rich growth of
Aspergillus fumigatus was seen. Other
moLds (Mucor, Penicillium, Cladosporium)
and bacterial growth (Streptococcus non­
hemolyticus, Faecalis alcaligenes and Chi­
nobacter) were found in the slime of the
atomizer. No amoebas were found.

Once the patient had recovered, a work­
place provocotion test was made in which
her physical status, temperature, peak ex­
piratory flow values, and leucocyte and
eosinophil cell counts were followed for
2 d. During the first test day the patient's
temperature began to rise after 6 hand
was highest after 8 h. No rales were heard.
Her temperature was normal the next



morning. During the second day she did
not have a fever, but crepitant rales were
heard. There were no changes in her
transfer factor. The radiological examina­
tion continuously revealed normal results.

Precipitant antigens to Aspergillus fu­
migatus were found in the serum of the
patient; the avian precipitins were positive
also. The patient's history indicated that
an occupational etiology for the allergic
alveolitis was more probable than bird
fancier's disease. In any case, she was re­
quested to give her bird away.

After the humidifier in the printing of­
fice was cleaned, the patient returned to
work, but again she got a fever on the first
afternoon. She was given another job. It
will probably take time to get the molds
cleaned from the office.

HUMIDIFIERS

In Finland 14 manufacturers had a humid­
ifier on the market in 1976. In addition
there are different types for office and
factory use, the biggest of which are
completely automatic air-conditioning sys­
tems that heat, cool, clean, humidify and
dry according to need.

The humidifiers now in use work accord­
ing to one of three principles: (a) evapora­
tion, (b) cool-mist atomizing, and (c) steam­
ing. In evaporation humidifiers the water
is lifted on a filter or carpet, from which
it is spread into the air by a screw. In
this way the water is cleaned of dust, lime,
etc. However, the filter gets dirty and
must be changed regularly. Evaporators
have been connected to heat elements in
an effort to make them more effective.
With cool-mist atomizers the water is sep­
arated into drops by a dispersing cylinder
or is mixed into the air with a centrifugal
machine.

All the humidifiers to which extrinsic
allergic alveolitis has been associated thus
far have been of the first two types. In
hot water, alveolitis causing agents do not
grow (8), but, especially, di- and poly­
saccharide-soiled evaporation and atomiz­
ing apparatus form good culture media
for them (for instance, in printing facto­
ries) (9, 17). Apparatus not in use for some

time are especially dangerous (9, 16), as
our case 1 indicates. In standing water
the causative agents multiply better; the
warmth of the motor even gives them a
more physiological climate than normal
indoor air - the optimal temperature for
thermophilic actinomycetes being 45­
55°C (20). Once the mold spores start to
multiply, not even a thorough cleaning
with a disinfectant is necessarily enough,
as was true in our case 1; instead the
apparatus must be sterilized in an auto­
clave befoz:e it can be used again (16). It
is extremely important to clean humidi­
fiers, for instance, with a 4 Ufo formalin
solution, weekly (9) and change the filters
often enough to avoid the dangers of con­
tamination so that mold spores, bacteria
or other organisms present or the occur­
rence of extrinsic allergic alveolitis will
not cause a worsening of bronchial asth­
ma (8) or result in bacterial infections,
even fatal pseudomonas pneumonia, which
has appeared in hospitals (6, 12). If the
manufacturers provide effective directions
for cleaning their product and these direc­
tions are strictly followed, all currently
available humidifiers should be safe
enough for use.

DISCUSSION

Thermoactinomyces vulgaris and Micro­
polyspora faeni are the most common
humidifier organisms to induce extrinsic
allergic alveolitis (table 1) (1). In our first
case there were precipitating antibodies
against Thermoactinomyces vulgaris and
in case 3 against Aspergillus fumigatus.
Moreover the clinical symptoms always
developed at a time when exposure to
these microorganisms was probable. In
such cases the diagnosis can be considered
definite without the symptoms being pro­
voked with the antigen concerned.

In the second case the etiologic agent
remained unproved. In the literature such
reactions have been connected with
amoebas (9, 24), as was ours, or mold fungi
(17). In addition cross-reactions have been
found between mold fungi and actinomyces
antigens (5). Also thermotolerant bacteria
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(11) and endotoxins may, because of indi­
rect complement activation (19), be etio­
logic factors in the development of ex­
trinsic allergic alveolitis or a similar
febrile reaction.

In differential diagnostics, extrinsic al­
lergic alveolitis should be kept in mind in
all cases of recurrent fever, bronchitis and
pneumonia, and also in cases of pulmonary
fibrosis of unknown origin.

Before a diagnosis is made, and in acute
cases, steroids can be used therapeutically
to obtain a more rapid improvement in
lung function (2, 4, 21).

The extrinsic allergic alveolitis caused
by contaminated air-conditioning and
humidification systems develops in four
weeks to three years (table 1). In our case
1 the latency period from the beginning of
exposure to the onset of symptoms was
three to four months. The speed of devel­
opment probably depends, at least partial­
ly, on the degree of exposure.

If the diagnosis is made and exposure
is eliminated, prognosis is good. Lung func­
tion usually returns to normal in some
days to a few weeks in acute cases (2, 4,
16) and in some months (2, 14, 21) to two
years (13) in more chronic ones, such as
our case 1. In the acute phase the disease
can nevertheless be nearly fatal (13).
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