
Eur Respir J 1998; 11: 259–262
DOI: 10.1183/09031936.98.11020259
Printed in UK - all rights reserved

Copyright ©ERS Journals Ltd 1998
European Respiratory Journal

ISSN 0903 - 1936

EDITORIAL

A novel cause for bronchiolitis obliterans organizing pneumonia: 
exposure to paint aerosols in textile workshops

Ph. Camus*, B. Nemery**

In this issue of the Journal, ROMERO et al. [1] describe 14
patients with severe organizing pneumonia (OP), which
resulted from occupational exposure to aerosolized paint
in the textile industry in Spain. This spectacular and highly
unusual outbreak of occupational lung disease, of which
six workers died, took place in the spring of 1992 in the
region of Alcoi in the Autonomous Community of Valen-
cia [2]. This highlights the possible emergence of novel
lung diseases from inhalation of toxic substances in the
industrial setting, and points to an additional aetiological
context for bronchiolitis obliterans organizing pneumonia
(BOOP), apart from many other causes for this clinical-
pathological entity [3–5].

The outbreak of paint-related OP: 
the "Ardystil syndrome"

Historically, the first international alert on paint-induc-
ed BOOP appeared in 1993 from WICKMAN [6], the then cor-
respondent for the British Medical Journal in Spain.
According to that report, lung donors were needed to pro-
vide transplants for over 10 workers poisoned by paint
fumes in Valencian factories [6]. Most cases had occurred
in the Ardystil plant in Alcoy, Spain, hence the name for
the disease: the Ardystil syndrome. That same year, six of
the patients with paint-induced BOOP were briefly report-
ed on by SANZ and PRAT [7], who hypothesized that chan-ges
in the formulation of dyes used in the composition of the
paint may be causative. The whole series of cases ap-
peared in a now classic paper by MOYA et al. [2], who
described an epidemiological investigation conducted in a
workforce of 257 persons, mostly young people. Seventy
one of these 257 patients had respiratory symptoms, and
22 were defined as having OP on the basis of radiolo-
gy and histopathology. The overall attack rate was 8.9%
(range 3.6–27.1%). After 1 yr, 59 workers (83%) had reco-
vered or were stable, while 12 had deteriorated, of whom
six died of uncontrollable OP [2]. Poor hygiene standards
were noted in the factories, with a dense mist of paint
present in the workshops. The time from first exposure to

the paint to onset of pulmonary problems could be as short
as 1 month [2]. Inquiry and legal investigation suggested
that the outbreak was linked to a change in the paint for-
mulation. Indeed, Acramin FWR powder was changed to
the liquid Acramin FWN. The change had taken place in
1991, and was almost entirely restricted to the two facto-
ries where workers fell ill. Of note, textile air spraying had
been carried out earlier with various paints in different
factories, with no adverse effects.

Shortly after the Spanish episode, a similar, though small-
er (five cases; one death), and less well-documented out-
break developed in Algeria [8]. Although no histology of
the lung was available in any of the latter cases, the dis-
ease closely resembled that described by MOYA et al. [2].
Importantly, the Algerian workers (mostly women), had
used the same paint preparation, applied in a similar fash-
ion, with an aerograph air gun. The paint had been supp-
lied by a Spanish salesperson, and was also thought to be
Acramin FWN [8].

Recent outbreaks of gas-, fume- and mist-induced 
lung disease

Acute exposure to industrial airborne agents has long
been linked to the development of a variety of respiratory
problems. Examples of such agents include chlorine, phos-
gene, oxides of nitrogen, sulphur dioxide, ammonia, hydro-
gen sulphide, fumes from welding or of heated metals  and
fire smoke [9–17]. Immediately upon, or within hours
after, exposure, the inhalation of gases or fumes can lead
to chest discomfort with or without pulmonary oedema [9,
13]. While, in most instances, no long-term sequelae are
observed following intoxication, obliterative bronchiolitis
with obstruction to airflow, the reactive airway dysfunc-
tion syndrome, bronchiectasis, emphysema, or fibrosis may
occasionally ensue [13, 18–22].

In addition to the patients described by MOYA et al. [2]
and ROMERO et al. [1]; other recent and unexpected out-
breaks of lung disease have been reported following expo-
sure to inhaled domestic, or occupational agents:
1) An epidemic concerned the inhalation of domestic
sprays, with transient, and sometimes severe, pulmonary
infiltrates or oedema [23, 24]. Interestingly, most of these
cases were reported after the reformulation of sprays,
which was required to eliminate 1,1,1-trichloroethane (an
ozone-depleting agent), in order to comply with the 1990
amendment to the Clean Air Act [25]. When the toxicity
of the newer formulation was examined after the epidemic
[26], it was found to be considerably more toxic than the

*Service de Pneumologie et de Réanimation Respiratoire, and Labora-
tory of Pulmonary Pharmacology and Toxicology, CHU and Université
de Bourgogne, Dijon, France. **K.U. Leuven, Laboratorium voor Pneu-
mologie, Leuven, Belgium.

Correspondence: P. Camus, Service de Pneumologie et de Réanimation
Respiratorie and Laboratory of Pulmonary Pharmacology and Toxicol-
ogy, CHU and Université de Bourgogne, Box 1542, 21034 Dijon,
France. Fax: 00 33 380293625.

B. Nemery is holder of "Dr P. Tuytens Leerstoel in Toxicologie".



260 Ph. CAMUS, B. NEMERY

earlier preparation. Common to several of the human cases,
there was an apparent disregard of the manufacturer's warn-
ing printed on the spray can, as most patients had vapori-
zed the spray in tiny, cramped and poorly ventilated rooms,
or were smoking at the same time [24]. Since the disease
was self-limited and no biopsies were taken, it is unclear
whether the infiltrates represented pulmonary oedema, in-
terstitial lung disease, the BOOP/OP complex, or any com-
bination thereof.
2) An outbreak of desquamative interstitial pneumonitis
has been reported on in five out of 88 patients employed
in a textile plant [27]. The prognosis was good, and there
were no deaths. Although there was exposure to several
agents, including dyes and glues, the authors speculated
that the disease resulted from exposure to the aflatoxin-
producing mold Fusarium sp. [27]. However, this could
not be substantiated, because another outbreak developed
in a similar factory in Rhode Island, where evidence for
chronic diffuse interstitial lung disease was found in seven
out of 165 workers in the nylon flocking industry [28].
There were only modest concentrations of fungal spores
in the air [28]. Of the seven index cases, five had nonspe-
cific interstitial pneumonitis, one had BOOP and one had
eosinophilic pneumonia [28]. The outbreak was linked to
inhalation of nylon fibres, and the disease was given the
name "flock-workers lung" [28].

Very few cases of authentic BOOP have been related
to airborne agents, and single massive exposure to NO2,
chlorine, cocaine and, perhaps, cadmium emerge as possi-
ble causes in experimental animals [29, 30] and humans
[19, 31], respectively. One case of BOOP has been repor-
ted following inhalation of a dust cloud from Penicillium
janthillenum, that covered mouldy orange juice [32]. The
patient made a full recovery.

A spontaneous outbreak of self-limited OP with asso-
ciated cholestasis has been reported on in the UK and,
although no aetiological agent was identified, the seasonal
nature of the illness suggested the involvement of an in-
haled agent [33].

The patients described by ROMERO et al. [1] clearly differ
from those mentioned above, because: the lung disease
was consistently organizing pneumonia; there was associ-
ated nose bleeding; it developed after prolonged exposure
to the fumes (9.1±3.5 months on average); the prognosis
was variable; and a sizable fraction of patients developed
chronic lung fibrosis [1, 34].

Regarding the latter aspect, the cases described by
ROMERO et al. [1] resemble severe BOOP cases [4, 35], as
reported in the context of rheumatoid arthritis [36], poly-
myositis [37], scleroderma [38] or following exposure to
such drugs as penicillamine [38] or nitrofurantoin [37].
The lack of response to steroids or cyclophosphamide in
these cases, as well as in some of those described by ROMERO

et al. [1] is intriguing, and contrasts with classic BOOP
[3–5, 39].

Research into the causal mechanism(s) in relation to 
the Ardystil syndrome

The Acramin F system is a three-component, water-bas-
ed printing mixture manufactured by Bayer AG (Germany).
Acramin F has been extensively used for dying textiles
since the early 1950s, with no respiratory or other adverse
effect. It is usually applied with a brush or sponge, or in

screen printing. However, in the Spanish factories, the
Acramin-containing paint was sprayed with air guns. This
generated high levels of a respirable aerosol in the air of
cramped workshops and, as mentioned by several authors
[2, 6], the hygiene conditions were poor.

Although the epidemiological evidence linking the dis-
ease in humans to the air-spraying of a mixture of Acra-
min FWN and a solvent was strong from the beginning,
it must be pointed out that no experimental evidence or
explanation was available at that time [2]. As a consequ-
ence, the outbreak of pulmonary toxicity was totally un-
expected.

Acramin FWN is a polyamide-amine which, like most
polymers, has a very low acute oral and inhalational toxi-
city, with rat median lethal dose (LD50) >2,000 mg·kg
body weight-1, and median lethal concentration (LC50) (4
h) >2,149 mg·m-3. In rabbits, Acramin FWN is not irritat-
ing to the eyes or skin (Material Safety Data Sheet and
data on file from the manufacturer). The other Acramin
species, Acramin FWR, is a polyurea, which has also de-
monstrated very low oral and dermal toxicity and no irri-
tant potential in appropriate assays (Manufacturer's data).
However, none of the compounds that are part of the
Acra-min F family were ever intended to be air-sprayed
and, thus, they were not supposed to be present in aerosol
form in any workplace. Accordingly, no toxicological data
had been obtained as regards their possible airway or lung
paren-chymal toxicity via inhalation. Had they been
asked, we believe that most toxicologists would probably
have concluded that, since polyureas and polyamide-
amines are    inert polymers, the likelihood of toxicity
from exposure to Acramins should be low.

Results of recent animal experiments have, however,
shown that this is not true. Intratracheal instillation of a
single dose of Acramin FWR or FWN resulted in a mar-
ked and surprising degree of lung damage in hamsters
[40]. An inhalation toxicity study of respirable aerosol of
Acramin FWR or FWN in rats (concentrations of 50 or
250 mg·m-3 × 6 h·day-1, 5 days·week-1 for two consecutive
weeks) led to substantial pulmonary damage and this was
ultimately followed by fibrosis of the lung [41]. It should
be noted that the concentrations examined in that study
are unlikely to be encountered in the workplace, where
total level of paint (of which Acramin is only a part) am-
ounted to 10 mg·m-3 in one factory [2]. The experimental
effects of concentrations likely to be found in the work-
place are currently unknown, and studies in that area are
clearly needed.

Subsequent in vitro experiments, using rat and human
alveolar macrophages, as well as primary cultures of type
II alveolar cells also indicated that Acramin compounds
are cytotoxic [42]. Although both the concentration and
mode of administration differed in these experimental stu-
dies, as compared to conditions in the factories, they give
support to the notion that Acramin-containing paints can
damage the lung. In no way, however, does it emerge from
either in vivo or in vitro studies that the more recently
introduced Acramin FWN exhibits higher toxicity than
Acramin FWR. In fact, the converse proved to be the case
in the subacute inhalation experiments [41]. It is conceiva-
ble that the change in formulation that accompanied the
substitution of FWR by FWN altered the aerosol proper-
ties of the paint, but this remains to be investigated. Other
avenues to be explored include the possible concomitant
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utilization of other agents such as cross-linking compo-
unds [7], but so far, there is no consistent evidence in fav-
our of this hypothesis. Although neuropsychological
effects were reported [43], which suggests exposure to ele-
vated levels of organic solvents, a pivotal role for solvents,
or their toxic thermal degradation products (e.g. phos-
gene), appears unlikely.

Conclusion

Many questions are raised by the outbreak described by
MOYA et al. [2] and ROMERO et al. [1]. The exact reactive
chemical species and mechanism(s) responsible for the dis-
ease are unclear. The precise sequence of events leading to
organizing pneumonia are unclear as well, in particular
whether organizing pneumonia was a de novo process, or
resulted from the late organization of pulmonary oedema,
as described following exposure to Cl2, NO2, or cadmium
fumes [17, 19, 29], is unknown. The lack of response to
steroids in some cases, as opposed to classic bronchiolitis
obliterans organizing pneumonia, is disturbing as well.

This outbreak also clearly points to the need to improve
the protection of workers exposed to mists of uncertain
toxicity or unproven inoccuity. Efforts should also be dir-
ected to the public, as some domestic sprays may prove
hazardous. In this connection, there is a need to test refor-
mulated sprays before their commercial release, as sug-
gested by recent epidemics of severe lung disease after
exposure to reformulated sprays [25, 26, 44], which ulti-
mately proved toxic when examined later in experimental
animals [26].

The Spanish outbreak [1] also reminds us, as pulmono-
logists, that novel respiratory diseases, and causes for them,
may emerge at any time. Typical examples of novel envi-
ronmentally-related illnesses include: the toxic oil synd-
rome [45]; the L-tryptophan syndrome [46]; more recently,
bronchiolitis obliterans caused by ingestion of the vege-
table food supplement Sauropus androgynus [47–49] or
by fumes from stoves [50, 51]; and pulmonary infiltrates
caused by the ingestion of medicinal herbs [52–54].

Accordingly, a careful clinical watch should be de rig-
ueur in pulmonology, a discipline in which newer infec-
tious [55, 56], drug-induced [57], idiopathic [58–61], and
environment/occupation-related diseases [1, 2, 27] may
unexpectedly increase at any given time. We are pleased
that the Journal is an arena where these novel diseases are
being described.
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