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Abstract

Background. A mesothelioma cluster in Biancavilla (Sicily, Italy), drew attention to fluo-
ro-edenite, a fibre classified by International Agency for Research on Cancer as carcino-
genic to humans. Significant excesses in mortality and morbidity were observed for respi- diseases
ratory diseases and a significant excess of pneumoconiosis hospitalizations was reported.
Objective. Aim of this study is to assess the characters of the lung damage in Biancavilla
residents hospitalized with pneumoconiosis or asbestosis diagnoses.

Methodology. Medical records, available radiographs and computed tomography scans
were collected. The obtained imaging was reviewed by a panel of three specialists and
focused on pleural and parenchymal abnormalities. Cases with an ILO-BIT or ICOERD
score equal or greater than 2 were considered positive for a pneumoconiosis-like dam-
age, cases with a score lower than 2 or insufficient quality of imaging were considered
inconclusive. If no pneumoconiotic aspects were present the cases were classified as
negative.

Results. Out of 38 cases, diagnostic imaging for 25 cases were found. Ten cases out of 25
showed asbestosis-like features, nine subjects were considered negative. In six patients’
results were inconclusive.

Conclusions. Asbestosis-like features were substantiated in Biancavilla residents with-
out known occupational exposure to asbestos. Further studies to estimate population
respiratory health are required. Experimental studies on the fibrogenic potential of flu-
oro-edenite are needed.
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INTRODUCTION

A cluster of deaths from pleural malignant tumour
was reported in Biancavilla (Sicily, Italy), 23,052 in-
habitants, a municipality similar to the others scat-
tered at the slopes of Etna Volcano with large areas
occupied by orange and lemon trees [1, 2]. No in-
dustrial facilities are present, with the exception of a
huge quarry were rocks containing a material similar

to tuff was operating for several decades. This mate-
rial was largely used in the local building industry and
for road paving. No particular occupational exposures
(direct or indirect) to asbestos have been reported
either in Biancavilla or in the other Etnean munici-
palities. More specifically, no ascertained occupational
exposure to asbestos was detected among the cases of
mesothelioma interviewed by the investigators of the
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Sicilian Mesothelioma Register in their permanent on-
going routine survey.

The researchers’ attention thus focused on a quarry
material containing a previously unknown amphibole,
identified as fluoro-edenite [3] and considered it to be
related to the disease [4]. Experimental studies in vivo
and in vitro [5-7] confirmed the fibre be able to induce
mesotheliomas. The International Agency for Research
on Cancer (IARC), on the basis of the mesothelioma
incidence data in Biancavilla [8] and the aforemen-
tioned experimental data, classified fluoro-edenite as
carcinogenic to humans (Group 1, sufficient evidence
of carcinogenicity in humans) [9].

Epidemiological studies on the resident population
carried out in order to detect the other diseases possibly
related with exposure to the fluoro-edenite fibres [10]
found out an excess of mortality from chronic obstruc-
tive pulmonary diseases.

Statistically significant excesses in mortality and mor-
bidity were observed for respiratory diseases both in
men and women [11], and a significant excess of hospi-
talization due to pneumoconiosis was reported [12-14].

Pleural plaques and lung parenchymal lesions were
detected in 43 construction workers, all men, ex-
posed to fluoro-edenite in Biancavilla. Pleural bilateral
plaques were detected in 39 subjects out of 43, fibrosis
was present in seven workers and a restrictive ventila-
tory defect in two subjects [15].

A retrospective cross-sectional study in inhabitants of
Biancavilla exposed to fluoro-edenite, compared with a
population living and working at least 30 km away from
Biancavilla was performed, to assess the occurrence
and the prevalence of pleural plaques. High-Resolution
Computed Tomography (HRCT) chest scans carried
out in Biancavilla municipality hospital site (exposed
subjects) were compared with HRCT chest scans car-
ried out in a hospital 30 km away from Biancavilla. The
relative risk (RR) for pleural plaques in the “exposed”
population was 6.74 CI 95% (4.47-9.58). Lung paren-
chymal abnormalities were observed in 11% of exposed
group (fibrosis = 8%) »s 1% in the unexposed subjects
(fibrosis = 0.5%) [16].

The aim of the present study was to assess the dis-
tinguishing characters of pleural and/or parenchymal
damage, in resident in Biancavilla subjects, hospital-
ized and diagnosed with “pneumoconioses” in any part
of the hospital discharge form, since pneumoconiotic
diseases are unexpected in non-occupationally exposed
populations.

MATERIALS AND METHODS

The present study comprises the series of residents
in Biancavilla hospitalized since January 2006 to De-
cember 2013 in the Sicilian Region and diagnosed with
“pneumoconioses or other lung diseases due to external
agents” (500-508 codes, 9th revision of International
Statistical Classification of Diseases, ICD) in any part
of the hospital discharge form.

Medical records were searched for, and the available
radiographs and Computed Tomography (CT) scans
were collected. If available, additional personal infor-
mation on patients was collected through family doc-

tors. Unfortunately, lung function tests were not avail-
able for a revision because of technical issues (faded
thermal paper).

The obtained imaging was reviewed by a panel of
three specialists (two skilled radiologists and one epide-
miologist and occupational physician) and focused on
pleural and parenchymal abnormalities. The panel was
unaware of diagnoses reported in the personal records.

The International Labour Office-Bureau Internation-
al du Travail (ILO-BIT) [17] criteria for the radiographs
and the International Classification of HRCT for Oc-
cupational and Environmental Respiratory Diseases
(ICOERD) [18] for CT scans were utilized.

We classified the results in a semi-quantitative ap-
proach considering positive for a parenchymal pneumo-
coniosis-like damage cases with an ILO-BIT or ICO-
ERD score equal or greater than 2. Cases with score
lower than 2 or with insufficient quality of imaging were
classified as “doubtful cases”. If no pneumoconiotic
aspects were present or no parenchymal damage was
found, the cases were classified as negative.

The study was performed in accordance with the
Declaration of Helsinki of the World Medical Associa-
tion [19] and the name and all birth/personal data were
anonymised and each subject had a code assignment.

RESULTS

Thirty-eight patients were hospitalized in the ob-
served period. One infant with aspiration pneumonia
was excluded from the case series. Out of the 37 re-
maining patients, medical charts were recovered for 34
subjects (21 men and 13 women), aged between 42 to
88 (Figure 1).

The main cause of hospitalization was related to re-
spiratory diseases in 26 patients, one being affected
by mesothelioma, 12 recovered for asbestosis, one for
silicosis, and two for unspecified pneumoconioses. One
patient was hospitalized for ICD code 506 (respiratory
conditions due to chemical fumes and vapours) and two
of them for ICD code 507 (pneumonitis due to solids
and liquids). Including the secondary diagnoses, asbes-
tosis was reported in a total of 25 cases, pneumoconio-
sis due to silica and other silicates (silicosis) in three
cases, and unspecified pneumoconiosis in two cases.
Other main causes related to respiratory disease were
pleuritis (one case), acute respiratory failure (three
cases), and other respiratory abnormalities (two cases).

In 12 cases (6 men and 6 women) no diagnostic im-
aging were obtained, average age was 73.8 in men and
68.7 in women. Little information was found on previ-
ous occupations in two men (a quarryman and a house
painter) in this group.

Diagnostic imaging to be examined by the panel were
available for 25 cases (19 men and 6 women). Chest Rx
were found for 10 subjects and CT scans for 19 patients
(all but four have been subjected to both examinations).

In all subjects, pleural plaques were found, most of
them (22 out 25) were calcified. All available images
pointed to a diagnosis of asbestosis-like disease with
diffuse and bilateral pleural plaques, very rare in silico-
sis. Subjects included in the study with a diagnosis of
“aspiration pneumonia” also presented pleural plaques.
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Hospital Discharge Regional Database

l

38 patients
with “Pneumoconioses or other
lung disease due to external agents”in any
part of hospital discharge form
(ICD IX Rev 500-508)

|

37 patients
Search for medical charts in 10 hospitals
and pneumological departments

1 subject excluded
(aspiration -
pneumonia in child)

Medical charts
unavailable -
for 3 patients

Imaging not available 34 patients
for review - with medical charts
in 12 patients
25 patients
eligible for review of the available imaging
Results
Figure 1

Selection of cases eligible for imaging review, flow chart.

Ten cases out of 25 showed asbestosis-like parenchy-
mal features, nine subjects presenting lung alterations
not related to pneumoconiosis or not presenting paren-
chymal damage were considered negative for imaging
results. In further six patients imaging results were in-
conclusive because of insufficient quality or character-
istics of imaging (Table 1).

In Table 2 cases with parenchymal features sugges-
tive for asbestosis-like pneumoconiosis with ICOER
or ILO-BIT score equal or greater than were itemized.
Average age was 63.1 (66.1 in men and 50 in women).

The negative cases were six men and three women:
in four people no parenchymal damage was found (two
men and two women); one man and one woman pre-
sented a CT suggesting old tuberculosis scar; two men
were affected by mild emphysema and one man pre-
sented increased broncho-vascular markings and hy-
perlucency of lung middle zones. Average age was 57.6
(55.2 in men and 62.3 in women) (Table 3).

Asbestosis-like
parenchymal features imaging results parenchymal features

Cases presenting some features of pneumoconiotic
damages but imaging characteristics insufficient for a
definition of asbestosis-like pneumoconiosis were item-
ized in Table 4. Average age was 66.3 (64.4 in men).

DISCUSSION

In asbestos exposed workers the occurrence of asbes-
tosis is related to an intense exposure (at least 25/fi-
bres/mL/year) [20] with very few case studies reporting
parenchymal fibrosis of the lung due to environmental
exposure to asbestos [21, 22].

In Italy hospital discharge records are classified ac-
cording to the International Statistical Classification of
Diseases, 9th revision [23] and pleural plaques were not
included as an item like in the 10th revision [24].

It is for that reason that we considered the possibility
that pneumoconioses and asbestosis codes were utilised
to encode merely pleural plaques or other pleural altera-
tions commonly found in population environmentally
exposed to asbestos [25-27] or other natural fibres [21,
22, 28]. Furthermore, we did not exclude other diseases,
e.g., “inhalation pneumonia”, that could be misclassified
in other similar codes. For these reasons we decide to in-
clude in the analysis all the residents in Biancavilla, hos-
pitalized in Sicily diagnosed with any disease included in
“pneumoconioses or other lung diseases due to external
agents” in any part of the hospital discharge form.

The Sicilian protocol about surveillance on asbestos
exposed and former exposed subjects [29] provides
chest radiographs as first level diagnostic exams, in ac-
cordance with the procedures of the ILO-BIT for the
pneumoconiosis established by an international team
[17] and updated by the Helsinki criteria update in
2014 [18]. Most of our recovered cases had undergone
further medical examinations and were submitted to
CT scan of the chest.

Chest radiographs were available in few cases, but
with sufficient technical quality, except one case having
only the postero-anterior projection, not sufficient for
the ILO-BIT criteria for a pneumoconiosis diagnosis.

In our study most of CT scans presented a sufficient
quality for the ICOERD criteria for imaging reading
for pneumoconiosis. Reliability of the ICOERD pro-
posed international classification of HRCT for occupa-
tional and environmental respiratory diseases had been
tested, and evaluation of CT scans intra reader concor-
dance had been investigated [30, 31]. Concordance be-
tween ILO-BIT criteria readings of radiographs and the
results of CT scan readings by ICOERD criteria had
been investigated [31, 32].

The goal of the present investigation was to evaluate if
features of the imaging were coherent with a pneumo-

Negative Uncertain or complex

;::::s with available diagnostic imaging, period of observation 2006-2013
Patients n Monolateral Bilateral
pleural plaques pleural plaques
Men 19 2 17
Women 6 2 4

All 25 4 21

8 6 5
2 3 1
10 9 6
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Table 2

Patients with asbestosis-like parenchymal findings, period of observation 2006-2013

PatientlD Age Rx CTscan Parenchymalfeatures

Other information of interest

Men

3 80 X Bilateral ground glass opacities

6 73 X X Bilateral ground glass opacities; large opacities Farmer

11 74 X Bilateral ground glass opacities; honeycombing Former farmer

14 76 X Bilateral small opacities; profusion 2 Farmer

17 62 X Linear bilateral interlobular opacities Office worker

24 61 X X Left lung atelectasis parenchimal inhomogeneus attenuation  Retired post office employee.
with both irregular and rounded small opacities. Fibrotic bands ~ Heavy smoker. Hospitalized for
in lower lung zones. A large opacity in the left lung. Vicarious aspiration pneumonia
emphysema of right lung and mediastinal shift

26 55 X Fibrotic bands in lower lung zones. Large opacity of the left Farmer
lung. Emphysema of right lung

32 50 X X Interlobular bilateral linear opacities; parenchimal House painter
inhomogeneus attenuation; bilateral ground glass opacities of
lower lung zones

Women

30 53 X Bilateral ground glass opacities

34 47 X Bilateral ground glass opacities

Table 3

Patients without asbestosis-like parenchymal findings, period of observation 2006-2013

Patient Age Rx CT Parenchymalfeatures

Monolateral Bilateral pleural Pleural

ID scan pleural plaques plaques calcifications

Men

18 64 X Mild emphysema X

19 66 X CT suggesting old healed tuberculosis X X

23 61 X No parenchymal damage X X

25 55 X Mild emphysema X X

33 42 X Increased broncho-vascular markings and X X
hyperlucency of lung middle zones

37 43 X No parenchymal damage X

Women

16 69 No parenchymal damage X

20 65 X CT suggesting old healed tuberculosis

29 53 X No parenchymal damage X X

coniosis similar to asbestosis, so we were interested in a
qualitative evaluation following the ILO-BIT and ICO-
ERD criteria and we categorised the results of the panel
reading in a simplified classification (pneumoconiotic
features, not pneumoconiotic features and uncertain
damages).

Our results underline that all the subjects reviewed,
presented pleural plaques and this could be the main
reason because code 501 (asbestosis) or 505 (pneumo-
coniosis) of 9th revision of ICD were utilized. However,
ten subjects out of 25 showed imaging features similar to
the asbestosis ones and in further six people presented
insufficient but suggestive parenchymal abnormalities.

This appears to indicate that fluoro-edenite fibres in-
halation can cause a pneumoconiotic disease similar to
asbestosis.

Environmental exposures to asbestos and asbesti-
form fibres are, in general, considered not sufficient to
cause pneumoconiosis even though several studies [27,
33-36] have reported the occurrence of lung fibrosis or
pneumoconiosis in environmental contexts.

Occupational exposure to fibres in some cases might
have been relevant, e.g., those related to earthmoving
jobs in construction sites and in farming [37, 38]. In
other cases (e.g., civil servants and housewives) envi-
ronmental exposure circumstances should be hypoth-
esized. Some similar-asbestosic patterns, furthermore,
were observed in female patients in the total absence of
conventional asbestos exposures.

The points of strength have already been introduced:
a multidisciplinary study group, encompassing clini-
cians, epidemiologists, and public health professionals,
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Table 4
Patients with asbestosis-like parenchymal findings not sufficient for a diagnosis, period of observation 2006-2013
Patient Age Rx CT Parenchymal features Monolateral Bilateral Pleural Other
ID scan pleural pleural calcifications information of
plaques plaques interest

Men

8 73 X Bilateral parenchimal inhomogeneus X X Smoker
attenuation not sufficient quality of CT
scan

15 74 X Available previous CT not related with X X Former farmer
hospitalization. Second CT not available
with a detailed report in medical records

22 68 X X Rx series in one single projection. CT not X
available parenchymal thickening and
undetermined pulmonary fibrosis

27 59 X Suggesting ground glass opacities.
Obesity not sufficient quality of CT scan

35 48 X Available CT not related with X X Heavy smoker
hospitalization. Second available CT Former
without parenchymal window. Right policeman
lung parenchymal opacity suggesting
rounded atelectasis

Woman

10 76 X Rounded opacities right lung X X

parenchymal opacity in lower lung
zone. Indicative CT imaging of not
sufficient quality

has had the opportunity to exhaustively explore the
case-series of Biancavilla patients affected by pleural
plaques and pulmonary fibrosis, isolating a group of
them characterized by environmental exposure to fluo-
ro-edenite in the absence of asbestos exposure.

This observation supports the notion of fluoro-ede-
nite's fibrogenicity for residents in the area at study.

Three main limitations require to be mentioned as
well. The study, for feasibility aspects, could not include
a proper reference population, the information on en-
vironmental and occupational (or para-occupational)
exposure to fluoro-edenite or other risk factors and
confounding factors was unavoidably heterogeneous,
and the low number of study subjects determined an
overall low statistical power of the study. Notwith-
standing these limitations, though, the study detected
in Biancavilla a cluster of cases of a lung fibrosis simi-
lar to asbestosis, in addition to several cases of pleural
plaques.

Fluoro-edenite capacity to induce fibrosis or pneu-
moconiosis was not specifically investigated and these
results suggest the need of in vivo and in vitro experi-
mental studies.

Regarding public health issues, further efforts are
required to investigate respiratory conditions in Bian-
cavilla residents through systematic prospective studies
and examining in depth individual ways of exposure.

Even if recognizing the need for a continuing pro-
cess of health surveillance and epidemiological moni-
toring in Biancavilla, the study findings can since now
actively contribute to priority setting in environmen-
tal remediation, as extensively discussed in the WHO
report “Urban redevelopment in contaminated sites”

[39] that includes a case study on Biancavilla, an area
recognized since 2001 as National Priority Contami-
nated Site. The major effort supported by both Na-
tional and Sicilian Regional Governments in order to
reduce airborne fibre level is justified in light of both
the well-recognized mesothelioma risk in this commu-
nity and the emerging risk of environmental fibrosis
and pneumoconiosis. The promotion of experimental,
clinical, and epidemiological studies, together with
the advancement of environmental clean-up, will also
contribute to the most needed development of envi-
ronmental health literacy and consequent resilience in
the community.

CONCLUSIONS

In our clinical records, in addition to bilateral calci-
fied pleural plaques, asbestosis-like parenchymal fea-
tures were observed in patients’ residents in Biancavil-
la town and without known occupational exposure to
asbestos. These findings underline the requirement of
further studies on the resident population to estimate
their respiratory health, identify possibility of pneumo-
coniosis cases and the prevalence of pleural plaques
and parenchymal impairment. The fibrogenic potential
of fluoro-edenite fibres have to be tested by specific ex-
perimental studies.
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