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RESEARCH ARTICLE

Prevalence of anti-nuclear autoantibodies in subjects exposed to natural
asbestiform fibers: a cross-sectional study
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ABSTRACT
Fluoro-edenite (FE) is an asbestiform mineral fiber spotted in the lava rocks excavated from a stone quarry
in Biancavilla (Italy). The derived material had been employed locally for building purposes. Previous stud-
ies found evidence that exposure to asbestos may induce autoimmunity, with frequency of anti-nuclear
autoantibodies (ANA). The aim of this study was to explore the relationship between FE exposure and
autoimmune responses in an exposed population. For the study, 60 subjects living in the area of
Biancavilla and 60 subjects as control group were randomly invited to participate. A free medical check,
including spirometry and a high-resolution computer tomography chest scan, was given to all participants.
ANA were determined by indirect immunofluorescence. On medical check, no subject showed any sign
and/or symptoms of illness. Prevalence for samples positive to ANA were 70% (n¼ 42) and 25% (n¼ 15),
respectively, for exposed and non-exposed subjects (p< 0.05). The presence of pleural plaques (PP) was
found in 21 (30%) of the exposed subjects and in 2 (3%) of the non-exposed participants. PP subjects
were always ANAs positive. In conclusion, as already it was observed with exposure to asbestos fibers,
levels of ANA seemed to significantly increase in subjects who had been exposed to FE. Furthermore, all
subjects showing PP were also ANA-positive. This first finding in subjects exposed to FE should encourage
researchers to further investigate associations between autoimmune unbalance and environmental expos-
ure to asbestiform fibers.

ARTICLE HISTORY
Received 11 September 2017
Revised 2 December 2017
Accepted 6 December 2017

KEYWORDS
Amphibole; autoimmune
disease; Biancavilla; fluoro-
edenite

Introduction

Natural asbestiform fibers are called “naturally occurring
asbestos” (NOA) as natural components of soils or rocks (Lee
et al. 2008; Wei et al. 2012; Abakay et al. 2016). The release of
NOA fibers into the air by human work activities or natural
weathering processes is a potential risk for the general popula-
tion. These fibers have been detected in various parts worldwide
(Sullivan 2007; Bayram et al. 2013; Abakay et al. 2016; Ledda,
Loreto, Bracci, et al. 2016) such as Greece, Turkey, Cyprus,
Corsica, New Caledonia, Afghanistan, Russia, Montana (USA)
and Italy (Paoletti et al. 2000; Comba et al. 2003; Sullivan 2007;
Bayram et al. 2013; Miozzi et al. 2016). In particular in Italy in
the 1990s, a significantly increased mortality rate from malignant
mesothelioma (MM) was reported in Biancavilla, a town on the
southwest slope of Mt. Etna in Italy, Sicily (Paoletti et al. 2000).

Environmental investigations have shown the presence of an
asbestiform mineral fiber, called fluoro-edenite (FE), in the lava
rocks excavated from a local stone quarry. The stone material
from the quarry had been employed locally for about 50 years for
houses and road construction (Paoletti et al. 2000; Comba et al.
2003; Ledda, Loreto, Bracci, et al. 2016). The quarry was shut

down in 1998 (Miozzi et al. 2016). FE (NaCa2Mg5[Si7Al]O22F2)
is a new mineral species recognized by the Commission on New
Minerals and Mineral Names (CNMMN; IMA: code 2000–049)
in 2001” (Gianfagna and Oberti 2001). FE fibers share size and
morphology similarities with certain amphibolic asbestos fibers
(including antophyllite, actinolite, and tremolite) (DeNardo et al.
2004; Ballan et al. 2014). Based upon in vitro, in vivo, and epi-
demiological studies (Soffritti et al. 2004; Martinez et al. 2006;
Loreto et al. 2008; Bernstein et al. 2013 Grosse et al. 2014). FE
has been classified as carcinogenic to humans by the
International Agency for Research on Cancer (IARC; Lyon,
France) (WHO 2015).

The relationship between exposure to asbestos and adverse
health effects has been extensively studied (Ledda, Loreto,
Matera, et al. 2016; Ledda, Loreto, Pomara, et al. 2016; Ledda,
Pomara, Bracci, et al. 2016). However, little has been established
with regard to FE-related diseases (Biggeri et al. 2004; Loreto
et al. 2009; Musumeci et al. 2010; Fazzo et al. 2012; Rapisarda,
Ledda, Migliore, et al. 2015; Rapisarda, Ledda, Ricceri et al. 2015;
Rapisarda et al. 2017; Ledda and Rapisarda 2016; Ledda,
Cocuzza, Salerno, et al. 2017; Ledda, Costa, Matera, et al. 2017)
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apart from epidemiological studies that have shown that these
fibers may cause MM (Comba et al. 2003; Fazzo et al. 2012),
pleural plaques (PP), and chronic obstructive lung disease
(Biggeri et al. 2004; Ledda, Loreto, Matera, et al. 2016; Ledda,
Loreto, Pomara, et al. 2016; Ledda and Rapisarda 2016;
Rapisarda, Ledda, Ricceri et al. 2015). It has been demonstrated
that exposure to asbestos determines unbalanced inflammatory
processes as an early response to inhaled fibers (Ledda, Loreto,
Pomara, et al. 2016, Ledda, Costa, Matera, et al. 2017; Sayan and
Mossman 2016). Historically, immune system cells have been
regarded as the main players in initiating acute or chronic
inflammation (Brown et al. 2005; Cooper et al. 2008; Pfau et al.
2014). However, recent studies have shown that epithelial cells of
the respiratory tract and mesothelial cells lining the body cavities
are capable of initiating inflammatory events after exposure
to pathogenic fibers in the absence of immune system cells
(Pfau et al. 2014).

Autoimmune diseases such as rheumatoid arthritis, multiple
sclerosis and systemic lupus erythematosus seem to be the prod-
uct of a complex, poorly understood interaction between envir-
onmental exposures and genetic predisposition (Galffy et al.
1999; Brown et al. 2005; Adachi et al. 2006; Gwinn 2011).
Autoantibodies may be markers of subclinical diseases (Del Papa
et al. 1992; Chizzolini et al. 2002). Epidemiological studies have
tried to detect autoantibodies in populations exposed to environ-
mental agents to spot a possible interaction between genes and
environment (Brown et al. 2005; Gwinn 2011). Previous studies
found evidence that exposure to asbestos may induce auto-
immunity, with high frequency and titers of anti-nuclear autoan-
tibodies (ANA), compared to a reference population (Pfau et al.
2005). The objective of this study was to explore the relationship
between FE exposure and autoimmune responses in an exposed
population.

Materials and methods

Ethical statement

The research protocol received the approval of Catania
University Hospital Ethics Committee (Catania, Italy). Informed
consent of all subjects was acquired before recruiting them in the
study.

Study population

A total of 60 subjects living in the area of Biancavilla (Sicily,
Italy) were randomly invited to participate in this study. In the
same period, 60 subjects living and working at least 40 km away
from the area of Biancavilla, were recruited as control group. All
subjects were chosen within the framework of periodic occupa-
tional surveillance and invited to take part in this study.
Inclusion criteria for exposed population were born during
1950–1980 and lived/still living in the Biancavilla municipality.
Exclusion criteria were a history of bronchopulmonary disease
(i.e. asthma, bronchopneumonia, or tuberculosis), systemic dis-
eases, previous asbestos exposure, and or not having been born
and/or lived/living in the municipality. A questionnaire was used
to obtain information about medical and occupational history,
use of medications, smoking and drinking habits, hobbies, etc.
Questions on tobacco consumption enabled participants to be
classified as current smokers, ex-smokers (those who had not
smoked for>1 year) and nonsmokers (those who had never
smoked). A free medical check, including spirometry and a

high-resolution computer tomography (HRCT) chest scan, was
given to all participants.

Pleural plaque assessment and spirometry

Subjects underwent HRCT total chest scanning using an Optima
CT 580W (GE Healthcare, Little Chalfont, CT) without contrast
medium. Radiologists also received specific training in the inter-
pretation of HRCT scans by experienced chest radiologists and
occupational physicians. Double reading (and triple reading in
case of disagreement) focused on benign asbestos-related abnor-
malities. PP were defined as circumscribed quadrangular eleva-
tions with sharp borders and density comparable to tissue, with/
without signs of calcification. Respiratory function tests were
conducted using a bell spirometer (Biomedin, Padova, Italy).
Equipment, calibration and maneuvers met American Thoracic
Society guidelines (ATS 2005). Forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV1), peak expiratory flow
(PEF), maximal expiratory flow rate at 25–75% of the vital cap-
acity (MEF25–75%), and total lung capacity (TLC) were measured
and expressed as a proportion of European Coal and Steel
Community reference values adjusted for individual characteris-
tics (age, weight, and height) recorded at the time of testing
(Miller et al. 2005).

Laboratory tests

Venous blood was collected in the morning (following overnight
fasting) to determine red blood cell (RBC) counts, hematocrit, and
hemoglobin levels, white blood cell (WBC) counts, erythrocyte
sedimentation rate, C-reactive protein levels, and liver enzyme
(aspartate and alanine aminotransferases) levels. Serum was iso-
lated from each sample and then the presence/levels of any ANA
were determined by indirect immunofluorescence (400� magnifi-
cation on a Nikon fluorescence microscope (city, NY), HEp2 cells
(BioRad, Hercules, CA), and serum samples diluted 1:80. Nuclear
staining patterns were evaluated by two independent expert read-
ers (three readings in case of disagreement). Staining was identi-
fied by possible patterns: (1) speckled, (2) homogeneous, (3)
centromere, and (4) nucleolar. Positive and negative quality con-
trols provided by the manufacturer were included on each slide.
Results were also classified as positive or negative for statistical
analysis. The prevalence of ANA was determined by dividing the
number of positive samples by the total number of subjects tested
for exposed and non-exposed subjects.

Statistical analysis

Data were summarized as mean ± SD for continuous variables
and frequencies for categorical variables. Normality was checked
using a Kolmogrov–Smirnov test and homogeneity of variance
by a Levene’s test. A t-test was used for analyzing continuous
variance, and a Fischer test for categorical variables. The ANA
and PP results were arranged in contingency tables to determine
odds ratio (OR). Binary logistic regression was used to compare
the odds of PP and ANA. Statistical significance was taken at
p< 0.05. All analyzes were performed using Prism software v.6.0
(GraphPad, San Diego, CA).

Results

A total of 120 subjects were enrolled in this study, of which 60
were resident in Biancavilla (exposed) and 60 living and working
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at least 40 km away from Biancavilla (non-exposed). None of the
subjects met the exclusion criteria. The two groups under exam-
ination, i.e. exposed and non-exposed, were homogeneous as far
as age, smoking habits, number of cigarettes and BMI were con-
cerned. Both groups had similar socioeconomic status and
milieu. Table 1 reports the main features of both groups. On
medical check, no subject showed any sign and/or symptoms of
illness.

The mean values of spirometry values (e.g. FVC, FEV1, PEF,
MEF25–75%, TLC) in both the exposed and control (non-exposed)
subjects were within normal ranges. Pulmonary function test per-
centage values were also normal in all the study subjects (data
not shown). Laboratory tests values fell within normal ranges for
each parameter evaluated and there were significant differences
observed between the groups for any endpoint (Table 2).

With regard to the presence of any ANA in the subjects, the
incidence of serum samples that were ANA-positive was 70%
(42/60) for the exposed and 25% (15/60) for the non-exposed
subjects (p< 0.05). For this endpoint, the OR was calculated to
be 7.00 (95% CI: 3.13–15.64) (Figure 1(A)). The predominant
ANA staining pattern observed during analyzes was speckled in
the exposed population (29/60 cases) (Figure 1(B)).

The HRCT scans revealed the presence of PP in 21 (30%) of
the 60 exposed subjects but just in 2 (3%) of the 60 non-exposed
counterparts; the OR here was calculated to be 15.62 (CI 95%:
3.46–70.41). Binary logistic regression highlights that PP fre-
quency and ANA-positive status were significantly associated
(p< 0.05).

Discussion

Several studies have revealed a link between exposure to silicas
and development of autoimmune disease (Hess 2002; Brown
et al. 2005; Gwinn 2011). Though less extensively studied, there
is also evidence to suggest that exposure to asbestos is associated
with development of autoimmune responses, and these are
often manifest in terms of increases in levels of serum

immunoglobulins, positive ANA tests and immune complex
deposition (Turner-Warwick and Parks 1970; Lange et al. 1974;
Nigam et al. 1993; Pfau et al. 2005; Bunderson-Schelvan et al.
2011). In the present study, a significantly greater number of the
Biancavilla general population exposed to FE were found to be
ANA-positive (ANAþ; 70%) compared to control group (25%).

Similar results were observed by Marchand et al. (2012) and
Pfau et al. (2005) who reported a high frequency of ANA in a
small set of samples from the Libby population by demonstrating
that over 61% of samples tested were ANAþ. Normally, these
autoantibodies are present in < 30% of the population (Tan et al.
1997). In general, ANA are associated with systemic autoimmune
diseases, although their contribution to the actual disease is not
clear (Marchand et al. 2012). In particular, a speckled ANA pat-
tern seems to be associated with inflammatory processes affecting
connective tissues. If the presence of these autoantibodies pre-
cedes systemic autoimmune diseases, as suggested by the Libby
studies, the Biancavilla population may be more prone to develop
these diseases owing to their high levels of ANA.

As in Libby study (Marchand et al. 2012), ANA test positivity
appears to bind with pleural abnormalities (positive association
with PP frequencies), raising the possibility that an autoimmune
process is contributing to disease (Pfau et al. 2005). It is hypothe-
sized that autoantibodies may be targeting pulmonary tissues,
leading to specific tissue cytotoxicity (Marchand et al. 2012).
Pfau et al. (2005) showed that the Libby samples gave rise to a
significantly higher frequency of positive ANA and ENA tests,
increased mean fluorescence intensity and titers of the ANAs,
and higher serum IgA, compared with control samples. Our
results and Libby observations may lead us to hypothesize that
pleural mesothelial cells may be potential targets for autoantibod-
ies that might play a role in pleural lesions (Peipins et al. 2003;
Whitehouse 2004).

Exposure to asbestos has been associated with the production
of ANA (Lange et al. 1974), possibly through a mechanism simi-
lar to that hypothesized for silica, which includes release of anti-
gens from dying cells (Gwinn 2011). Amphibole fibers are bio-
persistent and cytotoxic, possibly resulting in repeated exposure
of the immune system to cellular debris. Fibers reaching the
pleural cavity may damage mesothelial cells lining it: over time,
mesothelial debris could lead not only to production of ANAs,
but also to autoantibodies towards mesothelial surface proteins as
observed by Brown et al. (2005). Previous studies demonstrated
that exposure to Libby fiber increased ANA expression in two
Lewis rat models (Salazar et al. 2012, 2013). As in the Salazar
et al. (2013) observations, the predominant ANA staining pattern
was speckled (29/42 were positive).

This study established that significant differences existed in
the frequency of ANA-positive titers in an FE exposed cohort, an
outcome that is in line with that previously described for humans
who had been exposed to asbestos. These data support a hypoth-
esis that exposure to asbestiform fibers like FE are likely to be
associated with autoimmune responses. It is well-known that
exposure to asbestos and all asbestiform fibers may generate
inflammatory processes (Sayan and Mossman 2016; Ledda, Costa,
Matera, et al. 2017). Nevertheless, as few studies have explored
the interaction between exposure to asbestos and autoimmune-
like disorders, this does not allow us to compare our results in
depth with other studies. These difficulties have previously been
addressed by Pfau et al. (2005); apart from these limitations,
those Authors also identified the problem of comparing the
results and the gender difference. In fact, most studies have a
predominantly male, professionally-exposed population, while in

Table 1. Main characteristics of study populations.

Exposed Non-exposed p Value

Age (years) 41.0 ± 3.7 40.0 ± 4.1 NS
Gender (male) 30 (50%) 30 (50%) NS
Smoking (%) 11 (19%) 12 (20%) NS
Pack/years 234.8 ± 10.5 240.7 ± 8.9 NS
BMI (kg/m2) 21.5 ± 2.3 21.9 ± 3.1 NS

NS: not significant.

Table 2. Spirometry and laboratory tests.

Exposed Non-exposed p Value

FVC (%) 97.8 ± 4.1 98.5 ± 3.6 NS
FEV1 (%) 98.1 ± 3.9 97.4 ± 4.2 NS
PEF (%) 96.5 ± 4.2 97.2 ± 3.6 NS
MEF25-75 (%) 95.3 ± 4.7 96.1 ± 3.9 NS
TLC (%) 97.2 ± 3.5 97.7 ± 2.9 NS
TLCO (%) 96.5 ± 4.1 95.9 ± 3.7 NS
RBC (106/ml) 4.71 ± 0.27 4.57 ± 0.65 NS
Hematocrit (%) 39.4 ± 1.2 41.0 ± 1.7 NS
Hemoglobin (g/dl) 13.5 ± 1.3 14.1 ± 1.2 NS
WBC (103/ml) 9.4 ± 1.2 8.6 ± 1.8 NS
Erythrocyte sedimentation rate (mm) 11.0 ± 7.0 9.0 ± 5.0 NS
C-reactive protein (mg/L) 5.0 ± 0.8 4.0 ± 1.2 NS
Aspartate aminotransferase (U/I) 21.0 ± 8.0 24.0 ± 10.0 NS
Alanine aminotransferase (U/I) 22.0 ± 11.0 23.0 ± 9.0 NS

Results expressed as means ± SD.
NS: not significant.
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Pfau et al. (2005) and in the current study, women were widely
present.

Another dilemma with the nonprofessional environmental
exposure is represented by the impossibility to determine how
much and how long the general population has been exposed to
FE fibers (Ledda, Loreto, Bracci, et al. 2016). In the latter case,
conventionally, subjects exposed are defined as population resid-
ing in a contaminated area (Rapisarda, Ledda, Ricceri et al. 2015;
Ledda, Loreto, Matera, et al. 2016). It seems that a continuous
stimulus produced by repeatedly inhaling the fibers and their
persistence in the body can act as trigger both in prompting
inflammatory processes and the immune system (Gangemi et al.
2005; Ledda, Loreto, Pomara, et al. 2016, Ledda, Costa, Matera,
et al. 2017). Probably, the low level of exposure (referred to as
low concentration of fibers and/or discontinuous exposure) can
generate responses only for immunological induction and not for
systemic autoimmune disease (Brown et al. 2005).

Conclusions

The significance of elevated ANA levels in subjects exposed to
fibers is unknown. However, additional studies can provide
opportunities to establish a correlation between autoimmunity
and environmental exposure to fibers. To our knowledge, the
work reported here is the first study that highlights increased
prevalence of ANA in humans that had been exposed to FE.
Further studies need to be done with a greater number of sub-
jects exposed to FE in order to be able to detect specific autoanti-
bodies (i.e. anti-SS-A/Ro, anti-SS-B/La, anti-Sm, anti-RNP, etc.)
and if there are also mesothelial cell autoantibodies.

Disclosure statement

The authors report no conflicts of interest. The authors alone are
responsible for the content of this manuscript.
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