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Malignant pleural mesothelioma from nonoccupational
asbestos exposure in Metsovo (north-west Greece):

slow end of an epidemic?
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Journals Ltd 1996. 
ABSTRACT:  Inhabitants of the Metsovo area, north-west Greece have been exposed
since childhood to inhalation of asbestos, from a material containing tremolite, used
for whitewashing ("luto soil").  This has resulted in endemic pleural calcifications
(47% of adult population) and increased incidence of malignant pleural mesothe-
lioma (MPM).  In 1987, we reported  that the incidence of MPM between 1981–1985
was around 300 times higher than expected in a nonasbestos exposed population
(seven cases in 5 yrs in a population of 4,000–5,000).

The present study is an updated report regarding this "mesothelioma epidemic", in
conjunction with the diminished use and final abandonment of "luto soil" in the
early 1980s.

It appears that the incidence of MPM in Metsovo has dropped considerably since
our first report.  Between 1985–1994, we diagnosed six such cases (incidence rate=1.4
cases per 10,000 person-years), whilst between 1980–1984 eight cases had been diag-
nosed (incidence rate = 3.7 cases per 10,000 person-years). Although, because of the
small number of cases, this did not reach statistical significance (p=0.08), we note
that the incidence is now considerably lower than before.  Had it remained unchanged,
we would have expected 17 cases of MPM instead of six.

This drop follows the diminished use of "luto" whitewash (by 92% of the popu-
lation in 1950 and only 18% in 1980).  If we take into account a 30–40 year latency
period for mesothelioma, we expect that the "Metsovo mesothelioma epidemic" will
fade away by the year 2020–2030, since the material has not been used since 1985.
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In 1987, we reported the very high incidence (300
times more than expected) of malignant pleural mesothe-
lioma (MPM) in Metsovo, north-west Greece between
1981–1985 [1]. We attributed this, as well as the endemic
occurrence of pleural calcifications (PCs) in the same
area (47% of adult population), to the use of tremolite-
containing whitewash [2–4]. Until then, the inhabitants
were unaware of the nature of this material ("luto" soil
in the local dialect).

In the present study, we provide a follow-up on the
incidence of MPM (between 1985–1994) and compare
it to our previous study of the first reported mesothe-
liomas from Metsovo.  Furthermore we hypothesize that
the differences in the incidence of MPM may be attri-
buted to the decline in the use of "luto". 

Material and Methods

Population

The study population comprises the total population
of four villages of the Metsovo area (Metsovo, Milia,

Anilio, Votonossi), Ioannina, north-west Greece, which
were followed for 15 yrs, 1980–1994.  Based on the cen-
sus populations of 1981 and 1991 (4,250 and 4,494,
respectively), a linear regression of population by year
results in total person-years of 21,372 and 44,574 for
the periods 1980–1984 and 1985–1994, respectively.  There
are no data available on age distribution of the popula-
tion of the villages.

Cases of malignant pleural mesothelioma

From January 1985 until December 1994, we diag-
nosed six MPMs from these villages of the Metsovo area.
At the same time, we diagnosed one mesothelioma from
another asbestos-exposed area (Pades/Distrato, north-
west Greece) [5] and two, from areas of no known expo-
sure.  Health services in the District of Ioannina are such
that most inhabitants of the Metsovo area are referred
to our Hospital, which covers most of north-west Greece,
with a population of around 400,000.  These six mesothe-
liomas were compared with the eight of the period 1980–1984
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from the same villages.  The latter eight cases include
the seven reported in our original publication [1] and
one more, diagnosed one year earlier (1980) by thora-
cotomy in Athens, and retrospectively studied by us.  The
last mesothelioma in the previous study was diagnosed
late in 1984.

The diagnosis of MPM in the six patients of the peri-
od 1985–1994 was obtained by cytological examination
of pleural fluid, closed pleural biopsy (Abram's needle)
and, in one case, open biopsy. The pathological inves-
tigation included: 1) study of the pleural effusions with
the combined use of smears and cell block preparations
(4 out of 6); 2) study of tissue specimens, after closed
needle biopsy (5 out of 6) or after open chest surgery
of the tumour (1 out of 6); and 3) study of fine needle
aspiration (FNA) cytological material (1 out of 6) (tables
1 and 2).  A modified Papanicolaou stain was used for
smears of pleural fluids and FNA material.  Haematoxylin
and eosin stain was the routine stain for cell block and
tissue specimen sections. The special histochemical stains,
diastase-periodic-acid and/or mucicarmine and Alcian
blue (pH 2.5 and 1.1) were additionally performed on
tissue sections in 2 out of 6 cases (table 2). Immuno-cyto-
chemical and histochemical stains were performed on
cell block and tissue specimen sections in 5 out of 6
cases (table 2). The three-stage immunoperoxidase tech-
nique was applied by using the monoclonal anti-epithe-
lial membrane antigen (EMA) BER-ER4 antibody (M804
from Dako).  The peroxidase-antiperoxidase (PAP) method
was applied by using the polyclonal antibody to carci-
noembryonic antigen (CEA) (A115 Dako) and the
monoclonal antibodies LeuM1 (Becton-Dickinson), anti-
cytokeratin (M821, Dako) anti-vimentin (M725 Dako)
AE1/AE3 (Hybritech) and anti-secretory component (A187
Dako) (table 2) [6–11]. 

In all patients, detailed "metastatic work-up" was neg-
ative for other malignancy with pleural involvement.
This included clinical examination fibreoptic broncho-
scopy and computerized tomography of chest and abdo-
men.

The incidence of MPM in the two groups (1980–1984
and 1985–1994) is correlated with the use of "luto".  As
described previously [4, 5, 12] this tremolite containing
whitewash was used by practically all inhabitants of
Metsovo until 1950. Since then it has gradually been
replaced by more modern materials, and by 1980 it was
used by only 18% of Metsovites.  Now its use has prac-
tically ceased (fig. 1).

Statistical evaluation

Incidence rates with their 95% confidence intervals
(CI) were calculated using the exact method based on
Poisson distribution [13].  The age structure of the Metsovo
population is not available, so that no standardization
can be used and the rates are crude.  Using the EpiInfo
package, the statistical difference between the rates was
tested; one expected value was less than 5 so Chi-squared
was invalid and the difference was tested by Fisher's
exact test [14].  The relative risk (RR) of having mesothe-
lioma in the period 1980–1984 in relation to the period
1985–1994 was calculated, and also the 95% CI for the
RR using the "test-based" method [13].
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Results

Anthropometric, epidemiological, clinical and labora-
tory data are presented in table 1, and cytological, his-
tological data in table 2.

Our results regarding incidence of MPM between
1980–1984 and 1985–1994 are shown in table 3. The
incidence rate was 3.7 cases per 10,000 person-years in
1980–1984 (95% CI 1.6–7.3), and 1.4 in 1985–1994 (95%
CI 0.5–2.9) (fig. 1). Though the first was 2.8 times greater
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Table 2.  –  Histochemical and immunohistochemical results

Pt Histochemistry Immunohistochemistry
No. PAS Mucin Alcian EMA Keratins Vimentin CEA LeuM1 SC

Tissue specimens

3 (-) (+/-) (+/-) (+) (+) (±) (-) (-)
4 (-) (+/-) (+) (+) (+) (±) (-)

Cell block preparations of pleural fluids

2 (+) (+) (+) (-) (-)
4 (+) (+/-) (+) (-) (-)
5 (+) (+) (±) (-) (±)
6 (+) (±) (+) (-) (-)

(-):  negative staining;  (+):  positive staining;  (±):  nonreliable staining;  (+/-):  positive staining in a few cells.  PAS:  periodic-
acid-schiff;  EMA:  epithelial membrane antigen;  CEA:  carcinoembryonic antigen;  SC:  secretory component.

Table 3.  –  The incidence of mesothelioma in the Metsovo
area, Ioannina, Greece during the periods 1980–1984
and 1985–1994

1980–1984 1985–1994

Cases  n 8 6
Person-years 21372 44574
Incidence rate (cases per 3.7 1.4

10,000 person-years)
95% CI for incidence* (1.6–7.3) (0.5–2.9)

*:  exact method based on Poisson distribution; therefore
Fisher's test was used. CI:  confidence interval.
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Fig. 1.  –  The percentage of Metsovites using "luto" (dashed curve)
has dropped from practically 100% (1940–1950) to 71% (1960), 38%
(1970) and 18% (1980).  The incidence of malignant pleural mesothe-
lioma (MPM) in the area was 3.7 cases per 10,000 person years (95%
CI 1.6–7.3) for the period 1980–1984 and 1.4 (95% CI 0.5–2.9) for
the period 1985–1994.

than the second (RR=2.8, with 95% CI 1.0–7.7), there was
no statistically significant difference between the rates,
mainly because of the small numbers of cases (p=0.08,
Fisher's exact test).

Discussion

The increased commercial use of asbestos has result-
ed in a "mesothelioma epidemic" more than 20 yrs later
[15]. This "latent period" of 30–40 yrs [16, 17] is typ-
ical of all asbestos-related diseases, and MPM is no
exception. Thus, in industrialized countries (US, UK,
Canada) there were about two deaths from MPM per
million per year until the 1950s.  Since then, male mor-
tality has risen, in parallel with industrial asbestos con-
sumption 30–40 yrs earlier.  This is expected to continue,
for another 20 yrs or so and then start diminishing fol-
lowing the diminishing use of asbestos [17].

In Metsovo, we have documented that the increased
incidence of mesothelioma and endemic pleural calcifi-
cations are a result of asbestos exposure; more specifi-
cally tremolite used for whitewashing [1–4]. This is a
rather unique exposure, differing in several aspects from
the "usual" occupational exposure.  The main differences
are: 1) that exposure started very early in life; 2) that it
was not continuous; and 3) that it reached extreme val-
ues when the material was crushed in preparation for
the whitewashing [12].

"Luto" soil was outcropped from nearby hills, shaped
into a ball and sold. The women of Metsovo would
crush this ball the size of a cannon ball, into fine pow-
der, boil it and apply it to the walls.  During crushing,
more than 200 fibres·mL-1 air were released into the
immediate environment.  There was no significant expo-
sure during the other steps of preparation or whitewashing
[12].  The material was applied to the interior walls and
especially around the fire place because "the wall would
not become black from the fire" ("amiantos" in Greek
= something that does not get dirty). This procedure was
repeated once or twice a year.

Although this was a "woman's job" we observed no
sex differences in the incidence of pleural calcifications
[2] or mesothelioma [1]. On the other hand, we have
discovered PCs in Metsovites who left Metsovo at a very
early age (3–5 yrs of age) [3]. Therefore, we speculated
that the exposure started at a very early age when women



in incidence rate appears too abrupt to be attributed only
to the diminished use of "luto", but then one or two cases
missed or simply not occurring exactly at the "expected
year" could make all the difference.  Thus, one case more
in the period 1980–1984 would have made the differ-
ence statistically significant (9 cases in 1980–1984 ver-
sus 6 cases in 1985–1994;  p=0.028, Fisher exact 2-tailed),
while one case less between 1985–1994 would have made
the correlation with diminished use of "luto" more con-
vincing.

We do not have information regarding the age struc-
ture of our study population. For the whole of Greece
birth and death rates are falling during all study periods,
and the population becomes increasingly "aged".  There
is no reason for the study population not to follow these
changes, and we reasonably believe that it is now older
than in 1980–1984. Between two censuses it grew by
only 244 persons (5.7%), a difference which seems to
be explained by the difference of birth and death rates
(approximately around 15 and 10%, respectively).  For
the same reason, we do not believe that there were (at
least any remarkable) migration movements that could
account for this "disproportionate" drop in incidence rate
(e.g. movement of young people to other cities where
their MPM was diagnosed).

However, since the use of "luto" dropped even more
dramatically after 1970, resulting in practical abandon-
ment of this material after 1985–1990, we can expect a
further decline of the incidence of MPM in Metsovo in
the next decades and hopefully its disappearance by the
year 2020–2030 (30–40 yrs after 1990).

This expectation will certainly be tested in the future
and further data will be needed from continued follow-
up.  However, we considered it appropriate to report this
declining incidence now, 10 years after our last report.
After all, it is not bad to report "good news", and it is
"good news" to have only six cases of MPM instead of
an "expected" 17 cases if the incidence had remained the
same.

It is of interest that our expectation of a possible slow
end to this "Metsovo mesothelioma epidemic" is similar
to that recently expressed by PETO and co-workers [22].
In spite of the completely different title of their article
("Continuing increase in mesothelioma mortality in Britain")
the conclusions are similar. Namely, based on the annual
asbestos imports in Britain and the annual mesothelioma
deaths in men born before 1953, they predict that these
deaths will keep rising until around 2020 and will then
drop dramatically by the year 2040.

Although we are certainly dealing with completely dif-
ferent populations, British asbestos workers born before
1953 and exposed 20 yrs later to the most intense use
of asbestos in Britain, could be considered comparable
to Metsovites born before 1950–1955 and exposed since
childhood to tremolite when "luto soil" was used by prac-
tically all households.

It is, therefore, not unreasonable to expect a slow end
to this epidemic by 2020–2030. If this occurs, it will be
quite similar to the situation in the USA, where the
"mesothelioma epidemic" has already reached its peak
[23]. Overall cases there are likely to fall reflecting the
pattern of asbestos use, which reached a plateau soon after
World War II [24] and diminished in the following
decades, just like the use of "luto soil" in Metsovo.

took their small children with them during the prepara-
tion of "luto".  The fact that exposure starts early in life
accounts for the younger age of our patients (40–68 yrs,
mean 51 yrs) than that of males exposed to asbestos
occupationally (peak at 51–70 yrs) [18]

"Luto" was used by practically all households until
1940–1950. It was then gradually substituted by more
modern and more convenient materials and now it is,
presumably, not used since its consequences were made
clear to the inhabitants in the early 1980s (fig. 1).

The first definite case of mesothelioma from Metsovo
occurred in 1980.  It was, however, a retrospective obser-
vation made by us, after we witnessed the "mesothelioma
epidemic" of 1981–1985 [1].  This was immediately after
the Pulmonary Department was established in Ioannina
in 1981. We have no way of knowing whether or not
there were other cases of mesothelioma before 1980, but
there is no record of mesothelioma in any death certifi-
cate before 1980 or in the records of Ioannina General
Hospital. This is also mentioned in the study of BAZAS

and co-workers [19, 20].
Judging from the declining use of "luto", we hypothe-

sized in 1989 [21] that "the epidemic is fading and we
will be seeing less and less in the next 10–20 years and
the epidemic will complete its cycle in a few decades".
The incidence rate of MPM between 1985–1994 appears
to support this hypothesis. Compared to 1980–1984, we
have a drop from 3.74 to 1.35 cases per 10,000 person-
years, in roughly the same, possibly slightly older, pop-
ulation (4,250 in 1981 and 4,494 in 1991). Though the
difference did not prove statistically significant, we can-
not ignore that it is now 2.8 times lower than then. Of
course it is still very high compared to that of 1–2 mil-
lion·yr-1 in nonasbestos exposed population [18], or our
own two cases in 10 yrs per 400,000 population non-
exposed.

We mentioned previously that we cannot be certain
that there were no mesotheliomas before 1980.  It is also
possible that we have missed some cases between 1985–
1994, although, again, there is no such evidence from
death certificates or hospital records. If so, we see no
reason to have missed more MPMs than in the first peri-
od (1980–1984), since our Department has in the mean
time established itself as a referral centre.

There is also the theoretical possibility that we have
relatively underestimated the incidence in the last 10 yrs
because, unlike the first years, we now have most mod-
ern cytological/histological techniques available to rule out
MPM and diagnose a metastatic malignancy. This also
is not the case, since there were no patients with metasta-
tic malignancy to the pleura without obvious primary focus
from Metsovo in the last 10 yrs in our Department.

Finally, as mentioned previously, if the population of
Metsovo has become older between 1980 and 1994, we
may, if anything, have overestimated the incidence of
mesothelioma for the second period (1985–1994).  There-
fore, we consider that the drop in the incidence rate is
genuine.

As shown in figure 1 this drop in incidence rate fol-
lows the diminishing use of tremolite whitewash from
92% of the population in 1950 to 71% in 1960 and 38%
in 1970 with a "latency period" of 30–40 yrs, as is expect-
ed for mesothelioma.  This temporal relationship does
not establish a causative relationship. In fact, the drop
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