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Asbestos and Other Ferruginous Bodies

Their Formation and Clinical Significance
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Analyses of asbestos bodies from the general population
have confirmed that these structures, like asbestos
bodies from the lungs of asbestos workers, contain an
asbestos core. In members of the general population
this core is almost always an amphibole, whereas asbes-
tos workers may have bodies formed on either amphi-
bole or chrysotile. Most adults have a few bodies, and
increasing numbers are seen in blue collar workers and
others who handle small amounts of the fiber, with the
highest levels being seen in asbestos workers. In men
with minimal or extensive occupational exposure, as-
bestos bodies are formed on the commercial fibers,
amosite and crocidolite, whereas women also form a
significant number of bodies on the noncommercial
fibers, anthophyllite and tremolite. These findings sug-

EXPOSURE to large amounts of asbestos dust is
known to cause asbestosis, malignancies of the lung
and pleura, and carcinoma of the larynx and gastroin-
testinal tract."2 For many years the asbestos body, a
fiber of asbestos covered with an iron-protein coat,
was thought to be a marker of asbestos exposure
found only in primary asbestos handlers. The report
by Thomson3 that asbestos bodies could be found in
the lungs of a substantial portion of urban dwellers
raised the possibility that many persons who do not
have obvious occupational exposure were inhaling as-
bestos. This notion has been strengthened by the find-
ing of asbestos fibers in urban air and water supplies
and as contaminants of many household products.4-6
The belief that asbestos bodies in the lungs of the

general population represented a marker of asbestos
exposure was challenged by Gross and his colleagues,
who showed that morphologically identical structures
(ferruginous bodies) could be produced in animals by
inhalation of nonasbestos fibrous dusts.7 They con-
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gest that women may be exposed to specific asbestos-
containing products, eg, cosmetic talc. The commer-
cial fibers found in women and white collar men proba-
bly reflect atmospheric pollution with asbestos. At the
highest levels of exposure, numbers of asbestos bodies
correlate in a general way with the presence of asbesto-
sis, although no precise value has been determined
above which asbestosis is always found. In persons with
much lower or environmental exposure, there does not
appear to be any correlation between numbers of bodies
and disease, in particular between numbers of bodies
and carcinoma ofthe lung or gastrointestinal tract. The
situation for mesothelioma is uncertain. (Am J Pathol
1981, 102:447-456)

cluded that the bodies found in most persons probably
were not the result of exposure to asbestos.8

Because of the carcinogenic effects of asbestos,
even the low level of exposure encountered by city
dwellers may be potentially dangerous; asbestos bod-
ies, provided they contain asbestos, may provide one
way to quantify such exposure. In this article we shall
review the current concepts of the formation of as-
bestos and other ferruginous bodies, the nature of the
cores of such bodies, particularly those found in the
general population, and the clinical and epidemiologic
significance of these structures.
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Nature of the Asbestos Minerals

Asbestos is a generic name for a variety of naturally
occurring fibrous silicate minerals that have the com-
mon properties of excellent heat resistance, high ten-
sile strength, and relatively good chemical resistance.
Asbestos minerals may be separated into two broad
classes: chrysotile, which comprises more than 90% of
the asbestos used in this country, and the amphiboles.
The amphiboles are further divided into the commer-
cially used fibers amosite and crocidolite and a host of
other forms that have little commercial importance
but are widespread contaminants of other minerals.
These forms of asbestos include the minerals antho-
phyllite, tremolite, and actinolite.9

History

The original reports of asbestos bodies have been
summarized by Gaensler and Addington,'0 Suzuki
and Churg, "I and Davis.'2 The initial description of
asbestos bodies was made by Marchand in 1906.' 3He
called the structures "peculiar pigment crystals" and
demonstrated that the pigment surrounding the cen-
tral fiber was iron. Cooke labeled the bodies "curious
bodies"'4; neither Marchand nor Cooke associated
the bodies with asbestos exposure. Stewart and Had-
dow were the first to realize that they were the result of
asbestos inhalation and called them "asbestosis
bodies."'5 It soon became apparent that asbestosis
bodies occurred in any patient with high-level asbestos
exposure and were only a marker of such exposure,
rather than an indicator of disease. Hence the name
was shortened to "asbestos body." By the early 1930s
the concept that the asbestos body was composed of
an asbestos fiber coated with iron and protein was
firmly establishedl6; further elucidation of the nature
of the core and coat had to wait until the advent of
electron optical methods of analysis (see below).
The term "pseudoasbestos body" has appeared spo-

radically through the literature without clearcut defi-
nition.'7 At least two different meanings have been
used: 1) asbestos bodies of ordinary appearance found
in the lungs of persons with no known asbestos expo-
sure; 2) bodies with an iron-protein coat but a core
with an unusual appearance. Based on his animal
studies, Gross suggested that all bodies with an iron-
protein coat be called "ferruginous bodies" unless the
nature of the core was known.7 Because we believe
that in humans true asbestos bodies can be separated
from other ferruginous bodies, we shall use the terms
"asbestos body" to indicate bodies containing asbes-
tos, and "ferruginous body" or "pseudoasbestos
body" for all non-asbestos-containing structures.

Structure and Formation of Asbestos and
Ferruginous Bodies

The asbestos body consists of a core of optically
transparent asbestos surrounded by a golden yellow,
iron-protein coat. The core (and body) is usually
straight (Figure 1), but curved forms are sometimes
seen. 18,19 The overall diameter of the body is usually
from 2-5 ,u and the length typically in the range of 20-
50 ,u. Whole bodies less than 10 .I in length are rare,
although fragments may be shorter. Bodies up to 250,
in length are sometimes observed. By electron micros-
copy the fiber cores usually vary from 0.1 to 1.5 IA in
diameter, with a mean diameter (for bodies from the
lungs of the general population) of about 0.4-0.5 p.20
The curved bodies are usually formed on the thinnest
diameter amphibole fibers or on chrysotile. ' 9
The coat may be variably segmented into spherical

or rectangular units spaced along the fiber; the ends of
the body are frequently knobbed. The fiber core may
be seen between the blocks of coat material or pro-
truding from the ends of the body. Sheathlike coats
are also common. Gloyne originally illustrated a series
of different coat structures that he believed formed a
cycle of formation and dissolution of the asbestos
body2'; more recently Botham and Holt have con-
firmed this notion in an animal model.22 They showed

Figure 1-True asbestos bodies. Note the transparent colorless
cores and the different patterns of deposition of coat material.
(Millipore filter preparation, x 500) (with a photographic reduction of
10%)
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that the earliest form of asbestos body has a sheathlike
coat that with time becomes segmented. Eventually
the body fragments. The entire cycle appears to re-
quire about 40 weeks in experimental animals.

Asbestos bodies may be branched at acute or right
angles. Ultrastructural examination indicates that the
acute angled forms develop on splayed fibers19; the
nature of the forms with right-angled branches is un-
known.

It is generally agreed that asbestos bodies are
formed in macrophages; Suzuki and Churg have sug-
gested that they are also formed in alveolar lining
cells, which they demonstrated can phagocytize fi-
bers, but this idea has not been further examined. I I In
all cases the initial event appears to be phagocytosis of
the asbestos fiber by a macrophage or giant cell and in-
corporation into a phagosome. A mucopolysaccha-
ride matrix is deposited on the fiber, and iron is added
to this matrix.I2,23,24 Electron microscopy has shown
that the coat material consists of dense granules about
60 A in diameter, which represent either ferritin or
hemosiderin. 11,24 It has been suggested that the source
of iron is the hemorrhage that accompanies adminis-
tration of asbestos to animals and presumably to hu-
mans,' 1,22 but it is also likely that the iron is derived
from circulating iron stores. Finally the cell dies, re-
leasing the body into the pulmonary parenchyma.

In experimental systems as well as in humans, not all
asbestos fibers acquire a coat. One of the major factors
governing coat formation is length, as noted above.
Most authors agree that fibers are rarely coated if they
are less than 5-10 ,u in length. Chrysotile fibers, in par-
ticular, have a tendency to fragment into very short,
narrow fibers.2 However, even with experimental or
human inhalation of pure amphibole fibers, which do
not tend to fragment as readily into very short seg-
ments, the number of uncoated fibers remains high
many years after stopping exposure. 12,22,25

Davis et al have examined the formation of ferrugi-
nous bodies with cores of fiberglass and synthetic
aluminum silicate. At the light-microscopic and ultra-
structural level the same sequence of events takes
place with these fibers as with asbestos.26

Methods of Analysis of Cores of Asbestos Bodies

Because of their small size, positive identification of
cores of ferruginous bodies requires an electron op-
tical technique, which ideally should be a combination
of morphologic examination, electron diffraction,
and electron microprobe (X-ray energy spectroscopy)
analysis to determine chemical composition. Under
certain circumstances, identification can be per-

formed without using all three techniques. Chrysotile,
for example, has a tubular form and a diffraction pat-
tern that are nearly unique; whereas its chemical com-
position cannot be relied upon to identify it, because
magnesium is leached from fibers during residence in
the body.27 Identification of amphiboles is more diffi-
cult. In addition to a chemical analysis typical of one
of the amphibole subtypes, one needs a diffraction
pattern that is at least consistent with an amphibole.
Preferably, such a pattern should be analyzed specif-
ically for distances and angles between spots (indexed)
for identification; Lee has recently pointed out that
two indexed diffraction patterns are sufficient for a
unique identification.28 However, indexing of amphi-
bole diffraction patterns is extremely time-consuming
and may be difficult because of the presence of crys-
talline imperfections. In our experience, it is usually
sufficient to base identification of amphibole fibers
on a consistent but unindexed diffraction pattern and
a microprobe analysis if these closely duplicate the
results from analyses of standard samples.29,30

Ideally, identification of asbestos fibers should be
attempted in a high-resolution (less than 200 A probe
spot size) scanning/transmission electron microscope
(STEM). Systems with less (0.5 pi) resolution may be
useful for pure samples, but mixed dust samples from
the lung require high resolution for one to distinguish
between particles. Furthermore, the higher the resolu-
tion, the more likely that analysis can be performed on
a bare area between the blocks of iron coat of a body.
The STEM system also allows for both diffraction and
chemical analysis at the same time and permits the dis-
tinction of some minerals that have identical chemical
compositions: eg, separation of anthophyllite and
fibrous talc, which both have similar chemistries, can
only be accomplished on the basis of distinctive elec-
tron diffraction patterns.

Asbestos Bodies in Asbestos Workers

Actual analyses of the cores of asbestos bodies,
even in primary asbestos handlers, are surprisingly
few, in part due to the technical difficulty of identify-
ing a fiber that measures less than 1 / in width and
10-100 ,u in length. Sundius and Bygden isolated as-
bestos bodies from asbestos workers' lungs by me-
chanical disruption of the tissues.31 Chemical analy-
sis showed that the cores were largely amphibole as-
bestos, despite the fact that the workers in question
had been exposed primarily to chrysotile. This finding
has been confirmed by modern methods using elec-
tron optical techniques. Pooley'8 examined bodies
isolated from the lungs of persons exposed to known
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types of asbestos. He found that bodies were formed
on all types of fiber examined, including chrysotile;
however, the number of chrysotile bodies relative to
fibers was much smaller than the number of amphi-
bole bodies relative to fibers. Pooley ascribed part of
the difference in frequency of body formation to the
straight shape of amphibole fibers, compared with the
tendency toward a curved shape in chrysotile fibers.' 8
Using an electron microprobe system, Langer et al

examined bodies and uncoated fibers obtained from
lungs of asbestos workers.32'33 They found that am-
phibole fibers, amosite in particular, showed little
chemical change from the original material despite
years of residence in the lung, whereas chrysotile fi-
bers showed a marked loss of magnesium.33 Stum-
phius and Meyer examined eight bodies from lungs of
shipyard workers and found an amphibole (amosite)
core in all.34

Asbestos Bodies From the General Population

Analysis of the cores of asbestos bodies from the
lungs of the general population presents considerably
greater technical difficulties than are encountered
with bodies from the lungs of asbestos workers. In
large part this problem stems from the relatively small
number of bodies such lungs contain: in a typical as-
bestos worker there are on the order of 105-107 bod-
ies/gram of wet lung, whereas members of the general
population more typically have 0-500 bodies/gram of
lung, most persons having between 0 and 50. The tech-
nical methods required for individual particle analysis
have only recently achieved a resolution sufficient to
allow accurate definition of composition. As a result,
studies in this area are few and contradictory. Gross et
al isolated 28 bodies from the lungs of 28 persons in
Pittsburgh and examined the cores by electron diffrac-
tion.35 All 28 bodies contained crystalline cores. None
of the diffraction patterns matched the pattern of
chrysotile asbestos; hence they suggested that such
data supported their notion that "asbestos" bodies in
the general population are actually "ferruginous bod-
ies" with nonasbestos cores. However, their published
diffraction pattern is highly suggestive of amphibole
asbestos.

Langer et al published two series of analyses of bod-
ies from the general population. In one they examined
16 bodies from 7 patients, using a low-resolution elec-
tron microprobe.36 They identified one core as
amosite; 13 were possibly degraded chrysotile; 2 were
possibly crocidolite. In a more extensive report they
isolated 50 bodies from an unknown number of pa-
tients.33 A small number of these bodies appeared to

Figure 2-Ferruginous (pseudoasbestos) bodies. The smaller body
has a black core composed of carbon, while the larger body has a
broad yellow core of sheet silicate, in this instance, talc. (Millipore
filter preparation of material from the lungs of a roofer exposed to
talc, x600)

be amosite, but most were believed to be either de-
graded chrysotile or fibrous glass.
We have now examined close to 600 bodies from 82

patients who were not asbestos workers, using a high-
resolution scanning transmission microscope. 9,20,29,30
Our overall results indicate that 9807o of asbestos bod-
ies from the lungs of this population have cores of am-
phibole fibers, and the remaining 2% have chrysotile
fiber cores. This is true whether the patients are wom-
en and white-collar men, groups that in our hands
tend to have fewer than 100 and usually fewer than 50
bodies/g of wet lung, or blue-collar men, a group
which tends to have more than 100 bodies/g of lung.
Combined diffraction/microprobe analysis has been
carried out on 81 bodies from 42 patients. Of the 81
bodies, 59 were found to contain cores of the commer-
cial fibers, amosite or crocidolite, while the remainder
contained anthophyllite and tremolite.29,30 The rela-
tion of these data to sex and occupation is discussed
below. Correlation of morphologic studies with the
chemical analysis of the cores of true and pseudoas-
bestos bodies convinces us that it is possible to
distinguish the two with the light microscope and that
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i -t' v.'.
Figure 3-Ferruginous bodies mimicking true asbestos bodies. The
bodies are from the same preparation as those in Figure 2. The cores
of the bodies are actually bright yellow fibers of talc. Forms such as
these may often be confused with true asbestos bodies. (Millipore
filter preparation, x 600)

most of the bodies found during routine autopsies are

indeed asbestos bodies. '9

Pseudoasbestos (Ferruginous) Bodies

On the basis of the early reports of pseudoasbestos
bodies it was appropriate for us to question the as-

sumption that all of the bodies reported in routine au-

topsies did indeed have asbestos cores. The term "fer-
ruginous body" was coined by Gross et al to indicate
the nonspecificity of such coated, fibrous bodies.7
They demonstrated that inhalation by animals of a va-

riety of fibrous, nonasbestos dusts such as fibrous alu-
minum silicate, silicon carbide, and fiberglass resulted
in structures identical (ie, containing transparent, col-
orless cores) to asbestos bodies in humans. The critical
factor in the formation of these bodies was fiber size;
in general, a fiber diameter from 0.1 to 3 p and a

minimum length of 5-10 ,A were required for ferrugi-
nous body formation. These experiments were con-

firmed in part by Goldstein and Rendall.37

More recently Gross et al have described ferrugi-
nous bodies with black fibrous cores in human
lungs.38 They speculated that these cores were carbon,
originating from inhaled smoke particles. In our own
studies, 22 bodies with black cores were isolated from
the lungs of the general population of Chicago, a city
where coal burning was until recently quite preva-
lent'9 (Figure 2). Although many of the cores were
fibrous, others consisted of large platelike sheets. All
of the black cores were amorphous when examined by
electron diffraction. Fiber cores examined with the
microprobe contained no detectable elements (the
lightest detectable element is sodium, atomic number
11).'9 It was concluded that these cores were indeed
carbon. In several of the cases, bodies with black cores
made up 75-90Wo of the total ferruginous bodies in the
lung.
Another type of ferruginous body is that with a

platy or fibrous yellow core (Figures 2 and 3). We have
found a few cases in which they constitute up to 200/o
of the total ferruginous bodies, and many lungs from
the general population contain small numbers. ' 9 These
bodies appear to be formed on sheet silicates such as
talc, mica, or kaolinite. The cores produce pseudohex-
agonal electron diffraction patterns, a feature typical
of sheet silicates, and their chemical compositions as
determined by microprobe analysis are consistent with
such minerals. In some workers the source of exposure
is apparent; for example, we have seen large numbers
of such bodies in roofers and rubber factory workers,
who are exposed to large amounts of talc on their jobs.
The importance of recognizing these structures is that
some (for example, Figure 3) may be mistaken for true
asbestos bodies by light microscopy if the color and
breadth of the core are not appreciated.

Other unusual types of ferruginous bodies in hu-
man lung have been shown to contain elastic fibers39
and diatomaceous earth. '9 Although it is conceivable
that structures identical to asbestos bodies might be
found in someone with an unusual occupational expo-
sure to a transparent fiber of the appropriate size, this
phenomenon has not yet been demonstrated.

Extrapulmonary Asbestos Bodies

Asbestos bodies may also be found in extrapulmo-
nary locations. Langer found occasional bodies and
uncoated fibers in ashed thick sections of liver, pan-
creas, kidney, and spleen from 5 asbestos workers
with very large numbers of bodies in the lung.40
Godwin and Jagatic examined 7 patients with pleu-

ral or peritoneal mesotheliomas and found asbestos
bodies in 6 in regional lymph nodes.4' In 2 cases
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asbestos bodies were found in tumor and intestinal
wall in the abdomen. The lungs showed numerous as-
bestos bodies and reactive pulmonary fibrosis in all
cases.
More recently, Auerbach et al counted asbestos

bodies in many parenchymal organs, including ab-
dominal viscera and brain.42 They found that the
numbers of bodies in extrapulmonary organs were
proportional to the numbers in the lungs. The ques-
tion of whether coated bodies migrate from the lung as
such or are formed in the distant organ also remains to
be determined. Kanazawa et al describe formation of
asbestos bodies subcutaneously at the site of injection
of asbestos in experimental animals,43 and bodies are
known to form when fibers are injected into the pleu-
ral space. 12

Demographic Data

Knowledge about the methods of analysis for asbes-
tos bodies is important for interpreting the reports
from various laboratories. The frequency of bodies in
smears, squeeze preparations, and thick paraffin sec-
tions is less than with digestion and filter-collection
methods; hence many of the reports mentioned below
are not strictly comparable. With the digestion tech-
nique, Smith and Naylor found bodies in lungs of
100Db of urban adult patients.44 Examination of the
same lungs previously by the scrape and the tissue sec-
tion methods had demonstrated bodies in only 4%
and 180/o of the lungs, respectively.45 Digestion tech-
niques have the advantage that bodies are freed from
obscuring debris and concentrated. Membrane filters
of pore size 0.45 , or 5 , have been shown to be equally
effective for collection of asbestos bodies.

Ferruginous bodies have been related to age, sex,
residence, occupation, and disease. Becklake has tab-
ulated the results of many of the earlier studies and in-
dicated the types of preparations examined. ' Pooley
et al, in a study of asbestos bodies in histologic sec-
tions of lung from persons in several European cities,
conclude that differences reflect the general level of
asbestos air pollution in these areas.46 For example,
asbestos bodies are more frequent in London than in
Dublin or Galway, Ireland. Breedin and Buss, using
lung digests, found that asbestos bodies could be
found in the lungs of rural patients as frequently as in
urban patients, although they tended to be more nu-
merous in the urban persons.47 Using basal smears
and ashed tissue sections, Selikoff and Hammond
demonstrated asbestos bodies in the general popula-
tion of New York City in more men (51(0o of 1368)
than women (39% of 607).48

Conflicting results have been obtained concerning

whether bodies have increased in frequency over the
past 30 years. Selikoff et al found that about 600%o of
routine autopsy patients over age 30 had asbestos bod-
ies, both in 1934 and 1967.48 Bhagavan and Koss,
however, found a progressive increase in frequency of
bodies and an increase in number of bodies with age
over a similar 30-year period.49 Um, using thick histo-
logic sections, found that asbestos bodies increased in
frequency from 1936 to 1966 from 0 to 20%o of cases
and increased slightly with age from 50 to 90 years.50
In none of these studies is there matching for age, sex,
or occupation. Since the frequency of positive cases is
small, the results may reflect more a difference in oc-
cupation of the subjects in the 2 periods than a general
increase in the use of asbestos.
Thomson, using basal smears, was the first to study

systematically the differences in asbestos bodies
within a population.3,5' Differences in frequency of
asbestos bodies among blacks, colored, and whites of
Cape Town were interpreted as reflecting differences
in occupation more than environment. In sections of
over 10,000 lungs from miners, Goldstein and Rendall
found that ferruginous bodies were most frequent in
asbestos miners but also occurred in gold and coal
miners.37 Doniach et al, using thick histologic sec-
tions, found bodies more frequently in men in heavy
manual labor and men in shipping, electrical engineer-
ing, and the transport industries than in others.52
Classification of the men in New York City by occupa-
tion indicated that of those (51 O/o) with asbestos
bodies, 47%/o with white-collar jobs, but 50%/o with
blue-collar jobs and 70% in construction or shipyard
work had asbestos bodies in histologic sections.48

In a study of lungs from over 350 autopsied patients
in the general population, we found that asbestos
body counts varied with occupation and possibly with
smoking.53 Using the bleach digestion technique of
Smith and Naylor,44 we showed that only 70%o of
women and white-collar men, but 60%o of construc-
tion workers, 41 %o of steel workers, and 2507o of other
manual laborers had more than 100 asbestos bodies/g
wet lung. Bodies were found in 960%o of all lungs, and
smokers seemed to have more bodies than nonsmok-
ers, but the number of nonsmokers was small.
When the cores of the bodies from these different

occupational groups were analyzed, it was surprising
to find that women differed from both white-collar
men and manual laborers.29,30 About half (12 of 21,
or 5707o) of the cores isolated from women with fewer
than 100 asbestos bodies/g lung had anthophyllite or
tremolite cores, whereas white-collar men and manual
laborers had predominantly (48 of 57, or 840Wo) amo-
site or crocidolite cores in their bodies. The source is
not clear. Urban air contains amphiboles, and antho-
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phyllite and tremolite may contaminate some cos-
metic talcs. The amosite and crocidolite in men with
more than 100 asbestos bodies may be related to hand-
ling of specific asbestos-containing products.

Asbestos Bodies and Disease

Asbestosis

There are few reports of numbers of asbestos bodies
in asbestosis. Ashcroft and Heppleston counted bod-
ies by phase contrast microscopy in persons with
mesothelioma and varying degrees of asbestosis.25
Bodies increased from 1.26 x 106/g dried lung in pa-
tients with no fibrosis to 7.7 x 106 with mild fibrosis
and to 71 x 106 with moderate fibrosis but did not in-
crease further with progression to severe fibrosis. Se-
bastien et al studied 1 subject with moderate and 5
with heavy asbestos exposures and fibrosis varying
from 1 to 4+. Asbestos bodies varied from 1 x 103 to 1
x 106/ml wet lung.54
We analyzed lung digests from 6 asbestos workers

and found a range of 8000 to 500,000 asbestos bod-
ies/g wet lung (multiply by 10 to obtain bodies/g dry
lung53), with numbers of asbestos bodies varying con-
siderably from one region in the lung to another.55
The extent of this variation in a particular lung and the
degree of certainty about the actual count in a particu-
lar region in a lung with very high counts has not yet
been studied.
Thomson originally made his smears for asbestos

bodies from the lower lobes because early asbestosis
begins in this region.3 He believed that the fibrosis was
related to the gravitational concentration of bodies in
this region. Later, others were not able to find any dif-
ference in frequency of numbers of asbestos bodies in
upper or lower lobes.45'53'56 The pathogenesis of early
asbestosis still remains to be explained.

Lung Cancer

It has been both affirmed and denied that asbestos
bodies are related to lung cancer in persons without as-
bestosis. 37,47,52,56-58 Evidence that persons with lung
cancer in the general population have a higher fre-
quency of exposure to asbestos than normal controls
depends heavily on the type of control population. If
the control subjects are not matched for occupation,
as well as age, sex, and smoking habits, there may be
too many white-collar workers among control sub-
jects and a spurious demonstration of a significant
difference between patients with cancer and control
subjects.58'59 In a comparison of 100 cases of lung
cancer in persons in the general population with con-
trol subjects matched for age, sex, smoking habits,

and occupation, no differences in asbestos body
counts were observed.55

Mesothelioma
Epidemiologic studies of patients with mesotheli-

oma have indicated that a history of exposure to as-
bestos can be obtained in some, but not all.60 Asbestos
bodies have been found by various techniques in the
uninvolved lung parenchyma in 10-lOOWo of cases.2
Because of the fact that some persons give histories of
relatively minimal exposure to asbestos and have no
evidence of asbestosis, it is hoped that quantification
of asbestos bodies can help to define more precisely
those patients in whom the asbestos is etiologically im-
portant. In a study of asbestos bodies with the electron
microscope using ashed 6-IA sections from 120 cases of
mesothelioma and 135 cases without mesothelioma,
Pooley found asbestos bodies in lung parenchyma ad-
jacent to tumor in only 18 of the cases with mesotheli-
oma.6' All of the asbestos bodies had amphibole
cores. Asbestos fibers were also studied in the sec-
tions. Ninety-two percent of the mesothelioma cases
had asbestos fibers, but less than 507o of the control
group had fibers. Amphiboles predominated in the
mesothelioma group, whereas chrysotile predomi-
nated in the control group.

Gastrointestinal Cancers

Asbestos bodies have also been looked for in the co-
lon in relation to gastrointestinal cancer in persons in
the general population. Rosen et a162 were not able to
find typical asbestos bodies in digests of colonic wall
from 12 patients with cancer of the colon, although
atypical ferruginous bodies, which appear to us to
represent diatomaceous-earth-containing bodies,
were found. However, none of the patients was an as-
bestos worker. We found no differences in the num-
bers of asbestos bodies in the lungs of 50 patients with
gastrointestinal cancer and 50 controls matched for
age, sex, and smoking habits.55

Pleural Plaques
Generally asbestos bodies have not been found in

histologic sections of pleural plaques.17 After bleach
digestion, Rosen et a163 were able to find a few typical
asbestos bodies in 3 of 8 plaques, but Sebastien found
that asbestos bodies ranged from 5 to 300/cu cm in 8
of 9 plaques examined.54 By electron microscopy,
chrysotile was found but not quantified.

Relationship of Coated to Uncoated Fibers

Several studies have attempted to relate numbers of
asbestos bodies to total asbestos fibers in order to de-
termine whether the ratio of the two is relatively con-
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stant. Comparison of results is difficult because of
differences in technique. Gross et al, using light mi-
croscopy on material prepared by a concentration
technique, found that uncoated fibers outnumbered
bodies by a factor of 5 to 200 in material from the
lungs of 6 random autopsy subjects.64 However, Se-
bastien et al, in examining a similar group, found only
asbestos bodies and no uncoated fibers by light mi-
croscopy.54 Using phase contrast microscopy, Ash-
croft and Heppleston25 found that uncoated fibers
ranged from 37 to 83% of the total in a series of heav-
ily exposed persons with mild to severe asbestosis.

Electron-microscopic examination clearly indicates
that any method of light-microscopic counting mark-
edly underestimates the true number of fibers present
in lung, although here again the ratio of bodies to total
fibers is quite variable. In a study of 21 patients from
the general population, we found that the average ra-
tio of total fibers to bodies was approximately 10,000
to 1 .65 Sebastien et al determined that the ratio of total
fibers to bodies was on the order of 20-100:1 in pa-
tients with both moderate and heavy exposure.54 In a
similar group of exposed patients, Ashcroft and Hep-
pleston25 concluded that fibers were 10-25 times the
number of bodies. They also noted that the propor-
tion of uncoated fibers remained constant regardless
of the time between the last exposure and death, sug-
gesting that progressive coating of uncoated fibers
does not occur.

It appears likely that the ratio of bodies to total fi-
bers is not very constant in those with low exposure,
but bodies may be some indicator of total burden in
those with very high exposure. However, even this
conclusion must be tentative, since there does not ap-
pear to have been any study of persons with pure
chrysotile exposure, a group in which fewer bodies
would be expected (see above).

Conclusions

When present in large numbers, asbestos bodies
may serve to confirm the etiology in a person with
an asbestos-associated disease such as asbestosis or
mesothelioma. The actual numbers that suffice for
confirmation are yet to be defined. Because scarred
lungs appears to have rather large variation in local fi-
ber concentrations, examination should preferably be
performed on autopsy lung for which several samples
can be obtained. Provided one is careful to distinguish
asbestos bodies from other forms of ferruginous body
as described above, counting with a light microscope
provides an inexpensive, rapid, quantitative method.
Although histologic sections are occasionally useful in

persons with very high exposure, concentration of
bodies on a membrane filter as described here44,53
should be used. This relatively simple technique using
light microscopy provides an initial screening of a
case, to be followed, if necessary, by electron optical
examination.

In persons with little or no history of exposure,
there does not appear to be any correlation between
numbers of bodies and disease. Bodies are, however,
only a partial indicator of lung asbestos burden; in
particular, they appear to be an indicator of the num-
bers of long amphibole fibers. With low exposure,
then, electron-microscopic enumeration and typing of
fibers will be needed to establish a relation of asbestos
to disease and to define the nature of the exposure.
Our laboratory, as well as that of Sebastien et al,54"64
has begun to enumerate the uncoated asbestos fibers
that are present in every lung, and it appears that such
uncoated fibers will always greatly outnumber asbes-
tos bodies. Electron optical methods of counting and
analyzing asbestos fibers are extremely time consum-
ing and expensive, but such counts are especially im-
portant in establishing an etiologic role of asbestos in
lung cancer or gastrointestinal cancer in persons with-
out asbestosis. Establishment of a dose-response
curve for fibers and disease, and more specifically for
various subtypes and sizes of fibers and disease,
awaits extensive documentation of the total fiber bur-
den in lung.

References

1. Becklake MR: Asbestos-related diseases of the lung and
other organs: Their epidemiology and implications for
clinical practice. Am Rev Respir Dis 1976, 114:187-227

2. Selikoff IJ, Lee DHK: Asbestos and Disease. New York,
Academic Press, 1978

3. Thomson JG, Kaschula ROC, MacDonald RR: Asbes-
tos as a modern urban hazard. S Afr Med J 1963, 37:77-
81

4. Sebastien P, Billon MA, Dufour G, Gaudichet A, Bon-
naud G: Levels of asbestos air pollution in some envi-
ronmental situations. Ann NY Acad Sci 1979, 330:401-
415

5. Langer AM, Maggiore CM, Nicholson WJ, Rohl AN,
Rubin IB, Selikoff IJ: The contamination of Lake Supe-
rior with amphibole gangue minerals. Ann NY Acad Sci
1979, 330:549-572

6. Hueper WC: Occupational and nonoccupational ex-
posures to asbestos. Ann NY Acad Sci 1965, 132:184-
195

7. Gross P, Cralley LJ, deTreville RTP: "Asbestos"
bodies: Their nonspecificity. Am Indus Hyg Assoc J
1967, 28:541-542

8. Davis JMG, Gross P: Are ferruginous bodies an indica-
tion of atmospheric pollution by asbestos? Biological
Effects of Asbestos. Edited by P Bogovski, JC Gilson, V
Timbrell, JC Wagner, Lyon, IARC Scientific Publica-
tion No. 8, 1973, pp 238-242



Vol. 102 * No. 3 ASBESTOS BODIES 455

9. Speil S, Leineweber JP: Asbestos minerals in modern
technology. Environ Res 1969, 2:166-208

10. Gaensler EA, Addington WW: Asbestos or ferruginous
bodies. NEJM 1969, 280:488-492

11. Suzuki Y, Churg J: Structure and development of the as-
bestos body. Am J Pathol 1969, 55:79-107

12. Davis JMG: Further observations on the ultrastructure
and chemistry of the formation of asbestos bodies. Exp
Mol Pathol 1970,.13:346-358

13. Marchand F: Uber eigentumliche Pigmentkristalle
in den Lungen. Verh Dtsch Ges Pathol 1906, 10:223-
228

14. Cooke WE: Asbestos dust and the curious bodies found
in pulmonary asbestosis. Br Med J 1929, 2:578-580

15. Stewart MJ, Haddow AC: Demonstration of the pecu-
liar bodies of pulmonary asbestosis ("asbestosis bodies")
in material obtained by lung puncture and in the spu-
tum. J Pathol Bacteriol 1929, 32:172

16. Lynch KM, Smith WA: Asbestosis bodies in sputum and
lung. JAMA 1930, 95:659-661

17. Meurman L: Asbestos bodies and pleural plaques in a
Finnish series of autopsy cases. Acta Pathol Microbiol
Scand 1966, 181:(Suppl)7-107

18. Pooley FD: Asbestos bodies, their formation, composi-
tion and character. Environ Res 1972, 5:363-379

19. Churg A, Warnock ML, Green N: Analysis of the cores
of ferruginous (asbestos) bodies from the general popu-
lation: II. True asbestos bodies and pseudoasbestos
bodies. Lab Invest 1979, 40:31-38

20. Churg A, Warnock ML: Analysis of the cores of fer-
ruginous (asbestos) bodies from the general population:
I. Patients with and without lung cancer. Lab Invest
1977, 37:280-286

21. Gloyne SR: The formation of the asbestosis body in the
lung. Tubercle 1931, 12:399-401

22. Botham SK, Holt PF: Development of asbestos bodies
on amosite, chrysotile and crocidolite fibres in guinea-
pig lungs. J Pathol 1971, 105:159-167

23. Davis JMG: Asbestos dust as a nucleation center in the
calcification of old fibrous tissue lesions and the possible
association of this process to the formation of asbestos
bodies. Exp Mol Pathol 1970, 12:133-147

24. Governa M, Rosanda C: A histochemical study of the
asbestos body coating. Br J Indus Med 1972, 29:154-159

25. Ashcroft T, Heppleston AG: The optical and electron
microscopic determination of pulmonary asbestos fibre
concentration and its relation to the human pathological
reaction. J Clin Pathol 1973, 26:224-234

26. Davis JMG, Gross P, deTreville RTP: "Ferruginous
bodies" in guinea pigs. Arch Pathol 1970, 89:364-373

27. Jaurand MC, Bignon J, Sebastien P, Goni J: Leaching
of chrysotile asbestos in human lungs. Environ Res
1977, 14:245-254

28. Lee RJ: Basic concepts of electron diffraction and asbes-
tos identification using SAD. Part I: Current methods of
asbestos identification using SAD, Scanning Electron
Microscopy. Vol I. Edited by 0 Johari. SEM Inc.,
O'Hare, Ill, 1978, pp 677-685

29. Churg A, Warnock ML: Analysis of the cores of asbes-
tos bodies from members of the general population: Pa-
tients with probable low-degree exposure to asbestos.
Am Rev Respir Dis 1979, 120:781-786

30. Churg AM, Warnock ML: Analysis of the cores of fer-
ruginous (asbestos) bodies from the general population:
III. Patients with environmental exposure. Lab Invest
1979, 40:622-626

31. Sundius N, Bygden A: Der Staubinhalt einer Asbestosis-
lunge und die Beschaffenheit der sogenannten Asbesto-
siskorperchen. Arch Gewerbepathol Gewerbehyg 1938,
8:26-70

32. Langer AM, Rubin IB, Selikoff IJ, Pooley FD: Chemi-
cal characterization ofuncoated asbestos fibers from the
lungs of asbestos workers by electron microprobe analy-
sis. J Histochem Cytochem 1972, 20:735-740

33. Langer AM, Rubin IB, Selikoff IJ: Chemical character-
ization of asbestos body cores by electron microprobe
analysis. J Histochem Cytochem 1972, 20:723-734

34. Stumphius J, Meyer PB: Asbestos bodies and mesotheli-
oma. Ann Occup Hyg 1968, 11:283-293

35. Gross P, deTreville RTP, Haller MN: Pulmonary ferru-
ginous bodies in city dwellers: A study of their central
fiber. Arch Environ Health 1969, 19:186-188

36. Langer AM, Rubin IB, Selikoff IJ: Electron microprobe
analysis of asbestos bodies, Pneumoconiosis: Pro-
ceedings of the International Conference, Johan-
nesburg, 1969. Edited by HA Shapiro. Capetown, Ox-
ford University Press, 1970, pp 57-69

37. Goldstein B, Rendall REG: Ferruginous bodies,36 pp
92-98

38. Gross P, Tuma J, deTreville RTP: Unusual ferruginous
bodies: Their formation from nonfibrous particulates
and from carbonaceous fibrous particles. Arch Environ
Health 1971, 22:534-537

39. Gough J: Differential diagnosis in the pathology of as-
bestosis. Ann NY Acad Sci 1965, 132:368-372

40. Langer AM: Inorganic particles in human tissues and
their association with neoplastic disease. Environ
Health Persp 1974, 9:229-233

41. Godwin MC, Jagatic J: Asbestos and mesotheliomas.
Environ Res 1970, 3:391-416

42. Auerbach 0, Conston AS, Garfinkel L, Parks VR, Kas-
low HD, Hammond EC: Presence of asbestos bodies in
organs other than the lung. Chest 1980, 77:133-137

43. Kanazawa K, Birbeck MSC, Carter RL, Roe FJC: Mi-
gration of asbestos fibres from subcutaneous injection
sites in mice. Br J Cancer 1970, 24:96-106

44. Smith MJ, Naylor B: A method for extracting ferrugi-
nous bodies from sputum and pulmonary tissue. Am J
Clin Pathol 1972, 58:250-254

45. Dicke TE, Naylor B: Prevalence of "asbestos" bodies in
human lungs at necropsy. Dis Chest 1969, 56:122-125

46. Pooley FD, Oldham PD, Um CH, Wagner JC: The de-
tection of asbestos in tissues,36 pp 108-116

47. Breedin PH, Buss DH: Ferruginous (asbestos) bodies in
the lungs of rural dwellers, urban dwellers and patients
with pulmonary neoplasms. South Med J 1976, 69:401-
404

48. Selikoff IJ, Hammond EC: Asbestos bodies in the New
York City population in two periods of time,36 pp 99-
105

49. Bhagavan BS, Koss LG: Secular trends in prevalence
and concentration of pulmonary asbestos bodies, 1940-
1972. Arch Pathol Lab Med 1976, 100:539-541

50. Um CH: Study of the secular trend in asbestos bodies in
lungs in London, 1936-1966. Br Med J 1971, 2:248-252

51. Thomson JG: Asbestos and the urban dweller. Ann NY
Acad Sci 1965, 132:196-214

52. Doniach I, Swettenham KV, Hathorn MKS: Prevalence
of asbestos bodies in a necropsy series in East London:
Association with disease, occupation, and domiciliary
address. Br J Industr Med 1975, 32:16-30

53. Churg A, Warnock ML: Correlation of quantitative as-
bestos body counts and occupation in urban patients.
Arch Pathol Lab Med 1977, 101:629-634

54. Sebastien P, Fondimare A, Bignon J, Monchaux G,
Desbordes J, Bonnaud G: Topographic distribution of
asbestos fibres in human lung in relation to occupational
and non-occupational exposure. Inhaled Particles. Vol
IV. Part 2. Edited by WH Walton, B McGovern. New
York, Pergamon Press, 1977, pp 435-444



456 CHURG AND WARNOCK AJP * March 1981

55. Churg AM, Warnock ML: Numbers of asbestos bodies
in urban patients with lung cancer and gastrointestinal
cancer and in matched controls. Chest 1979, 76:143-149

56. Anjilvel L, Thurlbeck WM: The incidence of asbestos
bodies in the lungs at random necropsies in Montreal.
Can Med Assoc J 1966, 95:1179-1182

57. Nizze H: Exposure to asbestos and the genesis of pleural
plaques and neoplasia. Arch Pathol 1973, 95:213-214

58. Warnock ML, Churg AM: Association of asbestos and
bronchogenic carcinoma in a population with low asbes-
tos exposure. Cancer 1975, 35:1236-1242

59. Martischnig KM, Newell DJ, Barnsley WC, Cowan
WK, Feinmann EL, Oliver E: Unsuspected exposure to
asbestos and bronchogenic carcinoma. Br Med J 1977,
1:746-749

60. Cochrane JC, Webster I: Mesothelioma in relation to as-

bestos fiber exposure: A review of 70 serial cases. S Afr
Med J 1978, 54:279-281

61. Pooley FD: Mesothelioma in relation to exposure,8 pp
222-225

62. Rosen P, Savino A, Melamed M: Ferruginous (asbestos)
bodies and primary carcinoma of the colon. Am J Clin
Pathol 1974, 61:135-138

63. Rosen P, Gordon P, Savino A, Melamed M: Ferrugi-
nous bodies in benign fibrous pleural plaques. Am J Clin
Pathol 1973, 60:608-612

64. Gross P, Tuma J, deTreville RTP: Fibrous dust particles
and ferruginous bodies: Methods for quantitating them
and some results from the lungs of city dwellers. Arch
Environ Health 1970, 21:38-46

65. Churg A, Warnock ML: Asbestos fibers in the general
population. Am Rev Respir Dis 1980, 122:669-678


