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Y @ CLINICAL INVESTIGATIONS

Presence of Asbestos Bodies in Organs

Other than the Lung*

Oscar Auerbach, M.D., F.C.C.P.;** Alfred S. Conston, M.D.;+

Lawrence Garfinkel, M.A.;1 Verta R. Parks, B.S.;$

Haven D. Kaslow, B.S.;|| and E. Cuyler Hammond, Sc.D.{

This study was designed to test the hypothesis that
subjects with many asbestos bodies in their lungs at
autopsy would also have asbestos bodies in various
other organs. The subjects included 19 cases with
diagnosis of asbestosis at death (two of these had
mesothelioma, five had lung cancer) and 18 with
pleural plaques but not asbestosis. Occupational his-
tories were obtained from relatives. In subjects occu-
pationally exposed to asbestos, large numbers of

hen asbestos fibers are inhaled, some of those
which are entrapped in the lungs become
coated, by biological processes, with a material con-
“ning iron. These coated fibers have a unique ap-
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Pearance under the microscope. Unlike some or-
ganic materials with which they might be confused,
thf?)’ are resistant to ashing. as well as to digestion by
mild alkaline hydrolysis. These coated fbers are
usually called asbestos bodies; the more general
term, “ferruginous bodies,” is sometimes preferred
€cause objects of similar appearance can be formed

b)f the biological coating of certain other types of
Mineral fibers.12 '
k

L]

F :om theT Veterans Administration Medical Center, East
calaége’ NJ; the De artment of Pathology, Somerset Medi-
avk enter, Somerville, NJ; and the Department of Epide-
Yo?kogy and Statistics, American Cancer Society, Inc., New
Sepn. .

Distinguished Physician, Veterans Administration Medical

by mle)l’. and Professor of Pathology, College of Medicine

A entis' iy of New Jersey, New Jersey Medical School,

Newark,

c*;:ptor of Laboratories, Somerset Medical Center, and

cine1<:al Associate Professor of Pathology, College of Medi-

e and Dentistry of New Jersey, Rutgers Medical School,

:A'“.am“'a)'. NJ.

S::gst?llgt Vice President, Department of Epidemiology and
§R e

tigseift‘h Biologist, SMI Laboratory, Veterans Administra-
['Rege.aizglcaal Cu.]'ntcr.

Eniiorcd  Biochemist and Consultant. Department of
,,\,_Dldemmlogy and Statistics. P

KN

1 .
¢ l;m%e resident, Dclparmwnt of Epidemiology and Statistics.

"mt':in,lzt receivedt Mareh 28; revision aceepted May 8
Eag Guests: Dr. Aucrbach, VA Medical Center, 1518,
Orange, New: Jersey 07019 ‘

¢
ST, 77: 2, resnuary, 1980

ashestos bodies were found in the lungs, and in most
of these, asbestos bodies were found in many of the
other organs examined. In the 18 cases with only
pleural plaques found at autopsy, considerably fewer
asbestos bodies were found in the Iungs. The number
of other organs with one or more asbestos bodies ranged
from 32 percent to 62 percent of the sites examined.
The findings scem to confirm the hypothesis of the
study. .

Until recently, little attention has been given to
the possibility that asbestos bodies might be present
in locations other than the lungs. We became alerted
to this possibility when we found one embedded in a
tumor of the brain; at scientific meetings, several
investigalors have reported verbally that they have
found asbestos bodies in other organs. Godwin and
Jagatic® reported that they found asbestos bodies in
mediastinal lymph nodes, spleen, and small in.
testines, :

The purpose of this study was to ascertain
whether persons with a great many asbestos bodies
in their lungs are likely to have asbestos bodies in
various other organs. As it turned out, some of our
subjects did not have many asbestos bodies in the
specimens of pulmonary tissue which we examined.

MATERIALS AND M ETHODS

Our plan was to confine the study to autopsies of persons
whose lungs were likely to contain a large number of asbestos
bodies. With this in mind, we reviewed the records of all
autopsies performed by one of us {A.S.C.) at Somerset Medi-
cal Center, Somerville, NJ, during 1970 and selected all of
the cases in which asbestosis or mesothelioma had been
recorded in the final diagnosis. Since many people in the area
worked in an asbestos factory (and asbestos workers often
develop pleural plaques), we also selected all cases in which
pleural plaques had been recorded. A total of 37 such cases
were found (34 men and three women). Asbestosis was
recorded in 19 of the subjects, and all of these also had
pleural plipues; two of these subjects died of mesothelioma,
and five of them died of cancer of the lung. Pleural plaques
but neither ashestosis nor mesothelioma were recorded in the
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remaining 18 subjects; one of them died of ung cancer, and
one died of pulmonary fibrosis of unknown ctiology.

Specimens of pulmonary tissue and renal tissue taken at
autopsy (fised in a solution of formaldehyde {formalin] and
embedded in paraffin), were available from all of the 37
subjects. Similarly, preserved specimens from the heant (36
subjects), liver {35), spleen (34), adrenals (33), pancreas
(30). brain (22), prostate {14), and thyroid (6) were also
available, as well as a few from other sites (mediastinal
hmph nodes, stomach, duodenum, colon, ete).

Relatives of the 37 subjects were interviewed to ascertain
whether the subjects had ever been employed in an asbestos
factory or plant in which asbestos was extensively used or
had ever been employed as an insulation worker or were
likely to have heen exposed to ashestos in some other way,
cg exposure to ashestos dust in making home repairs or
living with an asbestos worker. In some cases, the interview
indicated that exposure to asbestos dust in any of these ways
was unlikely; however, since a major asbestos factory is
located not far from the Somerset Medical Center, some of
the subjects may have been exposed occasionally without
being aware of the fact. Moreover, electron-microscopic ex-
amination of samples of air from some modern cities and
industrial areas has shown that at least a few asbestos fibers
are often present.?

Preparation of Specimens

As described in a previous study, a measured volume (20
cu mm) of pulmonary tissue was cut from a paraffin block
with a sliding microtome and was placed on 2 glass slide on
which an 18 X 18-mm grid (design by E.C.H.) had been
printed by the chrome sputter process.® The grid contains let-
ters and numbers by which the location of microscopic objects
can be specified from their coordinates. The lines of the grid
make it easier to focus on the surface of the slide and also
make it far easier to ensure the examination of all of an area of
known size. Parafin was removed from the specimen with
xylene, after which the slide was placed in a low-temperature
asher. In this way, most of the organic material was burned
off, leaving the residue including any asbestos fibers and as-
bestos bodies. A drop of mounting media was applied, and a
caver slip was set in place.

This procedure is satisfactory for pulmonary tissue which,
because of air spaces, is not very dense; it is not satisfactory
for the more dense tissue of other organs. Therefore, an
improved procedure was developed by one of us (H.D.K.)
for the purpose of this study.

The approximate surface area of the paraffin-embedded
tissue was measured and the thickness and number of sec-
tions necessary to yield 20 cu mm of tissue calculated. The
paraffin block was sectioned in increments of 23 to 40 mm as
necessary, using a sliding microtome. The sections were
transferred to & 25-ml Erlenmeyer flask and were extracted
twice by decantation with 5-ml portions of xylene, finishing
with 3 m] of acetone, and were then evaporated to dryness on
a warm plate. \Washings of xylene were decanted cautiously
under a magnifying glass. Infrequently, when particulate
matter failed to settle properly, the washings were filtered
separately and examined for asbestos bodies. Five ml of 2 5
percent aqueous solution of potassium hydroxide was added
to the deparaffined tissue in the flask. The flask and contents
were heated at 85 degrees C to 90°C under refiux conditions
for one hour. After cooling, the alkaline suspension was
diluted with about 5 m! of water and was filtered by suction
in a Pyrex microanalysis filtering device (Millipore) using
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AMF paper (mixed esters of cellulosed of 25-mm diametey and
a pore size of 043 micrometers. The filter paper (230 &
ameter) is clamped between the base of the filter and tie 1.3'
wl funnel (diameter, 15.5 mm at the hase), resulting ,'na.
romnd filter cake approximately 16 mm in diameter, (Whe,

properly centered, no fibers or ashestos hodies occur ﬂutsidn
the boundaries of the grid.) The flask and filter were “’ashe;
down with several portions of water.

The microscopic slide with the grid was prepared wigy N
light coating of a water-soluble adhesive; then the filte
paper was removed from the filter, blotted lightly op the
clean side, and centered, coated side down, on the grid.
water-soluble adhesive was a commercial glue (Elmer,
glue) diluted 1:1 with water just before use and applied
with a swab. (Trials using either albumin or gelatin ady,.
sives at various dilutions showed inferior performance), The
paper was blotted and dried in warm air. The slide was they
transferred to the asher and ashed for two hours at 200 w
and 250 m}/min of a gas mixture of 10 percent oxvgen and 90
percent helium, at 1.3 mm Hg of vacuum. Under these
conditions the ashless filter paper and the upper surface
adhesive were oxidized away, leaving fixed on the slide any
ashestos bodies, fibers, and other resistant solids present in
the tissue.

Examination of Slides

In a previous study, we found that when a slide contains
under 100 asbestos bodies, it is usually possible to count thep
accurately.” When a great many are present, there are
usually clumps consisting of asbestos bodies, fragments of
asbestos bodies, and uncoated fibers. An individual clump
may contain only a few intact asbestos bodies, or it may
contain dozens of them. Under these conditions, accurate
counting is impossible; therefore, the following plan was
used.

The grid is divided into 18 rectangular areas. These areas
were examined microscopically one at a time until over 100
definite asbestos bodies were counted. I and when over 100
were found, the remaining areas were scanned for the pres-
ence of clumps and individual microscopic fields containing
many objects which resemble asbestos bodies. When these
were found, they were carefully studied to determine wheth.
er the objects were actually asbestos bodies. If the examiner
concluded that the slide probably contained a great many
more than 100 definite asbestos bodies ( probably hundreds or
even thousands of them), then “TMTC,” meaning “too many
to count,” was recorded. Otherwise the examiner recorded
more than 100. If no clumps were found and the slide
appeared to contain not many more than 100 definite asbestos
bodies, then all of the 18 areas were examined as described
subsequently, and an actual count was made.

Each slide was examined microscopically by one of us
{V.R.P.) under phase contrast using 2 25 X objective {Neo-
fluor} (N.A. 0.60) and 12.5 X wide-angle evepieces. Every
object found at this magnification which even slightly resem-
bled an asbestos body was studied carefully at a higher
magnification using a 40 X objective (Neofluor) (N.A. 0.75
under both phase contrast and ordinary illumination. When-
ever an object was considered to be a “definite” asbestos
body or “probably” an asbestos body, a sketch of it was
drawn on the record sheet, and the coordinates were noted.
(The coordinates together with the sketch made it easy to
find the object again for review or photography.) Some of the
bodies may have been formed around a nonasbestos mineral
fiber. When indicated, more than 100 or TMTC was re-
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cofd“‘]' The time required varied considerably, with the
averaye Hivie

rrom the recorded findings @ count was made of the total
aumber of “definite” ashestos bodies and the total munber of
upm],;ﬂnlc" asbestos bodies for exch slide. The distinction
petween “definite” ashestos body  and “probable™ ashestos
pody was only a matter of certainty in the mind of the
examiner. Mten, lack of certainty was due to inability to see
the feature of an object clearly, This can occur in any one or
2 combination of the following circumstances: (1} the object
is partially ohscured by particles, fibers, or ashestos bodies;
(2) the ohject is not parallel to the surface of the slide; or
(3) the objeet is so small that the critical features are barely
within the resolving power of the microscope. In sections
with many definite asbestos bodies, there are usually also
many objcets which are probably picces of broken asbestos
bodies. Such fragments are difficult to evaluate, and to count
all of them would result in overestimating the number of
intact asbestos bodies originally present. Finally, sometimes
an object is scen which looks very much like one of the sorts
of asbestos bodies typically found in the lungs of people with
known heavy occupational exposure to asbestos dust; but it
somehow “does not look quite right” The examiner has a
choice of calling it “probably”™ an asbestos body or not an
ashestos body. That difficult choice is at least better than
being forced into a definite answer of “yes” or “no.”

It should be noted that when and if a fairly large number
of definite asbestos bodies were found on a slide, then the
examiner stopped recording “probable” asbestos bodies.

being about four hours per slide.

ResuLts
Lung

Two different analyses were made, one confined
to definite asbestos bodies and another in which no
distinction was made between definite and probable
asbestos bodies. Except for absolute numbers, the
two analyses yielded essentially the same results.
Therefore, to save space and to be on the conserva-

tive side, we have confined this report to “definite” .

asbestos bodies.
Many definite asbestos bodies were found in each

of the specimens of pulmonary tissue from the 19

subjects with asbestosis (TMTC in 12 cases and
more than 100 in seven cases). Interviews with
relatives revealed that 17 of these 19 subjects had
been employed in an asbestos factory, and one had
worked in a factory where asbestos is used extensive-
ly. The remaining man was a welder and had
worked in a plant where printing presses were made.

In 18 cases, pleural plaques were found at au-
topsy, but asbestosis had not been noted. Perhaps
some of these subjects had asbestosis but to such a
limited degree as not to come to attention in a
routine autopsy. These 18 cases fell into two distinct-
ly different groups in respect to the number of as-
bestos bodies found on the slides prepared from
pulmonary tissue.

In eight cases, more than 100 asbestos bodies were
found. The information from interviews on these
subjects was as follows: four had worked in an
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Tabille o—Ten Subjectswith Less than 100 Asbestos
Baodies in Sections of Lung

No. of
Ashestos
Case,  Age at Bodies
Sex Deuath in Lung Information from Interview

M 40 48 Laborer; no evidenee of
ashestos exposure

M 68 38 Plumber in factors where
asbestos used extensively

F 46 25 Housckeeper and worker in
hakery

F 45 22 Owned auto business; worked
bricfly in ashestos
factory when young

M 49 17 Auto mechanic

M 53 10 Service station employee

M 54 9 Mechanicul designer and
draftsman

hYt 62 5 Inspector in fuctory where
ashestos is used extensively

h)S 50 3 Laborer in lumber vard;

) handled asbestos siding
F 45 0 Nurse; never occupationally

cxposed to asbestos dust;
died of pulmonary fibrosis

asbestos factory, and one had worked at a factory
where asbestos is used extensively; one was a
plumber who also insulated pipes; one was a furnace
repairman; and one was a machinist.

In the remaining ten cases, less than 100 asbestos
bodies were found in the pulmonary specimens. A
description of these cases is shown in Table 1. Four
of them probably had slight or brief occupational
exposure to asbestos dust. The automobile mechanic
may perhaps have repaired brake linings containing
asbestos. Some of the others may perhaps have been
exposed to asbestos dust in some way without our
informants being aware of the fact.

Other Organs

Findings in slides prepared from nine different
organs are summarized in Table 2. The top part of
Table 2 includes all of the 37 subjects. The second
part is confined to the 12 subjects in whom a very
large number of asbestos bodies (TMTC) had been
found in the slide prepared from pulmonary tissue.
The third part of Table 2 is confined to the 13
subjects in whom more than 100 definite asbestos
bodies (but less than TMTC) had been found in the
slide prepared from pulmonary tissue. The fourth
part of Table 2 is confined to the ten subjects in
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Table 2—.Ashestos Bodies Found in Nine Different
Organs in Relation to Number Found in Small
Specimen of Pulmonary Tissue

.\'u; of  No. of Ashestos Bodies
Subjeets Subjoets A -
with  with 14 Total

Group Tissie  Ashestos Defi- - Mean Maximum
and Aveile  Bodies  nite No.per  per
Organ able  (pereent) Bodies Subjeet Subjeet

All subjects

(n=37) .
Kidney 37 14 (38) 132 3.6 82
Heart 36 13 (36) 218 6.1 88
Liver 35 16 (46) 84 2.4 26
Spleen 34 21 (62) 66O 194 > 100
Adrenals 33 16 (48) 178 5.4 29
Pancreas 30 14 (47) 272 0.1 116
Brain 22 5 {23) 30 1.4 20
Proxtate 13 6 (43) 42 3.0 12
Thyroid 6 G6(100) 517 8G.2 >100
TMTCin
pubnonary
tissue
(n=12)** :
Kidney 12 9 (75) 122 10.2 82
Heart 11 7 (64) 204 18.6 88
Liver 12 9 (75 70 5.8 26
Spleen 9 0(100) 469* 3521 >100
Adrenals 12 10 (83) 123 10.3 25
Pancreas 9 0(100) 246 278 116
Brain 4 3 (73) 24 6.0 20
Prostate 5 5(100) 41 8.2 12
Thyroid 4 4(100) 370* 925 >100
>100 Bodies
in pulmonary
tissue
(n=13)%
Kidney 15 3 (20) 3 0.3 2
Heart 13 3 (33) 12 0.8 4
Liver 13 5 (38) 11 0.9 4
Spleen 15 10 (67) 187 12,3 47
Adrenals 13 5 (38) 26 20 14
Pancreas 13 5 (38) 26 2.0 14
Brain 11 1 (9) 2 0.2 4
Prostate 6 1 (17) 1 0.2 1
Thyroid 2 2(100) 147 73.5 134
<100 Bodies
in pulmonary
tissue
(n=10) .
Kidney 10 2 (20) 5 0.5 4
Heart 10 1 (10) 2 0.2 2
Liver 10 2 (20) 3 0.3 2
Spleen 10 2 {20) 4 0.4 2
Adrenals 8 1 (12) 29 3.6 29
Panereas 8 0 0 0 0
Brain 7 1 (14) 4 0.6 2
Prostate 3 0 0 0 0
Thyroid 0 0 ¢ 0 0

*In one specimen of spleen and two of thyroid, more than
100 asbestos bodies were found, but exact number eould
not be determined. We have arbitrasily assumed that 150
were present.

**TMTC, Too many to count (ashestos bodies).
tDoes not include specimens showing TMTC.
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whom less than 100 definite asbestos bodies hag
been found in the slide prepared from pulinoygy,.
tissue. The number of ashestos bodies refers o “def,
inite™ ashestos bodies only: objects deseribed o
“probable” asbestos bodies are not included in this
table,

As shown in the first part of Table 2, the propo;.
tion of slides with one or more definite ashestog
bodies varied from six out of six (thyroid) dowy ¢4
five out of 22 (brain). In the six organs for which
30 to 37 specimens were available, from 38 percent
(14/37) to 62 percent (21/34) of the slides had one
or more asbestos bodies. We were very surprised a4
how many asbestos bodies were found on some of
the slides; for example, 88 were found on one slide
prepared from the heart, and more than 100 were
found on one slide prepared from the spleen.

The last three parts of Table 2 show that there
was a definite relationship between the number of
asbestos bodies found in pulmonary tissue and the
number found in tissue from other organs. That is to
say, far more asbestos bodies were found in other
organs when a very large number (TMTC) were
found in the pulmonary specimen than when rels.
tively few were found. :

The fourth part of Table 2 is confined to the teq
subjects described in Table 1. They had pleura]
plaques but neither asbestosis nor mesothelioma;
and only 48 or fewer definite asbestos bodies were
found in slides prepared from pulmonary tissue.
From interviews, it appears that three had had some
occupational exposure to asbestos dust; and perhaps
a fourth (the auto mechanic) had repaired asbestos
brake linings. For the remaining six subjects, inter-
views provided no evidence of exposure to asbestos
dust. At Jeast for these six subjects, it scems very
unlikely that the lesions described as pleural plagues
(because of their gross appearance at autopsy ) were
caused by asbestos, Furthermore, in the absence of
proof of exposure to asbestos dust (and by light-
microscopic examination alone), it is impossible to
say whether an object having the appearance of an
asbestos body was formed about an asbestos fiber.
Some of them may have been “ferruginous bodies”
formed about a fiber of some other sort.

As previously mentioned, a few specimens were

included from each of several sites other than the

nine organs listed in Table 2. Other tissues in which
one or more asbestos bodies were found include
mediastinal lymph nodes, bone, duodenum, stom-
ach, colon, omentum, and spinal cord.

The number of organs in which definite asbestos
bodies are found depends in part upon how many
and which organs are examined for asbestos bodies.
This is taken into account in Table 3. Twenty-five
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fable 3—Number of Different Orpans in Which One
or More Ashestos Fibers Were Found

—

Granp and
Organs

Studied

No. of Ormans with +1 Body
No. of .. A \

Subjeets 0 1 2 3 4 3 6 7 8

_— .

)] subjects (B = 37

) 6 specifie organs®
sny 7+ organs**

TMTC in pubmonary
tissue (n=12)
G specific organs® 7 000202300
Any 74 organs** 9 00000T1 22 4

25 6
29 6

W da

5160 Bodics iz}
pulmonary tissue
(n=15'1
6 specific organs®* 11 3
Any 7-- organs** 12 3031322010

—
—
—
[V
—
(=]
f=1

<100 Bodics in
pulmonary tissue
(n=10)
6 specific organs”® 7
Any 74+ organs** 8

——

«Slides from six specific organs (kidney, heart, liver, adrenal

3310060000
332000¢900GC

glonds, spleen, and pancreas) were examined for cach of

these subjeets.
+s3lides from seven to ten different organs were examined for
_cach of these subjeets.

{Does not include specimens showing TMTC

subjects had tissue examined from all of the follow-
ing six organs: kidney, heart, liver, spleen, adrenal

glands, and pancreas. In six of the subjects, no def-

inite asbestos bodies were found in any of these six
organs; and in three subjects, definite asbestos bod-
jes were found in all six of these organs. As shown on
the first line of the second part of Table 3, a very
large number (TMTC) of asbestos bodies were
found in pulmonary tissue from seven of the same
subjects. In these subjects, asbestos bodies were
found in three to six of the specified organs; in three
of the nine subjects, asbestos bodies were found in
all six of the specified organs.

The following is presented only to give an idea of
how widely asbestos bodies may be distributed.
Twenty-nine subjects had specimens of tissue from
seven to ten different sites examined. These sites
include the nine organs listed in Table 2, plus stom-
ach, duodenum, colon, and mediastinal lymph
nodes. There were very few subjects in whom more
than nine sites were examined. The findings in the
subjects are shown on the second lines of each part
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of Table 3. Tt iy sufficient to say that in one subject,
definite bodies were found on slides from each of the
cight different sites examined.

Discussion

One should not draw too-sweeping conclusions
from findings in so few as 37 subjects, all of whom
came to autopsy in the same hospital and many of
whom had worked in an asbestos factory in which
chrysotile was the principal type of asbestos used.
Nevertheless, the findings strongly suggest that
when people have such a degree of exposure to
asbestos dust that a great many asbestos bodies are
formed in the lungs, then asbestos bodies are very
likely to be present in one or several other organs as
well,

There are two different possibilities concerning
the presence of asbestos bodies in other organs: (1)
they may have been formed in the lungs and then
migrated to another organ; or (2) asbestos fibers
may have migrated to another organ and have been
coated there, thus forming an asbestos body. 1We are
inclined to favor the latter possibility.

Electron-microscopic studies have shown that
only a tiny proportion of the asbestos fibers present
in the lungs of asbestos workers become coated, with
the resultant production of asbestos bodies.® Assum-
ing that this is also the case in other organs, then the
finding of even one or two asbestos bodies in a
fragment of tissue from an organ suggests that the
entire organ contains a very large number of as-
bestos fibers.
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