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Atlas of
Meat Inspection Pathology

INTRODUCTION

An atlas of meat-inspection pathology is a bound
collection of photographs, supported by explanatory
legends and text, illustrating lesions found in meat-
producing animals at the time of slaughter for food. It
functions as a ready reference guide for meat inspectors
who are searching for current terminology and for as-
sistance in interpreting lesions and in making diagnoses.

For the most part, the meat inspector must make
immediate diagnoses of pathologic conditions without
recourse to laboratory assistance. It follows, then, that
the quality of meat-inspection services is largely de-
pendent on the knowledge of the inspector and the accu-
racy of his diagnoses. Certainly, the inspector’s acquisi-
tion of knowledge and accuracy is enhanced by the lab-
oratory; by providing him with additional information
about the specimens he submits, the laboratory per-
forms a valuable educational function and serves the
dual purpose of substantiating his diagnoses and of pre-
venting him from perpetuating misconceptions. How-
ever, experience has demonstrated that often the diag-
nostic laboratory’s most carefully prepared description
falls woefully short of clearly explaining the microscopic
alterations found in pathologic specimens.

This Atlas is intended to contribute to the meat in-
spector’s knowledge and accuracy by providing him with
a readily available visual reference for correlating the
gross and microscopic details of the lesions he is most
likely to encounter during the meat inspection process.
The inadequacy of language in conveying the appear-
ance of lesions to the mind of the reader makes color
illustrations mandatory in any atlas of a subject where
color appreciation and anatomic configuration are the
basis for interpretation of tissue alterations.

The material for this Atlas has been taken, for the
most part, from records in the files of the United States
Department of Agriculture Veterinary Sciences Re-
search Division Branch Laboratory in Denver, Colo.
The Denver laboratory formerly provided diagnostic
service for the USDA Federal meat inspection service.
The collection of gross and microscopic animal patho-
logic specimens established at the laboratory by Charles
L. Davis, former Director, provided the basis for this

work.! During 1953 and 1954, the Denver laboratory co-
operated with the USDA Federal meat inspection serv-
ice in a survey conducted by the USDA for the purpose
of determining the incidence of neoplasms in meat-
producing animals slaughtered in Denver abattoirs.
Nearly all the gross photographs in this Atlas were
made from specimens found in Denver abattoirs during
the period of the survey.

In meat inspection, the basic problem is not essen-
tially that of diagnosing pathologic conditions for the
purpose of disease control, but rather that of evaluating
the fitness of the carcass for food and of assuring the
public of protection against animal diseases that might
be transmissible to man. Thus, the types of lesions
found by meat inspectors vary considerably from those
that might be routinely encountered during postmortem
examinations performed in a veterinary practice or in
the pathology department of a veterinary college. The
meat inspector’s postmortem examinations generally re-
veal pathologic conditions that would not have imme-
diately endangered the lives of affected animals. Fur-
ther, the quantity of the animals examined is so large
that many conditions are brought into prominence dur-
ing meat inspection that might be encountered but
rarely, if at all, by clinicians.

It is impossible to describe and to provide illustrations
of all lesions that are encountered during routine meat
inspection. An attempt has been made to include lesions
of the kind most frequently submitted by meat inspec-
tors because of either professional interest or problems
in diagnosis. In some specific conditions, of which actino-
bacillosis is an example, emphasis is placed on the older
granulomatous type of lesions instead of on the more
frequently observed early suppurative alterations, for

1 Work on this Atlas was started by Wayne A. Anderson, for-
mer Director of the Denver laboratory, but was interrupted by
Dr. Anderson’s untimely death. The authors are greatly indebted
to Dr. Anderson for his efforts in initiating the work and for
those materials and photographs included in the manuseript that
he assembled. Appreciation is also extended to the veterinarians, -
especially J. W. Hovorka and A. L. Stigers, formerly assigned to
the Meat Inspection Branch, Agricultural Research Service,
USDA, who cooperated with veterinarians at VSR Branch labora-
tory in Denver in the collection of specimens.
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the older lesions are the ones usually submitted to the
laboratory for confirmatory diagnosis. In anthrax, con-
sideration has been given only to cervical lesions in
swine, since these are observed most frequently during
postmortem inspection. Animals affected with general-
ized rapidly fatal anthrax are seldom brought to the
killing floor, and specimens from such animals are sel-
dom submitted to the laboratory for diagnosis.

This work is not intended to serve as a textbook of

pathology or as a reference index, for these subjects
have been adequately treated elsewhere. No attempt has
been made to describe disease processes in their en-
tirety, and all theoretical discussions have been omitted.
Photographs and accompanying text are designed to
furnish veterinary meat inspectors and students with
information concerning the gross and microscopic char-
acteristics of lesions observed during routine meat in-
spection and submitted to the laboratory for diagnosis.



NEOPLASTIC DISEASES

Squamous Epithelial Tumors

Papilloma

Definition.—A papilloma is a benign tumor of strati-
fied squamous epithelium.

Distribution and incidence.—Papillomas are found
throughout the United States in all breeds, species,
genera, and sexes of animals. Infectious papillomas are
most frequently observed in young animals and non-
infectious varieties are found in older individuals. Cattle
have the highest incidence of papillomas of meat-pro-
ducing animals because one of the papillomas affecting
this species is caused by a virus and is highly infectious.

Lesions in cattle are most commonly observed on the
skin of the head, neck, and shoulders, but may be found
wherever there is squamous epithelium, including the
esophagus, omasum, mouth, vagina, vulva, and penis.
In horses, papillomas are usually located on the skin of
the prepectoral and shoulder regions, eyelids, upper lip,
and external genital organs. Papillomas of sheep and
swine have no particularly favored location.

Macroscopic appearance.—A papilloma may be nodu-
lar, villous, fungoid, spinous, polypoid, papillomatous, or
hornlike in appearance. An extremely large one may
measure 10 c¢m. in diameter and ‘30 em. in length. Its

Figure 2.—Multiple papillomas in the esophagus of a cow (}M222).

surface may be smooth, tufted, shaggy, or nodular.
Occasionally, a papilloma takes the form of a hornlike

Figure 1.—Multiple hornlike papillomas of the teat of a cow (E111-D1940).
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process projecting from the skin. The base of a papil-
loma may be broad or it may be so small that the growth
is pedunculated. Papillomas protrude to the exterior of
the individual or into the lumen of the organ but they
do not invade the underlying tissues or extend below
the squamous epithelium from which they originate.

Microscopic appearance.—In most respects a histo-
logic preparation of a papilloma has the appearance of
normal skin. The major differences are centered around
the fingerlike processes of stratified squamous epithe-
lium that protrude above the surrounding epithelial
surface and contain a connective tissue core. The char-
acteristics of a papilloma on a stratified squamous mu-
cous membrane are similar to those of the skin. The
cells of a papilloma are of an adult type. Mitotic figures
are infrequently present. Normochromasia is evident,
indicating the tumor is benign.

A very important diagnostic observation to make
when studying papillomas is that the basal layer of the
epithelium is intact. In contrast, malignant cells of
squamous epithelial tumors (squamous-cell carcinoma)
penetrate the basal layer of the epithelium and infiltrate
the underlying corium and subcutaneous tissue.

Figure 3.—Histologic appearance of the papilloma of the teat
(E111-D1940) shown in figure 1. The epithelial cells are nor-
mal in size and shape and have a normal staining reaction.
The basement membrane is intact and there is no indication of
invasion into the underlying tissues. A thick layer of cornified
epithelium covers the surface and gives the tumor its hornlike
external appearance. Hematoxylin-eosin stain. X 50.

Figure 4.—Histologic appearance of one of the papillomas of the
esophagus (M222) shown in figure 2. The tumor cells are nor-
mal in size and shape and have a normal staining reaction. The
growth protrudes into the lumen of the esophagus rather than
into the underlying tissues. A thin layer of keratinized epithe-
lium covers the surface of the tumor. Hematoxylin-eosin stain.
X 125.

Infectious fibropapillomas (warts) of cattle

Definition.—Infectious fibropapillomas (warts) of cat-
tle are the result of a viral disease and are characterized
by the appearance of papillomas on various parts of the
body.

Distribution and incidence.—Infectious fibropapil-
lomas are found in all breeds of cattle throughout the
United States. All sexes are equally affected. They are
most commonly observed in cattle under 1 year of age
although older animals may be involved.

Warts are found on all stratified squamous epithelial
surfaces. In cattle under 1 year of age, they are most
frequently located on the head and ears, around the eyes
and mouth, and on the sides of the neck and shoulders.
In cows, warts usually occur on the udder, teats, vulva,
and vagina. In mature bulls, one of the common loca-
tions is on the penis. Abattoir observations indicate that
as many as 25 percent of cattle hides have warts during
the summer months. Many hides are rendered almost
valueless when the skin has been extensively affected.

Macroscopic appearance.—Warts vary greatly in both
size and shape. They may occur as single growths meas-
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Figure 5.—A mass of papillomas on the back of a Holstein cow (NFC100).

uring less than a centimeter in diameter or as multiple
large protruding masses that measure as much as 15
cm. in diameter and cover large areas of the skin sur-
face. They may assume the shape of low nodular plaques
or protrude as villous, fungoid, spinous, polypoid, or
hornlike masses. In calves, these warty growths may be-
come large and pendulous.

The surface of a wart is usually gray, rough, scaly,
and dry. When incised, its cut surface reveals an ex-
ternal layer of keratinized epithelium and an internal

o
‘,»\

Figure 6.—Multiple papillomas involving the skin of an Angus
steer (DWB100).

core of moist white connective tissue. When large num-
bers of warts are present, particularly when they are of
the caulifiower type and involve the neck and shoulders,
their surfaces become moist and tend to bleed and
slough as the result of trauma and to emit a very offen-
sive odor of putrefaction.

Microscopic appearance.—Tissue response to infection
with the papilloma virus depends on the type of tissue
affected. If the virus affects the skin, the principal re-
sponse is hyperplasia of the epithelium with only slight
hyperplasia of the underlying connective tissue. How-
ever, when the virus affects a squamous epithelial mu-
cous membrane, there is comparatively little hyper-
plasia of epithelium but there is an abundant connective
tissue proliferation in the submucosa.

When stratified squamous epithelium is invaded by
the papilloma virus, affected cells undergo hyperplasia
and the enlarging mass of cells protrudes into the un-
derlying connective tissue. This mass of growing cells
spreads laterally and finally protrudes externally as
papillomas with acanthotic, parakeratotic, and hyper-
keratotic alterations in the neoplastic epithelium. No
infiltration of epidermal cells through the basement
membrane of the stratified squamous epithelium oc-
curs. The principal cause of the increased thickness of
the epidermis is the increased growth of the stratum
spinosum (acanthosis). The amount of keratinization
varies considerably in accordance with the growth’s age
and, perhaps, with the animal’s individual keratinizing
characteristics. Some growths have relatively small
amounts of keratin whereas others produce dense, horny
types of keratinized epithelium. Foci of intensely stain-
ing proliferating basal cells are present in the stratum
germinativum. Some cells in the keratogenic zone have
cytoplasmic ballooning and contain eosin-staining
spherules and deeply staining basophilic keratohyaline
granules.
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Figure 7.—Papilloma of the esophagus of a bovine animal (WSM218). The normal
epithelium (N) has become hyperplastic (P) and has emitted downgrowths
into the underlying connective tissue. Hematoxylin-eosin stain. x 60.

Figure 8.—Papilloma of the skin of a bovine animal (NFC101)
that shows the hyperplastic and hyperkeratotic nature of the
growth. Hematoxylin-eosin stain. x 25.

Connective tissue cells in the dermis and submucosa
undergo hyperplasia when invaded by the papilloma
virus. These hyperplastic cells are often arranged in
whorls around blood vessels, an arrangement that may
be confused with that of a hemangiopericytoma. No
cytoplasmic or intranuclear inclusion bodies are present.
Occasionally, the fibroblasts contain eosin-staining
spherules that probably represent products of cellular
degeneration.

Usually, some degree of bacterial invasion occurs in
the vicinity of the papilloma, particularly in areas
where the growth is subjected to trauma or where
putrefactive organisms invade the tumor’s debris. If
surgical or medicinal methods are used to remove the
wart, there is usually an inflammatory response to the
surgical procedure or the chemical agent employed. This
response is lymphocytic, macrocytic, suppurative, or hy-
perplastic in type.

Fibropapillomas of the bovine penis,
vulva, and vagina

Definition.—Fibropapillomas of the penis, vulva, and
vagina of cattle are benign growths that involve epithe-
lium and connective tissue. They are caused by the bo-
vine papilloma virus.

Distribution and incidence.—Fibropapillomas of the
penis, vulva, and vagina are found in all breeds of cattle
throughout the United States. They are diseases of
young bulls, steers, and heifers. Occasionally, older cat-
tle are affected. Since cutaneous warts are commonly
found in cattle herds, there is ample opportunity for the
mucosa of the penis, vulva, and vagina to become in-
fected with the papilloma virus.
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It has been established that this tumor is produced by
the infectious bovine papilloma virus. A subcutaneous
injection of papilloma virus obtained from skin or geni-
tal lesions will produce a connective tissue response,
with minimal proliferation of epithelium, very similar
to that observed in fibropapillomas of genital surfaces.
In the genitalia, the neoplastic proliferation of connec-
tive tissue is so extreme that the histologic appearance
is that of a fibrosarcoma with only hyperplastic changes
in the epithelium. These growths on the genitalia are
benign, do not metastasize, and will regress and disap-
pear within a period of several months. If surgical re-
moval is attempted, the neoplasms often recur because
tissue exposed during surgery is contaminated with
virus.

Macroscopic appearance.—Fibropapillomas usually oc-
cur as single neoplasms on the mucous membranes of
the penis, vulva, or vagina. These growths, which seldom
measure more than 5 em. in their greatest diameter,
have a cauliflowerlike appearance and are attached to
the mucous surfaces by broad bases. Most of the tumors
have ulcerated surfaces, probably as the result of
trauma. The cut surface is pink or grayish white and
has a glistening appearance. The larger tumors may
have necrotic centers.

Microscopic appearance.—Fibropapilomas of genital

Figure 9.—Cross section of an infectious fibropapilloma of the
glans penis of a bull (A90-D103). Note that the growth is com-
pact and sclerotic and has an ulcerated surface.

Figure 10.—External surface of an infectious fibropapilloma of
the glans penis of a bull (A364-D2990). Note the necrotic
external surface of the growth.

Figure 11.—Histologic preparation of an infectious fibropapilloma
of the glans penis of a bull (D2990). The main mass of the
tumor consists of connective tissue covered by a layer of hyper-
plastic epithelium that is sending long narrow projections of
tumor cells into the underlying neoplastic connective tissue.
Hematoxylin-eosin stain. X 50.
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Figure 12.—Histologic preparation of the infectious fibropapilloma
of the glans penis (D2990) shown in figure 10. The main mass
of the tumor is composed of connective tissue infiltrated with
lymphocytes. Hematoxylin-eosin stain. x 125.

tissues consist of connective tissue covered with strati-
fied squamous epithelium of varying thickness. Young
tumors have the appearance of fibrosarcomas because
the connective tissue is composed of young fibroblasts
and mitotic figures are common. In older tumors the
connective tissue is mature, mitotic figures are uncom-
mon, and collagen fibers are prominent. Among the
collagen fibers, however, extra large fibroblasts remain
with nuclei that contain one or more glassy, lightly
stained eosinophilic bodies. The connective tissue is
covered with stratified squamous epithelium that is 10
to 50 cells thick. Long, narrow projections of this epi-
thelium extend into the main connective tissue mass.
Surface ulceration follows hydropic degeneration of the
affected epithelial cells.

Squamous-Cell Carcinoma

Definition.—A squamous-cell carcinoma is a malignant
tumor of stratified squamous epithelium. Squamous-cell
carcinoma of the eye will be discussed separately.

Distribution and incidence.—Squamous-cell carcino-
mas are found in meat-producing animals throughout
the United States. They are most frequently observed
in Hereford cattle, Ayrshire cattle, sheep, and Angora

goats. No sex predominance has been demonstrated. In
the USDA’s 2-year survey (see p. 1), 0.4 percent of the
cattle tumors and 6 percent of the sheep tumors collected
were of this type.

A defect in cutaneous pigmentation is the alteration
most frequently associated with the appearance of this
neoplasm. It is more common in nonpigmented or
partially pigmented eyelids of Hereford cattle than in
those breeds in which eyelid pigment is more abundant.

Squamous-cell carcinomas are quite common in the
vulvar skin of Ayrshire cattle when pigment defects are
present. When the defective vulvar skin is exposed to
sunlight and, perhaps, to other irritating factors for a
prolonged period, a papilloma may appear that later
may become a squamous-cell carcinoma.

Squamous-cell carcinomas are often observed in the
vicinity of brands, where epithelial and pigment defects
are present. Apparently, prolonged irritation by sun-
light and other factors causes tissue changes in the
altered skin that eventually result in the appearance of
a neoplasm at the site of injury.

Tumors of this type are quite common in the skin of

Figure 13.—Squamous-cell carcinoma of the skin of a 7-year-old
Hereford cow (A387-D3151). The growth consists of a raised,
ulcerated, cauliflowerlike growth in the skin of the gluteal re-
gion. A scar suggesting an old brand is present in an adjacent
area of skin. The grayish-yellow growth measures 20 by 17 by
2 em. and is infiltrating the underlying connective tissue and
muscle.
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Figure 14.—Squamous-cell carcinoma of the vulva of a cow
(A40-127527). Note that part of the skin in the region of the
vulva is not pigmented. Ulceration of the tumor surface is
present,

the frontal-parietal region of sheep in the arid regions
of the Southwestern United States where the sunlight
is intense. Inasmuch as many sheep affected with
squamous-cell carcinomas are white faced, the lack of
pigmentation of the skin may be a factor in causing the

Figure 16.—Histologic appearance of the squamous-cell carcinoma
(A218-D2267) shown in figure 15. As is typical of squamous-
cell carcinomas, the neoplastic cells are arranged in cords, nests,
or masses supported by a connective tissue stroma. Several
areas of the tumor are undergoing keratinization with the form-
ation of epithelial pearls (arrows). Hematoxylin-eosin stain.
x 50.

appearance of this neoplasm, even though the skin sur-
face is protected to some extent by wool.

Squamous-cell carcinomas of the skin are also quite
common in Angora goats. They are most frequently
found in the perineal, anal, and vulvar regions.

Figure 15.—A raised caulifiowerlike squamous-cell carcinoma measuring 17 by 16
by 3 cm. is present in the skin of the right hip of a 3-year-old Holstein cow
(A218-D2267). The yellowish-gray, granular, papillary mass is invading the
underlying connective tissue and muscle. Metastatic tumors are present in the
lungs and regional lymph nodes.
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Figure 17.—Metastases (arrows) in a lymph node from the squa-
mous-cell carcinoma (A387-D3151) shown in figure 13. Note
that the neoplastic cells have a typical squamous-cell appear-
ance. Hematoxylin-eosin stain. x 125.

Macroscopic appearance.—Squamous-cell carcinomas,
because of the type of cell involved, are primarily neo-
plasms of the skin. They are particularly common in
areas where there are alterations in cutaneous pigmen-
tation and where dry keratinized epithelium changes to
a mucous membrane type. When metaplasia of columnar
or transitional epithelium occurs, squamous-cell carci-
nomas may originate in other organs (urinary bladder,
lung, upper respiratory tract).

The squamous-cell carcinoma has an invasive struc-
ture in contrast to the protrusive structure of the papil-
loma. If the neoplastic invasion of the underlying tissue
is either extensive or rapid, or both, it is usually accom-
panied by necrosis. Putrefaction of the accumulated
exudate and filth on the surface of the neoplasm results
in a very foul odor. The amount of keratin on the sur-
face of the tumor depends upon the rate of growth—
the slower the rate of growth, the greater the amount
of keratin produced.

The exposed cut surface reveals a noticeable contrast
between the parenchyma and stroma. The parenchyma
is arranged in nodules or cords of white, yellow, or gray
homogeneous tissue interspersed with areas of hemor-
rhage and necrosis and separated by white fibrous bands
of connective tissue. The consistency of the parenchyma

may be soft or firm and dry or moist, according to the
amount of keratin present. Because of tumor metastasis
and bacterial invasion, the regional lymph nodes are
frequently enlarged.

Microscopic appearance.—The basic cell type of the
squamous-cell carcinoma is the squamous epithelial cell
of the skin. The neoplastic cells of the carcinomas of
low malignancy resemble the cells of the stratum germi-
nativum or the prickle-cell layer of the normal epider-
mis, whereas the cells of the highly malignant tumors
are often of the undifferentiated embryonal cell type.
According to the degree of malignancy, all gradations
of cell differentiation between these two cell types may
be found in the same neoplasm.

The neoplastic cells are arranged in cords or nests
with the growing as well as the most embryonal cells
adjacent to the supporting connective tissue stroma
where nutrient is obtained. As the neoplasm grows,
those cells farthest from the source of nutrient in the
center of the cord or nest undergo keratinization and
produce structures known as epithelial pearls. The nu-
clei of many of the neoplastic cells contain a large

Figure 18.—Histologic preparation of a squamous-cell carcinoma
of the vulva of an old ewe (D3180). The neoplasm consists of a
red, rugose, polypoid mass measuring 9 by 5 by 1 em. Metas-
tases are present in the regional lymph nodes. The arrow indi-
cates the point where the hyperplastic epithelium changes to a
neoplastic squamous-cell type of tissue. Hematoxylin-eosin
stain, X 125.
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nucleolus. Numerous mitotic figures are present in the
more malignant neoplasms. Malignant cells are not lim-
ited to the epidermis or mucosa but also infiltrate the
underlying tissues. These infiltrating cells grow at ran-
dom in the direction of least tissue resistance. In very
rapidly growing neoplasms, proliferating cells occur in
large groups and are supported by very little stroma.
Individual groups of cells in slower growing tumors are
separated from one another by strands or sheets of
stroma. This cellular arrangement differs from that
found in sarcomas, where the parenchyma and stroma
are intermingled. Chronic inflammation and bacterial
invasion accompany neoplastic invasion.

Neoplasms of the Eye

Corneal dermoid in cattle

Definition.—Corneal dermoids are disturbances in de-
velopment in which growths consisting of stratified
squamous epithelium, sebaceous glands, and hair appear
on the cornea.

Distribution and incidence.—Corneal dermoids are
found throughout the United States. Breed and sex pre-
dominance have not been determined. Most of the der-
moids we have observed have occurred in the Hereford
breed of cattle. Four corneal dermoids were found
among the 722 bovine ocular tumors collected during
the course of the 2-year survey conducted by the USDA
in Denver (see p. 1).

Macroscopic appearance.—Corneal dermoids are found
at the limbus of the eyeball. One or both eyes may be
affected. The appearance of the new growth is that of
a piece of skin transplanted onto the surface of the eye-
ball. Corneal dermoids may have the thickness and tex-
ture of normal skin. Hair protrudes from their external
surface. They are round or elliptical and may measure
as much as 2 cm. in diameter and 1 c¢m. in thickness.

Figure 19.—Unilateral corneal dermoid in the eye of a 2-year-old
Hereford steer (E125-D2418). Hair is growing from the surface
of the growth.

Since the larger growths extend to the center of the
cornea, some impairment of sight may occur. Keratitis
and conjunctivitis are often present because of the me-
chanical irritation produced by the mass and its pro-
truding hair.

Microscopic appearance.—The histologic appearance
of the corneal dermoid is that of normal skin with seba-
ceous glands, hair follicles, and hair. Growth is confined
to the surface of the cornea and sclera and no invasion

Figure 20.—Bilateral corneal dermoids in the eyes of an old Hereford cow
(E162-131562).
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Figure 21.—Unilateral corneal dermoid measuring 20 by 20 by 10
mm. in the eye of a 2-year-old Hereford steer (E161-131408).
The growth is located at the inner canthus of the eye.

Figure 22.—Histologic preparation of the corneal dermoid (E161-
131408) shown in figure 21. Note that all skin structures
(epithelium, hair, hair follicles, and sebaceous glands) are pres-
ent. Hematoxylin-eosin stain. X 50.

of underlying structures occurs. Corneal dermoids are
considered to be disturbances of development and are
not neoplastic.

Epidermal papilloma of the eye of cattle

Definition.——Epidermal papillomas are benign, papil-
lary, epithelial outgrowths from the cornea, bulbar con-
junctiva, and adjacent skin, They are considered to be
premalignant stages of squamous-cell carcinoma of the
eye of cattle.

Distribution and incidence.—Epidermal papillomas are
found throughout the United States but are most com-
monly observed in cattle on the western ranges, where
they are particularly common in Hereford cattle. During
the USDA’s 2-year survey (see p. 1), 5 percent of the
tumors collected were epidermal papillomas of the eye.

Macroscopic appearance.—Epidermal papillomas are
most frequently located at the corneal-scleral junction.
They are yellowish white and irregularly shaped, and
they consist of stalks, spines, or rounded protuberances
that contain a central core of connective tissue covered
to varying depths by tumefied epithelium.

Microscopic appearance.—Epidermal papillomas have
a marked hyperkeratosis and parakeratosis of the stra-
tum corneum. At least one projection of this cornified
epithelium equals or exceeds the average height of the
remainder of tumefied epithelium in these growths.

Figure 23.—Epidermal papilloma of the eye in a 6-year-old Here-
ford cow (A334-131336). The tumor has a 3- by 3-mm. base at
the limbus. Papillary projections from this point of attachment
are 1 to 10 mm. in length.
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Figure 26.—An epidermal papilloma (A225-D2289) that has deep
indentations of cornified neoplastic epithelium around central
connective tissue cores. The gross appearance of this growth is
illustrated in figure 24. Hematoxylin-eosin stain. X 8.

Figure 24.—Epidermal papilloma (15 by 10 by 4 mm.) of the eye
of a 6-year-old Guernsey cow (A225-D2289).
Bowman’s membrane of the cornea may appear thin

A and may even disappear in places where there are cor-
rl

I 11 neal papillomas, but there is always an acceptable basal
' line to the tumefied epithelium of either the cornea or
conjunctiva. Dyskeratotic changes such as hyperchro-
matism may occur in the epithelium and are more com-
mon than corresponding changes in epidermal plaques.
Small intradermal nests of anaplastic cells (carcinoma

Figure 25.—Histologic appearance of the epidermal papilloma
(A334-131336) shown in figure 23, There is no neoplastic infil-
tration of the underlying tissues, the growth projects as spine-
like structures with central connective tissue cores, and the
surface is covered by stratified squamous epithelium having Figure 27.—A higher magnification of the epidermal papilloma
marked hyperkeratosis and parakeratosis of the stratum cor- (A225-D2289) shown in figure 26. Hematoxylin-eosin stain.
neum. Hematoxylin-eosin stain. x 15. x 20.
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in situ) may appear in the tumors; these may occur
singly or may be found in several areas. When present,
they may exhibit such cellular phenomena as increased
numbers of mitotic figures, enlargement of nuclei and
nucleoli to form giant or sometimes double nuclei, pro-
nounced variation in size and shape of individual cells,
and presence of small, isolated cornified bodies (epithe-
lial pearls). Subepithelial inflammatory reactions may
be marked, and there may be a pseudoepitheliomatous
hyperplasia with great enlargement of rete pegs.

Epidermal plaque of the eye of cattle

Definition.—An epidermal plaque is a thickening of
the epithelium of the cornea, bulbar conjunctiva, and
adjacent skin. It is considered to be a premalignant stage
of squamous-cell carcinoma of the eye of cattle.

Distribution and incidence.—Epidermal plaques are
found in cattle and occasionally in other genera of ani-
mals throughout the United States but are most common
on the western ranges, where they occur predominantly
in Hereford cattle. During the USDA’s 2-year survey,
mentioned on page 1, 10 percent of the tumors collected
were epidermal plaques of the eye.

Macroscopic appearance.—The epidermal plaque ap-
pears as a raised, irregular shaped, yellowish-white,
opaque mass usually located at the corneal-scleral junc-
tion. One or both eyes may be involved. The surface is
relatively smooth and is not ulcerated, and it does not
possess papillary outgrowths from its surface. Secondary
inflammatory alterations are usually minimal.

Figure 28.—An epidermal plaque on the cornea and bulbar con-
junctiva of a 6-year-old Hereford cow (D2202). The plaque
covers an 8- by 10-mm. area.

Figure 29.—A histologic preparation of the epidermal plaque
(D2202) shown in figure 28. Note the characteristic thickening
of the prickle-cell layer of the epithelium. Hematoxylin-eosin
stain. X 10.

Microscopic appearance.—In epidermal plaques, the
epithelium is at least two times its normal thickness
because the prickle-cell layers proliferate until they ex-
ceed the average height of the rest of the tumefied
epithelium.

The growths do not have papillary surfaces, but in-
ward growths of the tumors may occasionally cause
islands of connective tissue to form that resemble the
connective tissue cores of papillomas. Although Bow-
man’s membrane of the cornea may appear thin and may
even disappear where there are corneal plaques, there
is always an acceptable base line to the tumefied epi-
thelium of either the cornea or conjunctiva. Dyskera-
totic changes such as hyperchromatism may occur
in the thickened epithelium but are usually limited
to individual cells. Formation of anaplastic cells within
the growths is rare. Subepithelial inflammatory reactions
may be marked and there may be a pseudoepithelioma-
tous hyperplasia with great enlargement of rete pegs.

Squamous-cell carcinoma of the eye of cattle

Definition.—Squamous-cell carcinoma of the eye is a
malignant tumor originating from squamous epithelial
cells of the eyeball, eyelid, and adjacent skin.

Distribution and incidence.—Squamous-cell carcinoma
of the eye of cattle is found throughout the United
States but is most frequently observed in western range
country where there is a predominance of the Hereford
breed. The tumor is seen most frequently in Hereford
cattle and less commonly in other beef and dairy breeds,
with the exception of the Aberdeen Angus breed. No
examples of this type of tumor removed from Aberdeen
Angus cattle have been submitted to the Denver labora-
tory. A similar tumor is occasionally observed in sheep
and horses but is seldom found in swine. Among the
tumors collected during the USDA’s 2-year survey of
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Figure 30.—A squamous-cell carcinoma of the eye in a 9-year-old Figure 32.—A squamous-cell carcinoma that has extended under
Hereford bull (A211-D2237). Histologically, the cornea is the still-intact corneal epithelium of the eye of an old Hereford
invaded near the limbus. cow (A321-131808). The point of origin of the tumor was not

determined.

Figure 31.—Squamous-cell carcinoma of the eye of an old cow
(A216-D2263). Both of the cow’s eyes contain a squamous-cell
carcinoma. The growth consists of a large, protruding, polypoid Figure 33.—A large ulcerating squamous-cell carcinoma (4 by 2
mass (30 by 15 by 10 mm.) attached by a small base (5 by 3 by 1 cm.) that almost replaces the membrana nictitans of an
mm.) at the corneal scleral junction. Fingerlike projections 8-year-old cow (A206-D2191). A small early squamous-cell
(not visible) of squamous cells containing many mitotic figures carcinoma (arrow) measuring 7 by 3 by 1 mm. is also present
are invading the underlying tissue at the base of the tumor. at the limbus.
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Figure 34.—Squamous-cell carcinoma (arrow) at the lateral can-
thus of the eyelid in an old Hereford cow (A324-131788). A
large papillary tumor (A) on the lower eyelid is an early squa-
mous-cell carcinoma. The smaller growth (B) above it on the
upper eyelid is a papilloma. Figure 36.—A histologic preparation of the squamous-cell carcin-
oma of the eyelid (A324-131788) shown in figure 34. An accept-
able basal line to the tumefied epithelium is not present and

nests of tumor cells are located within the substantia propria
of the conjunctiva. Hematoxylin-eosin stain. X 50.

Figure 35.—Squamous-cell carcinoma of the membrana nictitans
in a 6-year-old Hereford cow (131428). Note the extreme thick-
ening of the tumefied epithelium (A) in comparison with the Figure 37.—A higher magnification of the neoplasm (A324-
normal epithelium (B). Hematoxylin-eosin stain. X 20. 131788) shown in figure 36. Hematoxylin-eosin stain. X 125.
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neoplasms found in Denver abattoirs (see p. 1), 62
percent were squamous-cell carcinomas of the eye, 4 per-
cent were early squamous-cell carcinomas, 10 percent
were premalignant stages of epidermal plaques, and 5
percent were premalignant stages of epidermal papil-
lomas.

Macroscopic appearance.—Squamous-cell carcinomas
of the eye are found at the corneal-bulbar conjunctival
junction in over 50 percent of the affected animals. These
neoplasms appear as progressively expanding growths
with superficial surfaces that frequently ulcerate. They
often spread across the surface of the cornea and extend
into the scleral and periocular tissues, but only rarely
invade the anterior chamber of the eye.

Tumors of the eyeball metastasize, primarily by way
of the lymph vessels, only after a long period of progres-
sive growth. Metastases are most frequently observed
in the parotid lymph nodes and the lungs.

Tumors arising on the nictitating membrane, eyelids,
or adjacent skin are similar in appearance to the ocular
growths but tend to ulcerate earlier and metastasize
much sooner than tumors of the eyeball.

Microscopic appearance.—The general microscopic
appearance of this ocular tumor is similar to that of
other squamous-cell carcinomas of the skin.

Early squamous-cell carcinoma. Nests of neoplastic
cells at the base of an epithelial eye tumor apparently
break through the basal cell layer of the tumefied
epithelium and invade the underlying tissues. These
nests of rounded subconjunctival groups of rather ana-

Figure 38.—A developing epithelial pearl in a nest of neoplastic
cells in the squamous-cell carcinoma (A324-131788) shown in
figure 36. The formation of epithelial pearls is a common histo-
logic alteration in squamous-cell carcinomas. Hematoxylin-eosin
stain. X 320.

Figure 39.—A squamous-cell carcinoma that is invading laterally between the
corneal epithelium and Descemet’s membrane in a mature Hereford cow (131798).
The tumor cells are invading within the lumens of the lymphatics. Hematoxylin-

eosin stain. X 50.
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Figure 40.—Invasion of the cartilage of the membrana nictitans
by a squamous-cell carcinoma in an old Hereford cow (131783).
Hematoxylin-eosin stain. X 50.

plastic cells often have a central cornified center (some-
times advanced enough to be a classic epithelial pearl).
If the tumor is on the cornea, the underlying Bowman’s
membrane is no longer intact or may have completely
disappeared. Except for the carcinomatous changes in
its basal area, the tumor may resemble a plaque or
papilloma. However, when compared with papillomas,
most early carcinomas have a much greater tendency to
form intradermal nests of anaplastic cells. Further, it
is not uncommon for large areas of the basal cell layer
of the tumefied epithelium to be replaced by these nests
of anaplastic cells. Most of the invasive carcinomatous
groups of cells still maintain intercellular bridges
(prickles), particularly when there is cornification of
their centers.

Occasionally, spindling of small groups of neoplastic
cells is seen. In these areas the cytoplasmic bridges are
absent and the cells may be difficult to differentiate from
those of a reticulum-cell sarcoma or from the macro-
phages invariably present as a component of a second-
ary tissue reaction. There may be a marked pseudoepi-
theliomatous hyperplasia with greatly enlarged or

elongated rete pegs in basal parts of the growths adja-
cent to the invasive areas. The rete pegs usually have
slender, tapering projections that contrast with the
rounded, invasive, neoplastic masses of cells that most
characteristically distinguish an early carcinoma. The
hyperplastic rete pegs may have a distinctive basal cell
perimeter that can often be recognized, even if the
plane of the section results in the rete pegs appearing
as a single group of cells or as several isolated groups
of cells.

Subepithelial inflammatory reactions are prominent
and include infiltrations of lymphocytes, plasma cells,
fibroblasts, and macrophages, and increased vasculari-
zation and fibrosis of the substantia propria of the
cornea and conjunctiva. Although the substantia pro-
pria of the cornea is normally almost devoid of blood
vessels and lymphatics, these vessels increase rapidly
in number in the subepithelial tissues, apparently in
direct relation to the degree of irritation produced by
the growing tumor.

Late squamous-cell carcinoma. Whereas the tumors
classed as early squamous-cell carcinomas are distin-
guished by what is considered to be one or more initial
carcinomatous invasive growths into the substantia
propria, fully developed carcinomas include all eye tu-
mors that have secondary or more advanced outgrowths
from the invaded areas.

There may be a deep invasion through the substantia
propria of the cornea to Descement’s membrane; there
may be lateral invasion under intact corneal, conjuncti-
val, or cutaneous epithelium; or there may be a reversed
invasion through the tumified epithelium (probably
responsible for many of the ulcerating, necrotic sur-
faces). In the more highly differentiated carcinomas,
multiple epithelial pearls may be found, and it is not
unusual for individual pearls to reach a size so large
that they replace half of the normal depth of the cornea.
Anaplasia and other malignant changes are advanced.
Some groups of epithelial tumor cells may be fusiform
and others may be found in extremely cellular arrange-
ments with indistinct cytoplasmic boundaries. Mitotic
activity and formation of giant, double, or lobed nuclei
usually increase in crude proportion to the malignancy
of the tumor. A few tumors show definite neoplastic
glandular formations in parts of their structure: thus,
an origin in or near glands associated with the eye has
been postulated. Scattered areas of necrosis are common
in the larger tumors. In the more malignant tumors,
invasion of veins or lymphatics may be demonstrable,
as well as metastasis to lymph nodes or body organs.

Glandular Epithelial Tumors

Adenoma
Definition.——An adenoma is a benign tumor of gland-
ular epithelium.
Distribution and incidence.—Adenomas are found in
all meat-producing animals throughout the United

States. There seems to be no favored organ for their
location. No generic, species, breed, or sex predominance
has been established. They are more common in older
animals.

Macroscopic appearance.—The gross appearance of



NEOPLASTIC DISEASES 19

adenomas varies considerably according to their loca-
tion and the tissues from which they arise. In paren-
chymatous organs they are usually sharply circum-
scribed and encapsulated. In hollow organs such as the
stomach and intestine, they protrude into the lumen
and may become polypoid in shape. They are then desig-
nated as polypoid adenomas or adenomatous polyps. A
diffuse polypoid adenomatosis of the large intestine of
swine is occasionally seen.

Microscopic appearance.—Adenomas may be sharply
circumscribed, standing out clearly from the surround-
ing tissue, or they may look so much like the gland from
which they originated that the difference between the
tumor and normal tissue can scarcely be distinguished.
Although the amount of glandular tissue may be far in
excess of normal and the acini may be lined with more
than one layer of cells, it is important to note that the
proliferating epithelium is contained within its base-
ment membrane. The secretions of an adenoma are
sometimes retained in the acini, causing the acini to be-
come extremely distended and their epithelium to
atrophy. When this occurs, the tumors are designated
as cystadenomas. Tumors of this type are most com-
monly found in the thyroid gland. Occasionally, the pro-
liferating epithelium may push into the lumen of the
acini and take the form of branching papillae. It is then
identified as a papillary adenoma. Adenomas are al-
ways potentially dangerous since some become malig-
nant and infiltrate surrounding tissues or metastasize
to distant organs.

Figure 41.—Adenoma of the gallbladder of an old Hereford bull
(A307-D2735). A yellowish-pink, papillary, rugose mass (10 by
7 by 3 cm.) is growing from the mucous membrane of the fundic
end of the gallbladder. No invasion of the underlying tissues
has occurred.

Figure 42.—Papillary cystadenoma of the urinary bladder of an old cow (D1129).
The tumor consists of a large pedunculated mass that is protruding into the
lumen of the bladder. The growth weighs 3 pounds and contains multiple cysts
filled with mucus. No invasion of the wall of the urinary bladder or the regional
lymph nodes has occurred. Hematoxylin-eosin stain. x 50.
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The cells of an adenoma are very similar to the cells
from which they originated and show none of the
embryonal characteristics observed in the cells of malig-
nant tumors. The nuclei of the adenoma are normal in
appearance or are only slightly enlarged; in fact, they
are so similar to the nuclei of normal cells that the two
types can scarcely be distinguished. Multinucleated cells
are uncommon in adenomas, in contrast to the numerous
multinucleated cells or giant cells present in malignant
neoplasms. Mitotic figures are few and are usually no
more evident than in normal tissue. The cells stain
normally and do not show the hyperchromasia of malig-
nant cells. Some adenomas show slight degenerative
changes (cloudy swelling, fatty degeneration, and hy-
dropic degeneration), probably as the result of a
slightly impaired blood supply.

Adenocarcinoma

Definition.—An adenocarcinoma is a malignant tumor
of glandular epithelium.

Distribution and incidence.—Adenocarcinomas are
found in all meat-producing animals throughout the
United States. During the USDA’s 2-year survey, men-
tioned on page 1, 4.6 percent of the cattle tumors and
26 percent of the sheep tumors collected were found to
be adenocarcinomas. None were found in swine. Adeno-
carcinomas are usually found in older animals., No breed
or sex incidence has been established.

Macroscopic appearance.—The gross appearance of an
adenocarcinoma varies with its age and its physical loca-

Figure 43.—Adenocarcinoma of the uterus of a 12-year-old Here-
ford cow (A394-D3090). The adenocarcinoma (arrows) is infil-
trating the wall of the uterus.

Figure 44.—Adenocarcinoma of the uterus of an 8-year-old Here-
ford cow (D2332). The neoplasm (arrows) is infiltrating the
wall of the uterus and is forming alveoli. The alveoli are lined
by neoplastic glandular tissue and their lumens are filled with
desquamated necrotic neoplastic cells. Hematoxylin-eosin stain.
% 50.

tion, and with the basic tissue involved. On mucous
surfaces it may simply be a well-defined, rather flat and
undulating thickened area that has the characteristics
of a chronic focal inflammation. At the other extreme,
it may be a protruding, conspicuous, cauliflowerlike
growth, or it may occur as an ulcerating lesion with
invasion of the underlying tissues.

No matter what the external appearance of the tumor
may be, the underlying tissues are infiltrated. The ex-
tent of growth of a primary adenocarcinoma in an inter-
nal organ follows no set rule. It may be rounded and
sharply defined or it may diffusely permeate the organ
in which it is located. Metastatic adenocarcinomas
spread to distant organs by way of the venous circula-
tion to the liver, heart, and lungs, and eventually spread
from the lungs to other organs by way of the arterial
circulation. Metastases to lymph nodes take place
through the lymphatic system. Focal masses of tumor
cells on the pleura, pericardium, and peritoneum arise
from transplantations of neoplastic cells between con-
tacting serosal surfaces.

The exposed cut surface of adenocarcinomas is usu-
ally homogeneous yellow, yellowish-gray, or gray tissue
that may contain areas of necrosis, hemorrhage, and
calcification. Accumulations of glandular secretions
within the growths result in the formation of cysts.
Some adenocarcinomas are firm and have considerable
stroma whereas others are soft and have minimal
stroma.
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Figure 45.—Adenocarcinoma of the thyroid of an old ewe (D2233). A glandular
arrangement of the epithelium is not apparent, although the cells are growing
in groups resembling acini. Hematoxylin-eosin stain. X 320.

Microscopic appearance.—The growth characteristics
of adenocarcinomas and adenomas differ. The adenoma
is composed of a growing mass of well-differentiated
glandular epithelial cells that show minimal neoplastic
transformation and that form acini, alveoli, or tubules
quite similar in appearance, except for proper orienta-
tion, to those of a normal organ.

In contrast to the adenoma, the adenocarcinoma has
an exaggerated proliferation of an embryonic type of
glandular epithelial cells that sometimes produce acini,
alveoli, or tubules and that infiltrate into the tunica
propria of tubular structures or into the interstitial
tissue of glandular organs. Cells of adenocarcinomas
possess the usual characteristics of malignancy—large,
rather vesicular nuclei with large nucleoli and many
mitotic figures. They frequently retain the special char-
acteristics of the cells from which they originated. This
is particularly the case in regard to their secretory func-
tion, in both their primary and metastatic forms. The
characteristics of the cells of a metastatic tumor are
sometimes so akin to those of the primary tumor that
they will reveal the nature of the parent growth before
it has been examined. The proliferating epithelial cells
grow without restraint, no longer produce the architec-
tural design of the organ, and infiltrate the surrounding
tissue. The invading cells take the line of least resist-
ance—into loose connective tissue, lymph spaces, and
thin-walled blood vessels. When invading these struec-
tures, the infiltrating cells are arranged in the form of
cords or tubules that branch and rebranch in all direc-
tions. The tunica propria and interstitial tissue resist

Figure 46.—Pulmonary metastasis from the adenocarcinoma of
the thyroid (D2233) shown in figure 45. The proliferating neo-
plastic cells are spreading over the surface of the pulmonary
alveoli. Hematoxylin-eosin stain. X 125.
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invasion with a mild chronic inflammatory response.

The rapidity with which adenocarcinomas spread
varies with the species of animal as well as the type of
tumor. In rapidly growing adenocarcinomas, retrogres-
sive changes may be so extensive that the identity of the
neoplasms can be determined only in the areas of their
most recent growth.

Adenocarcinoma of the Intestine

Definition,—Adenocarcinomas of the intestine are
malignant tumors originating from the epithelium of
the intestinal tract.

Distribution and incidence.—Very little is known
about the geographic distribution of this tumor because
so few have been found. In the USDA’s 2-year survey
of neoplasms found in Denver abattoirs (see p. 1),
0.1 percent of the cattle tumors were adenocarcinomas
of the intestine. None were found in swine or sheep.
Most of these intestinal malignancies involve the small
intestine; the colon, cecum, and rectum are seldom in-
volved.

Macroscopic appearance.—Adenocarcinomas of the in-
testine are polypoid, fungating masses that measure 2 to
10 cm. in diameter and protrude into the lumen of the
intestine. They are gray, yellowish gray, or brown;
when a brown color is present, it is apparently caused
by the action of digestive enzymes and hydrochloric acid
on areas of hemorrhage in the superficial parts of the
neoplasm. Occasionally, these carcinomas occur as an
annular ring in the wall of the intestine. In these cases,
the external appearance of the involved area of the in-

Figure 47.~—Adenocarcinoma of the small intestine of an old cow
(MISU236). The growth involves the entire circumference of
the intestine and resembles the healing site of an intussuscep-
tion,

Figure 48.—Histologic preparation of an adenocarcinoma of the
jejunum of a 9-year-old cow (D2855). Hematoxylin-eosin stain.
X 50.

testine is that of a partially healed intussusception. The
luminal surface of the neoplasm is usually ulcerated.
The growth infiltrates into the wall of the intestine and

O

Figure 49.—A higher magnification of the adenocarcinoma (D2855)

shown in figure 48. Hematoxylin-eosin stain. x 125,
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Figure 50.—Histologic preparation of a mesenteric lymph node
invaded by the adenocarcinoma (D2855) shown in figure 48.
Hematoxylin-eosin stain. X 125.

may extend through the serosa into the peritoneal cav-
ity. Obstruction of the small intestine seldom occurs
until late in the course of the disease and is then usually
associated with the annular-ring type of involvement.
Rupture of the intestinal wall at the site of the tumor or
peritonitis secondary to bacterial invasion of the neo-
plastic tissue may occur.

Metastases are found in the mesenteric, cecal, and
colic lymph nodes and in the liver and lungs. The me-
tastases are white or gray and may contain areas of
necrosis and hemorrhage. They are only lightly en-
capsulated.

Microscopic appearance.—This tumor is a typical
adenocarcinoma composed of columnar cells arranged
in acini and of tubules that resemble cells of the intes-
tinal mucosa from which they are derived. The cyto-
plasmic content of these cells varies somewhat, accord-
ing to the part of the intestine involved. Most of the
cells produce mucus but some of the least anaplastic
cells of tumors of the small intestine contain secretory
granules. The tumor is usually not cystic, but contains
areas of necrosis and hemorrhage. Stroma is meager
and the amount of encapsulation is slight. The surface
of the primary neoplasm protruding into the lumen
of the intestine is usually necrotic and partially
digested.

Neoplasms of the Adrenal Gland

Adrenal cortical adenoma and adenocarcinoma

Definition.—Adrenal cortical adenomas and adeno-
carcinomas are tumors of glandular epithelium that
arise from cells of the adrenal cortex.

Distribution and incidence.—Tumors of this type are
found throughout the United States and are most fre-
quently observed in old animals. About 75 percent of
the bovine cortical adrenal tumors are found in cattle
over 6 years of age and approximately 90 percent have
been found in females. No breed predominance has been
determined, although most of the specimens submitted
for diagnosis to the Denver laboratory during a period
of 22 years have occurred in Herefords. Of the neo-
plasms collected during the USDA’s 2-year survey (see
p. 1), adrenal cortical adenomas and adenocarcinomas
account for 3 percent of the bovine tumors and 8 per-
cent of the ovine tumors. These tumors represent the
second most common group of epithelial neoplasms
found in cattle and are surpassed only by the squamous-
cell carcinoma of the eye.

It is difficult, if not impossible, to draw a sharp line
of demarcation between adrenal hyperplasias, adrenal
adenomas, and adrenal adenocarcinomas. It is especially
difficult to determine when an adenoma has become an
adenocarcinoma. Since endocrine imbalances are not
associated with the presence of adenomas or adenocar-

Figure 51.—Adenoma of the adrenal of a 6-year-old cow (A355-
D2923). An irregular, oval, gray, thinly encapsulated tumor
(9 by 7 by 6 em.) that contains poorly defined lobules.
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Figure 52.—Longitudinal cross section of an adenoma of the
adrenal of a sheep (A430-D3289), compared to a normal
adrenal (A). The tumor (T) is gray, slightly lobulated, soft in Figure 54.—Histologic preparation of an adenoma of the adrenal

consistency, and thinly encapsulated. It measures 4 by 3 by 2 cm. in an old Hereford cow (D1331). The neoplastic glandular epi-
Remnants of the affected adrenal (arrows) are present in one thelium is arranged in acini that contain a homogeneous-eosin-
part of the capsule. staining material (arrow). Hematoxylin-eosin stain. X 320.

Figure 53.—Adenocarcinoma of the adrenal of a 3-year-old cow (A390-D3092).
The tumor consists of a firm, thickly encapsulated mass (19 by 15 by 10 cm.)
adhering to the aorta. A solid, thickly encapsulated mass (arrow) measuring
25 by 20 by 10 mm. protrudes through the wall of the aorta. The aortic surface
of this protruding mass is covered with a thin but complete capsule. There are
many large areas of necrosis in this neoplasm. Fine granules of caleium and
small areas of hemorrhage are particularly prominent in the necrotic tissue.
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cinomas of the adrenal, the determination of variations
in adrenal hormone production is of no assistance in
diagnosis.

Very few bovine adrenal adenocarcinomas metasta-
size. Of the 78 bovine adrenal carcinomas submitted for
diagnosis to the Denver laboratory over a period of 22
yvears, only two (1.5 percent) had metastasized to other
organs. Ovine adrenal adenocarcinomas are more malig-
nant. Records at the laboratory indicate that 40 percent
metastasize to other tissues and organs. The presence
of nodules of adrenal cortical tissue in the adrenal and
the periadrenal fat of all species of animals should not
be confused with metastases since these nodules are
considered to be hamartias and areas of hyperplasia
and not areas of neoplasia.

Macroscopic appearance.—Adenomas and adenocarci-
nomas of the adrenal are remarkably similar in appear-
ance. In attempting to establish a basis for the diagnosis
of adrenal cortical carcinomas in cattle, we have con-
cluded that, in the absence of metastases, the factors
of invasiveness and size are the two most important
diagnostic considerations. Their size when seen at the
time of slaughter is consistently large; nearly all are
more than 5 cm. in diameter and their maximum diam-
eter may be 25 ecm. Bilateral involvement of the adrenals
is seldom observed. The exposed cut surface reveals that
these tumors are divided into irregular gray, yellow, or
orange lobules. Some of the lobules are firm, others are
cystic, and many contain finely granular deposits and
large masses of calcium. Areas of hemorrhage and ne-

Figure 55.—Histologic preparation of the adenoma of the adrenal
(A355-D2923) shown in figure 51. The epithelium has an acinar
arrangement and the lumens of the acini contain calcified masses
(arrows). Hematoxylin-eosin stain. x 125.

crosis may be present. Except for a few of the smaller
ones, adrenal cortical tumors have a thick, fibrous cap-
sule. When a tumor of this type comes in contact with
rather firm adjacent tissue (liver, kidney, or aorta), the
contact surface of its capsule often becomes very thin.
If it presses upon the wall of the aorta, it causes pres-
sure atrophy of the aortic wall. Continued neoplastic
pressure on the aortic wall results in an encapsulated
protrusion of the tumor into the lumen of the aorta.

Microscopic appearance.—Cells of the adrenal cortical
adenoma and adenocarcinoma resemble those of the
adrenal cortex: when selected parts of the adrenal cor-
tical tumors are examined, it may be difficult to see any
appreciable alteration from the normal adrenal gland.
The cells of the tumor contain an abundance of fat, giv-
ing it a yellow or orange color. These tumors are encap-
sulated, usually lobulated, and frequently cystic. They
often contain corpora amylacea and at times enclose
areas of calcification, hemorrhage, and hemosiderosis.

Adrenal cortical neoplasms in sheep are not as dis-
tinctive in their microscopic appearance as are the bo-
vine tumors. The formation of fibrous trabeculae and
small calcified bodies is minimal in comparison to cor-
responding changes in typical bovine cortical tumors.
In ovine carcinomas, the neoplastic polygonal cells of
the tumor are sometimes two or three times the size of
normal cortical cells and have large hyperchromatic
nuclei and an appreciable number of mitotic figures.
That the more anaplastic appearance of ovine tumors
is significant is borne out by their higher incidence of
metastasis (40 percent).

Neuroblastoma of the adrenal medulla

Definition.—Neuroblastomas of the adrenal are tu-
mors composed of neuroblastic cells,

Distribution and incidence.—Neuroblastomas occur in
meat-producing animals throughout the United States.
No generic, species, breed, age, or sex predominance has
been established. During the USDA’s survey, mentioned
on page 1, 0.3 percent of the bovine tumors collected
were found to be neuroblastomas. None were found in
pigs and sheep.

Macroscopic appearance.—Neuroblastomas of the ad-
renal medulla may involve one or both adrenals. They
are white, gray, or yellow growths with diameters rang-
ing from a few millimeters to as much as 30 cm. Neuro-
blastomas may be either uniform or slightly lobulated
and either soft or fleshy in consistency, and they may
contain areas of hemorrhage and necrosis. Metastases
to other organs are not common but do occur and are
most frequently located in the liver.

Microscopic appearance—The tumors are identical in
structure to neuroblastomas of the central nervous sys-
tem. They have small round or oval cells, each composed
mainly of a nucleus and very little cytoplasm. The nuclei
stain intensely with hematoxylin. Certain cells are ar-
ranged in the form of rosettes in some part of the pri-
mary tumor or its metastases.
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Figure 56.—Neuroblastoma of the adrenal medulla in a 10-year-old
cow (A350-D2863). Two oval, grayish-white tumors measuring
5 and 13 mm. in their greatest diameter are present in opposite
poles of the left adrenal.

Figure 57.—Histologic preparation of the neuroblastoma of the
adrenal (A350-D2863) shown in figure 56. The arrow shows a
rosette arrangement of tumor cells around a blood vessel.
Hematoxylin-eosin stain. X 320.

Pheochromocytoma

Definition.—Pheochromocytomas are tumors originat-
ing from cells of the adrenal medulla.

Distribution and incidence.—~Pheochromocytomas are
found in meat-producing animals throughout the United
States. No generie, species, or breed predominance has
been established. Most of the tumors occur in old fe-
males. During the USDA’s 2-year survey of neoplasms
found in Denver abattoirs (see p. 1), 0.2 percent of the
cattle tumors and 14 percent of the sheep tumors were
identified as pheochromocytomas. None were found in
swine.

Apparently, pheochromocytomas of animals differ
considerably from similar tumors in man. Even in large
animal pheochromocytomas, no clinical signs of exces-
sive production of adrenalin (hypertension, incoordina-
tion, and tachycardia) have been observed. In animals,
the tumors are white, yellowish white, or gray, whereas
in humans they are usually brown. When fixed in chro-
mate solutions, the animal tumors do not become brown,

Figure 58.—Pheochromocytoma of the adrenal of an old cow
(A382-D2989). The tumor is yellow and consists of an encapsu-
lated, solid, encephaloid growth. It measures 10 by 7 by
5 em. and is attached to two remnants of the adrenal. An oval
encapsulated mass (arrow) measuring 2 em. in its greatest
diameter protrudes from the tumor through the wall of the
posterior aorta. The luminal surface of the aortic protrusion is
covered with an intact connective tissue capsule.
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Figure 59.—Cross section of a pheochromocytoma of the adrenal

of an old ewe (A402-D3102). An oval, yellowish-gray, enceph- Figure 60.—Pheochromocytoma of the adrenal of an old ewe
aloid tumor (10 by 6 by 5 ¢m.) has replaced the adrenal gland. (A384-D3087). It is an irregularly shaped, firm, yellow tumor
The tumor has penetrated into the lumen of the vena cava (arrow) measuring 6 mm. in its greatest diameter. The growth
at two points as pedunculated nodules covered by intact cap- is located at the cortico-medullary junction of one pole of the
sules. No metastasis to other organs has occurred. adrenal.

Figure 61.—Pheochromocytoma of the adrenal of an old ewe (D2660). The tumor
is composed of polygonal cells which, with their hyperchromatic nuclei and
abundant acidophilic cytoplasms, resemble the cells of the adrenal medulla. The
neoplastic cells are growing in small solid nests separated by a delicate vascular
connective tissue stroma. Hematoxylin-eosin stain. X 125,
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Figure 62.—Pheochromocytoma of the adrenal of an old ewe
(D2679). The tumor is made up of groups of rather large polyg-
onal cells with hyperchromatic nuclei and abundant acidophilic
cytoplasms. The cells are separated by a delicate connective
tissue stroma. Hematoxylin-eosin stain. X 320.

Figure 63.—Pheochromocytoma of the adrenal of an old ewe
(D3044), The tumor is composed of groups of large polygonal
cells that have hyperchromatic nuclei and abundant acidophilic
cytoplasms, and are supported by a delicate vascular connective
tissue stroma. Many areas of hemorrhage are present within the
tumor. The neoplasm has extended into the adjacent aorta.
Hematoxylin-eosin stain. X 320.

whereas human pheochromocytomas do. Further, the
brown staining of the periadrenal fat observed in asso-
ciation with pheochromocytomas in man has not been
observed in similar tumors in animals.

Macroscopic appearance.—These tumors are firm,
lobulated, thinly encapsulated growths that cannot be
differentiated from adrenal cortical tumors on the basis
of their appearance at postmortem examination. They
are usually large, up to 12 c¢m. in diameter, and com-
monly distort the adrenal to such an extent that a point
of origin cannot be distinguished. The neoplasms usually
occur as unilateral growths, but occasionally bilateral
adrenal involvement is observed. Like the cortical tu-
mors, pheochromocytomas often adhere to or press upon
the aorta or vena cava; the resulting atrophy of the ves-
sel wall is probably responsible for the thinly encapsu-
lated outpouchings into the lumen of these vessels per-
petrated by some of the larger tumors. Metastases sel-
dom occur.

Microscopic appearance.—Pheochromocytomas con-
sist of large pleomorphic cells that resemble those of
the adrenal medulla. The cells have granular cytoplasms
and nuclei that are irregular in both size and shape and
contain a moderate amount of chromatin. Only a few,
if any, brown chromaffin granules are found in the cyto-
plasms of the cells when they are fixed in chromate fixa-
tives. The neoplastic cells are arranged in nests or clus-
ters that are separated from each other by thin-walled
capillaries and a slight amount of connective tissue
stroma.

Figure 64.—Adenocarcinoma of the uterus in an 8-year-old Here-
ford cow (A279-D2662). Note the rather characteristic annular
constriction (arrow) of the uterine horn.
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Figure 65.—Adenocarcinoma of the uterus in a 12-year-old Here-
ford cow (A337-D2786). This tumor (arrows) is disc-shaped
and has a depressed serosal surface. No ulceration of the
serosal surface has occurred. A zone of hyperemia exists at the
junction of the neoplasm and the uterine wall.

Neoplasms of the Genital Tract

Adenocarcinoma of the uterus of the cow

Definition.—Adenocarcinoma of the uterus of the cow
is a malignant tumor of the genital tract that arises
from the uterine mucosa.

Distribution and incidence.—Adenocarcinoma of the
uterus is found throughout the United States. During
the USDA’s 2-year survey, mentioned on page 1, this
tumor accounted for 3 percent of the bovine neoplasms
collected. None were found in swine or sheep. No breed
predilection has been determined. These tumors are most
frequently observed in cattle from 7 to 12 years of age.

Adenocarcinoma of the uterus may occur in either
horn of the uterus or in the uterine area sometimes re-
ferred to as the body. It is the second most common
malignant glandular tumor of cattle. Of the bovine
epithelial tumors in general, it is the third most com-
mon, being surpassed only by the adrenal cortical tu-
mor and the squamous-cell carcinoma of the eye. The
association of sterility with uterine carcinoma has not
been established.

Macroscopic appearance.—The most constant feature
of the growth is its tendency to form a sclerotic, annu-

Figure 66.—Adenocarcinoma (arrows) of the uterus in a 7-year-
old cow (A57-D1354). The neoplasm has a sclerotic appearance.
Note that the serosal surface is depressed and no ulceration is
present. The uterine serosa adjacent to the tumor is slightly
hyperemic and has a small amount of fibrin on its surface.

Figure 67.—Adenocarcinoma of the uterus in an 8-year-old Here-
ford cow (D2332). Tumor glands filled with necrotic cellular
debris in an abundant connective tissue stroma are characteristic
features of this neoplasm, duplicated in its metastases. Hema-
toxylin-eosin stain. x 180.
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Figure 68.—Histologic preparation of a uterine adenocarcinoma
in a 7-year-old cow (D2973). Calcification (arrow) of the ne-
crotic debris within a neoplastic glandular space is a common
alteration in this type of neoplasm. Hematoxylin-eosin stain.
X 125.

Figure 69.—Histologic preparation of the pulmonary metastases
of the uterine adenocarcinoma in a cow (A279-D2662) shown in
figure 64. Note that the neoplastic glands, supported by an
_abundant connective tissue stroma, are filled with necrotic cells.

Figure 70.—Histologic preparation of a uterine adenocarcinoma
in a 10-year-old Hereford cow (D2691). Groups of tumor cells
are infiltrating beneath an intact uterine surface epithelium.
Note the hyperplastic uterine gland (arrow) that is still recog-
nizable in the distorted endometrium. Hematoxylin-eosin stain.
x 125.

lar constriction without perforation of the serosa and
with little or no extension onto the surface of the en-
dometrium. The tumor, as well as its metastases and
transplants, varies from yellow to gray and is quite
firm and dense because of the connective tissue it con-
tains.

One characteristic of this tumor is that neoplastic
cells from the serosal surface of the uterus are trans-
planted onto the abdominal viscera. As a result, tumor
nodules are present in the broad ligaments of the uterus,
and other nodules are scattered over the visceral and
parietal peritoneum. Transplantation tumor nodules are
quite commonly found on the serosa of the spleen and
liver. Metastatic tumor masses are located in the inter-
nal iliac and sublumbar lymph nodes and in the lung.

Microscopic appearance.—Uterine adenocarcinomas
are composed of cuboidal or columnar cells arranged in
acini, tubular structures, or cords. The cells are hyper-
chromatic, have large chromatin-rich nuclei, and con-
tain many mitotic figures. Metastases of the bovine
uterine adenocarcinoma maintain a degree of differen-
tiation and a limit to anaplastic changes. Even in the
transplanted and metastatic nodules, the glandular pat-
tern is maintained. This is particularly important be-
cause many adenocarcinomas of other organs lose this
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glandular pattern and form anaplastic masses in both
the primary and secondary tumor sites, Within these
glandular structures, both in the primary and second-
ary sites, there are masses of cellular, often necrotic,
debris. Most of the growth has a very fibrous stroma.
Progressive growth of the neoplasm on the surface
of the uterine epithelium does not occur. The tumor is
usually located deep in the endometrium and spreads lat-
erally under an intact surface epithelium, infiltrating
through the muscular layers of the myometrium. Groups
of tumor cells are found in the periphery of the thick-
walled blood vessels in the myometrium. These tumor
cells seem to be enclosed within thin-walled vessels, prob-
ably lymphatics or dilated veins. The general route of
neoplastic invasion through the myometrium is from
the endometrium to the serosa. Extension of neoplastic
tissue to the serosal surface of the uterus enables the
cells to gain entrance into the peritoneal cavity and to
effect transplantation onto the visceral and parietal
peritoneum. Metastases to the pelvic and sublumbar
lymph nodes occur by way of the lymphatic system.
Summary.—Since the primary site of uterine carci-
noma is often overlooked, it is important to remember

Figure 71.—Histologic preparation of a uterine adenocarcinoma
in a 9-year-old cow (D2824). Neoplastic cells of a uterine adeno-
carcinoma sometimes infiltrate through the muscularis and are
found at the base of the glands of the endometrium. Note the
neoplastic gland (arrow) in the muscularis near morphologically
normal glands, Hematoxylin-eosin stain. X 125.

Figure 72.—Histologic preparation of the uterine adenocarcinoma
(A279-D2662) shown in figure 64. The lymphatic spread of
uterine adenocarcinomas through the muscularis to the serosa is
facilitated by the presence of an abundance of lymphaties in
the uterine wall. Note the lymphatics (arrows) are distended
with tumor cells, Hematoxylin-eosin stain. X 50.

Figure 73.—Histologic preparation of a fallopian tube in a 7-year-
old Hereford cow (D2477) affected with a uterine adenocarci-
noma. Note the nests of tumor cells in the submucosal tissues of
the fallopian tube that suggest the progressive spread of the
neoplasm from the uterus along the lymphatics. Hematoxylin-
eosin stain, X 320.
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Figure 74.—Histologic preparation of a liver metastasis of the
uterine adenocarcinoma (A337-D2786) shown in figure 65. Pro-
gressive spread of the adenocarcinoma from a peritoneal implant
into the liver parenchyma has occurred. Note the glandular
arrangement of the tumor cells and the prominent cirrhosis
associated with the presence of the neoplasm. Hematoxylin-
eosin stain. X 50.

the characteristics of this tumor, especially in differen-
tiating it from primary lung neoplasms. (1) Uterine
adenocarcinomas maintain a degree of differentiation
both in primary and secondary sites. (2) The lumen of
the glands comprising the neoplasm contains an abun-
dance of cellular debris. (3) Uterine carcinomas display
extreme fibrosis in both primary and secondary sites.
(4) Parietal and visceral peritoneal transplants are nu-
merous. (5) An annular ring is usually present in the
uterine wall at the site of the neoplasm. In most in-
stances, the primary site is small and there is very little
increase in size or weight of the organ.

Granulosa-cell tumor of the ovary

Definition.—The granulosa-cell tumor of the ovary is
a neoplastic growth of granulosa cells or the closely re-
lated theca cells, which are both derived from the same
stem cells.

»

Figure 76.—Histologic preparation of the ovarian granulosa-cell

tumor (A285-D2703) shown in figure 75. The characteristic

features of these neoplasms are (A) cyst formation, (B) typical

granulosa cells, (C) granulosa cells arranged at right angles to

the cysts, and (D) granulosa cells arranged at right angles to
the blood vessels. Hematoxylin-eosin stain. X 125.

Figure 75.—Cross section of an encapsulated granuloesa-cell tumor
of the ovary in a 3-year-old Hereford cow (A285-D2703). An
oval, solid, encapsulated, smooth-surfaced growth measuring
15 by 16 by 18 cm. and weighing 1,264 grams has replaced the
right ovary. Many large veins are visible on the surface of the
tumor. The cut surface reveals a very vascular growth contain-
ing small cystic spaces and yellow areas of necrosis scattered
through a characteristically lobulated grayish-yellow mass. No
remnants of the affected ovary are present. The opposite ovary
is normal in appearance and no metastases are present in other
organs.
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Distribution and incidence.—This neoplasm is found
throughout the United States. It is most commonly ob-
served in cattle, infrequently in sheep, and seldom in
other genera. The tumor occurs in voung as well as in
older animals. Over half of the cattle tumors are found
in cows under 4 years of age. During the USDA’s 2-
vear survey of neoplasms found in Denver abattoirs
(see p. 1), 0.7 percent of the bovine neoplasms col-
lected were granulosa-cell tumors. None were found in
sheep or swine during the 2-year period.

Macroscopic appearance.—These neoplasms are large
and often measure 10 to 20 em. in their greatest diame-
ter—even larger tumors have been reported. Because of
their size it may be impossible to identify remnants of
the affected ovary or to determine whether multiple
tumors are present in the same ovary. The tumor us-
ually involves one ovary, although both ovaries may be
affected.

Most granulosa-cell tumors of the ovary have a thick,
fibrous capsule and either project from the ovary or
engulf it. When incised, the growth is found to be di-
vided by thick fibrous bands into lobules containing
large cystic spaces filled with a watery red fluid. These
cysts are surrounded by moderately firm tissue that
may be yellow, gray, pink, or red. Areas of hemorrhage
and necrosis are also present.

Figure 77.—Higher magnification of the ovarian granulosa-cell
tumor (A285-2703) shown in figure 76. Note that the granu-
losa cells are arranged at right angles to a blood vessel. Hema-
toxylin-eosin stain. x 320.

Figure 78.—Granulosa-cell tumor of the ovary in a 2-year-old cow Iigure 79.—Histologic preparation of the ovarian granulosa-cell
(D1807). Note that the granulosa cells are arranged at right tumor (A285-D2703) shown in figure 75. Note the cells are
angles to the lumen of the cyst (A). Hematoxylin-eosin stain. attempting to form glandular structures or graffian follicles.

X 320. Hematoxylin-eosin stain. x 320.
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Figure 80.—Granulosa-cell tumor of the ovary in a 3-year-old
Hereford cow (D3189). An area of necrosis (arrow) is a common
alteration in this type of tumor. Hematoxylin-eosin stain. X 125.

Although granulosa-cell ovarian tumors are large,
locally destructive, possessed of areas of necrosis, and
apparently malignant, they seldom metastasize to other
tissues or ograns. A few cattle have numerous tumor
implants on the peritoneum caused either by spillage of
cells from a ruptured neoplastic cyst or by transperi-
toneal metastasis. Metastases in other tissues or organs
are usually confined to the internal iliac and mediastinal
lymph nodes.

Microscopic appearance.—Since there are apparently
no anatomical or behavioral differences between theca-
cell tumors, luteal-cell tumors, and granulosa-cell
tumors, there is no reason to refer to all three names;
therefore, only the term “granulosa-cell tumor” has been
retained.

These tumors are composed of large, polyhedral cells
with rather small, centrally placed nuclei and abundant
cytoplasms. The cells have a morphologic resemblance
to granulosa cells. In many parts of the tumor, these
cells are arranged in large masses with no apparent
growth pattern. In other areas, they are arranged
around fluid-filled spaces or appear in the form of dis-
tinet rosettes. Often, large areas of necrosis are found
within the tumor and these, together with the very
vascular connective tissue stroma, contribute to the
formation of large cysts that are scattered throughout
the growth.

Neoplasms of the Kidney

Adenoma and adenocarcinoma of the kidney

Definition.—Adenoma and adenocarcinoma of the kid-
ney are neoplasms that originate from renal epithelium.

Distribution and incidence.—Renal epithelial tumors
are uncommon findings during the meat inspection proc-
ess. During the USDA’s 2-year survey (see p. 1), 0.2
percent of the bovine tumors and 1.5 percent of the
ovine tumors collected were adenocarcinomas of the
kidney. No adenomas of the kidney were found during
the same period. Neither type was found in swine. No
information is available as to the sex or breed incidence
of these neoplasms. They are most frequently observed
in old animals.

Macroscopic appearance.—Adenomas of the kidney
range in size from those measuring but a few milli-
meters to massive growths measuring as much as 20
cm. in diameter. These tumors comprise rather firm
white or yellowish-white masses of tissue that may con-
tain retention cysts. Usually, only one kidney is in-

Figure 81.—Adenocarcinoma of the kidney of an old ewe (A423-
D3234). A lobulated, encapsulated mass (18 by 6 by 5 ¢cm.) has
replaced nearly all of the kidney. A few remnants (arrows) of
the kidney can still be seen. The tumor is firm, grayish-yellow,
and very vascular, and in some areas it contains considerable
mucin. Metastases are present in the lymph nodes, liver, and
lungs.
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Figure 82.—Adenocarcinoma of the kidney of an old cow (A389-
D3110). A vascular tumor that contains areas of necrosis and
measures 8 c¢m. in diameter is present in the kidney, together
with several smaller tumors. Similar tumors are present in the
opposite kidney. Invasion of the aorta has occurred, and multi-
ple metastatic tumors are present in the liver and the lungs.

volved. Growth of the tumor is by expansion rather
than by infiltration into the surrounding renal paren-
chyma. The larger neoplastic masses cause considerable
pressure atrophy of the kidney, and at times the renal
parenchyma is represented only as a thin line of
atrophic tissue adjacent to the capsule. Necrosis and
hemorrhage are minimal if they occur at all.

Renal adenocarcinomas occur as single or multiple
growths in one or both kidneys. These tumors are firm
gray or yellow growths, predominantly oval and varying
from 2 to 8 cm. in diameter. They are thinly encapsu-
lated and may contain areas of hemorrhage and necro-
sis. Some of the growths penetrate the capsule, calyces,
and pelvis of the kidney. Occasionally the adjacent walls
of the aorta, vena cava, and hepatic vein are invaded
and the tumor protrudes as rounded masses into the
lumens of these structures. Metastatic tumors are found
in the regional lymph nodes, liver, and lungs.

Microscopic appearance.—The renal adenoma is com-
posed of tubular structures in a connective tissue
stroma. These tubular structures have a mature type
of cuboidal or columnar epithelium resembling that of
the renal tubular epithelium. The neoplastic cells are

Figure 83.—Histologic preparation of the renal adenocarcinoma
shown in figure 81 (A423-D3234). The tumor has a tubular
pattern in which cuboidal cells with relatively large, pale vesic-
ular nuclei form many small glandlike structures, Many of the
cells are vacuolated and because of this characteristic, these
tumors are often referred to as clear-celled carcinomas. Hema-
toxylin-eosin stain. X 320.

Figure 84.—Histologic preparation of the renal adenocarcinoma
(A389-D3110) shown in figure 82. The neoplasm consists of
a few tubules scattered through a mass of anaplastic, polygonal
eosinophilic cells that have irregularly oval, hyperchromatic
nuclei. Hematoxylin-eosin stain. x 125.
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Figure 85.—A higher magnification of the renal adenocarcinoma
(A389-D3110) shown in figure 84. The anaplastic polygonal
cells have irregularly oval, hyperchromatic nuclei that contain
many mitotic figures. Hematoxylin-eosin stain. x 320.

regular in size and shape and contain a few mitotic
figures.

The adenocarcinoma of the kidney is composed of
cuboidal and columnar renal tubular epithelial cells ar-
ranged in tubules or solid masses., When arranged in
tubules, the cells may have granular pink cytoplasms
similar to the cells in the upper part of the nephron
unit, or they may have clear cytoplasms containing lipid
and glycogen like the cells in the collecting tubules. The
cells with clear cytoplasms are considered to be the most
characteristic type of cell in renal adenocarcinomas.
When arranged in solid masses, the cells have a more
anaplastic appearance. The cells vary considerably in
size and shape and contain many mitotic figures. Unlike
embryonal nephromas, which seldom metastasize and
then late in the course of the disease, renal adenocarci-
nomas metastasize extensively and early in their devel-
opment.

Embryonal Nephroma

Definition.—The embryonal nephroma is a tumor
composed of embryonal tissue (remnants of the Wolffian
body) located in or adjacent to the kidney.

Figure 86.—The external appearance of a firm, grayish-white,
encapsulated embryonal nephroma (10 by 8 by 8 c¢m.) present
in one pole of the kidney in a 1-year-old pig (A80-D1384).

Figure 87.—Cross section of an irregularly lobulated yellow
embryonal nephroma (20 by 11 by 11 ¢m.) containing many
small cysts and involving about two-thirds of the kidney in
an 18-month-old Hereford steer (A255-D2341).
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Figure 88.—Histologic preparation of an embryonal nephroma in
a 3-year-old sow (D671). The growth consists of two types of
tissue and is very cellular. One area (A) of the tumor is
forming tubular structures while a more solid adjacent area
(B) is forming structures resembling glomeruli. Hematoxylin-
eosin stain. X 50.

Figure 89.—Histologic preparation of an embryonal nephroma in
a 1-year-old sow (D735). Supported by an abundant connective
tissue stroma, epithelial elements are forming structures that
resemble glomeruli. Hematoxylin-eosin stain. x 125.

Distribution and incidence.—This neoplasm is found
throughout the United States, occurs in all genera of
meat-producing animals, and is most frequently ob-
served in pigs. During the USDA’s 2-year survey (see
p. 1), 46 percent of the porcine tumors collected were
of this type. The tumor occurred three times more fre-
quently in female than in male swine, and approximately
80 percent were found in swine under 1 year of age.
None were found in cattle or sheep during the same
period.

Macroscopic appearance.—These tumors have a tend-
ency to arise at either pole of the kidney and a few are
found only loosely attached to, or separated from, the
parenchyma. A third of the affected animals have either
bilateral or multiple renal growths. The embryonic ap-
pearance of these tumors complements the frequency of
their appearance in young swine. These tumors may be-
come quite large: some are found to weigh 10 to 40
pounds and to measure 20 to 40 cm. in their greatest
diameter. Although they increase in size during their
development, only about 13 percent metastasize or show
any tendency to invade adjacent renal parenchyma.

The tumors are characteristically white or light gray,
are very firm, and are thickly encapsulated. Cysts and
areas of necrosis are present in the larger and faster
erowing nephromas. Pressure atrophy of the adjacent
renal tissue occurs. The tumors project from the surface
of the kidneys and are distinctly lobulated.

Figure 90.—Histologic preparation of an embryonal nephroma in
a 6-month-old gilt (D184). The growth is a solid type having a
few tubular structure formations in a dense mass of epithelial
cells. Hematoxylin-eosin stain. x 125.
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Figure 91.—Histologic preparation of an embryonal nephroma in
a 6-month-old gilt (D2644). An example of the papillomatous
type of growth that occurs in this neoplasm. Hematoxylin-eosin
stain. X 50.

Figure 93.—Histologic preparation of an embryonal nephroma in
an 8-month-old pig (D986). The tumor consists of tubular
structures in a dense connective tissue stroma. Hematoxylin-
eosin stain, x 125.

Figure 92.—Histologic preparation of a cystic embryonal ne-
phroma in an 8-month-old gilt (D2931). The tumor is composed
of cysts lined with epithelial cells and filled with a homogen- Figure 94.—Histologic preparation of an embryonal nephroma in
eous material that stains pink with eosin., Hematoxylin-eosin a 3-year-old sow (D703). The tumor contains striated muscle
stain, X 50. cells (arrows). Hematoxylin-eosin stain. x 500.
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Figure 95.—Histologic preparation of an embryonal nephroma in
an 8-month-old gilt (D3253). The tumor is composed of epithel-
ial elements (A), white fibrous connective tissue (B), and bone
(C). Hematoxylin-eosin stain. X 320.

Microscopic appearance.—Histologically, the nephro-
ma is a heterogeneous mixture of tissue elements with
connective tissue and epithelium predominating. Strands
of connective tissue from the well-developed capsule of
connective tissue permeate the parenchyma of the tu-
mor, subdividing it into masses of various sizes and
shapes. In some areas the parenchyma has the appear-
ance of a fibrosarcoma and in others of an adenoma. The
cells of the sarcomatous areas are round, ovoid, or
spindle-shaped. The cells of the adenomatous parts seem
to be attempting to form alveoli, branching blind tu-
bules, and occasionally, renal corpusclelike bodies. The
cells forming alveoli and tubules are cuboidal or colum-
nar. Those forming renal corpusclelike bodies are flat
or cuboidal. To complicate the pattern of the tumor,
sinuses and crypts filled with blood or hyaline material
may be mixed with the other elements. Occasionally,
smooth and striated muscles are present and, less com-
monly, cartilage and bone may be found. Some of the
epithelial cells are in the state of mitosis.

Neoplasms of the Liver

Adenoma and adenocarcinoma of the liver

Definition.—Adenomas and adenocarcinomas of the
liver are tumors that arise from hepatic cells. They

should not be confused with another type of liver tumor
that originates from hepatic bile ducts.

Distribution and incidence.—Hepatic-cell tumors are
found in meat-producing animals throughout the United
States. In the USDA’s 2-year survey (see p. 1), 0.8
percent of the bovine tumors and 11 percent of the ovine
tumors collected were of this type. No hepatic-cell tu-
mors were found in swine. These tumors are apparently
more common in cows than in bulls or steers; no sex
predominance has been observed in sheep. No breed inci-
dence has been established. With few exceptions, these
tumors occur in old animals.

Macroscopic appearance.—Hepatic-cell tumors are
usually large, often measuring 10 to 20 em. in their
greatest diameter, and generally occur as single, slowly
growing masses located in the right half of the liver.
When palpated, most hepatic-cell tumors have a con-
sistency similar to that of liver. A fibrous capsule, usu-
ally thin, may enclose the neoplasm, separating it from
the adjacent liver. When a relatively thick capsule is
present, the free surface of the growth may have a
slightly nodular appearance.

These tumors are usually light brown and may ap-
proach the color of normal liver. The more malignant
growths are gray or white, with yellow and green dis-

Figure 96.—A soft, fatty, oval adenocarcinoma of the liver of a
7-month-old sheep (A432-D3419). The tumor is separated from
the liver by a thin capsule. No invasion of other organs has
occurred.
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Figure 98.—A histologic preparation of an adenocarcinoma of the
liver of a 1-year-old sheep (D2436). The tumor cells are
arranged in alveoli that are separated by a delicate connective
tissue stroma. An area of necrosis (arrow) is present. Hema-
toxylin-eosin stain. x 125.

Figure 97.—A soft, buff-colored adenocarcinoma measuring 20 em.
in diameter is present in the liver of an adult ram (A88-D1430).
The central part of the tumor contains areas of hemorrhage and
necrosis (arrows). Metastatic tumors (not visible) are present in
the portal lymph nodes.

colorations in areas where bile is entrapped. They may
contain brown or reddish-purple areas if much hemor-
rhage or necrosis exist within. Color changes in sheep
adenomas of the liver are less predictable. Many of the
ovine tumor cells undergo a fatty metamorphosis that
causes a white or gray color change in the growth.
Reddish punctate areas of hematopoiesis are present
throughout many of the growths occurring in sheep.

Metastases occur late in the course of the disease and
are few in number. Before metastases occur in adjacent
lymph nodes and more distant organs, multiple satellite
growths usually appear in the liver.

Microscopic appearance.—Most of the bovine hepatic-
cell tumors and many of the corresponding ovine tumors
are composed of mature cells. Hepatic-cell tumors of the
liver consist of characteristic polyhedral-shaped hepatic
cells (usually larger than normal liver cells) that con-
tain eosinophilic, granular cytoplasm and large nuclei
with thick nuclear membranes. The large nuclei with
their large nucleoli, particularly when examined in giant
cell formations, are helpful in identifying the less highly Figure 99.—A histologic preparation of a soft, brown, nodular
differentiated tumors. adenocarcinoma of the liver of a 5-year-old ewe (D1491). The

.. R L. . . tumor is composed of epithelial cells arranged in elongated
A distinctive characteristic of hepatic-cell tumors is structures that resemble hepatic cords. Many of the tumor cells

the persistence of hepatic cord patterns in most of the contain fat droplets. Hematoxylin-eosin stain. x 125.




NEOPLASTIC DISEASES 41

growths. These cords of cells may be two or three cells
wide and resemble normal hepatic cords, or they may
occur as masses of cylindrical projections that are 15 to
20 cells wide. Usually the only stroma associated with
these tumor cell patterns is that accompanying the cap-
illaries that ensheath the individual cords. This cord
pattern of growth is helpful in differentiating hepatic-
cell tumors from bile duct carcinomas.

Hepatic-cell tumors lack central veins, hepatic triads,
and bile duct systems. The absence of these structures
is an aid in diagnosis. Because of the absence of a bile
duct system, any bile produced by the neoplastic cells
cannot be eliminated except by diffusion. As a result,
bile pigment can often be seen within the neoplastic
tissue. Canaliculi, which may form cystic spaces, can
be found within the hepatic-cell tumor. If bile is found
either in these canaliculi and cystic spaces or within
tumor cells, the identity of the tumor is established.
Its large cystic spaces, filled with a homogeneous mate-
rial and bordered by neoplastic cells, may confuse the
examiner unless he realizes that the material is bile and
the spaces are dilated canaliculi.

The difference between hepatic-cell tumors and he-
patic bile duct tumors may be difficult to demonstrate
because, embryologically, both hepatic cells and bile

Figure 100.—A histologic preparation of an adenoma of the liver
in a 1-year-old sheep (DD3246). The tumor cells are arranged in
cords and their cytoplasms contain many fat droplets. Hema-
toxylin-eosin stain. X 320.

duct cells are derived from the same stem cell. Since the
hepatic cells and the bile duct cells have a common
embryologic origin, it is understandable that in the
more anaplastic neoplasms a point of anaplasia is
reached when it is probably impossible to differentiate
between the two types of neoplasms.

Adenoma and adenocarcinoma
of the hepatic bile ducts

Definition.—Adenomas and adenocarcinomas of the
hepatic bile ducts are limited to those tumors that arise
from the intrahepatic bile duct system.

Distribution and incidence.—Hepatic bile duct tumors
are probably found in meat-producing animals through-
out the United States. During the USDA’s 2-year
Denver survey (see p. 1), 0.1 percent of the bovine
tumors and 1.5 percent of the ovine tumors collected
were found to be adenomas and adenocarcinomas of the
bile ducts. No sex or breed predominance has been es-
tablished. All of the neoplasms we have observed have
occurred in old animals.

General comments.—Tumors of the intrahepatic bile
ducts can easily be confused with other pathologic con-
ditions: tumors of the hepatic cells, congenital or ac-
quired cysts of the biliary ducts, hyperplasia with a

Figure 101.—Adenocarcinoma of the bile ducts of a ewe (A99-
D1449). Multiple soft, tan tumor nodules that measure as much
as 6 cm. in diameter are present in the liver.
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Figure 102.—Adenocarcinoma of the bile ducts of a 5-year-old
ewe (A84-D1412). There is diffuse involvement of the liver with
multiple white tumor nodules that are slightly discolored with
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Figure 103.—A histologic preparation of the adenocarcinoma
(A99-D1449) shown in figure 101, The growth is very cellular,
and the cells have a tendency to be arranged in acini and tubu-
lar structures. Hematoxylin-eosin stain. X 125.
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Figure 104.—A histologic preparation of the adenocarcinoma
(A84-D1412) shown in figure 102. The neoplastic cells are
attempting to form bile ducts. Hematoxylin-eosin stain. X 320.

wide range of causes—such as the invasion of the
biliary ducts by flukes—and hyperplasia caused by
highly chlorinated napthalenes or poisonous plants—
such as senecio, tarweed, vetch, and spurge. Hepatic bile
duct tumors can also be confused with metastases from
other glandular tumors, including those of the extra-
hepatic biliary ducts and gallbladder. For this reason, a
very careful examination of the viscera must be made to
determine whether a primary neoplasm is present in
some other organ.

Macroscopic appearance.—Hepatic bile duct tumors
usually occur as large solitary masses that measure as
much as 25 em. in their greatest diameter. Their size
and shape are very similar to those of hepatic-cell tu-
mors. They are usually gray, grayish white, or yellowish
white, are firm in consistency, and are often cystic. Most
have a minimal connective tissue stroma and do not
form a distinct capsule; however, they do tend to have
more connective tissue stroma than hepatic-cell tumors.

Microscopic appearance.—Tumors of the hepatic bile
ducts are composed of cuboidal or columnar cells and are
usually arranged in an acinar pattern. Distinct hepatic
bile duct formation can usually be found in some part of
the neoplasm. Occasionally, areas of the tumor will con-
tain large polyhedral-shaped cells that resemble hepatic
cells. Histologically, these tumors are true adenocarcin-
omas. They do not produce bile and are not bile stained.
The neoplastic cells can produce mucus; and the accum-
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ulation of mucus within the tumor results in the forma-
tion of cysts. The tumors have a minimal connective
tissue stroma and do not form a distinct capsule be-
tween the neoplastic tissue and the adjacent hepatic
parenchyma.

Because of the difficulty in differentiating tumors of
the hepatic bile ducts from the more anaplastic hepatic-
cell tumors of the liver, it is important to remember
that the neoplastic acini and tubules in hepatic bile duct
tumors frequently contain mucus but never bile. Fur-
ther, hepatic bile duct tumors, in their rather frequent
invasions of the portal vein, often take the form of pap-
illary or cystic projections instead of assuming the he-
patic cord pattern characteristic of hepatic-cell tumors.

Adenoma and adenocarcinoma

of the gallbladder

Definition.——Adenomas and adenocarcinomas of the
gallbladder are neoplasms that arise from the mucous
membrane of that organ.

Distribution and incidence.—Gallbladder neoplasms
are probably quite common in cattle throughout the
United States, although their presence is usually not

Figure 105.—Adenoma of the gallbladder of a 3-year-old Here-
ford steer (A412-D3166). A papillary, yellowish-pink growth
(10 by 3 by 1 ¢cm.) covered with a mucous membrane and con-
taining multiple small cysts is arising from the fundic end of
the gallbladder.

Figure 106.—Adenoma of the gallbladder of a 5-year-old cow
(A42-D1344). A papillary, mucinous growth that contains
multiple small cysts is attached to the fundus of the gallbladder.

recognized. The USDA’s 2-year survey of neoplasms
collected in Denver abattoirs (see p. 1), found 1.0 per-
cent of the bovine neoplasms to be of this type. None
were found in other genera. Tumors of the gallbladder
are most frequently seen in young steers and heifers at
slaughter, although they are also found in older bulls
and cows. No breed predominance has been established.

It is probable that the incidence of adenomas would
be quite high if the meat inspection procedure led to
the gallbladder’s receiving the same careful scrutiny
that is afforded the liver and the common bile duct. As
it is, the practice of immediately discarding the gall-
bladder results in its being given only a cursory exterior
examination, unless the painstaking inspector elects to
palpate it or incise it or unless a large invasive growth
is present. In contrast to adenomas of the gallbladder,
carcinomas of the organ are believed to be very uncom-
mon, Since invasion of the gallbladder wall and pene-
tration of the liver could scarcely escape detection at
postmortem inspection.

Macroscopic appearance.—Tumors of the gallbladder
occur as papillary cystadenomas and occasionally as
papillary cystadenocarcinomas. They originate from the
mucosa of the gallbladder and nearly all of the growths
arise in the fundus. Their size is varied, and they may
be as much as 5 to 7 e¢m. in diameter. These tumors
sometimes distend the gallbladders moderately, occupy-
ing most of the lumen, and on occasion, protrude into
the neck. It is uncommon to find visible external evi-
dence of neoplasia. In appearance the papillary cyst-
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Figure 107.—Adenocarcinoma of the gallbladder of a 6-year-old
Hereford cow (A306-D2736). The tumor consists of a firm,
yellowish-red, rugose growth measuring 10 cm. in diameter.
The neoplasm has penetrated the gallbladder wall and has
invaded the adjacent liver tissue. Metastatic tumors are pre-
sent in the portal lymph nodes (not visible).

adenoma is a solitary red or gray epithelial-covered
mass attached to the wall of the gallbladder by a thick,
short stalk. The diameter of the basal area of attach-
ment ranges from 1 to 4 ecm. and in some instances the
tumor assumes a sessile character. Frequently, the sur-
face of the growth forms teatlike or cone-shaped papil-
lary projections that protrude for 2 to 4 cm. into the
lumen of the gallbladder. Again, the surface may havea
caulifiowerlike appearance. Occasional tumors have a
rugose character or a surface raised in smooth, rounded
masses and indistinet lobules. Numerous cysts are pres-
ent in many of the tumors and the entire growth usually
has a mucinous character. Frequently, the affected gall-
bladder contains considerable quantities of thick, tena-
cious, mucinous exudate.

The only papillary adenocarcinoma in our possession
is a firm, yellowish, rugose tumor that measures 10 cm.
in diameter, and has a point of origin midway between
the neck and fundus. The growth has invaded the wall
of the gallbladder and has extended into the adjacent
liver. The portal lymph nodes are tumified. No other
metastases are present. In contrast to the benign
growths this tumor is readily apparent on visual exami-
nation of the liver and gallbladder.

Microscopic appearance.—The mucosal surface of be-
nign papillary cystadenomas of the gallbladder are cov-

Figure 108.—A histologic preparation of an adenoma of the gall-
bladder in an old Hereford cow (D2138). The tumor is composed
of columnar epithelium that has a papillary and glandular
arrangement. Hematoxylin-eosin stain, X 20.

ered by a single layer of tall columnar epithelial cells
continuous with the epithelium of the adjacent normal
gallbladder mucosa. This epithelial covering is thrown
into long-branched infoldings that extend for a consid-
erable distance into the underlying connective tissue
stroma and are in turn continuous with the papillary,
glandlike structures that make up the bulk of the neo-
plasm. When these tubular alveolar structures are cut
in cross section, they look like regular acinic spaces ly-
ing in a loose edematous connective tissue stroma. They
are frequently dilated and are sometimes so distended
that they form cystlike spaces that may be grossly
visible. The tall columnar neoplastic cells resemble the
epithelial lining of the normal gallbladder mucosa and
have clear cytoplasms and basally placed oval nuclei.
They are uniformly arranged in single layers lining the
alveolar spaces, with their deeply staining nuclei ap-
pearing as dark borders around the perimeters of the
spaces.

Deep within the growth, usually close to the muscu-
laris, there is also a proliferation of low columnar cells
arranged in an adenomatous pattern. The cytoplasm of
these cells is frequently granular and stains deeply with
eosin. The cells resemble the cells of the mucous glands
of the normal gallbladder.

Adenocarcinoma of the gallbladder resembles its be-



NEOPLASTIC DISEASES 45

Figure 109.—A histologic preparation of an adenoma of the gall-
bladder in a 2-year-old steer (D1562). The tumor is composed of
mucin-producing glandular epithelium arranged in alveoli sup-
ported by an edematous connective tissue stroma. Hematoxylin-
eosin stain. X 125.

Figure 110.—A histologic preparation of the adenocarcinoma of
the gallbladder (A306-D2736) shown in figure 107. Hematoxylin-
eosin stain. X 125.

nign counterpart in the superficial part of the primary
growth that protrudes into the lumen of the gallbladder.
Deep within (and extending into the liver), the growth
becomes more fibrous and nests of tumor cells resem-
bling the low columnar cells of mucous glands are found
scattered through a dense collagenous connective tissue
matrix. The glandular pattern persists, but the neo-
plastic cells are arranged as irregularly shaped groups
of anaplastic cells. They frequently form a stratified
epithelium instead of an ordered single-cell layer. Many
of the acini are filled with debris, and scattered focal
areas of necrosis, with beginning calcification, are pres-
ent. Mitotic figures are readily discerned and no encap-
sulation is evident.

Neoplasms of the Lung

Adenoma of the lung

Definition.—Adenomas of the lung are benign neo-
plasms that probably result from developmental defects
(hamartomas) of lung tissue.

Distribution and incidence.—Although adenomas of
the lung are believed to occur throughout the United
States, no information is available as to the geographic
distribution of this neoplasm. In the USDA’s 2-year
Denver survey (see p. 1), 0.1 percent of the bovine
tumors collected were adenomas of the lung. None were
found in swine or sheep. No sex incidence has been es-
tablished. Pulmonary adenomas are most frequently ob-

Figure 111.—Cut surface of an adenoma of the lung in a 2-year-
old Hereford cow (A6-D1241). Multiple soft, gray nodules that
measure 1 mm. to 1.5 cm. are scattered through all lobes of the
lung.
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Figure 114.—Histologic preparation of an adenoma of the lung of
a 2-year-old Hereford cow (A6-D1241). Note the columnar and
stratified appearance of the epithelium and the frondlike papil-
lary mode of growth of this tumor. A gross picture of this
neoplasm is shown in figure 111. Hematoxylin-eosin stain.

X 125.

Figure 112.—Histologic preparation of an adenoma of the lung
of a 2-year-old steer (D2155). The glandular epithelium is sev-
eral cells thick and has a pseudostratified appearance. Hema-

toxylin-eosin stain. x 125,

Figure 115.—A higher magnification of the histologic preparation
of the adenoma (A6-D1241) shown in figure 114. Hematoxylin-
eosin stain. x 320.

Figure 113.—A higher magnification of the histologic preparation
of the adenoma (D2155) shown in figure 112. Hematoxylin-
eosin stain. X 500.
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served in young cattle, whereas pulmonary carcinomas
are usually found in older animals.

Macroscopic appearance.—Adenomas of the lung are
grayish-white or yellow. They occur as single or mul-
tiple masses of fibrous, partially calcified neoplastic tis-
sue and are generally less than 2 cm. in diameter. When
they occur in multiple form, their member growths are
often confluent and are remarkably similar in gross ap-
pearance. These multiple growths usually replace much
of the parenchyma of the lung and, because of the large
amount of neoplastic tissue they contain, keep the lung
from collapsing noticeably at the time the host animal
is slaughtered.

Microscopic appearance.—Adenomas of the lung are
composed of cuboidal- and columnar-type cells. Their
microscopic pattern of growth is almost identical and
quite distinctive. A markedly papillary mode of growth
is found in all of the larger lesions, with the epithelium
varying from single layers of cuboidal or columnar cells
to distinctly stratified layers of the same type of cells.

Adenomas of the lung grow by expansion and do not
infiltrate the surrounding pulmonary tissue, invade the
pleural cavities, or metastasize to regional lymph nodes
or distant organs. The tumor cells have a benign mor-
phology and do not have the anaplastic appearance of
malignant carcinomas of the lung. Their appearance
indicates that the growths are multicentric and sup-
ports the assumption that pulmonary adenomas are
developmental defects (hamartomas).

Primary pulmonary carcinomas

Definition.—Primary pulmonary carcinomas are those
malignant growths that arise from pulmonary tissues
and are not metastases from tumors in other tissues or
organs.

Distribution and incidence.—Primary pulmonary neo-
plasms are found in domesticated animals throughout
the United States. Apparently, they are not as common
as similar lung tumors in man, and there is no evidence
that their incidence has increased during the past few
years. During the 2-year survey conducted by the USDA
to determine the incidence of neoplasms in meat-
producing animals slaughtered in Denver abattoirs, men-
tioned on page 1, 0.3 percent of the bovine tumors col-
lected were found to be carcinomas of the lung. None
were found in swine and sheep. No breed or sex inci-
dence has been established. Adenomas of the lung occur
in younger cattle and primary pulmonary carcinomas
occur in older animals.

Macroscopic appearance.—Primary pulmonary neo-
plasms occur as single or multiple neoplasms within the
parenchyma of the lung. They are yellow, yellowish
gray, gray, or white. They may contain areas of necro-
sis, calcification, and hemorrhage, and may be encap-
sulated. The right lung has the highest incidence of neo-
plasms and the diaphragmatic lobe is the most frequent
site. The tumors are located within the body of the lobes
of the lung and seldom at the hilus.

Figure 116.—Adenocarcinoma of the lung of an 8-year-old cow
(D977). The tumor is forming alveoli lined by a low columnar
type of epithelium, Hematoxylin-eosin stain. X 320.

Figure 117.—Histologic preparation of an adenocarcinoma of the
lung (undifferentiated-cell type) of an old cow (D2761). The
tumor is composed of undifferentiated cells with small, oval,
hyperchromatic nuclei and considerable eosinophilic cytoplasm.
The neoplastic cells are arranged in small nests and cords sepa-
rated by a connective tissue stroma. Hematoxylin-eosin stain.
X 125.
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Malignant pulmonary tumors are divided into three
large groups: (1) primary-focal, (2) multiple-focal, and
(3) diffuse-infiltrating. The primary-focal group con-
taing those carcinomas whose primary location in the
lung has been determined and which may or may not
metastasize throughout the lungs. The primary lesion
is usually sharply circumscribed but not encapsulated;
if a capsule is present, it is very thin. Small daughter
nheoplasms are commonly found in the lung tissue sur-
rounding the primary lesion. The multiple-focal group
includes those tumors that have multiple lesions in one
or more lobes of one or both lungs. These tumors are
multicentric or the primary lesion cannot be distin-
guished from its metastases. Tumors of the multiple-
focal group are usually sharply circumscribed with no
encapsulation or with only a very thin capsule. The third
group includes the diffuse-infiltrating carcinomas, which
cause a general malignant involvement of one or more
lobes of one or both lungs.

Microscopic appearance.—If a microscopic classifica-
tion is used, pulmonary tumors can be divided into four
types: (1) the squamous-cell type, (2) the columnar-
cell type, (3) the undifferentiated-cell type, and (4) the
mixed-cell type. The squamous-cell type of tumor varies
greatly in the amount of keratinization present in each

Figure 119.—A higher magnification of the histologic preparation
of the adenocarcinoma (D2761) shown in figure 117. Hema-
toxylin-eosin stain. X 320.

Figure 118.—Adenocarcinoma of the lung (undifferentiated-cell
type) of an old cow (D2761). Groups of tumor cells are sup-
ported by remnants of the alveolar walls. Hematoxylin-eosin
stain. X 320.

Figure 120.—Lymph node metastasis of the adenocarcinoma of
the lung (D977) shown in figure 116, Both columnar-cell type
(A) and undifferentiated-cell type (B) of growth are seen.
Hematoxylin-eosin stain. X 125.
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and occasionally contains epithelial pearls. The colum-
nar-cell type of tumor is composed of cells that vary in
shape from cuboidal to high columnar and are arranged
as solid masses or in cords, alveoli, or tubules. The un-
differentiated-cell type of tumor contains very anaplas-
tic cells that do not have the morphology of squamous,
cuboidal, or columnar cells. These cells occur singly or
in small groups in a loose connective tissue stroma or
are arranged in compact masses or cords. The mixed-
cell type of tumor is composed of a mixture of cuboidal,
columnar, squamous, and undifferentiated cells.

The character of the stroma of the pulmonary carci-
nomas varies greatly. In some carcinomas the stroma
is meager and in others it is very abundant and may
make up the bulk of the tumor. In structure, the stroma
may be loose and open, or firm, compact, and even
hyalinized, and it may contain islands of cartilage and
bone.

Some of the carcinomas contain large amounts of
mucin that occur as extracellular or intracellular glob-
ules. Mitotic figures are occasionally present. Some of
the neoplastic epithelial cells are ciliated and care must
be taken not to mistake them for normal epithelial cells
of the bronchi, which are also ciliated. Intranuclear bod-
ies—apparently large, swollen, altered nucleoli—are
quite numerous in the neoplastic cells. In general, the
greater the amount of retrogressive change, the more
numerous are these bodies. Apparently, thev are an in-
dication of necrobiotic change within the cell nuclei.

Secoudary pulmonary uneoplasms

Definition.—Secondary pulmonary neoplasms are tu-
mors that originate in some organ, other than the lung
and reach the lung by infiltration or metastasis.

Distribution and incidence.—Secondary pulmonary
neoplasms are commonly found in all meat-producing
animals that have malignant tumors. Theoretically, all
malignant neoplasms will eventually reach the lung.
Actually, many fail to do so because the host dies from
causes other than neoplasia or dies as the result of local
neoplastic injury or is slaughtered for food.

Whenever pulmonary neoplasms are found, careful
examination of other tissues and organs, and the hide
as well, must be made to determine the location of the
primary tumor. This task can be greatly facilitated if
a systematic examination of routes of lymph and blood
flow is made. Scars in the hide or other organs may in-
dicate that a tumor has previously been removed by
surgery. If a suitable history is available, some indica-
tion of the site of a surgically removed neoplasm can be
determined. The genital tract, thyroid, adrenal, liver,
and the eye are organs that should be scrutinized very
carefully when the location of the primary site of a
metastatic pulmonary neoplasm is sought. In cattle, the
bovine uterus should receive the most careful examina-
tion. Since abattoir procedure often separates the hide,
head, and genital tract from the remainder of the car-
cass before the lungs are examined, primary neoplasms
in these organs may be overlooked.

Figure 121.—Metastatic adenocarcinoma of the uterus in the
lung of a 7-year-old cow (A340-D2973). Many gray or yellow
fibrous, irregularly shaped growths (5 to 40 mm. in their great-
est diameter) are scattered throughout the parenchyma of all
lobes of both lungs. Note the craterlike, stellate-scar type of
lesions (arrows) characteristic of metastatic uterine carcinomas
in the Inng.

Figure 122.—Metastatic adenocarcinoma of the lung in a Hereford
cow (A62-127864). The primary site of the carcinoma could not
be determined.
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Figure 123.—Metastatic adenocarcinoma of the lung of a 5-year-
old cow (A50-D1739). Multiple yellow tumor nodules with ne-
crotic centers are found throughout the parenchyma of the lung.
The primary site of the carcinoma could not be determined.

Figure 124.—Metastatic chondrosarcoma in the lung of an 8-
month-old sheep (D2603). Hematoxylin-eosin stain. x 125.

Macroscopic appearance.—Most secondary pulmonary
neoplasms are quite similar in appearance. They are
found in all lobes of the lungs and occur as single masses
or as multiple growths within the pulmonary paren-
chyma. Their color is white, yellow, gray, black, or
orange. According to the type of tumor involved, the
consistency of the neoplasm varies considerably. Tumors
composed of bone and cartilage are firm and hard and
may contain recognizable bone, osteoid tissue, or carti-
lage. Tumors composed of other types of tissue are soft,
edematous, mucinous, or solid. They may be encapsu-
lated and they generally contain calcification, necrosis,
and hemorrhage.

Microscopic appearance.—The microscopic appear-
ance of the tumor varies with the type of neoplasm that
is present. The cell type may be readily recognized so
that the identity of the tissue or organ from which the
metastasis arose can be easily determined. At other
times, the cells of pulmonary neoplasms are so anaplas-
tic that they have little resemblance to the cells from
which they originated.

It should be emphasized that metastases are the most
anaplastic part of the neoplastic invasion and bear the
least resemblance to the tissue from which they origi-
nated. Experience in the microscopic identification of
tumors and attention to cytological details often enable
the pathologist to make a definitive diagnosis.

Figure 125.—Metastatic squamous-cell carcinoma in the lung of a
3-year-old Holstein cow (D2267). The primary tumor is located
in the skin of the right hip. Epithelial cells (arrows) are in-
filtrating the pulmonary tissues. Hematoxylin-eosin stain. X 125.
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Connective Tissue Tumors

Chondroma and Chondrosarcoma

Definition.—Chondromas and chondrosarcomas are
tumors composed principally of neoplastic cartilage
cells.

Distribution and incidence.—Chondromas and chon-
drosarcomas are most frequently observed in sheep.
During the 2-year survey (see p. 1) conducted by the
USDA to determine the incidence of neoplasms in meat-
producing animals slaughtered in Denver abattoirs,
4.5 percent of the ovine neoplasms were found to be
chondrosarcomas (no chondromas were collected). No
breed or sex predominance for these tumors has been
determined. Although they are found in meat-produc-
ing animals throughout the United States, neither
chondromas nor chondrosarcomas were detected in the
cattle and swine examined during the USDA’s 2-year
survey.

Chondromas and chondrosarcomas occur in regions
where cartilage is normally present—for example, at
the epiphyses of long bones of the extremities, the cos-
tochondral and chondrosternal articulations, and in the
cartilages of the nasal passages, larynx, trachea, and
bronchi. In sheep, they are seen most frequently on
osteochondral junctions of the ribs, scapulas, humeri,

Figure 126.—A hard, slightly lobulated, well-defined chondroma
located in the epiphyseal region of the proximal end of the
humerus of an adult ewe (A115-D1464). No metastatic tumors
are present.

and femurs. Chondrosarcomas are more frequently
found during meat inspection than are chondromas.
However, there is no distinet division between a large
group of the potentially malignant skeletal chondromas
and chondrosarcomas that increase noticeably in size
during a period of 2 to 3 months. It is often necessary
to study the entire tumor to find small areas of malig-
nant transformation.

Macroscopic appearance.—Chondromas and chondro-
sarcomas are hard tumors that almost always occur
singly. They may attain a weight of 10 pounds in sheep
and 20 pounds in cattle. Sometimes they have a thick
fibrous capsule. At other times the capsule scarcely
covers the tumor mass and in some chondrosarcomas, it
only partially encloses the growth. The tumors are at-
tached to previously existing cartilage or bone, except
for those that arise from metaplasia of connective tis-
sue.

On cross section, chondromas consist of well-defined
lobulated masses of translucent, bluish-white, glisten-
ing tissue. Although these tumors are attached to the
bone or cartilage from which they originated, they are
almost completely demarcated since they usually pro-
trude from the tissues from which they were derived
instead of expanding these tissues. At times there may

Figure 127.—A dense, lobulated, well-defined chondrosarcoma
present in the distal end of the radius and ulna in an old ewe
(A404-D3101). The tumor is invading the bone, bone marrow,
and joint cavity.
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Figure 130.—Histologic preparation ot the chondrosarcoma (AZ286—

Figure 128.—A translucent, lobulated, grayish-blue chondrosar- D2676) shown in figure 128. Note the blue-stained tumor tissue

coma (T), measuring 16 by 9 by 8 cm., is invading the sternum (T) that is invading the marrow of the red-stained bone (B).
(S) of an aged ewe (A286-D2676). Alcian blue and eosin stain. x 50.

Figure 129.—Histologic preparation of the chondrosarcoma of the
sternum (A286-D2676) shown in figure 128. Note that the neo-
plastic cells are not arranged in the normal pattern of cartilage,
the growth is distinctly lobulated, the cells are varied in size
and shape, and no blood vessels are present within the lobules. Figure 131.—Metastatic chondrosarcoma (T) in the liver (L) of
Alcian blue and eosin stain. X 50. an 8-month-old ewe (D2603). Hematoxylin-eosin stain, x 125.
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be small cysts or calcified areas in the growth, together
with zones of mucoid degeneration and fibrous connec-
tive tissue.

Cross sections of chondrosarcomas show a more con-
fluent type of growth, with only parts of the tumor be-
ing lobulated. These tumors maintain a resemblance to
hyaline cartilage. They may be only partially encapsu-
lated and may be poorly demarcated from adjacent
cartilage or bone, and they may actually invade, expand,
or replace these tissues. A few invade adjacent connec-
tive tissue and muscle, and may even extend into the
bone marrow.

Microscopic appearance.—Some chondromas are very
cellular; others are not. The cells are arranged singly
rather than in groups as in normal cartilage, and are
of varied shapes and sizes. At the periphery they are
usually small; at the center, large. Varying amounts of
hyaline matrix are present between the cells (it is es-
sential that some matrix be present if the growth is to
be classified as a chondroma). As in normal cartilage,
there are no blood vessels; however, nourishment
diffuses through the cartilage to the cells from blood
vessels in the capsule. This arrangement limits the size
of the lobules: when the distance of diffusion becomes
excessive, cellular growth becomes restricted or the neo-
plastic tissue undergoes degeneration or necrosis, or
both.

Chondrosarcomas are much more cellular than chon-
dromas and their individual cells have many anaplastic
features. Nuclei are varied in size and shape and are
hyperchromatic, and mitotic figures are numerous. The
cells are spindle-shaped, round, or rhomboid, and the
chondroid matrix is often meager. Lacunae are not well
formed and areas of calcification and cysts of varying
sizes may be present. Tumor cells may infiltrate into
adjacent tissues and will frequently metastasize to the
lungs without involving the regional lymph nodes.

Hemangioma and Hemangiosarcoma

Definition.—A hemangioma is a benign tumor arising
from the endothelial cells of blood vessels. Malignant
types are designated as hemangiosarcomas.

Distribution and incidence.—Hemangiomas and he-
mangiosarcomas are found in all genera of domesti-
cated animals throughout the United States. No species,
breed, or sex differences have been established. During
the USDA’s 2-year survey, mentioned on page 1, 0.6
percent of the cattle tumors and 3 percent of the sheep
tumors collected were hemangiomas. Hemangiosar-
comas comprised 0.1 percent of the cattle tumors and 1.5
percent of the sheep neoplasms. These tumors are most
often observed in the extremities, the thoracic wall,
the perianal region, the liver, and the spleen.

Extreme caution should be exercised in diagnosing
tumors composed of blood vessels as hemangiomas or
hemangiosarcomas. Most so-called hemangiomas or
hemangiosarcomas are actually either blood vascular

Figure 132.—Angioma of the spleen in a 5-year-old Hereford steer
(A236-D2787). The oval, firm, red growth is protruding from
the visceral surface of the spleen. It is indistinctly lobulated,
poorly encapsulated, and covered by serosa. This angioma meas-
ures 15 by 14 by 7 cm. About three-fourths of the surface has
been removed to show a partial cross section of the growth.
Many thinly walled blood spaces are visible (arrows).

hamartias (developmental defects in the blood vascular
system) or very vascular sarcomas of some other basic
cell type, such as fibrosarcomas.

Care should also be taken not to confuse hemangio-
mas or hemangiosarcomas with telangiectasis, which is
a dilatation of preexisting vessels. Telangiectasis is
most commonly observed in the livers of cattle. The
endothelium lining the telangiectic cavities is adult in
type and shows none of the cellular characteristics of
neoplasia. In addition, telangiectasis usually occurs as
multiple lesions throughout the liver and effects no in-
vasion into the regional lymph nodes or metastasis to
other organs.

Quite frequently, the circulatory changes associated
with inflammation, which cause large numbers of capil-
laries to be produced, are confused with hemangiomas.
To insure against diagnostic errors, the investigator
must be able to recognize the connective tissue and vas-
cular arrangement of chronic inflammation, and must
be familiar with the history and location of the inflam-
mation.

Macroscopic appearance.—Hemangiomas and heman-
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glosarcomas are dark red or purple and are soft in con-
sistency. They bleed profusely when traumatized. In
size they range up to 15 cm. or more in diameter and
they may weigh as much as 2,000 grams. Although the
tumors are generally red or purple, their coloration is
correlated with their vascularity and varies with the
ratio of endothelial cells and supporting tissue to the
number of lumina. In hemangiomas, variations in the
ratio of structural elements affect consistency as well
as color. The more vascular type is red and soft; the
more cellular type resembles a fibrosarcoma and is
firmer or denser in consistency.

Microscopic appearance.—The more vascular type of
hemangioma consists of newly formed capillaries usu-
ally lined by a single layer of endothelial cells. Occasion-
ally, two or three layers of cells are present. The capil-
laries are surrounded by varying amounts of collagenous
fibers. The more solid types of hemangioma have rela-
tively few lumina, but each lumen is lined with several
layers of endothelial cells.

Hemangiomas may be typed as capillary, cavernous,
or solid. The capillary type is composed of capillaries
with lumens that are more or less normal in size. The
cavernous type is composed of capillaries that are

Figure 133.—A blood-filled, lobulated, firm, partially encapsulated
hemangiosarcoma (10 by 3 by 4 em.) is present in the liver of a
1-year-old sheep (A386-D2979). Part of the tumor (arrow)
protrudes as an irregularly shaped mass (4 by 3 by 2 cm.)
.above the surface of the liver.

Figure 134.—Hemangiosarcoma of the liver of a 10-year-old cow
(A385-D2924). There is a diffuse infiltration of the liver and
metastatic tumors (not visible) are present in the regional
lymph nodes. The growth is composed principally of capillaries
filled with blood.

Figure 135.—Diffuse infiltration of the thigh muscles of a 2-year-
old bull (A85-D1417). The hemangiosarcoma is composed of
capillaries and a few large cavernous spaces filled with blood.
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Figure 136.—Histologic preparation of the hemangiosarcoma of
the spleen of an 8-year-old cow (D1922). The tumor consists of
vascular channels lined with endothelial cells. Blood is present
within the lumen of some of the vessels. Hematoxylin-eosin
stain, X 320.

Figure 137.—A higher magnification of the histologic preparation
of the hemangiosarcoma (D1922) shown in figure 136. Hema-
toxylin-eosin stain. X 500.

greatly dilated. In contrast, the solid type consists of
masses of endothelial cells with few or no vascular dis-
cernible lumens. If the growth of capillaries is asso-
ciated with a proliferation of vascular pericytes just
outside of the reticulin sheath, the tumor is designated
as a hemangiopericytoma.

The nuclei of hemangiosarcomas are round, oval, or
ellipsoidal, and have fine- to medium-sized chromatin
granules. One or more nuclei may be present in a cell.
Both normal and atypical mitotic figures are present.
The cytoplasm is not conspicuously stained and the cell
boundaries tend to fuse. Connective tissue fibrils make
up the stroma.

Since the hemangiosarcoma is a malignant tumor of
blood vessels, metastasis occurs early and with relative
ease because the malignant cells are in contact with the
blood stream. By the time a hemangiosarcoma is
recognized, multiple metastases usually have already
occurred.

Leiomyoma and Leiomyosarcoma

Definition.—A leiomyoma is a benign tumor composed
of smooth muscle. If malignant, it is known as a leio-
myosarcoma.

Figure 138.—Leiomyoma of the uterus in an old Hereford cow
(A287-D2675). An incision has been made through the originally
intact serosa into the main tumor mass. The gray tumor consists
of a solid, oval, non-encapsulated mass (14 by 14 by 12 ¢m.) in
the wall of the uterine body. Yellow areas of necrosis are pres-
ent in the center of the tumor. The serosa and mucosa of the
uterus are not penetrated by the neoplasm.
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Figure 139.—Leiomyoma of the uterus of an aged ewe (A436-
D3499). The body of the uterus is distended by a firm gray
tumor. No degeneration or necrosis is present within the neo-
plasm and no invasion of other organs has occurred. The tumor
is histologically benign but its great size probably interfered
with the normal function of the uterus.

Distribution and incidence.—Leiomyomas and leio-
myosarcomas are found in meat-producing animals
throughout the United States. No breed or sex predomi-
nance has been determined. Although young animals
may be involved, most of the tumors occur in cattle over
6 years of age or in old sheep. During the USDA’s
2-year survey, mentioned on page 1, 0.9 percent of
the cattle tumors and 1.5 percent of the sheep tumors
collected were tumors of the smooth muscle. None were
found in swine.

Tumors of the smooth muscle are most frequently
encountered in the musculature of the tubular and hol-
low organs, such as the digestive, urinary, and genital
tracts., Often they are not discovered until after the
death of the animal, particularly when they are located
in the wall of a hollow organ, such as the intestine,
where their size causes an obstruction to the passage of
secretion, excretion, or ingesta that proves fatal to the
host. A few of the faster growing tumors expand and
infiltrate into the walls of hollow organs. They are then
classified as leiomyosarcomas and must be regarded as
being locally malignant.

Macroscopic appearance.—Leiomyomas vary consid-

Figure 140.—Leiomyoma of the mesentery and intestine of an
aged ram (A3635-D2908). An oval, gray, thinly encapsulated
growth (13 by 11 by 5 cm.) is firmly attached to the wall of
the intestine at its mesenteric attachment. No metastatic tumors
are present.

Figure 11l1.—Leiomyosarcoma of the wall of the intestine in an
8-year-old cow (A50-D1351). The growth consists of a large
oval, yellow mass that measures 10 by 6 by 5 cm., weighs 5
pounds, and contains areas of hemorrhage and necrosis (arrows).



NEOPLASTIC DISEASES 57

Figure 142.—A histologic preparation of the leiomyoma of the
uterus (A287-D2675) shown in figure 138. Note the typical
whorled structure of this type of neoplasm. Hematoxylin-eosin
stain, x 125.

Figure 143.—A histologic preparation of the leiomyoma of the
uterus (A287-D2675) shown in figure 138. An area of the tumor
is presented in which the neoplastic cells are irregular in size
and shape. Hematoxylin-eosin stain. x 320.

Figure 144.—A histologic preparation of a leiomyoma of the
uterus in an old cow (D3206). Note that the muscle cells are
larger and contain more cytoplasm than the tumor shown in
figure 142, but the growth still has a whorled arrangement.
Hematoxylin-eosin stain. x 125.

erably in size, ranging in measurement from a few milli-
meters to as much as 18 centimeters in diameter. They
are usually spherical or elliptical and tend to be rather
distinctly demarcated from the surrounding tissue.
These neoplasms are located in areas where smooth
muscle is normally found and usually have the pink
coloring of normal smooth muscle tissue. They tend to
be rather firm in consistency and those with consider-
able deposits of connective tissue have an exceedingly
dense and sclerotic consistency. Smooth muscle tumors
usually do not contain areas of degeneration, necrosis,
and hemorrhage. However, those neoplasms that pro-
trude into the lumen of an organ, such as vaginal leio-
myomas, often have ulcerated surfaces. Examination of
the glassy, rather dry cut-surface reveals that the
growth is composed of interlacing fibers and strands of
tissue that tend to have a whorled appearance.
Microscopic appearance.—The basic cell type is a long
spindle-shaped cell containing an elliptically shaped nu-
cleus. The neoplastic nuclei are rather rich in chromatin,
and the nucleoli are not prominent. At times the muscle
cells are interspersed with white fibrous connective tis-
sue cells and it is difficult to determine whether they are
fibroblasts or myoblasts. For this reason, such stains as
Van Gieson’s stain or Gomori’s connective tissue stain
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should be used in identifying the specimen as either con-
nective tissue or muscle tissue.

Histologic examination reveals the cells to be ar-
ranged in bundles, strands, and bands that interlace and
form a whorled pattern. The muscle cells usually merge
with the normal musculature of the organ and thus indi-
cate their origin. The locally malignant invasive leio-
myosarcomas have numerous mitotic figures; however,
metastatic lelomyosarcomas are very infrequently ob-
served in meat-producing animals.

Lipoma and Liposarcoma

Definition.—A lipoma is a benign tumor composed of
adipose tissue. The malignant form of the tumor is
called a liposarcoma.

Distribution and incidence.—Lipomas and liposarco-
mas are found throughout the United States and in all
genera of domesticated animals. Lipomas are rather
common tumors in older animals. In the 2-year survey
conducted by the USDA to determine the incidence of
neoplasms in animals slaughtered for food in Denver
abattoirs (see p. 1), 0.11 percent of the cattle tumors
and 1.5 percent of the sheep tumors collected were lipo-
mas. No liposarcomas were found in cattle, but 1.5 per-
cent of the sheep tumors were of this type. None were
found in swine. No sex, species, or breed predominance
was established.

Lipomas occur in locations where fat is physiolog-

Figure 145.—Lipoma of the pleura of a 2-year-old Hereford cow
(A366-D3001). A solid, flattened, yellow growth (35 by 30 by
10 mm.) is firmly attached to the pleural surface of the apical
lobe of the lung. The tumor is composed of fat and has a dis-
tinet capsule.

Figure 146.—Liposarcoma of the neck of a 4-year-old ram (A248-
D2421). A lobulated, soft, gray tumor (16 by 13 by 10 cm.) is
located in the musculature of the neck and extends from the
angle of the jaw to the shoulder. Areas (arrows) of necrosis
and hemorrhage are present within the mass.

iy 4
%) “?j i
f :
. o F
Aoa 35T “ iy A
-y ;ﬁ&g@ A ¥ ég?"ﬁ
R Ty
S : . i
1 ot v ‘s\é 2 E
; o b T
S \ ¥ N
i % i 4 }
gk %(?éu L ! | :
1343 A ' 4 ¥ e LERT »
AN e i \ [ r
i umﬂfx | ‘W; }"’“"‘-h 3 L
¥ ;“" - R I “‘*«% f: .
o ; T
. , PHAR B it 0 § *
”5“‘\} ‘ b & 33 {\: :%‘\. i‘wh% ?
e - 1 - L iy .
v Y g ~ 4
?33’ w& } i; [ &
g S, | 15 Pl
5 Y &b J ¥

Figure 147.—A histologic preparation of a subcutaneous lipoma
(M165) that contains large fat cells similar to normal adipose
cells. Hematoxylin-eosin stain. X 125.



NEOPLASTIC DISEASES b9

Figure 148.—A histologic preparation of the lipoma of the pleura
(A366-D3001) shown in figure 145. The tumor (T), which con-
tains adipose cells (a), is attached to the pleura (P) of the
lung (L). Hematoxylin-eosin stain. x 50.

Figure 149.—Histologic preparation of the liposarcoma of the
neck (A248-D2421) shown in figure 146. The adipose cells have
large round nuclei and acidophilic cytoplasms, and they contain
multiple fat droplets. Hematoxylin-eosin stain. X 320.

ically abundant, as in the mesentery, peritoneum, sub-
cutis, and submucosa. The most common gsites are the
subcutaneous tissues of the thorax and abdomen. (It
should be noted that the fat of the lipoma and liposar-
coma is not available to the body during periods of star-
vation. When normal body fat wastes away, these tu-
mors may actually increase in size.) In all species of
animals, adipose tissue tumors are frequently found in
the subserosal fat of the abdominal cavity. These tu-
mors are often pedunculated. Occasionally the peduncu-
lated tumors of the peritoneum, which are reported to
grow as long as 18 inches, become wrapped around a
loop of intestine and produce strangulation. Peduncu-
lated tumors of the peritoneum may become detached
and may then be found as necrotic and partially miner-
alized masses in the peritoneal cavity.

Great care should be taken not to confuse the chronic
inflammation associated with fat necrosis with the li-
poma. Phagocytic cells containing an abundance of fat
droplets resemble lipoblasts. The traumatic fat necrosis
that occurs in the vagina of cattle is frequently diag-
nosed as a vaginal lipoma, when it actually represents
the strangulation and necrosis of perivaginal fat that
has protruded into the lumen of the vagina through
rents or defects in the musculature of the vaginal wall.

Macroscopic appearance.—Lipomas usually occur as
solitary growths, but many examples of multiple lipo-
mas have been reported. Some of these are probably
related to abnormalities in normal fat deposition. Lipo-
mas are yellow or white tumors that vary in shape and
size and may weigh more than 100 pounds. As has been
mentioned, some of the growths are pedunculated. Most,
however, are either lobulated or nodular. They may be
encapsulated or they may be demarcated from adjacent
tissues only by a change in the character of the fat.
Lipomas are soft in consistency, and when they are in-
cised, their cut surfaces have a greasy or oily translu-
cent appearance. Mineralization of the tumors may oc-
cur and occasionally, when metaplasia takes place, bone
will be found in the neoplasms.

Liposarcomas are much more varied in appearance
than lipomas. They may be soft, moderately firm, or
firm in consistency. Although often not distinctly en-
capsulated, they are frequently divided into definite
lobules and present a distinet nodular appearance. Lipo-
sarcomas are often pink or mottled pink and may ex-
hibit varying shades of gray and yellow. Mineralization
and metaplasia with the formation of bone do not occur
as frequently in the liposarcomas as in the lipomas.

Microscopic appearance.—Most lipomas have a simple
structure and are made up of cells that contain one large
fat globule or several smaller ones. The nuclei are
pushed to the peripheries of the cells and may not be
visible in histologic preparations. Interspersed between
the fat cells are strands of collagenous fibers, and fre-
quently thicker sheets of these fibers form an incom-
plete capsule at the periphery of the tumor.

Occasionally, lipomas of a more immature type are
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Figure 150.—Histologic preparation of a very malignant lipo-
sarcoma (DA16352). The cells are irregular in size and shape,
their nuclei are hyperchromatic, and their cytoplasms are acido-
philic and contain multiple fat droplets. Hematoxylin-eosin stain.
X 320.

found. These are characterized by the presence of nu-
merous immature lipoblasts arranged in clumps or
patches. These cells have spherical nuclei that stain in-
tensely with hematoxylin and finely granular acido-
philic cytoplasms. Their nuclei contain an abundance
of fine chromatin granules and possess small eccentri-
cally located nucleoli. When special fat stains (oil red
“0,” Nile blue sulfate, or scarlet red) are used to stain
sections from formalin-fixed tissue prepared with a
frozen-section technique, the presence of fat in these
immature cells can be detected.

In liposarcomas, the resemblance of the neoplastic
cells of the liposarcomas to normal fat cells is more diffi-
cult to recognize than in lipomas. Round, stellate,
spindle-shaped, and multinucleated cells are found in
' these growths, as well as the characteristic polyhedral
cells. The nuclei of liposarcomas are usually large. Giant
cells and mitotic figures are occasionally observed. Neo-
plasms with loosely arranged spindle-shaped nuclei are
frequently invasive and should not be confused with
fibrosarcomas or myosarcomas. The identification of
small droplets of fat in the cytoplasm requires the use
of fat stains, and the diagnosis may be difficult to arrive
at without this supporting information.

Osteoma and Osteosarcoma

Definition.—Osteomas and osteosarcomas are tumors
that have the ability to form osteoid tissue and, in most
instances, identifiable bone.

Distribution and incidence.—Osteomas and osteosar-
comas are found throughout the United States. No ge-
neric, species, breed, or sex predominance has been es-
tablished for meat-producing animals. No tumors of
this type were found during the USDA’s 2-year survey,
mentioned on page 1. However, several specimens were
submitted to the Denver laboratory before and after the
survey—an indication that these tumors do occur but
are relatively uncommon.

Osteomas and osteosarcomas are most frequently
found in the bones that form the noses and sinuses of
horses and cattle. They are found less commonly in the
long bones, and seldom appear in other osseous struc-
tures.

Macroscopic appearance.—Osteomas are generally
small, slow-growing tumors that resemble normal bone
and are attached to some part of the skeleton. They are
hard, sharply circumscribed, and encapsulated. These
round or elliptical growths generally involve the bones
of the head, particularly those of the nasal passages
and orbital regions.

Osteosarcomas cause extensive destruction of tissue
and have an expanding and infiltrating mode of growth.
Metastases are common and are most frequently located
in the lungs. Bone in the vicinity of these neoplasms
undergoes demineralization in an irregular pattern ac-

Figure 151.—Osteoma of the premaxilla of a 5-year-old male
horse (A140-D1581), A hard, dense tumor with necrosis and
ulceration of the surface.
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Figure 152.—Histologic preparation of an osteosarcoma of the
femur (M4738). Nests of tumor cells are separated by an homo-

geneous, eosin-staining osteoid tissue. Hematoxylin-eosin stain.
X 320.

cording to the location of the neoplastic infiltration.
Strands of partially mineralized neoplastic tissue grow-
ing in a radiating pattern from the center of the neo-
plasm give the growth a characteristic sunburst pattern
when the cut surface of a cross section or when a roent-
genogram is examined, Necrosis and hemorrhage may
be present. Fracture of the long bones usually occurs be-
cause of traumatic injury of osseous structures that
have been invaded and rarefied by neoplastic tissue.

Microscopic appearance.—The arrangement of lamel-
lae in most osteomas is like that of normal bone.
Haversian canals are not as uniformly arranged and
often run at right angles to the bone axis. Marrow may
be seen in the larger canals. The capsule of the tumor
is similar to periosteum.

Identification of osteosarcomas is based on the ability
to recognize neoplastic osteoblasts and to make the
determination that these cells are producing osteoid
tissue. Unless production of osteoid tissue can be dem-
onstrated somewhere in the neoplasm, a diagnosis of
osteosarcoma cannot be made. Osteoblasts may be very
anaplastic, pleomorphic, and hyperchromatic, and they
usually tend to produce spindle-shaped cells. Quite fre-
quently osteosarcomas contain many tumor giant cells.
The presence of giant cells can be misleading if too
much importance is placed on their presence, for both
the giant-cell tumor of tendon sheaths and the chronic
inflammatory processes of tissues contain multi-
nucleated cells with which osteoblastic giant cells may
be confused.

Rhabdomyoma and Rhabdomyosarcoma

Definition.—A rhabdomyoma is a benign tumor com-
posed of cardiac or skeletal muscle. The malignant form
of the tumor is known as a rhabdomyosarcoma.

Distribution and incidence—Rhabdomyomas and
rhabdomyosarcomas are found in meat-producing ani-
mals throughout the United States. No sex or breed in-
cidence has been established. These neoplasms have
been most frequently described in connection with cat-
tle and pigs. They are probably more common in pigs,
where they involve the heart and hind legs, and they
are suspected of being congenital in origin.

Most of the rhabdomyomas that have been described
have occurred in the lateral thoracic wall, in the muscles
of the limbs, or, particularly, in the myocardium. They
are usually found by meat inspectors who are incising
hearts for the detection of tapeworm cysts. Although
these tumors also occur in skeletal muscle, they are
probably overlooked during routine meat inspection un-
less they become exceedingly large. Rhabdomyomas
seldom become malignant and very few descriptions of
their occurrence in animals are available. Apparently,
they do not contribute to the death of the host animal
and are found as incidental lesions during postmortem
examinations.

Macroscopic appearance.—Rhabdomyomas are most
eagily observed in the myocardium, where they form
firm globular masses measuring 1 to 3 cm. in diameter.

Figure 153.—~Rhabdomyosarcoma of the left hind leg of an adult
ewe (A101-D1448). The tumor, which measures 6 inches in
diameter, is oval, gray, and vascular and contains extensive
areas of necrosis. Metastatic tumors (not visible) are present
in the popliteal lymph nodes.
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Figure 156.—A histologic preparation of the rhabdomyosarcoma

(A195-D2200) shown in figure 154. The neoplasm is composed

Figure 154.—Rhabdomyosarcoma (arrow) of the heart of an 18- of a very vascular part (V) resembling an angiosarcoma and
month-old Hereford cow (A195-D2200). The tumor consists a more cellular part (C) containing many multinucleated cells
of a solid, red mass (5 by 5 by 3 em.) in the wall of the left that are irregular in size and shape. Hematoxylin-eosin stain.

ventricle. X 50.

Figure 155.—A histologic preparation of the rhabdomyosarcoma
(A101-D1448) shown in figure 153, The cells and their hyper-
chromatic nuclei are irregular in size and shape. A few of the Figure 157.—A higher magnification of the vascular part (V)
cells are multinucleated. Very little supporting connective tissue of the rhabdomyosarcoma (A195-D2200) shown in figure 156.
stroma is present. Hematoxylin-eosin stain. X 320. Hematoxylin-eosin stain. X 320.
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Their characteristic of blending into the adjacent mus-

cle, their consistency, and their iridescent sheen leave

little doubt of their relationship to muscle.
Rhabdomyosarcomas are found in the same sites as

Figure 158.—A higher magnification of the cellular part (C) of
the rhabdomyosarcoma (A195-D2200) shown in figure 156.
Hematoxylin-eosin stain. X 320.

Hematopoietic

Lymphosarcoma

Definition.—A lymphosarcoma is a malignant neo-
plasm composed of immature lymphocytes.

Distribution and incidence.—Lymphosarcomas are
found in domesticated animals throughout the United
States. All genera, species, breeds, sexes, and ages of
meat-producing animals are affected. During the
USDA’s survey, mentioned on page 1, 2.0 percent of
the cattle tumors, 30 percent of the sheep tumors, and
32 percent of the swine tumors collected were lympho-
sarcomas.

Involvement of the superficial lymph nodes is one ,of
the most characteristic features of this disease in all
meat-producing animals except cattle. Thoracic and ab-
dominal lymph nodes are more commonly affected than
the nonvisceral lymph nodes in cattle. The high inci-
dence of lymphosarcomas in certain areas, on individual
farms, and even within specific families of animals sug-
gests that a hereditary factor as well as an infectious
agent may be involved in their appearance.

those favored by rhabdomyomas—the lateral thoracic
wall, the muscles of the limbs, or, most particularly, the
myocardium. These sarcomas are difficult to recognize
because they are not distinctly demarcated from adja-
cent muscle tissue and tend to lose their resemblance to
it. Besides losing their continuity with the muscle, they
occasionally become quite vascular and are frequently
confused with angiosarcomas and fibrosarcomas. Rhab-
domyosarcomas have a slow, local, insidious mode of
growth and a few instances of metastasis have been
reported.

Microscopic appearance.—Rhabdomyomas are com-
posed of an interlacing network of spindle-shaped cells
with elongated nuclei. Their histologic identification is
based upon their resemblance to normal cardiac or skele-
tal muscle cells and their production of cross striations.

Rhabdomyosarcomas are difficult to recognize and the
demonstration of striated neoplastic cells is not easy.
Most of the tumor’s cellular growth is without distin-
guishing characteristics and resembles the cellular
growth of the fibroblast. Diagnosis is based on the tu-
mor’s anatomie location (heart, thoracic wall, or limbs),
its characteristic of being enclosed within muscle, and
its production of cross striations and cells with multiple
and bizarrely shaped nuclei. It should be noted that er-
rors in the detection of cross striations are easily made
when the striations in the infiltrating myoblasts are
confused with the striations found in nonneoplastic
muscle cells.

The nuclei of the neoplastic cells may be round, elon-
gated, or irregularly shaped and they have no definite
location in the cells. One or several nuclei may be found
in the same cell. Cells with multiple nuclei are usually
large.

Tissue Tumors

Macroscopic appearance.—Lymphosarcomas occur as
foeal tumors within organs or as diffuse infiltrations of
organs and usually involve multiple tissues and organs
throughout the body. These neoplasms are grayish
white or pinkish white and tend to be rather soft and
encephaloid in consistency. In all, they resemble lymph-
oid tissue in consistency and appearance.

Since the lymphosarcoma affects lymphoid tissue, all
organs in the host animal that contain lymphoid tissue
become greatly enlarged. The thymus, lymph nodes, ton-
sils, and Peyer’s patches may become several times their
normal size. The spleen enlarges and the bulging splenic
pulp obscures the normal trabecular architecture. The
marrow cavity of the bones becomes filled with grayish-
red or brownish-red neoplastic tissue. The liver becomes
greatly enlarged, and the lobular architecture becomes
much more distinet than normal because of the accumu-
lation of neoplastic cells in the interstitial tissue.

Lymphosarcomas in cattle are frequently observed to
effect a diffuse infiltration of the abomasal wall that
causes the wall to become as much as 4 inches thick.
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Figure 159.—Lymphosarcoma of the heart of a 5-year-old Hol-
stein bull (A437-D3480). A gray, lobulated, encephaloid tumor Figure 161.—Lymphosarcoma of the spleen of a 6-year-old ewe
is present at the base of the heart. It has invaded the atria and (A182-D2036). Multiple grayish-pink, lobulated tumors are
surrounds the large vessels leaving the heart. scattered throughout the parenchyma of the spleen.

Figure 160.—Lymphosarcoma of the uterus of an old cow (A373-
D3082). Solid, gray, nodular tumors measuring 3 to 15 mm. in Figure 162.—Lymphosarcoma of a lymph node of an 8-month-old
diameter (arrows) are present in the wall of the uterus. No gilt (A9-D1235). The gross anatomical characteristics of the
ulceration of the uterine mucosa has occurred. node have been obliterated.
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Figure 163.—Lymphosarcoma of the kidney of a 7-year-old cow
(A77-D1404). Multiple white nodules that contain red focal
areas of hyperemia and hemorrhage are scattered throughout
the parenchyma of the kidney.

Figure 164.—Lymphosarcoma of the liver of an old ewe (A399-
D3098). Firm gray nodules measuring 3 to 15 mm. in diameter
are scattered throughout the parenchyma of the liver.

Figure 165.—Lymphosarcoma in the vertebral canal of a 5-year-
old cow (A443-D3489). A grayish-yellow tumor has infiltrated
around the spinal cord and nerves of the lumbo-sacral region.

Although the sublumbar lymph nodes are the most con-
sistently involved group of lymphoid tissues in cattle,
affected sublumbar lymph nodes are not as striking in
appearance as are affected tumefied mediastinal and
anterior thoracic groups of lymphoid tissue. Occasion-
ally, cattle have a cutaneous form of lymphosarcomas
that is characterized by multiple nodules in the skin.

Microscopic appearance.—The normal architecture
(follicles, germinal centers, cortex and medulla, sinuses,
and cords) of the involved lymphoid tissue or organ
disappears. Many normal lymphocytes are present but
there are also myriads of embryonic cells. Focal areas
of coagulative and liquefactive necrosis are frequently
observed within the tumor.

Large numbers of immature lymphocytes may be
found in the circulating blood stream in terminal stages
of the disease. Total leukocyte counts are usually be-
tween 40,000 to 60,000 lymphocytes per cubic millimeter
of blood, but much higher counts are observed. One of
the confusing peculiarities of this disease is that cellu-
lar alterations in the blood are frequently not present
or are slight. In cattle, the total number of leukocytes
is usually only slightly elevated and lymphocytes and
lymphoblasts are the predominating cells. There is a
marked decrease in the total number of erythrocytes,
granulocytes, and platelets because the infiltrating neo-
plastic cells cause atrophy of the erythropoietic tissue
in the bone marrow. The red and white pulp and the
sinusoids in the spleen are filled with neoplastic cells,
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Figure 166.—Lymphosarcoma of the skin of an Angus cow
(M103). Multiple tumor nodules, most abundant in the perineal
region, are present in the skin.
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Figure 167.—Lymphosarcoma of the heart of a 9-year-old Here-

ford cow (D2550). The neoplastic cells have infiltrated between
atrophic muscle cells. Hematoxylin-eosin stain. X 125.
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Figure 168.—Lymphosarcoma of the uterus of a 5-year-old cow

(A443-D3489). There is a diffuse infiltration of the uterine wall
with malignant lymphocytes. Hematoxylin-eosin stain. X 125.

0
"

LY
(WL
*

&

R
el

rs

Figure 169.—Lymphosarcoma of a lymph node in a 5-year-old
ewe (D2417). The general architecture of the node has been
destroyed. Extensive areas of coagulative necrosis (N) are
present. Hematoxylin-eosin stain. X 50.
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Figure 170.—Lymphosarcoma of the kidney of a 5-year-old cow
(A443-D3489). Many malignant lymphocytes are infiltrating Figure 172.—Lymphosarcoma in the vertebral canal of a 4-year-
between the renal tubules and around the glomeruli. Hematoxy- old Holstein cow (D2898). Malignant lymphocytes are infiltrat-
lin-eosin stain. x 125. ing between the spinal nerves. Hematoxylin-eosin stain. x 125.

Figure 171.—Lymphosarcoma of the liver of a 9-month-old gilt
(D3004). Malignant lymphocytes are infiltrating the hepatic Figure 173.—Lymphosarcoma of the liver of an adult Hereford
lobules and the interstitial tissues of the liver. Hematoxylin- cow (C332). Malignant lymphocytes are infiltrating between
eosin stain, x 50. the hepatic cells (arrows). Hematoxylin-eosin stain, X 500.
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and splenic corpuscles are difficult or impossible to find.
The only remaining recognizable structures in an exten-
sively involved spleen are the muscular trabeculae and
capsule.

Kupffer’s cells in the liver are hyperplastic and more
numerous than normal. Large numbers of neoplastic
cells are present in the interstitial tissue, especially in
Glisson’s triangle. As the neoplastic cells in the inter-
stitial tissue increase in number, they invade the hepatic
nodules from the periphery and cause pressure atrophy
of the liver cells.

Myeloma and Myelosarcoma

Definition.—A myeloma is a benign tumor composed
of myeloid cells. The malignant type is known as a
myelosarcoma.

Distribution and incidence.—Myelomas and myelosar-
comas are found in meat-producing animals throughout
the United States. During the USDA’s survey, men-
tioned on page 1, 3 percent of the ovine tumors col-
lected were found to be myelosarcomas. No tumors of
this type were found in cattle or swine during the same
period. Few myelomas have been reported in meat-pro-
ducing animals and none were found in this survey. In-
formation is not available concerning generic, species,
breed, or sex incidence.

In general, it can be stated that all tumors of myeloid
cells are myelosarcomas in varying stages of differentia-

Figure 174.—Myelosarcoma of the uterus of an old ewe (A414-
D3179). Firm, gray, rounded growths measuring 5 mm. to 3 cm.
in diameter are present in the wall of the uterus.

Figure 175.—Myelosarcoma of the liver of an old ewe (A415-
D3179). Multiple firm, gray tumors measuring 5 mm. to 5 cm.
in diameter and having slightly depressed centers are scattered
throughout the parenchyma of the liver.

Figure 176.—Myelosarcoma of the spleen of a 5-year-old ewe
(A36-D1296). The spleen, weighing 740 grams, is enlarged
about eight times. On cross section, it reveals multiple gray,
irregularly shaped foci of tumor tissue.
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Figure 177.—Myelosarcoma (basophilic type) of the pericardium

of a 3-year-old Hereford cow (A14-D1253). The mass (M)
anterior to the heart is the reflected pericardium and contains
multiple tumor nodules. No invasion of the heart has occurred
but tumors are present in the visceral and parietal pleura, lung,
liver, kidney, lymph nodes, and bone marrow.

Figure 179.—A histologic preparation of the lymph node (A138-
D1557) shown in figure 178. The tumor is composed of myeloid
cells with acidophilic granular cytoplasms. Hematoxylin-eosin
stain. X 500.

tion. Myelosarcomas involve the hematopoietic tissues.
As would be expected, these tumors are found most fre-
quently in bone marrow and less commonly in lymph
nodes, liver, spleen, and other organs. One uncommon
type of myeloid tumor is composed of plasma cells. The
multiple osteolytic foci described in the skeletons of man
and dogs affected with plasma cell tumors have not
been described in meat-producing animals. The granu-
lar-cell myeloid tumor can be confused with bacterial,
mycotic, and parasitic lesions that contain mature mye-
loid cells.

Macroscopic appearance.—Tumors composed of neo-
plastic granulocytes are rather firm, are somewhat fi-
brous in texture, and are white, gray, or green. When
the specimen is green, its color is always helpful in
identifying the neoplasm. However, the green color
gradually disappears when the tissue is exposed to air.
Partial restoration of this color can be accomplished by
flooding the neoplastic tissue with hydrogen peroxide.
Tumors composed of neoplastic plasma cells are white or
yellowish white.

Myeloid-cell tumors are irregular in both size and

<

Figure 178 ~—Myelosarcoma of a lymph node in a 2-year-old steer
(A138-D1557). Note that the growth (G) is green, a character-
istic often associated with this type of neoplasm.
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Figure 180.—Myelosarcoma (basophilic type) of the lung of a
3-year-old Hereford cow (A14-D1253). The granules in the
cytoplasms of the neoplastic cells stain blue with the Giemsa
stain. Hematoxylin-eosin stain. X 320.

shape and are seldom over 8 cm. in diameter. Metastases
are widely disseminated, even into the genital tract.

Microscopic appearance.—The basic cell constituent
of the myeloma and myelosarcoma is the myelocyte in
its various degrees of differentiation. According to the
degree of differentiation, the more mature tumors may
be further classified as plasmacytic, neutrophilic, eosin-
ophilic, or basophilic. The basophilic type of myeloid tu-
mor, popularly referred to as a mastosarcoma, is seldom
observed in meat-producing animals.

Cells of the granular-cell type vary greatly in mor-
phology. The primitive myelocytes are large cells with
prominent nuclei and blue, nongranular cytoplasms,

Neoplasms of the

Auditory (Acoustic) Nerve Tumor

Definition.—The auditory (acoustic) nerve tumor is
an intracranial neoplasm that involves the acoustic
nerve,

Distribution and incidence.—These tumors are so un-
common in domesticated animals that no information is
available concerning generic, species, breed, or sex in-
cidence. Three tumors associated with the auditory
nerve have been found in animals slaughtered for food
in Denver abattoirs. None were found during the
USDA’s 2-year survey mentioned on page 1. So few

Figure 181.—Myelosarcoma (basophilic type) of the kidney of a
3-year-old Hereford cow (A14-D1253). Tumor cells containing
granules that stain blue with Giemsa stain are infiltrating be-
tween the renal tubules. Hematoxylin-eosin stain. x 320.

whereas the more differentiated myelocytes have irreg-
ular, indented, or lobulated nuclei and cytoplasms that
contain basophilic or eosinophilic granules. Mitotic fig-
ures are numerous. The typical myeloma or myelosar-
coma of the granular-cell type usually contains granu-
locytes (neutrophils, eosinophils, and basophils) in var-
ious degrees of differentiation, primitive myelocytes,
and even lymphocytes. The uncommon plasma-cell type
of myeloid tumor consists predominantly of plasma
cells. Before a diagnosis of myelosarcoma is made, in-
volvement of the bone marrow, lymph nodes, spleen,
liver, and other hematopoietic tissues and organs should
be established.

Nervous System

tumors of this type have been found that their exact
identity has not been established. They may originate
from Schwann cells at the point where the auditory
nerve leaves the internal auditory meatus. If they are
derived from Schwann cells, they occur in much younger

canimals (6 to 12 months) than the peripheral nerve

Schwannomas that occur in older animals (1 to 12
years). It is quite possible that they are atypical men-
ingiomas of the fibrous type. The true identity of the
auditory nerve tumor probably will not be resolved un-
til additional cases have been studied.

Macroscopic appearance.—Auditory nerve tumors are
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Figure 182.—Auditory nerve tumor in an 8-month-old hog
(D2177). The tumor has a central cellular region (C) containing
areas of necrosis (N) that is surrounded by a fibrous zone (F).
Hematoxylin-eosin stain. X 9.

Figure 183.—A higher magnification of the auditory nerve tumor
(D2177) shown in figure 182, The cellular region (C) containing
areas of necrosis (N) is surrounded by a fibrous zone (F).
Hematoxylin-eosin stain. X 50.
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auditory nerve tumor (D2177) shown in figure 182. This zone
consists of spindle-shaped cells that resemble cells of a periph-
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Figure 184.—A higher magnification of the fibrous zone of the
eral nerve Schwannoma. Hematoxylin-eosin stain. X 125.

located along the course of the auditory nerve. They are
less than 5 cm. in diameter and conform to the shape
of the adjacent brain and skull. These tumors are rather
nodular in appearance, are usually white or yellowish
orange, and may contain thin-walled cysts and hemato-
genous pigment. They do not invade the brain or the ad-
jacent skull and do not metastasize to other organs.
Animals affected with auditory nerve tumors have clin-
ical signs resembling a middle ear infection or listerio-
sis.

Microscopic appearance.—The tumor consists of
spindle-shaped cells resembling those of a peripheral
nerve Schwannoma. Although there is a tendency to-
ward the palisading and swirling seen in a peripheral
nerve Schwannoma, the arrangement is usually not
distinct enough to establish the presence of these cel-
lular patterns. The concentric arrangement of cells with
the formation of psammoma bodies seen in meningiomas
is not observed in this tumor. Small cysts may be found
throughout the neoplasm and hematogenous pigment
may be present.

Meningioma

Definition.— A meningioma is a tumor of the menin-
ges and the type cell is the arachnoidal fibroblast.

Distribution and incidence.—~Too few meningiomas
have been described in meat-producing animals to indi-
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cate geographic, generic, species, breed, or sex predomi-
nance. It is assumed that they are found in all parts of
the United States and that all genera, species, breeds,
and sexes are affected. Meningiomas occur most fre-
quently in older animals. This probably explains why
few tumors of this type have been found during meat
inspection, since most animals slaughtered for food are
young. As a group meningiomas are not as commeon as
gliomas. Of the cattle neoplasms collected during the
USDA’s 2-year survey described on page 1, 0.1 percent
were meningiomas. None were found in sheep, goats,
and swine during the same period.

The meningioma is confined to the meninges and
seldom, if ever, invades the brain, spinal cord, or adja-
cent skull. Metastases to other organs are rare if they
occur at all. In those few instances where metastases
have been reported, it is possible that the growths were
other types of mesodermal tumors instead of metastases
from a meningioma.

The intracranial and intraspinal location of these tu-
mors is probably similar to their location in man. How-
ever, few have been reported in animals and no definite
conclusion as to location can be made. Experience would
indicate that most occur in the longitudinal and trans-
verse fissures of the brain and in the vicinity of the
olfactory lobes.

Macroscopic appearance.—This tumor enlarges slowly
and may reach considerable size, causing pressure atro-
phy of the brain, spinal cord, and overlying osseous
structures. Meningiomas observed in animals are usu-
ally less than 3 cm. in diameter. The meningioma is
white, has an irregular or nodular surface, and is en-
closed within a capsule. Its shape varies considerably in
conformance with the shape of the brain, spinal cord,
and osseous structures where it is located. At times the
neoplasm is flattened to a thin sheet of tissue between
the brain and the skull. When incised, the exposed sur-
face has a granular appearance and may contain foci of
calcification.

Microscopic appearance.—Three basic types of the tu-
mor—psammomatous, meningotheliomatous, and fibro-
blastic—have been described. Of these, the psammoma-
tous type is most frequently observed in animals. Its
cells are arranged in whorls. In the older parts of the
neoplasms, the centers of the whorls contain hyalinized
bodies that enlarge concentrically in a lamellar manner
and later become mineralized. These hyalinized masses
are known as psammoma bodies and probably represent
a cell or a group of cells undergoing degeneration.

The meningotheliomatous type of meningioma con-
sists of large oval cells with large round nuclei and gran-
ular eytoplasms within a collageneous, partially hyalin-
ized stroma. It has numerous blood vessels.

The fibroblastic type of meningioma consists of cells
that resemble fibroblasts. A histologic examination of
the entire mass usually reveals parts that are similar
to the other two types—psammomatous and meningo-
theliomatous.

Figure 185.—Meningioma (arrows) of the spinal cord in a 6-year-
old cow (A376-D3078). A soft, yellow, thinly encapsulated
tumor measuring 30 by 20 by 15 mm. is attached to the me-
ninges and is compressing the spinal cord.

Figure 186.—A histologic preparation of the meningioma (A376-
D3078) shown in figure 185, Channels (C), which often contain
blood, are present. Hematoxylin-eosin stain. X 320.
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Figure 187.—A histologic preparation of the meningioma (A376- Figure 189.—A histologic preparation of a meningioma of the
D3078) shown in figure 185. The growth is of the fibroblastic psammomatous type (M213) in which the neoplastic tissue is
type. Hematoxylin-eosin stain. x 125. arranged in whorls. Hematoxylin-eosin stain. x 125.

Figure 188.—A histologic preparation of the meningioma (A376— Figure 190.—A histological preparation of the meningioma
D3078) shown in figure 185. This photograph shows a part of (A376-D3078) shown in figure 185. An area of necrosis (N)
the tumor that is composed of large oval cells of the meningo- is present in a dense cellular part of the neoplasm. Hematoxylin-
theliomatous type. Hematoxylin-eosin stain. X 320. eosin stain. X 320.
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Nerve Sheath Tumor (Schwannoma)

Definition.—Nerve sheath tumors (Schwannomas)
are composed of cells arising from the sheath of
Schwann of the peripheral nerves.

Distribution and incidence.—Nerve sheath tumors
are found in meat-producing animals throughout the
United States and are most frequently observed in cat-
tle. They are uncommon in other domesticated animals.
No breed, age, or sex predominance has been estab-
lished. During the USDA’s 2-year survey mentioned on
page 1, 4.8 percent of the bovine tumors collected were
of this type but none were found in swine and sheep.

Nerve sheath tumors arise from the sheath of
Schwann and are most frequently observed in the heart
brachial plexus and coeliac plexus, and in the intercostal
nerves. In most instances, except where the heart or the
mediastinum is involved, the tumors are found adjacent
to or incorporated in one or more nerves, ganglia, or
plexuses. Careful dissection is necessary if the associa-
tion of the neoplasms with nerves is to be demonstrated.
Nerve sheath tumors are usually found in several loca-
tions within the animals, an indication that they are
multicentric. They are usually benign and involve ani-
mals of all age groups. Because of their slow growth,
small lesions in young animals are generally overlooked.

Figure 191.—Cross section of a nerve sheath tumor (arrow) in the
heart of an 8-year-old cow (A75-D1394). A soft, yellow tumor
that measures 2 c¢cm. in diameter is present in the myocardium.

Figure 192.—A yellow, pedunculated nerve sheath tumor meas-
uring 43 by 40 by 28 mm. A stalk measuring 7 mm. in diameter
attached the growth to the endocardium and myocardium of the
left ventricle in an old Hereford cow (A349-D2874).

Figure 193.—A lobulated, encapsulated nerve sheath tumor meas-
uring 50 by 35 by 12 mm. is protruding from the epicardium
and myocardium of the right ventricle in a 6-year-old cow
(D2700).
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Figure 194.—Nerve sheath tumors involving the brachial plexus Figure 196.—A nerve sheath tumor of the first thoracic ganglion
of an 8-year-old cow (AT75-D1394). Multiple tumors (arrows) with plexiform tumefaction of the nerves communicating with
are present within the nerves. the ganglion in an old Hereford cow (A308-D2731A).

Figure 197.—Histologic preparation of a nerve sheath tumor of
an intercostal nerve in a cow (14675). The Schwann’s cells have
the characteristic arrangement of this type of neoplasm with

Figure 195.—Nerve sheath tumors involving the intercostal nerves palisading nuclei and the whorled appearance of Antoni type-A
of an 8-year-old cow (A75-D1394). Multiple tumors (arrows) tissue. Note the parallel arrangement of intercellular fibers
are present within the intercostal nerves. between Schwann’s cells. Hematoxylin-eosin <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>