IOWA STATE UNIVERSITY

Digital Repository

) . . Towa State University Capstones, Theses and
Retrospective Theses and Dissertations y-ap ' .
Dissertations

1960

Pathology of the blood-vascular and lymphatic

systems of cattle affected with mucosal disease

Allan LaVerne Trapp

Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Pathology Commons

Recommended Citation

Trapp, Allan LaVerne, "Pathology of the blood-vascular and lymphatic systems of cattle affected with mucosal disease " (1960).
Retrospective Theses and Dissertations. 2771.
https://lib.dr.iastate.edu/rtd /2771

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/699?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/2771?utm_source=lib.dr.iastate.edu%2Frtd%2F2771&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

This dissaertation
has been microfilmed

exactly as received
Mic 60—4906

TRAPP, Allan LaVerne. PATHOLOGY OF THE
BLOOD-VASCULAR AND LYMPHATIC
SYSTEMS OF CATTLE AFFECTED WITH
MUCOSAL DISEASE,

Iowa State University of Science, and Technology
Ph.D., 1960
Health Sciences, pathology

University Microfilms, Inc., Ann Arbor, Michigan



PATHOLOGY OF THE BLOOD-VASCULAR AND
LYMPEATIC SYSTEMS OF CATTLE AFFECTED WITH MUCOSAL DISEASE

by

Allan LaVerne Trapp

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillment of
The Reguirements for the Degree of

DOCTOR OF PHILOCSOPEY

¥ajor Subject: Veterinary Pathology

Approved:

Signature was redacted for privacy.

In Charge of Major Work

Signature was redacted for privacy.

Head of NMajor Department

Signature was redacted for privacy.

Dean of Graduate College

Iowa State University
Of Science and Technology
Ames, Iowa

1960



ii
TABLE OF CONTENTS

INTRODUCTION
REVIEW OF LITERATURE
MATERTALS AND METEODS
Histological Procedures
Hematological Procedures
FINDINGS
Hematopoietic System

Lymphatic system
Bone marrow

Blood Vascular System

Heart

Aorta

Peripheral arteries and veins

Arterioles, venules and lymphatic vessels

Hematological Studies

Blood
Cerebrospinal fluid

DISCUSSION
Possible Explanations of the Tissue Changes

Lymphatic tissue

Bone marrow
Cardiovascular system
Hematology .

Comparison of Histopathological Findings and
Hematological Studies with Other Reports on
Mucosal Disease

Histopathology
Hematological studies

Page

25
25
28
31
31

31
96

105
105
105
106
106
106

106
120

122
122
122
127

127
128

131
135



|
| i
-t

. Page

Comparison of Findings in Mucosal Disease with
Similar Diseases of Cattle 137
Virus diarrhea-New York 137
Virus diarrhea-Indiana 138
Rinderpest 140
Bovine malignant catarrhal fever 141
SUIRARY 144
LITERATURE CITED 148

ACKNOWLEDGMENTS 153



1

W

INTRODUCTION

In 1953 Ramsey and Chivers reported an apparently new
disease syndrome in Towa cattle. They proposed the name
fmucosal disease®™ for this syndrome because the most striking
gross lesions were confined to the mucosa of the alimentary
canal.

Reports of similar disease conditions have been recorded
previéusly and many reports have appeared since that time.

In a majority of these reports there seemed to be considera-
ble variation in the lesions observed while the signs were
somewhat more constant. A severe diarrhea has been the most
prominent sign observed in many of the reported conditions.

In the past rew years there has been a tendency to apply
the name "mucosal disease complex" or more loosely, simply
"micosal disease™ to this group of diseases.

A partial list of the most important members of the
rmcosal disease complex follows:

X-disease of cattle-Saskatchewan. (Childs, 1948)
Virus diarrhea-New York. (Olafson et al. 1948)
Yucosal disease-Towa. (Ramsey and Chivers, 1953)
Virus disrrhea-Indiana. (Pritchard et al. 1956)

Muzzle disease. (Hollister et al. 1956 and Scheidy
et al. 1956)

Infectious bovine ulcerative stomatitis. (Pritchard
et al. 1958)

*his resecarch was supported in part by funds from the
United States Department of Agriculture. Contract number
12-14-100-498 (51).



A study of the clinical signs and gross lesions makes
it apparent that this group of diseases is very similar to
the dreaded foreign disease, rinderpest. Yet it has been
shown that these diseases are not forms of rinderpest (United
States Agricultural Research Service, 1956). Eowever, the
possibility that rinderpest could be introduced and widely
disseminated in this country before an absclute differential
diagnosis could be made sﬁould be borne in mind.

Mucosal discase as described by Ramsey (1956) is the
syndrome of the so-called mucosal disease complex which is
most similar to rinderpest. The similarity, pzrticularly of
gross lesions observed, 1s striking. Tt has been said by
some authorities on "old world diseases™ that "mucosal
disease looks more like rinderpest than rinderpest itself.m

The specific cause of mucosal disease has not been
unequivocally established. It is thought by many research
workers to be a virus. ther workers suggest the possibility
that it might be a manifestation of a stress reaction or a
combination of stress and a viral agent or agents.

It is known that rinderpest is caused by a virus and
that the virus has a specific affinity for epithelial and
lymphoid tissue. Severe destruction of lymphoid tissue has
been reported in rinderpest affected cattle. There is also a
severe leukopenia resulting primarily from a lymphopenisa.

Ramsey (1956) observed that changes of a2 variable

severity occur in the lymphatic tissue of the small intestine



and mesenteric lymph nodes in animals affected with mucosal
disease. He also noted degenerative changes in the vascular
system of some animals. Eis work, although extensive, did
not Iinclude a detailed study of the blood-vascular and
lymphatic systems.

It was therefore felt that a critical study of the blood-
vascular and lymphatic systems of Iowa mucosal disease might
serve as an aid in the differentiation of the members of the
rmacosal disease complex and rinderpest. TFurther, this study
should lead to a2 better concept of the pathogenesis of TIowa

mucosal Gisease.



REVIEW OF LITERATURE

Childs (1946) reported on X-disease of cattle in
Saskatchewan. Only gross lesions were described and were
very similar to those observed by Ramsey (1953 and 1856).
Ramsey (1956) concluded that mucosal disease in cattle in
Iowa and X-disease of cattle in Saskatchewsn were probably
the same diseszse.

Childs (1946) described the lymph nodes as being mildly
swollen, pale in color and granular on section. A slight
hemorrhagic streaking was noted in the lymph nodes draining
the areas of the alimentary rucosa which were most severely
affected. The spleen was noted to have an area one by three
inches in its center which was markedly thickened and quite
dark in coclor. Childs felt that this was an area of throm-

bosis. He also noted an apparent decrease in blood volume,

even falling as low as twenty percent of the normal. The

blood was bright red in color and had a rapid clotting time.
A severe diarrhez was the most prominent and consistent
sign observed by Childs.
Olafson et al. (1946) and Olafson and Rickard (1947)
described an apparently new transmissible disease of cattle
which was characterized clinically by a severe diarrﬁsa, rapid

loss of condition and a severe drop in milk production. It

was noted that abortions commonly occurred following an oub-
break of this disease. O0lafson and Rickard (1847) named this

condition virus diarrhea. Since that time, this condition
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has become widely known as virus diarrhea-New York. Prominent
gross lesions cobserved were marked dehydration and ulcerations
on the dental pad, palate, lateral surfaces of the tongue,
around the incisor teeth and cn the inside of the cheeks.

Less consistent lesions included ulcerations or diffuse
necrosis of the pharyngeal mucosz, in some cases necrotic
areas in the larynx, irregulsr, shallow, punched out ulcers

or necrotic focli 1n the esophagus and a diffuse reddening or
petechial hemorrhages and a few ulcers in the abomasum.
Olafson et al. (1¢46) also noted that the mucosa of the small

<4

ntestine might be diffusely reddened dbut, "In general, the

e

intestinsl lesions are less severe than one would expect from
the symptoms." Petechiae and small ulcers were present in the
cecum. There was no report of the histopathology on this
group of cases.

Olafson et al. (1S46) observed a severe leukopenia in
some animels Iin the affected herds. The total leukocyte
counts in some cases being as low as 450 cells per cubic
millimeter.

Hedstrom and Isaksson (1951) described an epizcotic
enteritis in cattle in Sweden and suggested that it might be
related to virus diarrhea-New York. The authors statad that
"yesides acute catarrhal enteritis no remarkebdle changes were
found on post-mortem examination." It was believed by Ramsey
(1956) that this was not mucosal disease.

Mucosal disease was the name applied to a disease syndrome



described by Ramsey and Chivers (1953) and Ramsey (1954 and
1956). These reports descrited in detail the history,
clinical signs and gross and microscopic lesions observed in
numerous cases. The gross and microscopic lesions will be
reviewed here for the purpose of comparison with the lesions
observed in other reports.

Erosions and ulcers occurred on the muzzle, lips, tongue,
gingivae, pharyngeal mucosa, hard palate, buccal mucossa,
esophagus, rumen and omasuvm. Erosions and ulcers were not
present in the same locations in all animels. Ramsey (1956)

described the approximate frequency of erosions and, or,

|3

ulcers in the various locations as 80 percent in muzzle and
nares, 66 percent iIn The mucosa of the oral cavity, over 90
percent in the esophagus, frequently on the rumen pillars but
throughout the rumen mucosa in only 10 percent, many times in
the omasum and regularly in the abomasum.

Ramsey (1956) stated that gross lesions were consistently
present in the small intestine, cecum and colon. Lymph nodes
showed no gross lesions or were only slightly edemetous. In
some cases the mesenteric, retropharyngeal and cervical lymph
nodes were slightly To moderately swollen and hyperemic.
Gross observation of the hemal nodes and spleen revealed no
striking changes.

Microscopic stuldy of the stratified squamous epithelium
of the upper digestive tract showed that most of the lesions

were of a similar nature. Degenerative changes occurred in



all layers of the epithelium. In some cases the necrosis
extended from the surface to the basal layers of the epithelium,
while in other cases, necrosis of basal layers was observed
without surface invoclvement. Ramsey (1856) pointed out that

the latter observation may be a false impression due to the
plane at which the lesion was sectioned.

Vacuolization of cell cytoplasm was observed primerily
in the stratum spinosum but occurred to some extent in the
stratum germinativum. A& breekdown of intercellular bridges
appeared to ve the initial change. Later, increased cyto-
plasmic fluid caused the cells to enlarge and form small
vesicles. The vesicles coalesced and the surface epithelium
became detached which left superficial or deep erosions. In
some cases secondary bacterial invasion took place and ulcers
were formed. Inflammatory rsacticn was generally minimal but
did occur when bacteria were present.

Microscopic examination of the abomasum showed that many
of the lesions which sppeared to be ulcers on gross examina-
tion were actually atrophic cystic glands. These glands were
filled with desquamated epithelial cells and leukocytes. In
some instances ulcers were observed. Marked edema of the
lamina propria and submucosa with some leukocytic infiltration,
increased numbers of leukocytes in some blocd vessels, hyper-
emia and hemorrhage were also observed on microscopic examina-
tion.

Histopathological alterations of the intestinal mucosa



were congestion, hemorrhage, defects of the epithelial lining
and degenerative changes of the lymphoid tissue. Ramsey stated
that Peyer's patches consistently exhibited lesions varying
from complete disappearance of lymphocytes to varying degrees
of necrosis of lymphoid tissue. ILarge amounts of mucus occur-
red in many Qf the crypts, often causing pressure atrophy of
the glands and being most marked in the mucosa over Peyer'!s
patches. This confirms the gross observations of excessive
accumulations of mucus in the regions of Peyer's patches

noted in some animals.

In numercus cases lymphold tissue necrosis was observed
in the submuicosa immediately underlying some intestinal glands.
Beginning ulcers were often noted at the bases of the crypts.
LesionsAin the large intestine were similar to those described
for the smell intestine.

Numerous pathological alterations were noted in the lymph
nodes. These included a decrease in mononuclear cells of the
cortex, the presence of cellular debris and phagocytosed
blood pigments in the medulla of many lymph nodes, coagulative
necrosis of lymph nodules and the presence of excessive numbers
of neutrophilic leukocytes in blood vessels and lymph sinuses
in some mesenteric nodes. Occasional infiltration by eosino-
philic leukocytés was sometimes observed.

Ramsey (1956) stated that the hemolymph nodes shkowed no
marked changes.

A consistent marked decrease of lymphocytes and irregular



necrotic focli were noted in the splieens of many cases. In
these foci karyorrhex had occurred with the nuclear debris
being phagocytosed by macrophages. ccasionally a distinct,
focal eccentric coagulative necrosis of some of the Malpigh-
ian corpuscles was observed.

Subepicardial and subendocardial petechial and ecchymo-
tic hemorrhages were seen in some animals. TUneven staining
and difficulty in discerning cross striations in cardiac
muscle were the lesions observed microscopically.

Segmental degeneration of the mediz in some arteries,

a focal periarteritis and a diffuse arteritis were noted.

Hyperemia, hemorrhage and edema in the lamina propria
of the zbomasum and Intestine, with thrombosis of vessels
noted in the s%Pmucosa of areas where ulceration had occur-
red, were also reported. Hyalinrne-like emboli of small arter-
icles of the sbomasum and intestine were seen in some cases.

Hematologlic studies made by Ramsey (1956) indicated
that increased erythrocyte counts were common especially in
the later stages of the disease after pronounced dehydration
had taken place. Total leukocyte counts were low in many
animals but a pronounced leukocytosis was observed in.
numerous animals at the height of clinical signs. Ramsey
(1956) stated that "differential leukocyte counts indicated

a decided neutropenia.® Blood urea nitrogen levels of 100

to 300 milligrams percent were observed in the terminal

stages of the disease and were thought to be associated
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with the hemoconcentration and dehydration.

Nielson et al. (1955) described a mucosal disease of
cattle in Ontario, Canada. Only gross pathology is discussed
and the lesions that they observed were variable. In some
of the animals they noted a rather prolonged course and it
was 1n these animals that intestinal lesions were not ob-
served. Erosions in the mucous membrane of the oral cavity
and esophagus were seen in all cases. Enlarged lymph nodes
were observed in some animals. The authors state that in the
first cases observed they had made 2 dilagnosis of virus
diarrhea but had changed it to mucosal disease because of
morbidity rates and transmissibility.

Nielson et al. noted that hematological examinations
indicated that a leukocytosis was present even though blood
samples were taken in the early stages of the disease. Total
white blood cell counts ranged from 14,450 to 24,600 per
cubic millimeter.

Schipper et al. (1955) described a rucosal disease of
cattle in North Dakota. Eroslons and ulcers on the tongue,
hard and soft palates, esophagus and in some instances in the
rumen were noted. They stated that a catarrhal or fibrino-
necrotic enteritis was always present with lesions being
particularly evident in the pyloric, ileocecal and rectal

areas. Erosions, ulcerations and various degrees of hemorrhage

throughout the intestinal tract were seen. The lymph nodes

were described as being soft and edematous and the hemal nodes
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were usually enlsrged and dark red.

Schipper et al. (1955) noted other gross lesions that
were not reported by Ramsey, Nielson or Childs. They were
enlargement of the gall bladder with a thickening of the wall,
cholecystitis and cholangitié, in some instances fibrinous
tracheitis, and frequently 2 pneumonia. Another interesting
observation by Schipper et al. (1955) on impression smears of
the brain was the presence of inclusion bodies Ysimilar to
those observed in rabies specimens." They also state that
large numbers of coccidial oocysts and ova from several spe-
cies of nematodes were present in the feces of all cases.

Histopathological studies were not reported by Schipper
et al. (1955). The presence of large numbers of coccidia
reported and the psuedomembranes in the trachea tend to make
one wonder if some of the cases may have been coccidiosis or
malignart catarrhal fever.

Pritchard (1955) described and compared some of the
nmembers of the mucosal disease complex. His description of
mucosal disease 1s very similar to that of Ramsey and Chivers
(1953) and Ramsey (1S54 and 1956). He states that "z charac-
teristic pathological change is ulceration which occurs in
the intestinal mucosa over Peyer's patches." The presence of
a large quantity of mucus adhering to the intestinel mucosa
was noted. Subepicardial hemorrhages and edema and hemorrhages
of the lymph nodes were observed.

Hematological studies (Pritchard, 1955) revealed that
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leukopenia was present early in the course of the disease, but
when clinical signs were marked many animals had developed a
leukocytosis. ©No striking change was noticed in differential
leukocyte counts. A marked hemoconcentration was seen in the
later stages of the disease.

Pritchard (1954-1955) and Pritchard et al. (1956)
described a disease syndrome of Indiana cattle that was
clinically similar to virus diarrhea-New York. Because of
this similarity the condition was named virus diarrhea-Indiana.
The clinical signs noted were fever, nasal discharge, cough,
erosions of the oral mucosa, lameness and a severe diarrhea.

Erosions of the oral muccsa ancé lameness were observed
in about ten percent of the cases. The morbidity rate ap-
proached 100 percent in most herds and the mortality rate
varied from two to fifty percent. The characteristic hema-
tological findings included a severe leukopenia with the
development of a relative lymprocytosls during the later
stages of the leukopenia. It was reported that no alteration
occurred in the sedimentetion rate (Pritchard, 1954-1955).

The gross lesions observed by Pritchard et 2l. {1955)
and Pritchard et al. (1956) and Carlson et al. (1957) in
field cases were very similar to those which occurred in
experimental cases. Congestion, hemorrhages and erosions of
the mucosa of the digestive tract were the usual gross lesions
encountered, but all portions of the digestive tract were not

involved to the same extent in a2ll animals. Erosions were
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noted in the oral mucosa, pharynx and esophagas in about
fifty percent of experimental cases and about ten percent of
the field cases. Crossly visible erosions were observed in
the abomasum of less than fifty percent of the experimental
cases and in‘only some of the field cases. Congestion,
hemorrhage and edema of variable degrees were noted in the
abomasums of all acute and chronic cases. Almost all animals
exhibited a catarrhal enteritis which was most severe in the
Guodenum. Congestion, hemorrhage and edema of the mucosa
and necrosis of the tips of the villi were common findings.
Edema of the Peyer's patches was freguently encountered as
evidenced by their visibility through the serosal surface of
the ileum.

Palpable lymph nodes were enlarged in about fifty percent
of the cases, while Peyer's patches and lymph nodes of the
abdominal viscera were enlarged in about ninety percent of the
acutely affected animals. In an occasional animel with =a
natural case of virus diarrhea-Indiana hemorrhage and conges-
tion of the lymph nodes of the avdominal viscera were noted.
The spleen and hematopoletic system were normal according to
gross observation.

The princlpal lesions of the heart were subepicardial and
subendocardial hemorrhage and atony of the myocardium.

The changes observed in the respiratory tract, primarily
in field cases, consisted of congesticn of the nasal cavity,

larynx and trachea. At times, edema arcund the larynx and



of the trachea were observed.

Consistent, significant changes were not found in the
urogenital, nervous, endocrine, skeletal or integumentary
systems.

Carlson et al. (1957) reported that histopathological
changes of the mucosa of the digestive tract seemed to be
of the same general nature. In the stratified sguamous
epithelium the changes consisted of necrosis and sloughing
of the more superficial layers. Initial necrosis of cells
immediately above the germinal layer did occur and this was
similar to changes observed in rinderpest (Maurer et al.
1955). Microscopic lesions in the abomasum and the large and
small intestines were reported to be of a very similar nature.
They consisted of an edema of the mucosa with loss of surface
epithelium. In the small intestine a2 pronounced widening of
lymph spaces and an edema between the epithelium and stroma
of the villi appeared.

Carlson et al. (1957) reported that histological examina-
tion of lymph nodes from acutely affected experimental animals
revealed that lymphoid "exhaustion™ and edema were present in
sixty percent of the cases. In some instances, a majority of
the lymphoid follicles were depleted while in other cases,
only a few of the follicles were affected. The spleen also
exhibited a depletion of cells in the germinal centers.
| Occasionally, necrotic focli were observed in both the spleen

and lymph nodes. The foci were reported to be associated
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with, but did not appear to involve an entire germinal center.

Carlscon et al. (1957), in comparing the lesions of virus
dizrrhes-Indiana to field cases of mucosal disease, stated
that the changes seen in virus diarrhea-Indiana were of a
rmuch milder hature than those observed in mucosal disease.
The histopathological and gross changes reported were essen-
tially the same as those described by Ramsey (1856).

These findings of Carlson et 2l. (1957) support the
earlier statement made by Pritchard (1855) that the differ-
ences in the three conditions, mucosal disease, virus diasrrhea-
New York and virus diarrhea-Indiana, were differences of de-
gree rather than differences in kinds of signs and lesions.

Dow, Jarrett and McIntyre (1856) and Jarrett (1958) have
described a disease syndrome in Britain which resembled the
virus diarrhea--mucosal disease complex. Lesions were repor-
ted to be guite variable in severity and extent. Buccal
ulcerations were seen in all cases. ZErosions and ulcers of
the esophagus and rumen were also common findings. Ulcera-
tion of the abomasum was frequently observed.

In-animals that died after a prolonged diarrhea, enter-
itis was usually noted at necropsy. The degree of enteritis
ranged from irregular superficial eroslons which occurred ev-
ery six to seven inches along'the small intestine, to intense
congestion and descuamation of the necrotic mucous membrane.
Tt was stated that the latiter process appeared to start in

the Peyer's patches. In many animals the intestine appeared
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normal. The alimentary lymph nodes were moderately enlarged
and edematous but this was not a constant finding. Histo-
logical examination of lymph nodes revealed a non-specific
cortical lymphocytolysis.

A persistent leukopenla affecting all types of leuko-
cytes was observed in some animals, but this was not constant.

Erosions, papules and ulcers were freguently observed in
the interdigital cleft. Abortions were seen on two occasions.

This condition resembles virus diarrhea-New York more
closely than it does mucosal disease as described by Ramsey
(1956).

Swope and Iuedke (1956) reported a so-called rmicosal
disease 1in cattle in Pennsylvania. Changes of the stratified
squamous eplthellum consisted of hypertropky, vacuolation,
and degeneration. On the tongue papillary projections of the
epithelium into the underlying connective tissue were ob-
served. Some of the vacuolated epithelial cells in the esoph-
agus were reported to contsin scidophilic inclusion bodies.
The sbomasum exhibited glandular hyperplasia and dilatation
of the crypts of gastric glands. Cystic dilatation of the
glands of Lieberkuehn and Brunner occurred in the duodenum.
The kidney presented a picture of cystic dilatation of the
collecting tubules and interstitial fibrosis. The mucosal
glands of the gall pladder and the maxillary sinus also
showed cystic dilatation. TFibrosis of the liver was noted.

Seibold (1956) described the gross and microscopic lesions
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of the alimentary canal of nine animals affected with mucosal
disease in Alabama. He observed that the lesions appeared to
be particularly severe in the nucosa coverling Peyer's patches
cf the ileum. On histological examination he noted that the
intestinal glands were destroyed and "atrophy" of the lymphoid
tissue of Peyer's patches had taken place. No mention was

made of other lymphoid tissue or the vascular system. The

changes of the various portions of the digestive tract were
the same as those reported by Ramsey (1956).

Hollister et al. (1956) and Scheidy et al. (1956) reported
the occurrence of "muzzle disease”™ in Pennsylvania. The
conditions described by the two groups were very similar and
probably should be considered as a single disease.

Gross lesions consisted of erosions of the epithelium
of the external nares, muzzle, dental pad, gums, dorsal
surface of the tongue, esophagus, skin of the underline,
teats, scrotum or vulva and at the coronary band. Petechial
hemorrhages, erosions and, at times, ulcers were scattered
throughout the small and large intestines. These lesions
were reported to be the most consistent and the most severe

in the cecum and first part of the colon.

Hollister et al. (1956) stated that diarrhea was M"an

1

'-Jl

nfrequent sign" but was seen in fatal cases. They also
reported that the hematological findings were within the
normal range except in animals which had extensive purulent

discharges. 1In these cases a neutrophilia and a leukocytosis
g



18

occurred.

This condition resembles very much so called "mycotic
stomatitis." (Hutyra and Marek, 1926).

Richards et 2l. (1956) observed a "mucosal disease" of
deer in North Dakota. It was stated that "the term mucosal
disease as it relates to deer is used in the broad sense and
may include any of those new cattle disessses that affect the
mucosae of the body." In the deer, erosions, ulcerations or
hemorrhages of the tongue, dental pad, palates and lips were
conspicuously absent.

The respiratory tract appveared to be normal in most
cases.

Severe gastritis was observed in most cases, but ulcera-
tions were not seen in several animals. Varying degrees of
caﬁarrhal enteritis were present in all deer examined. Small
ulcerations were scattered throughout the small intestine in
severe cases. Hemorrhage and necrosis were most severe in the
duodenum and jejunum and decreased 1n severity in the ileun,
cecum, colon and rectum. ZEpicardial hemorrhages were noted
in a few cases. A mild to severe cystitis was present in all
cases. Mild to severe coccidial infections were noted in
many cases.

No report of the histopathology was available. This
report was the only one in vhich "mucosal disease" has been
recognized in any species other than the bovine.

Hoag et al. (1956) and Rooney (1957) reported a mucosal-
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type disease in cattle in Virginia. The gross lesions were
somewhat different than those described by Ramsey (1956),
that Peyer's patches were not involved, liver lesions were
present in ninety percent of the cases and interdigital ero-
sions were present in all cases of the disease observed.

The histopathology of the lesions in the stratified
sguamous eplithelium was not markedly different than that
observed by Ramsey (1956). Lesions consisting mainly of
nyperemia, hemorrhage and edema in the abomasum, small intes-

tine and colon were reported to be mild, scattered and focal
in nature. Necrosis of the epithelial lining of the a2bomasum
was regularly found. Crypt abcesses were noted in botk the
abomasum and small intestine. Rooney stated that significant
lymphorrhexis was observed in one Peyer!s patch in one animel.
Fatty degeneration of the liver was noted in all but one of
the animals. The distributlion of fat in the lobule followed
no specific pattern.

he kidneys showing gross lesions presented the histo-

logical picture of anoxic or lower nephron nephrosis.

The spleen presented a highly variable histological

icture although no gross lesions were found. There was
usually some lymphocyte depletion and perifollicular hyperemia.
Megakaryocytes, neutrophils and hemosiderophages were present
in moderate numbers in the perifollicular areas. Significant
lesions were observed 1in only the suprapharyngeal, bronchial

and mediastinal lymph nodes. These lymph nodes were affected
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only when they were dralining necrotic énd/or suppurative areas.
Edema, the presence of numerous reaction centers and neutropnil
packing of the capsular and medullary sinuses were the lesions
noted on microscoplic examination. The thymus was identified
as a remnant in only one animal and microscopically was hyper-
emic, hemorrhagic and almost devoid of thymocytes. An acute
suppurative pneumonia and a bronchitis were observed in many
cases.

Microscopic changes were not found in the heart, blood
vessels, or in the brain.

Schipper and Eveleth (1957) reported a mucosal disease
in North Dakota calves. The disease was seen in calves which
were dead at birth and also in calves which died within the
first few days of 1life. The gross lesions consisted primarily
of hemorrhages, edema, and necrosis of the alimentary canal.
In this report the presence of "an area of necrosis and
hemorrhage adjacent to the ileocecal valve" was stressed. No
mention was made of localization of lesions in the Peyer's
patches of the smalil intestine. Small foci of necrosis and
hemorrhages were found in the mucosa of the gall bladder.

No other reports of the presence of mucosal disease in
calves were found in the literature.

Huck (1957) reported the occurrence of a disease of
cattle in England which was considered to be a member of the
mucosal disease complex. Diarrhea, anorexia, polydipsia and

encrustation of the muzzle were the clinical signs most
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frequently noted. Gross lesions varied from a mild catarrhal
enteritis to a severe hemorrhagic gastroenteritis with ulcera-
tion that, at times, extended from the oral cavity to the
rectum.

Huek (1957) found erosions and ulcers on the lips, hard
palate, tongue, around the base of the teeth and in the esopha-
gus. In some animals discrete hemorrhages and ulcers wers
found in the abomasum. The lumen of the small intestine
commonly contained a thick, tenacious and blood-flecked mucus.
Peyer's patches were dark and congested. A "striping" effect
caused by hemorrhage was found in the large intestine and
rectum. Lymph nodes were enlarged, edematous, and of a cherry
red color. EHe reported that the hemolymph nodes were also
prominent. OQccasional interdigital ulcerations were the only
other lesions found. FHistopathologic findings were not re-
ported.

Blood et al. (1957) reported a mucosal disease of cattle
in Australia which was very similar 1f not identical to that
described by Ramsey (1956).

Pritchard et al. (1958) reported the occurrence of an
apparently new disease of cattle In Indiana. The principal
lesions were confined to the oral cavity and esophagus and
were of an ulcerati&e tyve. The name "infectious bovine

ulcerative stomatitis"

was applied to this condition. The
relationship to the mucosal disease complex is unknown. About

the only similarity between infectious bovine ulcerative
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storatitis and the other members of the mucosal disease com-
plex is the presence of ulcerative lesions in the oral cavity.
Diarrhea and/or gastointestinal lesions have not been described
in this condition.

Voss (1959) reported a nucosal disease in cattle in
Germany. The description of the gross lesions observed was
brief and extensive histopathology was not reported.

Erosions and ulcers were noted on the lips, tongue, hard
palate and buccal cavity. Eyperemia of the 2bomasum and a
catarrhal enteritis with focal hemorrhagic necrotic duodenitis
and jejunitis were found. A severe hyperemia of the nasal
mucosa and an excess of cerebrospinal fluid were present. A
proiuse bloody diarrhea, anorexia, lameness, conjunctivitis,
keratitis and panophthalmia were noted. The author stated
that the disease belonged to the mucosal disease complex but
did not suggest which one of the syndromes it resembled the
most.

McCormack et 2al. (1859) described a disease condition in
South Australia which did not closely correspond to either of
the viral diarrheas or rmucosal disease-Iowa.

In many of the animals, McCormack et al. (1959) observed
very few gross changes with the exception of those due to
emaciation. Usually erosions and ulcers were present on the
buccal mucosa, 1lips, cheeks, ventral surface of the tongue and
the esophagus. Varying degrees of inflammation of the rmcosa

and edema of the submucosa were observed in the abomasum of



nearly all cases. The degree of inflammation of the small
intestine was highly variable. In some cases, appsrently
normal areas alternated with intensely inflamed areas of two
to three inches in length. Occasionally the entire length of
the small intestine was severely affected and contained flecks
of blood. ¥icroscopically a catarrhal enteritis accompanied
by necrosis was the usual feature. O0ften, very little poly-
morphonuclear reaction accompanied the necrosis. It was noted
that "the excessive mucous secretion and collection of glairy
mucus in the intestine as described by Ramsey and seen in the
Sydney cases (Blood et al., 1957) was no%t present in any of
our meterial." ©Necrosis and other changes in Peyer's patches
were not mentioned in this report.

Edema was present in the mesenteric lymph nodes of all
cases but the nodes were eithner normal in size or slightl
swollen. Histopathological studies of the mesenteric lymph
nodes showed that invariably a "sinus catarrh" and frequently
a marked involution had occurred.

The authors felt that, because of %he age incidence and
mortality rate, this condition did not belong in the viral
diarrhea category. They concluded that the condition did not
closely correspond to mucosal disease because of the absence
of erosions on the dorsum of the tongue, lack of excessive
rmucous production in the small intestine and differences in
infectivity rate and case mortality. It was mentioned that

it was not clearly evident whether a2ll of the cases
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investigated were the same or different disease entities.

Schulz (1959) described the pathology of a mucosal disease
of cattle in Germany. The gross and microscopic lesions were
almost identical to those described by Ramsey (1956). It was
noteworthy that Schulz consistently found gross and microscopic
lesions in Peyer's patches. An involution of the spleen and
lymph nodes was observed.

Stéber (1959) worked with the same group of cattle as
Schulz and described the symptomatology. Ee observed that a
severe leukopenia did not occur in the animals he studied.

He reported a relative lymphocytosis 1in the early stages of

the disease but noted 2 neutrophilia with a shift to the left
as the disease progressed. Stbber (1959) believed that the
shift to the left was due to secondary hacterial infection.

Ain increase in the total leukocyte and erythrocyte counts and
hemoglobin concentration were found. It was suggested that
some of the increases may have been due to the severe dehydra-
tion which occurred as the animal approached death. Schulz
(1959) and Stdber (1959) concluded that this disease in Germany

was the same as mucosal disease described by Ramsey (1956).
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MATERTALS AND METHODS
Histological Procedures

It is obvious that much confusion exists in the literature
concerning the pathology of a mucosal disease. In the present
study materials were conllected only from those animals that
evidenced the gross lesions described by Ramsey (19586).

The presence of visible lesions in Peyer's patches was
the main criterion used in the selection of materials.

Material was collected from the affected animals that
were submitted to the Stange Memorial Veterinary Clinic at
Towa State University between January 11, 1557 and December 24,
1859. Materials were collected from four animals before the
research project was selected for this study. Comparable
tissues from twenty apparently normal cattle were obtained
from the ILowa State University meats laboratory and served
as controls.

Materials from sixty-four cases of mucosal disease were
available for histopathological study. Thirty of the moribund
animals were sacrificed by electrocution. Two animals were
destroyed in the early stages of the disease. Tissues were
collected from thirty-two animals that died during the natural
course of mucosal disease. In the latter cases necropsies
were performed and tissues were collected within three hours
after death with the exception of seven animals that succumbed

during the preceding night.
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Tissues collected for nistopathological study included
various portions of the lymphatic and cardio-vascular systems.
Representative samplings of the mesenteric lymph nodes and the
prescapular, suprapharyngeal, bronchial, prefemorzl and parotid
lymph nodes were taken from each animal. The internal iliac
and the superficial inguinal lymph nodes were also collected
from some animals.

Specimens were collected from Peyer's patches, abomasum
and spleen in all animals. From meny animals portions of the
thymus, tonsils and hemal nodes were collected.

The tissues of the cardio-vascular system that were
routinely taken included cardiac muscle, thoracic dorsal aorta,
abdominal aorta one inch anterior to the origin of the internal
iliac arteries, the umbilical, the internal iliac, internal
pudic, external iliac, middle uterine, brachial, external
maxlllary and common carotid arteries. 4 section of the femoral
artery was collected at a point three to four inches distal to
its emergence from the femoral canal. The corresponding veins
were collected in the cases of peripheral arteries. A portion
of the posterior vena cava was collected from the same level
as the abdominal aorta. ternal bone marrow from the first
four sternebrae was cut into blocks approximately five to ten
millimeters in thickness vefore fixation.

Tissues from fifty-six of the animals were fixed in ten
percent buffered formalin (Armed Forces Institute of Pathology,

1957). Materials from eight animals were fixed in mercury-
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formol-saline (Dawson and Friedgood, 1938). In five animals
duplicate blocks of lymphoid tissues and bone marrow were
fixed in buffered formalin and in Boulin's fluid. In another
five animals Zenker's fluid was used instead of Bouin's fixa-
tive. The tissues were allowed to fix for a minimum of three
days in buffered formalin and mercury-formol-saline. The
tissues were fixed for eight to sixteen hours in Bouin's

and Zenker's fixatives.

Upon removal from mercury-formol-saline, Zenker's and
Bouin's fluids the tissues were washed for eight to twelve
hours in running tap water. After removal from either the
buffered formalin or the tap water wash all tissues except
bone marrow were piaced in seventy percent ethyl alcohol and
stored until they could be embedded in paraffin. Bone was
decalcified after fixation in bufféred formelin or after
washing in the case of the other fixatives.

The method of decalcification was the one described by
Dotti et 2l. (1951). This method employs the use of thirty

percent formic acid and an ammonium salt of sulfonated resin

n

(WIN - 3000). Decalcification was usually complete in three
to five days and was followed by washing in running tap water
overnight. The bone was then placed in seventy percent
alcohol.

All tissues were dehydrated with seventy percent, ninety-

five percent and then absolute ethyl alcohol. They were

*Manufactured by Winthrop Laboratories, 1450 Broadway,
New York 18, New York.
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cleared in chloroform, infiltrated and embedded in Altman's
paraffin-stearin-beeswax mixture.

Sections were cut at six microns and mounted on albumin-
ized slides. Paraffin prepared sections of all tissues were
routinely stained with hematoxylin and eosin. S8Special staining
procedures were used on selected tissues. In all cases, unless
otherwise noted, the procedures were carried out as suggested
by the Armed Forces Institute of Pathology (1957).

Baraffin prepared sections of cardiac muscle were stained
with Gomori's one step trichrome stain. Selected sections of
lymph nodes, hemal nodes, intestine, bone marrow and spleen
were stained with Gomori's reticulum stain and Wolbach's modi-
fication of the Giemsa stain. In the CGiemsa procedure 0.25
percent acetic acid in seventy percent ethyl alcohol was sub-
stituted for the rosin-alcohol used for the differentiation of
sections. Comori's iron reaction was carried out on paraffin
sections of lymph nodes, spleen and intestine from a number of
cases of mucosal disease and also sections from the normal

animals.
Hematological Procedures

Hematological studies were performed on fifty of the
sixty-four animals.

Erythrocyte counts, total leukocyte counts and differ-
ential leukocyte counts were done according to the methods

suggested by Todd et al. (1953). Hemoglobin concentrations
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were determined by the acid hematin method (Sahli, 1905) or
the a2lkaline hematin method of Sanford and Sheard (1930).

The procedure was either that suggested in the Leitz Photrom-
eter Handbook (Leitz, 1948) or that suggested by Fister (1950).
Readings were made on either the Leitz Photrometer™ or the

Coleman Jr. Spectrophotometer, Model GA.W* Hematocrit readings

were made by means of the microhematocrit tubes using an Inter-

SLSe
A

national Hematocrit Centrifuge. Blood sugar determinations
were made using either the method of Folin and Wu (1920) for
total reducing substances with readings being made on the Leitz
Photrometer or a modification of Nelson's (1944) and Somogyi's
(1945) methods for true dextrose concentration. The procedure
of Fister (1950) was followed for true dextrose determinations
and the readings were made on a Coleman Jr. Specirophotometer.
Blood urea nitrogen determinations were made using either
the direct nesslerization procedure of Gentzkow (1942) or the
diacetyl monoxime reaction first described by Fearon (1938) and
modified by Ormsby (1942). The procedure suggested by Fister
(1950) was followed in the diacetyl monoxime method and the

readings were made on the Coleman Jr. Spectrophotometer.

Y

"Manufactured by E. Leitz, Inc., 468-4th Ave., New York 16,
New York.

W

**Manufactured by Coleman Instruments, Inc., 318 WMadison
Street, ¥aywood, Illinois.
e :
“Manufactured by International Equipment Co., 1285
Soldiers Field Road, Boston, Mess.
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Sedimentation rates were checked using Westergren tubes
and making the readings at 24 hours. Blood platelet counts
were made with the diluting fluild of Rees and Ecker (1823) and
the technique suggested by Todd et al. (1953). Total blood
volume determinations were made on five animals. The T-1824
Evans blue dye method as described by Reynolds (1953) was
employed. This method consists of the intravenous injection
of a known quantity of dye and calculating the amount of
dilution in a plasma sample drawn ten minutes after the injec-
tion. A& Coleman Jr. Spectrophotometer was used to determine
the dye concentration in the plasma sample.

Cerebrospinal fluid was removed from the cisterna magna
in seventeen animals. Cell counts, sugsr and total protein
determinations were made on many of the samples. The cell
counts were made according to the method suggested by Hepler
(1957). Sugar determinations were done by the same method as
the blood sugar determinations (Folin and Wu, 1920). The
method of Looney and Walsh (1939) was used for spinal fluid

protein determinations.
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FINDINGS
Hematopoietic System

Lymphatic system

Lymph nodes In most of the cases, striking gross

changes were not observed in the majority of the lymph nodes.
The size, color and consistency of the lymph nodes of affected
animals did not differ appreciably from the corresponding
lymph nodes of normal animals. In other cases, all the lymph
nodes of the body contained an excess of fluld which flowed
from the incised parenchyma. Hyperemia and hémorrhage were
apparent on gross examination of the lymph nodes in a2 few

-of the animels. |

The microscopic lesions were guite variable between
animals and between lymph nodes in the same animal. In
general, the microscoplic changes were of a similar nature
and the differences were variations in degree rather than in
type. First will be described certain changes that occurred
in all lywph nodes and later the lesions associated with
particular lymph nodes.

Generally the most striking microscopic change was a
marked depletion in the number of lymphocytes in the cortex
of all lymph nodes. The loss in lymphocytes in most instances
was diffuse with the germinal centers being most severely
affected. In other cases the disappearance of lymphocytes

was more focal. Occasionally one half of a primary nodule
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would be practically devoid of lymphocytes while the other
half would have almost a normal number. In lymph nodes that
showed a pronounced diffuse loss of lymphocytes the stroma
was more easily demonstrated than in normal lymph nodes.
Reticulum stains revealed that the reticular fibers were still
intact and more evident than in normal animals (Figures 1 and
3). The condensation of reticular fibers at the periphery of
germinal centers, presenting a ring-like pattern, was seen in
all lymph nodes from normal animels (Figures 2 and 4), but
sections of affected lymph nodes differed in that this ring-
like pattern was not evident.

Variable distension of the subcapsular sinus was apparent
in most of the lymph nodes from all affected animals (Figures
5 and 6). This space between the capsule and the cortex was
often completely devoid of cells or stainable material, but
frequently the distended subcapsular sinus was almést com-
pletely filled with neutrophils (Figures 7, 8, 9 and 10).
Occasionally focal accurmilations of neutrophils were observed.
In many instances numerous eosinophils were diffusely distrib-
uted throughout the subcapsular sinus and intermingled with
a few neutrophlils. In a few cases edem2 was noted and rarely
an increase in the number of primitive reticular cells was
also observed.

Occasionally a marked focal to diffuse infiltration of
neutrophils was observed in the outer portian of the cortex.

In numerous cases a less pronounced neutrophilic leukocyte



Figure 1. Lymph node from an animal with mucosal disease
demonstrating intact reticulum. X 95.
Gomori's reticulum stain.

(M.D. No. 53R8)

I1J

igure 2. Lymph node from normal animal. X 95.

Note condensation of reticular fibers
around the germinal center.

Gomori's reticulum stain.

(¥.D. No. 10SC2)
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Figure 3. Lympk node from an animal with mucosal disease.
X 495. Compare with Figure 4.
Gomori's reticulum stain.

(M.D. No. 53B8)

Figure 4. Lymph node from normal animal demonstrating
reticular fibers. X 495. ©Note condensation

of fibers at the periphery of germinal center.
Gomori's reticulum stain. '

(¥.D. No. 109C2)
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Figure 5. Distension of subcapsular sinus of lymph node

from an animal with mucosal disease. X 95.

Note acellular material in germinal center.

(M.D. YNo. 40315)

Figure 6. Lymph node from an animal with mucosal di.zase

demonstrating lack of stainable material in the
subcapsular sinus. X 95.

(¥.D. No. 69Gl)
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Figure 7. Neutrophils in the subcapsular sinus of
lymph node. X 95.

(M.D. No. 9244)

Figure 8. Higher magnification of subcapsular sinus
in Pigure 7. X 485.

(M.D. No. 92A4)
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Figure 9. Neutrophils in subcapsular sinus of lymph

node. X 495. Giemsarstain.

(M.D. No. 92A44)

Figure 10. Higher magnification of a portion of the

field in Figure 9. X 220. Note eosinophils
in the outer cortex of lymph node.
Giemsa stain.

(M.D. No. 92A4)
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infiltration was seen. The infiltrations were generally
found in the areas between the lymphatic follicles, but at
times neutrophils were noted in the germinal centers. Foecal
and diffuse infiltrations of eosinophilic leukocytes were
encountered more frequently than neutrophils especially in
the peripheral lymph nodes. The eosinophils were found in
the outer portions of the cortex as a rule (Figures 11 and
12). They were most numerous in lymph nodes that also
exhibited areas of coagulative necrosis. At times accumula-
tions of eosinophils were observed in the germinal centers,
especially in those that were largely depleted of lymphocytes.

In lymph nodes from 56 of the affected animals accumla-
tions of eosinophilic material were observed in the germinal
centers. The material was relatively acellular, strongly
eosinophilic and amorphous to finely granular (Figures 13,
14, 15, 16, 17 and 18). Sometimes the entire germinal center
was involved while in other cases only a portion of the
nodule contained the eosinophliiic material. At times there
were numerous smeller spherical masses of the material, 10 to
15 microns in diameter, surrounding the larger mass. In
most Instances nucleaf debris was found in and around the
fibrinoid-like material in the germinal center.

In the germinal centers that contained this material
there were very few small lymphocytes and the predominant
cell type was the macrophage. An abundance of plasma cells

was also observed in the lymph nodes of some animals in which



Figure 11. Eosinophils in the cortex of a lymph node of
an animal with mucosal disease. X 920.
Giemsa stain.

(M.D. No. 90A1)

Figure 12. ZEosinophils in the cortex of a lymph node from
an animal with mucosal disease. X 920. Note

edema in subcapsular sinus at upper right.
Giemsa stain.

(M.D. No. 90B3)
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Figure 13. Hyaline-like material in a germinal center of

a lymph node. X 85. DNote distention of the
subcapsular sinus.

(M.D. No. 10741)

Figure 14. Higher magnification of germinal center area

of Figure 13. X 495. Note hyaline-like
material and mononuclear cells.

(M.D. No. 107A1)






Figure 15. ZILymph node of an animal with mucosal disease

showing hyaline-like material in a germinal
center. X 95.

Figure 16. Higher masgnification of a portion of the field

in Figure 15. X 495. Note presence of
neutrophils.
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Figure 17.

Figure 18.

Ecsinophilic material in the area of germinal
centers of a lymph node in an animal affected
with mucosal disease. X 95. DNote lack of

small lymphocytes in the surrounding cortex.
Hematoxylin and eosin stain.

(M.D. 75 E4)

Higher magnification of the germinal center

area of Figure 17. X 495. Hematoxylin and
eosin stain.

(¥.D, 75E4)
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this fibrinoid-like material was found.

In a majority of the cases blood vessels of the cortex
of some lymph nodes contained large numbers of leukocytes
(Figures 19 and 20), and the predominant cells were neutro-
phils. Enumeration of cells in the distended arterioles
revealed that the ratio of neutrophils to lymphocytes was
often as great as ten to one. Neutrophil packiﬁg usually
appeared to be focal in distribution, but in a few cases all
the arterioles of a lymph node appeared to contain excessive
numbers of these granulocytes.

Eyperemis of blood vessels of the cortex was a consistent
finding in nearly all lymph nodes of all animals. Hemorrhages
in the cortices of some of the lymph nodes were seen in
forty-three animals. In most cases hemorrhages were seen
in only one or a few of The lymph nodes in each animal.
Generally the hemorrhages were not extensive and involved
only a small part of the lymph node. In about half of the
cases the hemorrhage accompanied coagulative necrosis of the
outer cortex of the lymph nodes (Figures 21 and 22). Hemor-
rhages were found most commonly in the suprapharyngeal,
prescapular and mesenteric lymph nodes.

An increased amount of yellow-brown pigment was observed
in and around the germinal centers of some of the lymph nodes
from a few animals. In a majority of these céses the materi-
al did not contain iron and was therefore thought to be

lipofuscin.



Figure 19.

FPigure 20.

Neutrophils in blood vessels of the prescapular
lymph node of rmcosal disease affected animal.
X 95.

(M.D. 10741)

Enlargement of a part of the field in Figure 19.
X 495.

(M.D. 107A1)
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Figure 21.

Figure 22.

Hyperemia, hemorrhage and decreased numbers

of lymphocytes 'in a lymph node of a mucosal
disease affected animal. X 95.

(M.D. 75810)

Higher magnification of a portion of field

shown in Figure 21. X 495. Note lack of
small lymphocytes.

(#.D. 75E10)
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Mtotic figures were either lacking or very few in

=]

number in the germinal centers of 2ll lymph nodes from
affected animals. Numerous mitotic figures were cbserved in
the germinal centers of lymph nodes from normal animals.

Histological examination of the medulla of the lymph
nodes revealed pathological changes that were variable in
severity. The most prominent change was the accumulatioﬁ
of granulocytes scattered throughout the medulla, but they
were variable in amount. The neutrophil was the most pre-
dominaﬁt leukocyte observed. In some cases focal accurmla-
tions of large numbers of neutrophils and eosinophils were
observed while in other cases they were few in number and
widely scattered throughout the medulla.

A 1limited number of affected cattle exhibited an in-
creased amount of lipofuscin in the medulla of lymph nodes,
but this was not a constant finding. The lymph nodes of
some affected animals had very little pigment present.

Edema was noted in the medullary sinuses of the lymph
nodes of sixteen of the affected cattle. In twelve of the
sixteen cases the animals had been electrocuted and other
lesions besides the edema in the lymph noces were obvious.

The number of primitive reticular cells in the medulla'
of lymph nodes of some of the affected animals was definitely
iﬁcreased but because of the variability in numbers of these

cells in normal animals this change was difficult to evaluate.
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Comparison of lymph node involvement The supra-

pharyngeal lymph nodes were generally more severely involved
than any of the others with the exceptlion of the mesenteric
lymph nodes. Depletion of number of lymphocytes was general-
ly of a diffuse nature. 1In about forty percent of the cases
the accumulation of eosinophilic material and almost complete
loss of small lymphocytes was noted in at least one of the
germinal centers on cross sectlion of the node. Probably the
most consisftent and most striking changes found in the
suprapharyngeal lymph nodes were the severe congestion of
the arterioles and the hemorrhage that was observed in both
the medulla and the cortex. Neutrophil vacking of the
arterioles was occasionally seen and the presence of neutro-
phils in the subcapsular sinus was a common finding
D

In general the changes in the prescapular lymph nodes

were less pronounced than those observed in the suprapharyn-
geal nodes of the same animal. The most marked difference
in the histopathology of the two lymph nodes was the fre-
quency of neutrophil packing of the arterioles. This change
occurred more often and was more severe in the prescapular
than in the suprapharyngeal lymph nodes.

The severity of the changes in the bronchial lymph
nodes was Intermediate between the suprapharyngeal and the
prescapular lymph nodes. Varying degrees of hyperemia,
hemorrhage, cortical lymphocytolysis, necrosis of germinal

centers or fibrinoid formation, leukocytic infiltration of
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the cortex and medulla, distension and neutrophil packing

of the subcapsular sinus were observed. The amount of lipo-
fuscin iIn the bronchial lymph nodes of normal and affected
animals appeared to be greater than in the prescapular,
suprapharyngeal or prefemoral nodes.

The abnormal changes noted in the prefemoral lymph
nodes were milder than in any of the other lymph nodes
studied. The most consistent findings were a diffuse corti-
cal lymphocytolysis, distension of the subcapsular sinus
with or without neutrophilic packing, an increase in the
number of neutfophils and eosinophils in the medulla and
engorgement of the arterioles of the cortex with neutrophilic
leucocytes. t times coagulative necrosis in the region of
the germinal centers of the prefemoral lymph nodes was
observed. 1In those cases the animal had usually died during
the natural course of mucosal disease and changes were
severe in all lymph nodes studied.

The microscoplc changes in the parotid lymph nodes were
moderately more severe than those in the prefemoral lymph
nodes but were of a similar type.

Little difference in the degree of severity of involve-
ment of the mesenteric and colic lymph nodes was detected.
The microscopic lesions in these lymph nodes were more severe
than in any of the others. Occasionally, in animals which

had died, a coagulative necrosis was present and involved

up to forty percent of the area of the cortex observed on
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cross section of the lymph node. In these instances there
was a marked disappearance of small lymphocytes with some
hemorrhage, eosinopnilic and neutrophilic infiltration and
nuclear karyorrhexis and karyoschisis. MNononuclear phago-
cytes could be seen engulfing the nuclear debris.

A diffuse lymphocytolysis accompanied by the accumulation
of eosinophilic material in the germinzl centers in the outer
cortex of some of the mesenteric lymph nodes was noted in
over ninety percent of the animals. Inﬁariably neutrophils
and freguently eosinophils were apparent in the outer cortex.
In an occasional animal neutrophils and more often eosino-
rhils could be found in the germinal centers of the mesenteric
lymph nodes.

There was considerable variation in the severity of the
lesions in different sections of the mesenteric lymph nodes
of an individual animal. This variation was particularly
noticeadble in animals that had been electrocuted and in
animals with lesions of a mild nature.

In a few cases scme of the sections of the mesenteric
nodes showed & mild reaction consisting primerily of a
diffuse lymphocytolysis and slight neutrophilic infiltration
while others showed a severe focal coagulative necrosis
accompanied by & marked inflammatory reaction.

Another interesting observation made on the mesenteric
lymph nodes was the presence of circular calcified bodies in

the germinal centers (Figures 23 and 24). The appearance of



Pigure 23. liesenteric lymph node from an animal with
mucosal disease. X 95. Note spherical bodies
in cortex. Hematoxylin and eosin stain.

(¥.D. No. 88HS)

I

igure 24. An enlargement of a portion of field shown in
Figure 23. X 485. Note concentric ringed
appearance of some of the spherical bodies.
Hematoxylin and eosin stain.

(¥.D. No. 88H5)
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these objects was similar to the corpora amylacea that are
sometimes observed in the marmary and prostate glands. A
concentric ringed appearance was noted in some of them.
They varied in diameter from 15 to 60 microns. The objects

appeared reddish purple with hematoylin and eosin stain.

W

HEistochemical tests performed by Thompson revealed that
these bodies contained calcium carbonate and gave a false
positive test for iron. Cenerally from one to ten of the
objects were found in the region of a single germinal center.
The bodies were found only in the mesenteric lymph nodes and
their location tended to te in the region of the germinal
center. They were present in nineteen of the mucosal disease
affected animals.

These aggregates of calcium carbonate were alsc found in
‘the mesenteric lymph nodes of some of the apparently normal
cattle obtained from the Meats Laboratory. They have also
been observed by the author in the mesenteric lymph nodes of
cattle that have died of other disease.

Spleen . Careful gross examination of the spleen of
macosal disease affected animels revealed no striking changes,
but the microscopic changes resembled very closely those
cbserved in the lymph nodes. The Malpighian corpuscles

regularly contained fewer small lymphocytes than did those

“Thompson, Dr. S. W., U.S. Army Medical Research and
Mutrition Lab., Fitzsimons Army Hospital, Denver, Colorado.
Eistochemical studies of mineralized lesions in lymph nodes.
Personal comrmunication. 1960.



64

of the normal animals. In a few instances the loss of
lymphocytes was focal in nature =nd appeared to involve only
a part of a Malpighian corpuscle (Figures 25 and 26), giving
the latter a vacuolated appearance. More commonly a diffuse
lymphocytolysis of the germinal center (Figures 27 and 28)
and the ﬁhite pulp occurred.

In the Malpighian corpuscles that conteined few small
lymphocytes the large mononuclear cell was the predominant
type. Plasma ceils were observed in the Malpighian corpus-
cles in many of the cases. Mitoses were seen only rafely
ir. the lymphatic nodules of the Spleen.

The presence of -an eosinophilic mass in an eccentric
positicn in the Malpighian corpuscles was observed in approx-
imately twenty percent.of-the affected animals (Figures 29
and 30). This material had the same appearance as that
observed in the 1lymph nodes. It did not generally obliterate
an entire Malpighian corpuscle, whose remainder often con-
tained numerous erythrocytes.

In zpproximately one half of the cases large numbers of
neutrophils and some eosinophils were seen at the periphery
of the Malpighiar corpuscles (Figures 31 and 32). Less often
neutrophils and eosinophils were noted in the Malpighian
corpuscles. The presence of these eosinophils and neutro-
phils was most easily detected iIn those cases that exhibited

a marked decrease in lymphocytes.



Figure 25. Focal disappearance of small lymphocytes from
lymphatic nodule in the spleen. X 95. Mucosal
disease affected animal.

(M.D. 121F10)

Figure 26. Higher magnification of lymphatic nodule in
Figure 26. X 495.

(M.D. 121F10)
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Figure 27. Decrease in number of lymphocytes from lymphatic
nodule of spleen. X 95. Mucosal disease
affected animal.

(M.D. 101A2)

Figure 28. Enlargement of lymphatic nodule in Figure 27.
X 4985.

(}.D. 10142)
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Figure 29. TFocal eccentric accummlation of fibrinoid-like

material in spleen of mucosal disease affected
animal., X 95. :

(M.D. 62-28)

Figure 30. Higher magnification of fibrinoid-like material
in Figure 29. X 495.

(M.D. 62-28)






Figure 31. Malpighian corpuscle of the spleen from a
micosal disease affected animal. X 95.
Note neutrophils at the perlphory cf lymphatlc
noduie. Hematoxylin and eosin stain.

(M.D. No. 90A10)

Figure 32. Higher magnification of the periphery of the
lymphatic nodule of Figure 31 showing neutrophils.
X 495. Hematoxylin and eosin stain.

(M.D. No. 90A10)
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The presence of a yellowish-brown pigment was also
observed to be especially prominent in areas immediately adja-
cent to the Malpighian corpuscle (Figures 33 and 35). This
Pilgment was also found diffusely scattered throughout the red
pulp of the spleen in affected animals. Sections from twenty
affected animals and ten nbrmal animals that were stained
with Gomori's iron reaction revealed that the pigment was
probably hemosiderin. These sections also made it apparent
that very 1ittle if any hemosiderin was present within the
Malpighian corpuscles (Figures 34 and 36). In some of the
cases the iron positive material was not concentrated at the
periphery of the nodule but was scattered diffusely through-
out the red pulp (Figure 37)."

Generally speaking the amourni of hemosiderin in the
spleens of mucosal disease affected animals was greater than
that in the normal animals (Figure 38). 1In contrast, the
amount of hemosiderin in the spleens of normal animals was
graded as mild to moderate in three cases and mild in six
cases, and negative in one case. In mucosal disease affected
animals the amount was classified as mild in five, moderate
in six, moderate to marked in five, and marked in four cases.

Hemal nodes Histological study of the hemal nodes

of mucosal disease affected animals revealed that the changes
were very similar to those which occurred in the lymph nodes

and spleen. The changes consisted primarily of a marked

decrease in the number cf small lymphocytes. In some



Figure 33. Spleen from a mucosal disease affected animal.

X 95. Note brown pigment at periphery of the
lymphatic nodule. EHematoxylin and eosin stain.

(¥.D. No. 72B3)

Figure 34. Section from same area as Figure 33 showing

hemosiderin. X ©95. Note the blue staining
of the hemosiderin. Gomori's iron stain
counterstained with Kernechtrot.

(M.D. No. 72B3)
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Figure 35. Enlargement of a portion of the field in
Figure 33. X 495. Compare with Figure 36.
Hematoxylin and eosin stain.

(1.D. No. 72B3)

Figure 36. Higher magnification of a portion of the field
in Figure 34. X 495. Gomori's iron stain
counterstained with Kernechtrot.

(¥.D. No. 72B3)
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Figure 37.

Figure 38.

Diffuse appearance of hemosiderin in the spleen
of a mucosal disease affected animal. X 95.
Note absence of hemosiderin in lymphatie nodule.

Gomori'’s iron stain counterstained with
Kernechtrot.

(1.D. No. 76A20)

Spleen from normal animal. X 95. Note the
lack of hemosiderin. Gomori's iron stain
counterstained with Xernechtrot.

(¥.D. No. 108Aa11)
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instunces focal eccentric accumulation of eosinophilic materi-
al in the nodules of lymphatic tissue was observed. In a
majority of the hemal nodes variable numbers of erythrocytes
were seen in the lymphatic tissue and an apparent increase in
the amount of blood in the entire node was observed. Mitotic
figures were absent or few in number.

Thymus Some difficulty was encountered in the gross
identification of the thymus in most of the affected animals.
There was an apparent decrease in its size and at times it
had a mottled appearance. The normal buff color was inter-
rupted by small grayish white areas that were fouﬁd on micro-
scopic examination to be lipid or fat.

Histological examination revealed that a marked change
in the normal architecture of the thymus had occurred in
affected animals. The differentiation of the thymus into
medulla and cortex noted in normal animals (Figures 39 énd
40) was not found in mucosal disezse animals. Small foci
containing numerous thymocytes were observed in only one
affected animal (Figures 40, 41 and 42).

The consistent finding in all affected animals was a
marked diffuse disappearance of thymocytes accompanied by an
apparent increase in amount of eosinophilic material (compare
Figures 43, 44, 45 and 46). One component of the eosino-
philic material was thought to be coagulated serum protein
and was found both in the lumen of blood vessels and in the

medullary parenchyma (Figure 46). In other instances a



Figure 3%. Thymus from a normal animal. X 95. Note
differentiation of cortex and medulla.

(M.D. No. 108B4)

Figure 40. Thyrus from rmucosal disease affected animal.
X 95. Note tke focus of densely packed
thymocytes at lower center.

(¥.D. No. 119E1l)
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Figure 41. Higher magnification of the area of densely
packed thymocytes of Figure 40. X 495.

(M.D. No. 11SE)

Higher magnification of a portion of the field

in Figure 40. X 495. Compare the number of
small thymocytes with Figure 41.

(M.D. No. 119E1l)
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Figure 43.

Thyrmus from a normal auimai. X 95.

Compare
with Figure 44. Giemsa stain.-

(M.D. No. 108B4)

Thymis from micosal disease affected animal.
X ¢5. DNote that few thymocytes and much

eosinophilic material are present. Giemsa
stain.

(M.D. No. 90A5)
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Figure 45. Higher magnification of a portion of the field

in Figure 43. X 495. Giemsa stain.

(¥.D. No. 108B4)

Figure 46. Hyaline-like mass surrounded by neutrophils

in the thymus from an animal with mucosal
disease., X 495. From same animal as
Figure 44. Glemsa stain.

(¥.D. No. 90A5)
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greater portion of the increase in eosinophilic material was
apparently due to an increase in the number of EHassall's
corpuscles present in the medulla (Figure 47). Infrequently
neutrophilic leukocytes were found in great numbers in the
thymic parenchyma.

Eosinophils were found in the thymus of affected animals
more Ifrequently than neutrophils, but eosinophilic leukocytes
were also frequently observed in the normal animals.

Tonsils Gross observation of the tonsils failed to
reveal»any marked difference between the mucosal disease
affected animals and the normal animals. W

On histoloéical study, the tonsils of the mucosal disease
animals exhibited a diffuse loss of lymphocytes, with a
rather constant replacement by large mononuclear cells.
Neutrophilic and eosinophilic infiltrations of the lymphatic
tissue of the tonsll were occasionally observed but were not
generally marked. In three animals some of the germinal
centers exhibited eosinophilic staining material that was
thought to be coagulated protein (Figures 48 and 49).
Neutrophil packing of the arterioles occurred infrequently.

In most of the diseased animals, the tonsillar crypts
were filled with a2 mixture of neutrophils, eosinophils and
desquamated epithelial cells. This type of change was also
a prominent finding in the tonsils obtained from normal

animals.
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Figure 47. Thyms from mucoszal disease animal. X 920.
Note hyaline-like material, eosinophils and
absence of thymocytes. Gilemsa stain.

(I‘\quo NO. QOAS)



Figure 48. Tonsil from a2 mucosal disease affected animal.
X 95. Note eosinophilic material in germinal
center. Hematoxylin and eosin stain.

(¥%.D. No. 107A8)

Figure 49. Enlargement of the germinal center in Figure 48.

X 485. Hematoxylin and eosin stain.

(M.D. No. 107A8)
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Peyer's patches The gross lesions in the mmcosa of

the ileum over Pever's patches varied from initial necrosis
and hemorrhage to complete necrosis and sloughing of the
entire mucosa leaving a hemorrhagic crater.

In numerous cases an accumulation of excessive mucus
was present in the region of Peyer's patches. The changes
closely correspond tc those given by Ramsey (1¢56).

Histological examination of the'Peyer's patches always
revealed a marked decrease in the number of lymphocytes
presént (Pigures 50 and 51);

In many cases a coagulative necrcsis involving an entire
lymphatic nodule was observed. MNuclear debris in an eosino-
philic granular matrix was seen in cases in which coagulative
necrosis had occurred. The predominant cell remaining in
these areas was the mononuclear phagocyte, whose cytoplasm
often contained nuclear debris and sometimes hemosiderin,_w’
Occasionally neutrophils but more offen'ébéiﬁéﬁhiig;WEfé 
present in a lymphocyte depleted area.

Infrequently a focal coagulative necrosis that involved
only a2 portion of the lymphoid tissue in Peyer's patches was
noted. These focal lesions occurred only in those animals
that had been sacrificed and only in the animals which did
not show marked changes of the mucosa over the lymphoid
tissue.

Hyperemia and hemorrhage in the lymphoid tissue was



Figure 50. Peyer's patch from an animal with mucosal
disease. X 95. Note that few small lympho-
cytes are present.

(M.D. No. 121C2)

Figure 51. Higher magnification of a portion of the
field in Figure 50. X 495.

(M.D. No. 12102)
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often observed in conjunction with the feocal type of lesion.

The chan