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ABSTRACT
BOVINE MUCOSAL DISEASE IN MICHIGAN
by Gurwant Singh Bajwa

A total of 30 cases of mucosal disease, occurring on 26 farms
in southern Michigan, has been studied. The greatest incidence was
during fall and most of the cases were between 4 and 13 months of age.

The course of the disease varied from 4 to 22 days in animals
terminating in death and from 3 to 71 days in those receiving euthanasia.
The morbidity rate was 0. 4 to 60 per cent and mortality was 100 per cent.

Clinically, the disease was marked by sudden onset, initial high
fever, variable peripheral blood picture, frequent laminitis, serous to
mucopurulent nasal discharge, profuse persistent watery to mucoid or
bloody diarrhea, erosions and ulcerations of the muzzle and mouth,
marked dehydration, rapid cachexia, progressive weakness, and acute,
subacute or chronic form.

Pathological studies have shown that the disease possesses
special affinity for the squamous epithelium, columnar epithelium of
the gastrointestinal tract, and hemopoietic system (lymph tissue).
Areas of extensive erosions and ulcerations, seen as punched-outl
defects, of the skin (especially of muzzle, coror;a.ry bands, interdigital
space, scrotum, prepuce or vulvar labiae) and of the alimentary canal
were the most outstanding findings. The lesions of the squamous

epithelium emerged through hydropic degeneration of the germinal
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layer cells of the stratum spinosum and subsequent abundant ballooning
degeneration ( reticular colliquation) of all the layers. Catarrh, con-
gestion, hemorrhage, edema and abscessation of crypts of the gastro-
intestinal mucosa were also prominent. Caseation necrosis of gastro-
intestinal mucosa was responsible for erosive and ulcerative defects
which were particularly conspicuous over the necrotic and hemorrhagic
Peyer's patches and intestinal solitary lymph follicles. Necrosis of
the glandular epithelium and abscessation of the crypts have been
considered as a specific response to the lethal action of the disease,

The lymph nodes, especially those draining the digestive tract,
commonly revealed edema, congestion, hemorrhage, coagulation to
caseation necrosis of the lymph tissue, and lymphocytic depletion.
Similar changes were also noted in the Peyer's patches, intestinal
solitary lymph follicles and germinal centers (lymph tissue) of spleen.
Lymphocytic depletion and necrosis are believed to be a specific
action of the disease.

Lymphocytic foci found in the adrenals and liver, seemingly
developed to cope with the constant demand for lymphocytes in the
body.

Tissue culture and transmission studies gave negative results.
Therapy was of no value. The bacteriological and parasitological
findings were insignificant. Differential diagnosis of the disease has

been difficult but not impossible.
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CHAPTER I

INTRODUCTION

Bovine mucosal disease has constituted a serious menace to the
cattle industry in Michigan. Spontaneous cases of the disease have
occurred sporadically in many parts of the state during the past few
years. The disease has been studied for the first time in this state.

The so-called mucosal disease was initially encountered in Iowa
in 1951 and first described by Ramsey and Chivers in 1953. Earlier
reports indicate that the disease has probably existed from antiquity
but remained obscure prior to its clear recognition in 1951. Several
syndromes closely resembling mucosal disease have been described
in the past and have been called by different names in many parts of the
world. Some of the closely resembling syndromes are commonly and
collectively referred to as ""mucosal disease complex.'" The chief
members of the complex are

virus diarrhea - New York (Olafson et al., 1946),
x-disease - Saskatchewan (Childs, 1946),

enzootic enteritis - Sweden (Hedstrom and Isaksson, 1951),
mucosal disease - Iowa (Ramsey and Chivers, 1953),
muzzle disease (Hollister et al., 1956)

virus diarrhea - Indiana (Pritchard et al., 1956),

mycotic stomatitis (Udall, 1956),

parotido-stomatitis (Pande and Krishnamurty, 1958),

infectious ulcerative stomatitis (Pritchard et al., 1958).
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Among the complex, complete identity of each disease and their
relationship to each other have not been definitely established. Some
maintain that mucosal disease represents an acute and fatal form of
virus diarrhea of cattle. However, preliminary cross-protection studies
indicate that the said diseases are immunologically distinct entities
(Pritchard et al., 1956). Likewise, natural enzootics of mucosal
disease have been encountered in buffaloes immune to rinderpest (Murty,
1958). Preliminary studies of several investigators indicate that the
etiologic agent is infectious, probably a virus, but this remains to be
conclusively proven. Further immunological, serological and experi-
mental transmission studies are needed to determine whether mucosal
disease and certain epitheliotropic diseases are caused by specific viruses.

The disease has been definitely identified in Australia (Blood et al.,
1957; McCormack, 1959), Canada (Nielson et al., 1955), Great Britain
(Dow et al., 1956; Huck, 1957; Jarrett, 1958), Holland (Reinders, 1959),
India (Murty, 1958), New Zealand (Animal Research Division, 1959), and
U.S.A. (Ramsey and Chivers, 1953 and 1957; others). Occurrence of
the disease in widely separated geographical areas suggests its world-
wide prevalence.

Mucosal disease occurs primarily in cattle, but enzootics have been
observed in buffaloes in India (Murty, 1958), and a similar syndrome was
encountered in deer in North Dakota (Richards et al., 1956).

Although the disease has been recognized for a decade, its

pathogenesis and treatment are still unknown. Inadequate or difficult
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knowledge of its etiology, epizooFiology, immunology and serodiagnos-
tics constitutes the chief obstacle in controlling the disease. Several
such problems connected with mucosal disease need solution before any
concrete attempts can be instituted to combat the disease.

Close resemblance of the disease to several serious bovine
epitheliotropic diseases has posed a crucial diagnostic problem. Con-
sequently, its differential diagnosis is most difficult but not impossible.
Rinderpest is known to exhibit several clinical and pathologic features
closely resembling those of mucosal disease. Hence, in the early
stages of an outbreak of rinderpest, it is highly possible to diagnose
it as mucosal disease leading to alarming consequences.

It is readily evident from the foregoing that our knowledge of the
disease is still inadequate and that further studies are needed to complete
the picture of mucosal disease. The purpose of the present study is to
add to the understanding of the disease. The disease, occurring in

Michigan, has been studied in view to its

1. definite identity,
2. nature,
3. accurate means of diagnosis,

4, differential diagnosis from serious exotic diseases.



A ne
describec
crome as
cattle age«
Joining sta
(sometime
tion, and 1
animals re
mucosa of
the mortalj
SPring, T}
Dsatisfacy

Harsh
Dikota a4 :
Ramsey ang

Nielso
Sym})tOms in
b‘lCcaI or glo
dcute With sh
Ourge W 1o

%al a4 ty a.



CHAPTER II

REVIEW OF LITERATURE

A new syndrome of cattle appeared in Iowa in 1951 and was first
described by Ramsey and Chivers in 1953, They designated the syn-
drome as '""mucosal disease' and reported 42 cases of the disease in
cattle aged six to 14 months from various parts of Iowa and ad-
joining states. The disease was characterized by fever, diarrhea
(sometimes blood stained), profuse salivation, emaciation and dehydra-
tion, and mucopurulent nasal discharge. Necropsy of the affected
animals revealed erosions, ulcerations and even cystic changes in the
mucosa of the digestive tract. The disease lasted three to 10 days, and
the mortality was high. The incidence was chiefly in winter and early
spring. The disease had unknown cause, and response to treatment was
unsatisfactory.

Harshfield (1955) studied mucosal disease in cattle in South
Dakota and reported the findings which were like those referred to by
Ramsey and Chivers (1953).

Nielson et al. (1955) observed mucosal disease in Ontario herds.
Symptoms included anorexia, depression, shallow ulceration of the
buccal or glossal mucosa, diarrhea and dehydration. It occurred as
acute with short course and high fever or chronic with a prolonged
course up to eight weeks. Erosions and ulcerations were seen in the

oral cavity and any part of the gastrointestinal tract. Transmission
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trials were unsuccessful, and bacteriological examination of the feces
and rectal scrapings did not reveal significant organisms.

Mucosal disease, occurring in Indiana, was described by
Pritchard (1955) as marked in early stage by fever, anorexia, depression
and nasal discharge and in two to three days by mucosal erosions of the
entire oral cavity and dorsum of the tongue. During the first week
there was diarrhea which became increasingly severe with dehydration
and possible pityriasis. The course varied from four to 30 days. Mor-
bidity varied from a single case to 50 per cent of a herd, whereas mor-
tality was only slightly less than the morbidity. The disease was sporadic
and affected mainly animals eight to 14 months of age. Leukopenia
occurred early followed by hemoconcentration. Erosions appeared through-
out the digestive tract. .Edema and hemorrhage of the lymph nodes and
subepicardial hemorrhages were frequent. In one herd of 55, 11 died
over a 13 week period; nine others had temperatures over 1030F; of these
three had leucocytic counts below 5, 000, three had mouth lesions and three
were visibly ill but survived. Seven of the seven animals inoculated intra-
venously with defibrinated blood from field cases developed leukopenia
and signs of the disease, but only one test animal died in 37 days. Pritchard
(1955) also reported that the disease has become widespread since its
recognition in 1951, appearing chiefly in the midwestern corn belt during
the winter months.

Paulette (1955) described the disease in a 10-month old Hereford

steer which was admitted to the veterinary clinic of the University of
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Georgia. The steer was one of 25 animals in a herd. The disease was
characterized by fever (1040F), salivation, laminitis, diarrhea, nasal
discharge, encrustation of the muzzle and interdigital skin, small
superficial macules of the tongue, mucopurulent nasal discharge and
rapid wasting. Post-mortem examination revealed mucosal erosions of
the buccal cavity, esophagus, abomasum, and small intestine; emphy-
sema of the lungs; great enlargement of the gall bladder with viscid bile
and petechiation of the bile ducts.

Schipper and Eveleth (1955) described mucosal disease in North
Dakota and reported that the disease is widespread in the midwest and
is increasing in incidence. Schipper et al. (1955) reported that little is
known of etiology and mode of transmission of mucosal disease, and it
has been frequently misdiagnosed as coccidiosis, avitaminosis,
infectious keratitis, hemorrhagic septicemia and rabies.

Seibold (1955) reported nine cases of mucosal disease observed
at the Alabama Polytechnic Institute. Erosions and ulcerations were
seen along the mucosa of the digestive tract. Lesions of the anterior
digestive tract consisted of the necrosis of the stratified squamous
epithelial cells giving the appearance of a raised focus or eventual
ulceration. Hemorrhages and dilatation of crypts of the gastrointestinal
mucosa were frequent. The lesions were particularly severe in the
posterior ileum, especially over the Peyer's patches, and in the cecum

and colon.
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Epizootics of mucosal disease on 35 farms in Britain have been
described by Dow et al. (1956). The disease had no seasonal incidence;
ages varied from three weeks to seven years, the majority of the
animals affected were Ayrshire, and morbidity was as high as seventy
per cent. The disease was recognized in mild acute, severe acute and
chronic forms. It was characterized by fever (104-1060F). diarrhea,
laminitis, leukopenia, and by erosions and ulcerations of the digestive
tract, muzzle, interdigital space and coronary bands. Abortion
occurred in two cases. Course varied from 24 hours to six months.
Experimental transmissions were successful in 31 calves by intra-
peritoneal inoculations of spleen suspensions.

A mucosal-type disease in weanling calves in two beef herds
in Virginia was described by Hoag et al. (1956). The disease had a
short incubation period (two-eight days), a transient leukopenia, and
marked lameness. Erosions of the dorsum of the tongue, necrosis of
Peyer's patches and inflammatory hemorrhages of the digestive tract
were not seen. Focal necrosis and fatty degeneration of the liver were
prominent grossly. The disease was transmissible by contact, by
parenteral injection of spleen suspension and by inoculation of the yolk
sac of the embryonating eggs.

Olson and Hoerlein (1956) observed epizootics of mucosal disease
in two herds in central Nebraska. Fifty-three calves were affected and
43 died of the disease in a group of 180. In a second herd, 34 of 233

calves were affected with only three recoveries, but only one nonfatal case
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developed in 10 held separately. Twenty-four cases with 16 deaths
developed in a third group of 200. Four calves inoculated with materials
taken from febrile or fatal cases in the second outbreak remained
symptom-free. One of the two inoculated calves from the original herd
developed a fatal disease. Two calves fed the samefeed as this group
and sprayed with insecticide also resisted inoculation. Fifty-three
calves added to the group did not develop infection after more than four
months. Six sick animals of the third herd failed to transmit the disease
when added to 150, although one affected calf died.

The chief clinical and pathological aspects of virus diarrhea and
mucosal disease in Indiana have been discussed and compared by
Pritchard et al. (1956). They reported that cross-protection studies
indicate immunological differences between virus diarrhea - New York,
mucosal disease and virus diarrhea - Indiana.

The mucosal disease has been extensively studied in Iowa, and
Ramsey (1956) reported the findings of 116 animals from 87 herds observed
since 1951. It occurred predominantly in Hereford and Aberdeen Angus
but less commonly in Shorthorn, Holstein-Friesian and Gurnsey breeds.
The animals varied from six to 14 months of age, and course was between
five and 30 days. Morbidity ranged from two to 50 per cent in different
herds, and mortality was over 90 per cent. Clinical and gross pathologic
findings were essentially those reported in the earlier reports (Ramsey
and Chivers, 1953; Ramsey, 1954). Lesions were pPrimarily erosive,

ulcerative and cystic, confined principally to lamina epithelia and mucosa
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9
of the alimentary canal. Lymphoid tissue of the intestine, lymph nodes
and spleen commonly revealed depletion and necrosis. Hyperemia,
hemorrhages, thromboses, arteritis and periarteritis were the frequent
lesions of the circulatory system. Necrosis and fatty degeneration of the
liver and cloudy swelling of the kidneys were observed. Bacteriological
examination of the liver, spleen, kidneys and heart blood were negative
for pathogens. Experimental transmission studies yielded inconclusive
results,

Swope and Leudke (1956) encountered mucosal disease in a herd
of 20 beef cattle in Pennsylvania, six months after the introduction of
new animals. At least four animals died and 12 others were affected.
Experimental transmission was unsuccessful by contact or inoculation
of affected tissues, tissue culture material, or inoculated embryonating
eggs. In addition to the erosive and ulcerative lesions of the alimentary
canal, mucosal cysts in the maxillary sinus, wart-like proliferations in
the rumen, and intracellular inclusion bodies in the esophageal squamous
epithelium were observed.

A syndrome of white tailed deer and mule deer in North Dakota
was described by Richards et al. (1956). Necropgy of both species of
deer revealed catarrhal, ulcerative and hemorrhagic inflammation of
the mucosa of the alimentary canal. Signs and lesions of the syndrome
resembled those of the mucosal disease of cattle. The disease was
transmissible from deer to deer, and deer to antelope, producing typical

signs and lesions.
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Two cases of mucosal disease were reported in three and 18 month
old cattle in the county of Cumberland in Australia by Blood et al. (1957).
Diarrhea, fever, erosive lesions of the buccal mucosa, salivation, raw
ulcers of the muzzle, medial canthus of the eyes, and interdigital skin
were the most obvious clinical signs. Gross and histologic pathological
findings were identical with those described for mucosal disease by
Ramsey and Chivers (1953). Transmission studies of the disease in
cattle and sheep were negative.

Huck (1957) described the investigations of outbreaks of mucosal
disease in Great Britain. Enzootics of the disease were encountered in
various breeds of cattle maintained under varying conditions of manage-
ment at all times of the year., The outbreaks varied from mild transient
illness characterized by pyrexia with mucoid nasal discharge and ulcer-
ation of the mouth followed by diarrhea of short duration and having high
morbidity but low mortality, to a severe acute hemorrhagic enteritis with
ulceration of all or part of the alimentary canal occurring in animals four
to eight months of age and having a 60 per cent morbidity and very high
mortality. Cross-protection tests in experimental calves showed that
immunity was variable and sometimes weak. The experimental disease
was very mild. Distinct differences between strains were not detected.

Clinical and pathologic findings of mucosal disease in calves in
Britain have been described by Huck (1957). High fever, mucoid nasal
discharge, diarrhea (sometimes blood stained) were observed. High

mortality was common. Necropsy of the affected animals revealed
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11
lesions varying from mild enteritis to a hemorrhagic enteritis with
free blood in the lumen of the bowel. Ulceration of the mouth, some-
times extending into the larynx and esophagus, and abomasal hemor-
rhages were frequent. Lymph nodes were sometimes enlarged and
showed perinodal edema. On section, the lymph nodes often had a
cherry-red appearance. The experimental disease, produced by
inoculation of the citrated blood, plasma, and lymph node and brain
suspensions prepared from the tissues of the calves from an outbreak,
was very mild. It was characterized by an incubation period of six to
10 days with a high fever lasting for 24 hours and often accompanied by
mucous nasal discharge. A diphasic temperature rise was observed in
some cases. Diarrhea and coughing were constant in the experimental
disease. Ulceration of the oral mucosa was infrequent.

Occurrence of the disease in 20 states of the U.S. A, and in
Canada was reported by Ramsey and Chivers (1957). They reiterated
their previous findings and proposed that their transmission studies
indicate the cause of the disease to be an infectious agent.

Rooney (1957) reported the clinical, pathological and histopatho-
logical findings in 14 natural and six experimental cases of mucosal-
type disease of young cattle in Virginia described earlier by Hoag et al.
(1956). Primary lesions were located in the squamous epithelium and
mucosa of the alimentary canal, interdigital skin and rarely in the
turbinate mucosa. Lesions of the squamous epithelium resulted from

ballooning degeneration of the cells, while coagulation necrosis and
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12
crypt abscesses characterized lesions in the columnar epithelium.
Morbidity in two outbreaks was near 100 per cent and mortality about
50 per cent.

A mucosal-like disease in calves was studied by Schipper and
Eveleth (1957), and they reported that the signs and lesions of the
disease are similar to the early stage of mucosal disease in older
animals. Numerous reports by farmers indicated its wide occurrence
in North Dakota during the past calving season. Many cases of peracute
enteric and respiratory conditions in calves proved to be mucosal-like.
Experimental transmission of the syndrome by feeding milk or inocula-
tion of blood or splenic emulsions to apparently susceptible calves were
unsuccessful.

Isolation and cultivation in tissue culture of a cytopathogenic
agent recovered from tissues of cattle with mucosal disease from two
separate herds has been reported by Underdahl et al. (1957). A homo-
logous tissue culture system was used with bovine embryonic kidney
cells and newborn, antibody-free calf serum. The virus was activated
by temperatures above 50°C for 15 minutes, passed an 03 Selas filter
and had an 11lth passage titer of 10-5. The virus stimulated the forma-
tion of neutralizing antibodies in sheep. A preliminary neutralization
study indicated that antibodies are common in animals from herds having
no previous history of mucosal disease.

Jarrett (1958) reported that in Britain a syndrome affecting

cattle, which has come to be known as mucosal disease, is characterized
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13
at some stage by buccal ulceration, fever, leukopenia, diarrhea and
high morbidity. Most cases are very mild, exhibiting only a few small
buccal vesicles, ulcers or a winter scour type of syndrome, only a few
severe, frequently fatal cases are recognized. The disease has an
incubation period of seven to nine days and can be transmitted experi-
mentally by most routes using bacteria-free suspensions of spleen, blood
or feces of affected animals. Resistance to further challenge does not
occur until 40 days after infection while repeated ulcer formation can
continue for two months.

Mucosal disease in buffaloes in India has been observed by
Krishnamurty (1958), and this was characterized by high fever, mucous
nasal discharge, diarrhea, rapid wasting, erosive and ulcerative
defects of all or any part of the alimentary canal, and high mortality.
The disease was experimentally transmissible to young buffaloes
immune to rinderpest.

Ramsey et al. (1958) have reported that factors such as difficulty
of diagnosis, incomplete records and insufficient herd observations
prevent compilation of accurate data in Iowa. However, mortality of
five per cent in a herd is fairly common and in rare instances mortality
has reached 20 to 30 per cent. In the last six years the total number of
deaths definitely has averaged about 100. There are no indications that
incidence of the disease has decreased since 1951.

A disease of mucosal disease-virus diarrhea complex in young

cattle in South Australia was observed by McCormack et al. (1959), and
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the features resembled those previously described for the complex. The
buccal erosions seen in the field cases were reproduced in experimental
calves by intravenous inoculation of blood. None of the experimental
calves became sick or showed any but transient diarrhea.

Noice and Schipper (1959) isolated a virus from cattle with
mucosal disease in North Dakota, and it was grown in tissue cultures
of trypsinized bovine kidney cells in Mixture 99. Two calves were
inoculated with tissue culture virus, and neutralizing antibodies were
demonstrated in their serum between 15 and 25 days later. Serological
tests in rabbits indicated the similarity of viruses isolated from four
herds of cattle in North Dakota.

A fatal syndrome of cattle resembling mucosal disease has been
encountered in several herds in the Wairarapa district in New Zealand.
The disease was characterized by rapid wasting, diarrhea, enteritis,
nephritis and ulcers of the mouth, esophagus, and stomach. A virus was
isolated from the affected animals (Animal Research Division of New
Zealand, 1959).

Reinders (1959) described two cases of mucosal disease in three
years and eight months old cattle. Signs included fever, diarrhea, rapid
wasting, lacrimation, mucopurulent nasal discharge, encrustation of
muzzle, and erosive and ulcerative defects of the oral mucosa. Necropsy
of the eight-months-old calf revealed erosions and ulcerations of the
alimentary canal, enlargement of liver and gall bladder, swelling and

hemorrhages of the kidneys, and endocardial hemorrhages.
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Intra-herd transmission of mucosal disease has been investigated
by Schipper and Noice (1959), and they have reported that the trans-
mission of the mucosal disease agent to experimental animals is incon-
sistent when based on clinical observations, and that drinking water and
possibly feed serve as means of intra-herd spread of the disease.

Jones (1960) described mucosal disease of cattle in South Dakota
and reported that incidence of the disease has increased during 1959.
The morbidity and mortality rate has been about 20 per cent in the state.
It has been more prevalent in February and March. Cause is unknown
and it does not respond to treatments. Stresses may play a significant

role in the epizootiology of the disease.
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CHAPTER III
INCIDENCE
Materials and Methods

A total of 30 cases of mucosal disease (MD) was collected from
26 farms in Michigan during July, 1956 to December, 1958. The
majority of cases were referred by the practicing veterinarians and
a few were admitted to the veterinary clinic of the College of Veterinary
Medicine. Records were kept on: geographical distribution, seasonal
incidence, age, breed, sex, husbandry practices, morbidity, mortality

and susceptibility of new additions or purchased animals.
Results

Geographical Distribution

The cases came from 16 counties in the southern part of the
state. The disease appeared sporadically and enzootics were seldom
seen on the adjoining farms. The distribution of the cases did not

indicate any regions of particular concentration.

Season
The greatest incidence of the disease was in September, October
and November but enzootics were noted in all months of the year (Dia-

gram 1). Cases showed a marked decline during spring and summer.
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Summer Fall Winter Spring

Months 6-8 9-11 12-2 3-5

Seasonal Distribution of Mucosal Disease Cases
During July, 1956 to December, 1958
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Age, Breed and Sex
The disease appeared primarily in young animals and those
between four and 13 months of age were most susceptible (Table I). The

distribution of cases by age was as follows:

Age Number of Cases
11/4to6months ...vviirrernnnneennnas 7
7tolZmonths ...ttt 15
13-18 months ......... et 2
19 monthsandover .......ccvviiiinnennn, 4

Total 30

The youngest animal affected was 1 1/4 month old whereas one
case of disease occurred in an animal 24 months of age. Frequently
the disease appeared in only younger animals even though they were
housed or pastured along with the older animals which remained
unaffected.

No particular breed susceptibility was noted but the greatest
number of cases was seen in Holstein cattle (Table I). The distribution

of cases by breed was as follows:

Breed Number of Cases
Angus ............ 6
Brown Swiss . .......0... 2
Grade ¢ vvviienenneenneeneeennennneens 2
Guernsey ........... ettt 2
Holstein ... ..o ivivininnnnnnnns 12
Hereford ........cciieiirinnrennennnns 6
Jersey ...ttt 1

Total 30
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TABLE I. History of mucosal disease cases

e —— ——————— —

Case Date of Age Illness Nature
number necropsy Breed Sex (months) (days) of
death
A 60 7-20-56 J F 12 21 E
A ll6 8-7-56 H M 24 21 E
A 234 9-10-56 GR F 8 10 N
A 262 9-13-56 H F 20 71 E
A 263 9-13-56 H F 20 63 E
A 286 9-16-56 HE F 9 14 E
A 390 9-31-56 G F 9 23 E
A 421 10-12-56 H F 13 7 E
A 430 10-18-56 H F 20 16 E
A 580 11-14-56 H F 12 ? E
A 581 11-14-56 H F 12 ? E
A 948 1-28-57 GR M 8 7 N
A 1532 4-24-57 G F 12 22 N
A 1587 4-29-57 A F 10 5 N
A 1634 5-4-57 A F 11 3 E
B 221 7-16-57 H F 12 ? E
B 496 8-2-57 A F 12 7 N
B 1305 10-11-57 H F 3.5 21 E
B 1419 10-19-57 H F 8 7 N
B 1457 10-24-57 A F 4 11 N
B 1459 10-24-57 HE M ? 21 N
B 1615 11-7-57 H F 1. 25 7 N
B 1912 11-29-57 BS F 6 5 N
B 3098 1-20-58 A F 4 9 N
B 3173 1-24-58 A M 4 6 E
B 3697 2-14-58 HE F 12 6 E
B 3698 2-14-58 HE F 12 6 E
B 5133 4-12-58 HE M 7 30 E
C 1219 9-12-58 BS F 13 4 N
C 2227 11-11-58 HE M 5 3 N
C 2286 11-15-58 H F 4 30 E

A = Angus; BS = Brown Swiss; E = Euthanasia; F = Female; G = Guernsey;
GR = Grade; H = Holstein; HE = Hereford; J = Jersey; M = Male; N =
Natural.
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No particular sex susceptibility was apparent and the disease

occurred equally severely in males and females.

Morbidity and Mortality

Usually only one or two animals were affected in a herd; rarely,
several animals developed the disease simultaneously. Among the
different herds, the morbidity rate varied from 0. 4 to 60 per cent
(Table II). In 12 of the 30 cases, the disease had completed its natural
course and terminated in death. The remainder of the cases had gone
down moribundly and were administered euthanasia. Had these cases
been allowed to complete a natural course of the disease, they would
have eventually succumbed in time. None of the cases with full-blown
disease recovered and the mortality rate of the affected animals was
100 per cent. Recurrence of the disease during succeeding years was

reported in only one herd.

Course

The course ranged from 4 to 22 days in animals which had ter-
minated in death following completion of the natural disease. In the
cases receiving euthanasia, the course varied from 3 to 71 days.
Among the different herds, the disease lasted from 4 to 7 months,

averaging about 7 weeks (Table II).
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TABLE II. Herd history of mucosal disease cases

21

Course

Case Animals Deaths of the Source
number Breed per per disease of

herd herd herd

per herd
(weeks)

A 60 Jersey 6 4 3 PU
A llé6 Holstein 85 6 24 HR
A 234 Grade 7 3 20 HR
A 262 Holstein 15 2 8 HR
A 263 Holstein " " " "
A 286 Hereford 250 1 3 Oklahoma
A 390 Guernsey 63 5 8 HR
A 421 Holstein 20 2 8 HR
A 430 Holstein 25 1 2 HR
A 580 Holstein ? 2 4 HR
A 581 Holstein " " " "
A 948 Grade 15 1 1 PU
A 1532 Guernsey ? 1 3 HR
A 1587 Angus 74 3 1 PU
A 1634 Angus " " " "
B 221 Holstein ? 1 ? HR
B 496 Angus 160 8 ? North Dakota
B 1305 Holstein ? 5 3 HR
B 1419 Holstein 4 1 1 HR
B 1457 Angus ? ? 2 HR
B 1459 Hereford ? 1 3 HR
B 1615 Holstein 83 6 4 HR
B 1912 Brown Swiss 300 ? 28 HR
B 3098 Angus ? 3 2 HR
B 3173 Angus " " " "
B 3697 Hereford 20 2 1 HR
B 3698 Hereford " " " HR
B 5133 Hereford 11 1 4 HR
C 1219 Brown Swiss ? ? 12 HR
C 2227 Hereford ? ? 1 Saskatchewan
C 2286 Holstein 15 4 1. HR

HR = Home-raised

PU = Purchased but source unknown
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Susceptibility of Purchased and Home-Raised Animals

The affected animals originated from 20 home-raised and six
purchased herds (Table II). Of the six purchased herds, three herds
were brought in from Oklahoma, North Dakota and Saskatchewan,
respectively. The disease in the purchased herds appeared as early
as three weeks and as late as 11 months following the arrival of
different herds. The purchased herds were in no case added to the

home-raised stock and had no contact with animals from other herds.

Husbandry Practices

The disease appeared in animals on various types of feed
rations and the incidence was equally common in animals on pasture
and in those housed indoors. Occasionally, the disease appeared and
progressed undiscovered for days in animals on pasture. A cow
developed the disease shortly after calving. In all cases, there was
no history of contact with cattle from other infected or noninfected
herds. In general, enzootics were encountered in cattle under vary-

ing conditions of management.
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CHAPTER IV
SYMPTOMATOLOGY

Signs and symptoms were observed in 28 of a total of 30 Michigan
field cases of mucosal disease. The observation periods varied from
one day to five weeks in different animals.

The disease onset was sudden without showing any preliminary signs
of impending acuteness and was commonly marked by high fever varying
from 104o to 1070F, dullness, occasional erythema of muzzle, slight
serous nasal discharge and depressed appetite. In the majority of
cases, body temperature receded to normal level in two to four days.

A diphasic rise in temperature occurred in a few animals, but it rarely
reached the initial peak. Subnormal temperature was noted in animals
with severe diarrhea especially during the cold months or just before
death.

Nasal discharge prominently occurred and changed from serous
in the beginning to mucopurulent in the terminal stages, when it usually
dangled from the muzzle and nostrils as tnacious and often blood-tinged
stringy exudate (Fig. 1 B and C and Fig. 2). Encrustation of the muzzle
usually followed nasal exudation and gradually developed into irregular
shallow erosions and ulcerations. Nasal exudation was absent in four
animals, but three of these revealed conspicuous reddening or erythema
of the muzzie. The external nares often had discrete and shallow
erosions adjacent to the nostrils and these were always contiguous

with the muzzle lesions.
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In the early phase of the disease serous ocular discharge occurred
from the medial canthi in one-third of the cases. It coursed its way
downwards along the lateral surface of the face resulting in swaths of
matted hair. In some cases, the ocular discharge persisted during the
terminal phase of the disease and became vicid in nature. The eyelids
and medial canthi in these cases also revealed caked exudative deposi-
tion (Fig. 3). Bilateral and unilateral corneal opacity resembling

"pink-eye'" was noted in two animals respectively. Moraxella bovis

was isolated from the former while bacteriological studies were not
made on the latter case.

Soon after the decline in temperature to normal or just before
the diphasic rise, the buccal mucosa revealed hyperemia especially
of the gums and dental pad, and grayish minute foci 1 to 4 mm in
size which later developed into irregular, yellow to brown and shallow
erosions and ulcers. Occasionally, an odoriferous pseudomembrane
was seen covering the oral cavity. Profuse salivation was apparent
in five cases.

Among the sick animals, diarrhea, dehydration, anorexia and
cachexia were the prominent clinical manifestations. Persistent
diarrhea occurred conspicuously, and the stool usually varied from
watery in the beginning to mucoid and bloody to blood-tinged in the

terminal stages. The nature of stools in different cases was as follows:
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Nature of Diarrhea Number of Cases
Bloody and blood-tinged ............. 7
Mucoid ....iii ittt ieeeonnsosoonceses 5
Watery ......covvvnnn 18

Total 30

The fecal material was often fetid and sometimes melenic but rarely
contained admixed gaseous bubbles. Evacuations were forceful in the
early stages of the sickness; later, they became more frequent and
progressively exiguous. Intense tenesmus invariably accompanied
evacuations, and in terminal stages only scant mucus or blood was
voided. The animals commonly stood with hunched back and raised tail
(Fig. 1 A). Fecal accretion of the hindquarters and tail was common,

Panting and accelerated heart beat were noted in animals during
high fever, In the terminal stages, respirations became shallow and
barely noticeable, whereas weak and rapid pulse was a constant finding.
Respiration rate of up to 56 per minute and heart beat up to 120 per
minute were recorded. Pronounced dyspnea occurred in three animals
with pneumonia. Dry cough was noted in some animals.

Decreased appetite was noted in the early phase, and anorexia
was prominent in the terminal or advanced clinical phase of the disease.
The majority of animals went off feed completely while others ate when
given soft or liquid food. Complete cessation of ruminal contractions

and rumination occurred in allcases. Grindingofteeth was evident in
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two animals.

Acute laminitis was observed in eight animals causing stiffness
of gait and painful movement. Cleft and coronary bands of feet revealed
epidermal congestion, hyperthermia and erosions.

Excoriation, encrustation and dryness of the skin were particu-
larly prominent in the prolonged cases. Severely affected animals
usually had a fetid breath and repulsive body odor.

Severe dehydration and pronounced wasting were a constant and
prominent finding. Sunken eyes and flanks with a tucked-up appearance
of the abdomen was common due to severe emaciation. Ribs and
certain visible skeletal protuberances of markedly emaciated animals
became progressively prominent. Dullness and depression were
common. The sick animals usually exhibited marked weakness before
going down moribundly. One animal remained comatose for a week

before death.



Fig. 1 A. A typical case of mucosal disease with wasting and fecal
accretion of the hindquarters and tail. B. Close up of head showing
typical muzzle erosions, ocular discharge and exudative caking of the
eyelids. C. Close up of muzzle showing erosions and mucous nasal
discharge.

27
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CHAPTER V
CLINICAL PATHOLOGY

Material and Methods
Hematological studies were conducted on 15 Michigan field cases
of mucosal disease. In most of the cases, animals on arrival were
moribund, hence only one blood sample could be obtained for analysis.
The course or stage of the disease had varied at the time of collection of
blood samples and, generally, the animals were either in the terminal
stage or advanced clinical phase of mucosal disease. Urine was collected

for analysis from two animals.

Results

Peripheral circulating blood picture was considerably variable
among the animals (Table III). Various components of blood did not
show any definite pattern of significant diagnostic value. Pronounced
leucocytosis was noted in two-thirds of the cases. The leucocyte
counts ranged from 4, 000 to 42, 000 per mm3 of blood, averaging
12,700. Only three cases had counts less than 5, 000. Neutrophilia
occurred prominently in some cases with pronounced leucocytosis.
In four cases, marked lymphocytosis was observed along with severe
neutropenia. Hyperhemoglobinemia and erythrocytosis accompanied
acute dehydration in the terminal stages. The hemoglobin concen-

tration varied from 7.0 to 15. 0 gm per cent and averaged 11.5 gm.
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TABLE III. Body temperature and peripheral circulating blood picture of
mucosal disease animals
Differential leucocyte
o g - count (%)
o} L ' a
o [oTIRgP) ° e o
M n % o 5 o G Y 0
2 8t 3 £5 93 5§34 vl 8w o
£ £ o S o= & g&F 83 O 8 =
g 0 o 50 8 £ o+ oo & 8 R '_8 >~ g"
S0 S E— o> 00 0O g Q 2
0 P > M o™ Q™ ah EH g 4
7] t o 80 £ >~ E 3 E [=IR=] o0 o E o 0
o ® o v e Q Sv oo Q
O A mZ 45 HE JAF Zg vwg A =2 M
A 60 7-20-56 106.0 11. 7 . 4. 30 .. .. .. .
Allé6 8-7-56 100. 6 11.4 6.83 16.90 56 9 34 1 .
A 262 9-13-56 100.0 7.0 5.25 4. 00 15 7 69 9
A 262 9-26-56 100.1 7.9 4.48 4,20 26 2 69 4 .
A 263 9-13-56 100.2 8.1 5.90 4. 80 15 7 74 . 4
A 263 9-26-56 100.1 7.4 4.94 4, 35 14 6 78 2 .
A 390 10-16-56 102.6 17.0 7.93 5.15 7 13 77 1 2
A 421 10-12-56 101.5 12.5 7.84 8. 30 10 23 57 3 7
A 430 10-16-56 103.0 10.3 5.86 18.90 15 37 45 2 1
A 580 10-30-56 103.2 9.9 6.05 11,25 9 20 64 4 .
A 580 11-1-56 103.2 14,0 8.18 7.85 8 4 83 5
A 581 10-30-56 103.0 9.9 17.39 9.00 .. .. -
A 581 11-1-56 103.0 10.0 8. 34 5.25 20 17 59 4
A 1532 4-24-57 100.0 12.5 8.24 7.70 12 3 83 1
B 221 7-16-57 99. 6 12.2 9.94 42.70 .. - .. .
B 1457 10-24-57 97.4 14. 4 11.47 17.90 10 40 32 9
B 3698 2-14-58 99. 8 . 5. 80 44 4 50 2 .
C 1219 9-11-58 100.8 15. 8 .. 23.00 17 55 24 3 1
C 2286 10-15-58 104.0 15.0 11,35 8. 55
C 2286 10-22-58 102.8 12,2 12.20 10.40
C 2286 11-12-58 98.8 10.7 7.80 2.40

*Grams per 100 milliliters of blood.

Likewise, the erythrocyte counts ranged from 4. 48 to 11.7 millions per

3
mm , averaging 7. 62 millions.

Blood urea studies in two animals did not

show significant deviation from the normal range.

Urine from two animals was negative for sugar and albumin. Liver

kidney and intestines from two animals were negative for heavy metals.
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CHAPTER VI

THERAPY

A total of 13 Michigan field cases of mucosal disease were given

treatments by the practicing veterinarians or by the ambulatory clinic

staff of the College of Veterinary Medicine.

Various medications were

administered but none of the cases responded to the therapy (Table IV).

Table IV. Treatment observations

30

Case

number Medication Results

A 262 Penicillin and sulfonamides Negative

A 263 Penicillin and sulfonamides Negative

A 286 Penicillin-streptomycin Negative

A 430 Antibiotics, arsenicals and blood Slight temporary
transfusions improvement

A 948 Antibiotics Negative

A 1587 Tetracycline Negative

B 221 Blood transfusions and P. M. T, Slight temporary
intravenously improvement

B 1305 Antibiotics Negative

B 1419 Sulfonamides, Longicil andtartar emetic Negative

B 1615 Vitamin E Negative

B 3098 Terramycin Negative

B 3173 Terramycin Negative

C 2227 Combiotic, Biosul, kaolin and Negative

sulfonamides




Patholc
czses of muc
were killed b
of the 30 case
minated in de

Animal
was complete
tlthanasia .
and kidneys) ‘
m0rtem deco
Mocesseq in
Bamineq for

Dul‘ing
from a1m°st |
The tissye sl
‘ent formalin
.\i«‘.nuaL 195

{
:emperature

b

:‘ﬂ'a.tiOn of hl



31

CHAPTER VII

PATHOLOGIC ANATOMY

Material and Methods

Pathological studies were made on a total of 30 Michigan field
cases of mucosal disease. Of 30 cases, 19 were received alive and
were killed by electrocution, using 120-volt alternating current. In 11
of the 30 cases, the disease had completed its natural course and ter-
minated in death.

Animals dead on arrival were immediately examined. Necropsy
was completed within a minimum lapse of time following arrival or
euthanasia. Tissues from the parenchymatous organs (adrenals, liver
and kidneys) were collected and fixed as soon as possible to avoid post-
mortem decomposition while tissues from other organs were similarly
processed in due course of necropsy. Each system and each organ were
examined for alterations in color, size, shape, or consistency.

During the course of each necropsy at least one piece of tissue
from almost every organ was taken for histopathologic examination.
The tissue slices, approximately 0.5 cm thick, were fixed in 10 per
cent formalin with sodium acetate (Armed Forces Institute of Pathology
Manual, 1957). The tissue slices were stored in the fixative at room
temperature for three to six days before trimming for subsequent pre-

paration of histopathologic sections.
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The trimmed tissue pieces were next dehydrated in 80 per cent, 90
per cent, 100 per cent ethyl alcohol, consecutively. The tissues were
then passed through xylene to remove all traces of alcohol and to clear
them. Subsequent infiltration with paraffin was achieved by placing the
tissues in melted paraffin and this was followed by embedding in new paraffin.
The tissues were then sectioned at a thickness of six microns and mounted
on albuminized slides. Sections were stained routinely with the hematoxylin
and eosin method described by Malewitz and Smith (1955). Special stains
employed were Lendrum's, periodic acid-Schiff, Shorr's and phloxine-
methylene blue. The procedures for these stains were those described in
the Armed Forces Institute of Pathology Manual (1957). The phloxine-
methylene blue stain was modified in that the sections were stained in
phloxine for three hours at 56°C or overnight at room temperature. The
decolorization of the sections was accomplished by employing one per cent
acid (HC1) in 95 per cent alcohol for ten seconds.

Frozen sections were cut from formalin-fixed tissues at 15 microns

thickness and stained with Sudan IV and hematoxylin.

Results

Among the subjects, the course of the disease had varied; hence
these cases represented different stages of mucosal disease at the time
of euthanasia or death. Marked dehydration and emaciation were common.
Wasting was characterized by marked atrophy of skeletal musculature

along with severe depletion and gelatinoid alteration of the subcutaneous
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and depot fat tissue., The lesions, regardless of the course of the disease,

were essentially alike and the differences were merely quantitative.

1. Skin

Gross. The appearance of the skin had varied from glossy to dull
and roughened. The latter alteration and dehydration were produced
in animals with prolonged course of sickness. Occasionally, tufting of
the hair was found. Fecal accretion with mucoid, fetid and occasionally
blood-flecked feces was always present over the skin of the hindquarters
and tail (Fig. 1 A). Often these animals emitted a fetid odor which
attracted flies.

In many animals, the skin was less pliable due to dehydration but
its thickness was unchanged. Looseness of the skin was quite apparent
in animals with marked wasting. Alopecia was uncommon but hair pulled
off easily in prolonged cases.

Lesions of the skin were common, ranging from encrustations to
large and irregular erosions and ulcers. The encrustations appeared
as discrete, irregular, grayish, dull elevations one to 15 mm in diameter
and these were particularly prominent along the inner surface of the legs,
udder or scrotum, inguinal and perineal regions, and the postero-ventral
abdomen. The crusts gradually desquamated leaving-irregular, shallow,

and discrete epidermal excoriations two to 20 mm in diameter,.



Fig. 2. Muzzle showing mucopurulent nasal discharge, encrustation
and erosion.

- MR

Fig. 3. Mucopurulent ocular discharge and exudative caking of the
eyelids.

34
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Desquamated crusts were often seen as gray flecks entangled in the hair
at the base of the horns and inside of the external ears.

Erosive and ulcerative lesions of prepuce or vulvar labiae occurred
in a few animals. These were discrete in the beginning, but tended to be
confluent and conspicuous in the later stages. Occasionally, these areas
were covered with a yellowish pseudomembrane which peeled off easily,
exposing large, raw, irregular, shallow ulcers. The pseudomembrane
was usually fetid due to putrefactive decomposition.

The lesions of the foot consisted in discrete and irregular erosions
of the coronary bands and irregular, raw and bleeding ulcers of the inter-
digital space. The interdigital space usually revealed a dark pseudomem-
brane and was always fetid due to putrefactive changes.

The muzzle was most commonly involved, showing lesions ranging
from pronounced erythema to diffuse encrustation and ulceration. In the
early stages, it was either erythematous in a few cases or had a patchy
appearance due to encrustation in most of the cases (Fig. 2). In some
animals the muzzle was diffusely covered with a pseudomembrane which
stripped off easily, exposing a raw surface studded with drops of exuding
serum. The lesions gradually developed into ulcers of irregular outline,
soft granular base, shallow floor, ragged edges and with serous to sero-
hemorrhagic exudation. These were usually contiguous with those of the
nostrils and upper lip. A tenacious, mucoid to mucopurulent ﬁasal dis-

charge commonly occurred (Fig. 1 A and B).
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Microscopic. The lesions were principally confined to the

epidermis (squamous epithelium) and were basically identical through-
out the skin. These were essentially degenerative in nature; viz.,
hydropic degeneration, reticular colliquation (ballooning degeneration),
acantholysis and necrosis of the squamous epithelial cells.

In detail, an earliest recognizable change was seen as hydropic
degeneration of individual or small groups of cells in the deep layer of
stratum spinosum and occasionally, in the basal layer (Fig. 4 A). The
affected cells acquired a signet-shape due to intracytoplasmic vacuo-
lation and peripheral displacement of the nucleus. The nuclei had
shrunken and become misshapen. Gradual swelling of the cells due to
hydropic degeneration caused obliteration of the intercellular bridges.
Russell's bodies were sometimes present in less severely affected
cells (Fig. 4 A).

Occasional necrotic cells, recognized by their homogeneous,
deeply eosinophilic cytoplasm, and pyknosis or karyorrhexis, were
often scattered throughout the epithelium (Fig. 4 A and B). Mild
spongiosis was not uncommon, producing mechanical separation of
the prickle cells and intercellular vacuolation in the deeper layers
adjacent to the dermal papillae (Fig. 4 A).

In advanced lesions, the affected cells revealed marked deter-
ioration due to ballooning degeneration. This was noted as diffuse and
abundant reticular colliquation especially in the stratum granulosum

and stratum lucidum. Often the stratum corneum had completely



Fig. 4 A.

Early epidermal lesions of the skin from medial surface

of thigh showing hydropic degeneration of the cells of the
deeper layer of stratum spinosum (1) and basal layer (2),
spongiosis of the basal layer and stratum spinosum (3),
necrosis of the epithelium (4) and intracytoplasmic Russell's
bodies (5). H and E stain; x 360

Lesions similar to "A'" widely scattered in the epidermis.
H and E stain; x 120,

Diffuse ballooning degeneration and vesiculation (1) of epi-
dermis of skin from the udder. H and E stain; x 180,

Partially detached necrotic membrane (1), reticular col-
liquation (2) and hemorrhagic exudation (3) of epidermis of
the vulvar labium. H and E stain; x 180.
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Fig. 5 A.

Microscopic vesicles (arrow) in the deeper layer of stratum
spinosum and basal layer resting over the dermal papillae
of the muzzle., H and E stain; x 100.

Large microscopic vesicle (arrows) beneath a partially
detached necrotic membrane covering the epidermis and
congestion of dermal papillae of the muzzle. H and E stain;
x 100,

Typical erosion of the muzzle, H and E stain; x 72.
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disappeared and desquamation was apparent in some. Focal areas of
reticular colliquation accompanied by desiccation, were responsible for
crust seen grossly along the skin. In detail, the affected cells appeared
greatly swollen through intracellular edema. Their cytoplasm stained
poorly and the nucleus displayed pyknosis and increased basophilia.
Ballooning of the cells resulted in complete obliteration of the intercel-
lular bridges, while the resisting cell wall became conspicuous and
homogeneously eosinophilic. Finally, these cells enlarged to such an
extent as to rupture, thus causing them to merge; only the resisting and
deeply eosinophilic cell walls and fragments of the nuclear chromatin
remaining more or less as a network, thus forming intracellular or
multilocular vesicles or pustules (Fig. 4 C and Fig. 5 A). The roof of
the vesicle or pustule was usually formed by the stratum lucidum and
stratum corneum (Fig. 5 B) and the floor was formed by the degenerated
cells of the deepest portion of the rete. The vesicles or pustules con-
tained variable admixture of serum, degenerated epithelial cells, fibrin
and heterophils. Wandering leucocytes occasionally accompanied vesicu-
lation elsewhere in the epidermis. Similar minute vesicles were also
seen in the basal layer resting over the dermal papillae.

Necrosis and sloughing of the roof of the vesicle or pustule caused
spilling of the contents leaving an erosion or ulcer. Acantholysis of the
degenerated layers also resulted in erosion or ulceration of the epidermis
(Fig. 5 C). The base of the ulcer was formed by denuded corium covered

with fibrin or necrotic tissue. The walls of the erosions and ulcers were



Fig. 6. A Typical erosive and ulcerative lesions (arrows) of the
buccal mucosa adjacent to the incisor teeth and of the lower lip.
B. Erosions and ulcerations (arrows) of the buccal mucosa, the
upper lip, dental pad and hard palate.
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Fig. 7 A. Large ulceration of the tip and dorsum of the tongue.
B. Typical erosions and ulcerations resulting in transverse
fissures of the dorsal surface of the tongue.
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always frayed and formed by acantholytic and ballooned cells. Reticular
colliquation usually extended quite a distance from the wall of the ulcer
or erosion and in most instances was present diffusely.

The changes in the corium were usually minimal. Variable edema
was consistently present. The lymphatics adjacent to the epidermal
lesions were usually dilated, while the accompanying edema caused
pulling apart of the cellular elements (Fig. 4 A).

Caseation necrosis and acute inflammatory reactions also occurred,
due to bacterial secondary invasion. Occasionally, congestion of the
dermal papillae was the only finding at the base of the deep erosion or
ulcer (Fig. 5 B). However, infected ulcers often had congested, hemor-
rhagic and inflamed bases. The blood vessels adjacent to these uﬁ:ers
frequently showed hyaline plugs or thrombi. In case of inflammatory
reaction, heterophils made up the major portion of the leucocytic infiltrate,
along with sparsely interspersed eosinophils, plasma cells, lymphocytes
and occasional macrophages. Proliferation of the fibroblasts and endo-
thelial cells sometimes occurred beneath a highly irritated ulcer.

The adnexal glands were involved only secondarily by the extension
of necrotic and inflammatory processes from the deep ulcers. The
squamous epithelial portion of the hair follicles and glandular excretory

ducts revealed changes similar to those of the epidermis (Fig. 10 A and B).
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2, Eyes

Gross. The eyes of most animals appeared dull and lusterless.
Animals with advanced wasting revealed strikingly sunken eyes.
Exudation, consisting of slight lacrimation to exudative caking, was
frequently found along the eyelids and medial canthi (Fig. 1 B and C
and Fig. 3). Erosive and ulcerative changes were not observed. Bi-
lateral and unilateral corneal opacities were present in two animals,

respectively. Moraxella bovis was isolated from the former but

bacteriological studies were not carried out on the latter case. Corneal
opacity was considered as incidental rather than characteristic of the
disease.

Microscopic. Microscopic examination did not show any dis-

cernible changes except in those with the so-called '"pink-eye. "

3. Alimentary Canal

a.. Oral Cavity

Gross. The lesions of the oral cavity were consistently present
but varied considerably in location, nature and extent. No portion of
the oral lining was immune, although the tongue, gums and dental pad
were most commonly involved (Fig. 6 A and B, Fig. 7 A and B, and
Fig. 9). Occasionally, the entire oral mucosa was erosive or covered
with yellowish-gray necrotic pseudomembrane (Fig. 8). The erosions
were irregular, shallow, 10 to 35 mm in diameter and discrete, but

they sometimes assumed large proportions due to coalescence.
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Fig. 8. Hemorrhage, necrotic pseudomembrane, erosion and ulceration
of the dental pad and gums along the incisor teeth.

Fig. 9. Diffuse superficial necrosis, erosion and ulceration of the
mucosa of upper lip, dental pad, cheeks and hard palate.



Fig. 10 A.

Characteristic hydropic degeneration (1) and necrosis (2) of
the squamous epithelium of a hair follicle of the muzzle. H
and E stain; x 120.

Acantholysis (1), and necrosis (2) of the squamous epithelium
accompanied by intraluminal collection of acantholytic cells
(3) and cell debris (4) of an adnexal secretory duct of the
muzzle, H and E stain; x 132,

Edge of a typical epidermal erosion (1), degeneration of the
stratum spinosum (2) and diffuse reticular colliquation of the
stratum granulosum and lucidum (3) of the tongue. H and E
stain; x 120,

Diffuse reticular colliquation of the stratum lucidum (1) of
the tongue. H and E stain; x 260,







Fig. 11 A,

Diffuse reticular colliquation of stratum granulosum and
stratum lucidum of the tongue. H and E stain: x 72.

Spongiform vesicles (1) and diffuse reticular colliquation
(2) of the upper layers of stratum spinosum and of stratum
lucidum, and severe congestion of the lamina propria (3)
of the tongue. H and E stain; x 120.

Large microscopic intralaminal vesiculation of squamous
epithelium of the tongue. H and E stain; x 72.

Ulcer of the ventral surface of the tongue. H and E stain;
x 60.






They imparted a brownish discoloration to the oral mucosa (Fig.

5A). Ulcerations of the oral mucosa were seen especially along the
tongue, gums and dental pad; the ulcers were 0.5 to 5 cm in diameter
and were characterized by irregular outline, punched-out appearance,
soft granular base, shallow hyperemic floor, ragged edges and clear
serous exudate (Fig. 6, Fig. 7, Fig. 8, and Fig. 9). They varied in
color from yellowish-gray to reddish-brown. The epithelium between
the ulcers usually appeared dull. The erosions and ulcerations of the
tongue were located especially along the anterior two-thirds of the
dorsal and lateral surfaces, and at the tip along the ventral surface.
The ulcers were usually disposed at random but in a few cases they
extended from side to side along the dorsal surface of the tongue pro-
ducing transverse fissures (Fig. 7 B). Petechial to diffuse mucosal
hemorrhages of the gums, cheeks, dental pad and ventral surface of
the tip of the tongue were occasionally present.

Microscopic. The lesions were primarily confined to the squa-

mous epithelium and were identical in nature to those described for

skin (Fig. 10 C and D, Fig. 11, A, B, C and D and Fig. 12 A and B).

b. Salivary Glands

The glands did not show any clearly significant lesions.
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Fig. 12 A, Acantholysis (1) leading to a deep erosion and diffuse reticu-
lar colliquation of stratum lucidum, stratum granulosum and
upper layers of stratum spinosum (2) of the pharynx. H and
E stain; x 100.

B. Early erosion and diffuse reticular colliquation of the pharynx.
H and E stain; x 120.

C. Necrotic pseudomembrane covering a small ulcer of the
pharynx, H and E stain; x 72.
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Fig. 13 A,

B.

C.

Intralaminal cavitations and diffuse reticular colliquation of
the stratum granulosum and stratum lucidum of the pharynx.
H and E stain; x 72,

Necrosis and hydropic degeneration of the squamous epithe-
lium (arrows) of the pharyngeal crypt. H and E stain; x 60.

Large deep erosion, intralaminal cavitation (1) and diffuse
reticular colliquation of the squamous epithelium of the pharynx,
H and E stain; x 20.
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c. Pharynx

Gross. The lesions of the pharyngeal mucosa were not common.
Discrete necrotic areas, present in some cases, appeared as minute
white elevations which could be easily scraped off exposing shallow
depressions. In a few instances, the entire mucosa was covered with
a thin, dull and necrotic membrane. Rarely, shallow, narrow and
linear erosions occurred longitudinally along the pharynx and these
often extended a short distance into the esophagus. Sometimes a gran-
ular mucosal appearance was the only appreciable finding. Small,
narrow and linear ulcers were also present occasionally.

Microscopic. The alterations were prominently limited to the

squamous epithelium of the pharyngeal mucosa and crypts. These

resembled closely those of the skin (Fig. 12 C and Fig. 13 A, B and C).

d. Esophagus

Gross. Esophageal lesions were found with few exceptions. They
varied considerably in distribution and extent but tended to be more
severe and pronounced along the posterior two-thirds of the esophagus.
Occasionally, minute, necrotic lesions appeared as barely macroscopic
linear elevations which escaped notice on casual examination. In some
instances, the mucosa was covered throughout with an easily removable,
dull, necrotic pseudomembrane. Longitudinally linear erosions and

ulcerations with white necrotic edges commonly occurred (Fig. 14 A and B).



Fig. 14 A. Necrosis, erosions and ulcerations of the mucosa

of the anterior portion of the esophagus.
the posterior portion of the esophagus.

B.

Similar lesions of
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Fig. 15 A,

Epithelial necrosis (arrow) and diffuse reticular colliquation
of the stratum granulosum and stratum lucidum of squamous
epithelium of the esophagus. H and E stain; x 100,

Diffuse reticular colliquation of the upper strata of squamous
epithelium of the esophagus. H and E stain; x 100.

Ulcer and reticular colliquation of squamous epithelium of the
esophagus. H and E stain; x 20.

Ulcer of the esophagus. H and E stain; x 72.






Fig. 16 A.

Diffuse superficial necrosis and reticular colliquation of
the squamous epithelium of the esophagus. H and E stain;
x 100.

Small deep ulcer and diffuse reticular colliquation of squa-
mous epithelium of the esophagus. H and E stain; x 20.

Ulcer and marked reticular colliquation of the squamous
epithelium of the esophagus. H and E stain; x 60.






Fig. 17. Characteristic erosions and ulcerations (arrows,
appearing as areas of depigmentation) of the mucosa of the
ruminal pillars and adjacent areas.
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Fig. 18 A. Diffuse ballooning degeneration of squamous epithelium
of the rumen. H and E stain; x 20.

B. Diffuseballooning degeneration of a papilla of the rumen,
H and E stain; x 20.

C. Small ulcer of the rumen. H and E stain; x 60.
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These were always irregular and, in severe cases, had coalesced
especially in the thoracic portion of the esophagus producing large,
denuded, hyperemic or brownish areas. Diffuse and extensive sloughing
of the necrotic epithelium had frequently resulted in a denuded, reddish
to brown appearance of the esophageal mucosa throughout. Petechialto
diffuse mucosal hemorrhages also occurred but less commonly.
Microscopic. The changes were principally confined to the squa-
mous epithelium and bore a closg resemblance to those of the epidermis

(Fig. 15 A, B, C and D and Fig. 16 A, B and C).

e. Forestomachs

Gross. The ruminal mucosa consistently revealed macroscopic
lesions which were quite variable in distribution, nature and extent.
Extensive superficial necrosis was a common finding and appeared as
dull yellowish-gray, loosely attached epithelium which scraped off
easily, exposing reddish lamina p.ropria. Erosions, ulcerations and
focal necrosis were found and commonly, were conspicuous as areas
of depigmentation especially along the ruminal pillars and their vicin-
ity (Fig. 17). Food material was often found adhering to the necrotic
epithelium. Petechial to diffuse hemorrhages of the ruminal mucosa
were a prominent feature in a <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>