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INTRODUCT ION
N

Bovine malignant catarrhal fever (MCF) has a worlde
wide distribution. The disease has been reported from the
continents of Zurope, Africa, South America, and North
America (Stenius, 1952). Bovine malignant catarrhal fever
was first revorted in the United States by Marshall et _al.
(1920) in Pennsylvania., The disease has heen reported also
from Ohio (Goss et al., 1947), North Dakota (North Dakota ‘
Livestock Sanitary Board, 1937), Colorado (Farquharson, 1945),
Michigan (Barner and Montgomery, 1954), and New York (Udall,
1956).

Hutyra et al. (1949) state that "the disease has been
observed and described from the end of the eighteenth century
essAnker (1832) described it as a tyvhus of cattle and re-
garded it, with Spinola, as originating from benign nasal
catarrh...Haubner and Roll, and later ILucet, described 1t as
a diphtheroid infection of the mucosa, but it wag first des-
cribed as a specific infectious disease of cattle by Bugnion
in 1877."

STATEMENT OF PROBLEM

Bovine malignant catarrhal fever has not been extensively
invéstigated in this country and it is generally congidered
to be of minor importance. However, the possibility that
the disease occurs in forms other than t e clinically obvious
"head=-and-eye" type avpeared to be prohable on the basis of
preliminary studies., Several investigators hawve described

different types in other countries. It wng felt that many



2
cagses were probably misdiagnosed as such things as 30 called
"hemorrhagic septicemia™, infectious kerato-conjunctivitis,
atypical pneunomia, or as entities of the mucosal disease
comblex,

The cases which had been observed in Michigan in prelim-
inary studies had indicated that the syndrome was not fully
compatible with some features described in other countries,

A need for an accurste picture of the disease as it occurs in
North America was indicated,

The recent appearance of the several syndromes making
up the mucosal disease complex vointed up the need for means
of differential diagnosis., Clinically, many of our cases re-
sembled diseases of the complex -— particularly the condition
first described by Ramsey and Chivers (1953) in Iowa. This
condition has been our major problem in differential diagnosis,

We must keep in mind the possibility of exotic diseases
which may invade our country through several increasing means
ag international traffic increases. Foremost among such
pogsible invaders are rinderpest and the vesicular diseases,
The accurate diagnosis of these conditions is a2 necessity if
they are to be combatted,

Thus, we find that although the number of reported cases
of MCF is small, yet the possibility of unrecognized cases,
the need for characterization of the disease as it occurs in
this country, and the necessity for its differential diagnosis
furnish justification for the studies herein vresented, .

Many investigators have worked on the transmissibility



of MCF but have reported conflicting results. Mettam (1923)
revorted the succesgsful transmission through bacteria-free
blood to cattle. Daubney and Hudson (1936) reported similar
results., GBtze (1930), Rinjard (1935), and Magnusson (1940)
reported the successful transmission of the disesase to cattle
in a similar manner., Piercy (1952) utilized several different
inocula to achieve successful transmission to cattle in Sr
Africa. Other workers (Dobberstein and Hemmert-Halswick, 1928;
Stolnikoff, 1933; de Kock and Neitz, 1950) failed to transmit
the disease to cattle,

The disease has been transmitted to rabbits by ZErnst and
Hahn (1927), Zwick and Witte (1931), Pattison (1946), and Plow-
right (1953). Other researchers (Mettam, 1923; Dobberstein
and Hemmert-ilalswick, 1928; Stolnikoff, 1933; Bisbocci, 1934;
Aleska, 1935; Bendixen, 1940) have failed to transmit the dis-
ease to rabbits. GBize and Liess (1930 ) failed to infect rabbits,
mice, rats, and guinea pigs. Meissner and Schoop (1934) aia
not succeed in infecting rabbits and guinea pigs. Pattison
(1946) was unsuccegsful in infecting rats and guinea pigs,
Daubney and Hudson (1936) reported successful transmission to
rabbits, mice, and guinea pigs.

The disease is not confined strictly to cettle., Stenius
(1952) states that buffalo, sheen, goats, gnu, deer, steenbok,
carabou, and the giraffe are suscentible.

Several causative agents of the disease have been sug-
gested. Bassi (1930) believed that MCF was due to poisoning

by Polytrichium trifolii., The lack or surplus of calcium




affecting vasomotor responses was suggested by Linkies (1926).
Sjollema (1937) reported a deficiency of calecium and vitamin
A in diseased animals. Wyssman (1938) believed that meteor-
ological factors were involved. Otte (1925) connected IMCF

withh an invasion of Eristalis larvae and Dictyocoulus vivi-

parus. Numerous investigators have believed the disense to

.

be caused by bacteria (Le Clainche, 1896; Isepponi, 1902;

Stolnikoff, 1926; Guizzardi, 1931; Huynen and Logiudice, 19113
Reisinger, 1926), GBtze (1940) did not find evidence of a
rickettsial infection, but did demonstrate a spirochete,
Stenius (1952) could not find spirochetes in 10 cases in which
tigsuecs were stained with Levaditi's stain. He also reported

that serological tests failed to incriminate Toxoplasma as

the causative agent. Mettam (1923) described "anotsiekte"
of cattle in S. Africa as caused by an ultramicroscopic agent
(this disease is believed to be MCF). Ernst and Hahn (1927)
were the first of the BEuropean workers to suggest a viral
agent, Investigators have subsequently utilized bacteria-
free blood and tissue emulsions to transmit the disease as
previously mentioned.

This historical review does not cover all the literature

on IMCF., Literature pertinent to the stuciss are included in

the respective sections.



I, OCCURRENCE
MATERIALS AND METHODS

A total of 39 cases of MCF was collected in Michigon
beginning in 1954 and extending to the present writing., OFf
these 33 cases, 31 animals were examined post-mortem and
material was collected for histopathological examination.
In 8 cases the animals werec not secured for necropsy but are
included because they were classical pictures of the "head-
and -eye" form of MCY occurring on farms with a past history
of the disease. The majority of cases came from an enzootic
area in southeastern Michigan,

RESULTS AND DISCUSSION

IMASONAT, INC IDENCE

Previous investigators (North Dakota Livestock Sanitary
Board Reports, 1937; Mackey, 1956) have observed the greatest
seasonal incidence of the disease in the spring and fall.
Marshall et al. (1920) described an outbreak in one herd in
Penngylvania in which ca~-es develoned from December through
June. Farquharson (1946) reported that the disease may occur
during any season but the greatest incidence was found during
the winter and carly spring months, In Michigan the greatest
incidence of the disease occurred during February and March
gradually declining through June., One practitioner (Eames,
1956), who has practiced in the heart of the MCF area for
15 years, has noted a correlation of the onset of the condition
with the marked fluctuations of temperature during the late

winter and early spring. Wyssman (1938) has suggested a



similar correlation with temperature variation. Cases have
also occurred in the fall but these numbered only 3 of our
39 cases,

AGE, BREED, AND SEX

Marshall et al. (1920) indieated that the most suscept-
ible animals were those between two »nd five years of age.
Our studies indicoted that all age groups may be equally
susceptible, The youngest animal affected was four months
old. If the cases were divided into three age grouvs — ma-
ture cattle (2-5 years), 1-2 years, and one year or less —
it was found thnt the disease was distributed almost equally
among these groups.

No particular breed susceptibility was noted. Both
dairy and beef cattle were affected., The disease was observed
in females, males, and steers,

ROLE OF SHEEP

Many investigators have suspected shee. ag the inter-
mediate carrier of the virus without showing symptoms of the
disease themselves (GBtze, 1930; Rinjard, 1938; de Kock,
1950; Piercy, 1954). The exact relationship, if existent,
has not as yet been satisfactorily demonstrated. Farguharson
(1946) has vointed out that there was undeniable clinical
evidence that the incidence of the disease in Colorado was
much higher on farms and ranches where both sheep and cattle
were raised. The greatest incidence of MCF in Michrigan
occurred in the largest sheep-raising area in soutleastern

Michigan., Here, commonly, sheep and cattle share the same



barn and often use the same y=rds and watering troughs.
Sheep are raised on 23 vercent of the farms in this area as
compared to 6 vpercent for the rest of the state (Hill, 1956).
If the greater percentage of farms in this area contain no
sheep, why do they not have a corresponding incidence of MCTF
if other factors are responsible? All of the 39 cases re-
ported occurred on farms where sheep were raised. In one
instance, the disease occurred in a Hereford steer on a farm
where sheep raising was the main endeavor and no permanent
cattle herd was maintained. This animal was purchased as one
of 16 feeder animals in October, 1956, and came down with
the disease in February, 1957. A simil=r case had occurred
three years previously in a feeder steer., Inasmuch as no
permanent cattle herd had been maintained on the farm for
several years, the involvement of sheep‘as a carrier seems
indicated; however, this does not preclude the possibility
of prior infection or another source of infection. Stenius
(1952) confirmed successful transmission from cattle to sheep
and sheep to cattle reported previously by Zanzucchi (1934).
Stenius further revorted that the test animals showed only
glight clinical symptoms not typical of malignant catarrhal
fever,
SUSCEPTIBILITY OF NuW ADOHITIONS

The aporarent susceptibility of new additions to the herd
has been hpted in Finland (Stenius, 1952). Similar obser-
vations have been mode in this study. DNew additions to the

herd have become infected up to one year after joining the



herd suggesting that o»revious exnosure was not a factor.
Farquharson (1946) believed that we must accent the fact that
either most cattle are immune or have had subclinical infec-
tion. It seems probable that the explanation for the occur-
rence in animals born and raised on the farm is a matter of
individual resistance and stress factors (such as weather
changes).
MORTALITY

Marshall et _al. (1920) recorded a mortality of 100 per-
cent in an outbreak in Fennsylvania. Farqubhsrson (1046)
observed a mortality of at least 90 percent in ¢ olorado.
Stenius (1952), citing a total of 120 cases, observed that
27 percent died, 38 percent were slaughtered, and 35 per-
cent recovered. The mortality rate in Michigan has been
almost 100 percent. A practitioner with 15 years' experience
in the enzootic area reports only one recovery during this
pveriod (Eames, 1956). A few cases, in which MCF had been
diagnosed clinically, have apnpeared to be recovering only to
suffer relapse and die within a few days.
MONBIDITY

Bovine malignant catarrhal fever is enzootic in nature;
varying intervals of time may elapse between cases. 01d-
timers in the enzootic area recall cases up to 50 years
previous to the time of the present e isode. Thus, histore
ically, the disease is not a new condition in Michigan.
Farquharson (1946) a2nd Stenius (1952) have stated that once

the disease occurs on the premises it is likely to recurs



these studies lend supnort to this spatement. Usually only
one animal is affeccted in a herd; rarely, as many as three
cases have occurred. A similar morbidity rate has been re-
vorted in Colorado (Farquharson, 1946). Seemingly, only in
rare instances are several animals simultaneously affecteds;
but it must be born in mind that outbreaks ascribed to so-
called "hemorrhagic septicemia", infectious kerato-conjunct-
ivitis, mucosal disease, or pneumonia may be MCIF,
AS A CAUSH OF ABCRTION

The evidence secms to indicate that malignant catarrhal
fever is not a cause of abortions. No history of an unusual
abortion rate on infected premises hss been reported. In
one case a calf was dronped one month prematurely; neverthe-
less, the calf showed no signs of the disease. The animal
was weak but survived with good c-re suggesting that the abor-
tion was not due to the agent Dper se, but to the debilitating
effects of the disense on the dam. The calf w-s born a month
after the acute enisode; the dam later died in the chronic
stzge of MCF, One fetus in utero was examined »ost-mortem
and showed no gross or microscopic evidence of infection
although the dam had died of the acute head-and-eye form of
MCF. 1In Pennsylvania it wns noted that several calves
dropped during an enzootic outbreak were not affected by the
disease (Marshall et al., 1920),
LCONOMIC ASTECTS

The exact economic importance of MCF is difficult to as-

certain. Few repvorts of this disease are msde yearly in
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Michigan but the cases investicated in this study indicate
that the disease may be masquerading under other names such
as hemorrhagic septicemia, infectious kerato-conjunctivitis,
atypical pneumonia, 2nd micosal disease., The individunl
farmer unfortunate enough to ha:ve thisg disease on his »premises
guffers intermittent financizl loss with verying intervening
periods of no losses. Marshall et 2l., (1920), North Dzkotz
investigators (1937), and Farquharson (1946) have revorted
cases of an enzootic tyve. The chronic case may cause the
owner considerable loss; the animal apnears to be improving
slightly, thus encouraging the farmer to continue treatment
and care, only to relanse and die sever~.)l months later.,
SYMFITOMS OF DISHEASE

The onset of the disease is sudden; no indications of
impending sickness are seen., Milk »nroduction drowvs sharply
to little or nothing. The animal eats and drinks poorly or
not at 2ll. A profuse mucopurulent exudate hangs from the
nostrils and, in some cases, an accumlation of this m=terial
may be seen on the floor or in the manger (fig. 1). A
charzcteristic nasal roar and severe dysponea develop as
the disease progressesg; distinct rattling sounds may be heard
as exudates collect. The breath has a fetid odor,

During the early vhase of the disease a serous fluid
drains from the medial canthi of the eyes, coursing its way
ventrally down the lateral surfaces of thie Liead lcaving
swaths of mztted hair; after three to four days thisg fluid

beccmes mucoid in nasture and collects in the corners of the
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eyes. A porivheral corneal cloudiness usuzlly begins on the
first or second dny terminating in complete ovr=mcity and blind-
ness in four to five drys (fige 2)es This "frosting" of tle
cornea is a wnrominent fezture of the syndrome., larked exvi-
sclercl Injection is noted. The eyelids often are mildly
swollen with somewhat rounded mnrgins,

The epithelium of the muzzle is at first slightly reddened;
later, a thick crusting of necrotic epithelium and exudate
may vartially mesk this choenge, If this thickened, cracked
layer be dislodged, 2 raw red surface which may bleed pro-
fusely is presented. Gradually the nasal epitheliumn sloughs
in small patches. The anterior nasal mucous membrane is
covered by a gray pseudomembranous layer whnich overlies the
inflammed and necrotic nasal mucous membrane. On examination
of the oral cavity one may find changes varying from a diffuse
necrosgsis of the buccal mucosa to a macular avpearance formed
by small areas of erosion (figs. 3,4). A diphtheritic
coating may be found in some cases, but may have besn washed
away 1f the 2nimal has been drinking.

The skin may exhibit certain featurgg of diagnostic im-
nortance., The evnidermis is dry, leathery, and folded as one
would expect in a severely dehydr=ated animal:; in addition,
however, a characteristic tufting of the hair in small wnatches,
particularly ovér the cervical region, has been observed in
several cases. Localized thickenings of the skin underlie
these tufts; occasionally sm2ll contiguous lymph nodes have

been swollen, Raised circumscribed areas, meassuring approx-
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imately five mm. in diameter, hzve been observed on the udder.
Patchy erythema may occur anywhere on the body but has been
noted nmarticularly on the udder and lips of the vulva. The
teats may be ruborous early in the disesse followed by develon-
ment of a characteristic thickening of the skin crisscrossed
by deep fissures exposing the subcutaneous tissue; dark brown
scabs may develop on the teats and, less frequently, on the
udder and vulva (fig. 5).

Temperature elevation to 106 ¥, is noted on the first
two to three days of illness and gradually declines on the
fourth or fifth day to a level of 103 F.=-104 ¥,

The animals are commonly in a2 state of abject depnression,
standing motionless with the head lowered and neck extended,
Cases have been reported by some investigators in which ex-
treme excitement and viciousness to the point of attacking
the handlers have occurred; but in the cases observed ip_thig
study only mild symptoms of such nervous excitement — marked
uneasiness and shifting of the feet — were secen. larked nLy=
perthesia was common but this is believed due to the inflamme-
tory processes in the integument rather than a central nervous
svatem disturbance,

Urinary disturbances may be present in some cases, but
are not a constant feature. Blood-tinged urine msy be passed
at the end of micturition accomoanied by straining and dribb-
ling of the urine,

FORMS

G8tze (1930) described four forms of the disease: viz.,
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(1) peracute, (2) head-and-eye, (3) intestinal ~nd (4) be-
nign. Several peracute cases have been diagnosed in Michignong
these cases run a course of two to three days. The majority
of c~ses in this study have been of the head-and-eye Torm,
The course in these coses was generally fram four to fourteen
days; the most common duration was scven dnys. One case of
the intestinal form has been diagnosed on the basis of histo-
pathological fentures. A fifth or chronic type of MCF has
been observed in Michigan. This type runs a course of up to
six months or longer, terminating in death., Some of these
cases may be mistakenly assumed to be recovering as the symp-
toms abate., The animals begin to eat nand drink but do not
seem otherwise to improve nor deteriorate until they suddenly
relapse and die; often large vatches of skin will slough in
the later stages. Cases of the benign form have not been
recognized here,

It must be emphasized that atypical variations of the
synptoms previously described were not uncommon, In a few
cases the corneal opacity was absent; in others, muzzle and/or
oral erosions were not found. In one instance no character-
istic clinical features were present exceot a temperature
elevation of 106 ¥F. which did not respond to ~ntibiotics.

The diagnosias was made on the basis of wost-mortem lesions
which will be discussed in the necxi section,
CLINICAL PATHOLOGY

Examination of blood and urine spnecimens can be of value

in diagnosis. Leukopenia with a shift to the left may be
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present in the early stages of the disease. Damage to the
urinary tract may bhe indicated by albuminuria, glucosurisa,
or hemzaturia. The latter has been observd clinically toward
the end of micturition and apnarcntly indicstes hemorrhage in
the bladder,
SUMMAMYY AND COCNCLUSIONS

Bovine malignant catarrhal fever as observed in Michigan
is an enzootic disease characterized clinically by fever (106
Fo), nasal and ocular disch=arge, corneal opacity, erosiqns of-
the muzzle and oral cavity, marked depression, anorexis, rapid
weight loss, erythema of the skin (particularly the udder and
vulva) and, occasionally, thickening and cracking of the
teats, tufting of the hair, =and hematuria. Leukopenia may
be presente.

A definite seasonal incidence involving late winter and
early spring is indicated.

Clinical evidence voints to sheep zas carriers of the
causative agent.

The disease is usuzlly fatal in from 4-14 days although
chronic cases may OocCcur.

Atypical tases mey be misdiagnosed as atypical wmmeumonia,
infectious kerato-conjunctivitis, hemorrhagic septicemia, or

as entities of the mucosal disease complex.



Fig., 1l-Cow with head.and-eye form of malignant catarrhal fever
showing mucopurulent nasal discharge and excoriation of
the muzzle,
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Fig. 2-Eye of cow showing wmarked corneal opacity due to malig-
nant catarrhal fever,

Pig. 3-Mucous membrane of lower 1lip and gum of cow showing patchy
erosions (arrows) in a case of acute malignant catarrhal
fever.
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Fig. 4-Lateral surface of bovine tongue showing irregular erosions
(arrows) of the mucous membrane in an acute case of malig-
nant catarrhal fever.

Fige. 5—Bovin§ teat showing hyperkeratinization with scaling and
cracking due to malignant catarrhal fever.
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IT. PATHOLOGY
INTRODUCT ION
Few revorts on the pathology of bovine malignant catarr-
hal fever have been published in the United States. OSmith

and Jones (1957) in their book, Veterinary Pathologzy, state

the.t "considerably more study of malignant catarrh is needed;
as are better methods for its recognition.," The few available
reports of the dimease in North America are mostly of a
clinical nature or have dealt with only the gross lesions
(Marshall et al., 1920; North Dakota Livestock S=nitary
Board, 1937; Farquharson, 1946; Rines and Barner, 1955),
Schofield (1950) described round cell and mononuclear cell
infiltrations in the brain, liver, and kidneys'in a case in
Canada. Goss et al,., (1947) described a sere-catarrhal to
diphtheritic inflammation involving the mucous membranes;
cytoplasmic inclusions were revorted in the epithelial celLs
of the mucous membranes. It is hoped that the studies revorted
herein, based on material collected from 31 field cases of
bovine malignant catarrhal fever, will contribute to the
knowledge regarding the nature and diagnosis of this disease,
particularly_the recognition of relatively atyvpical cases
which, in our experience, were quite conmon.
MATERTALS AND METHODS

Tissues were fixed in 10 percent formalin with sodium
acetate as described in the Armed TForces Institute of Path-
ology Manual (1957). The tissues were next dehydrated in a

geries of graded alcohols, passed through xylene, and embedded
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in paraffin. GSections were cut st 6-7 microns and stained
with hematoxylin and eosin according to the method described
by Malewitz and Smith (1955),. Sudan IV was used as a fat
stain as described by Mallory (1938)., Other special stains
used were Lendrum's, Pollak's trichrome, Masson's trichrome,
Verhoeff‘a elastica stain, Mallory's aniline blue collagen
stain, and the phloxine methylene blue stain. These stains
were used according to methods and formulas in the Armed
Forces Institute of Pathology Manual (1957). The phloxine
metnylene blue stain was modified in that the slides were
stained in phloxine for three hours at 56°C. or overnight
followed by decolorization in one percent acid alcohol for
ten seconds.
R¥WSULTS

SKIN

The animals presented for post—mortem examination were
usually markedly underweight., The hair coat was dull and
roughened; occasionally, tufting of the hair was found (in
chronic cases hairless areas were present), varticularly
in the cervieal area. In many cases, thickened crusts, 1-2
mm. in diameter, were observed in the skin, most often in
the cervical region, but, occasionally, scattered over the
entire body. The vulva was frequently markedly reddened.
In many instances, marked lesions of the udder were found:
cracking and crusting of the skin of the teats, aress of
- erythema, and raised papules, 1-2 mm., in disameter. ILesions

of the muzzle varied from thickening and scaling to complete
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erosion of the muzzle epithelium exposing a raw, reddened sur-
face. Generally, there was a profuse mucovurulent nasal
discharge.

The microscopic lesions of the skin as well as other
stratified squamous epithelia have been grouped for convenience
of description. Representativq sections from the muzzle, vulva,
udder, eyelids, affected skin areas, and squamous vortions
of the digestive tract were examined. Specimens from macro-
scopically normal as well as visibly affected areas were studied.
It was discovered that many of the avpparently normal tissues
contained excellent examples of microscopic lesions., By
comparing tissues from these aress with tissues from more
geverely affected sites, the pathogenesis of the lesions
could be reconstructed. ILesions from 2ll cases were remark-
ably similar although their distribution varied from animal
tq animal; in other words, the variations were quantitative
rather than qualitative, The process ap eared to begin as
multiplication of cells of the basal layer of the enithelium
together with an increase of connective tissue cells and
lymphocytes in the dermal papillae (fig. 11). Increased
cellular activity was aprarent about blood vessels which
were markedly congested. The epithelial cells formed loose
networks which were interconnected by fine cytoplasmie
strands. Occasional ballooning cells with condensed acid=-
ophiliec cytoplasm were found in the central areas of the
rete pegs. Many of the rete vnegs were elongated and club-

shaped. - The basal cell layer was not distinct due to the
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loss of »olarity of the nuclei ond proliferation of the cells
(mitotic figures were frequently observed in the basal area).
Occasional necrotic evithelial cells, identified by their bright
pink cytonlasm and fragmented nuclei, were.scattered through
the cellular masses in the dermal papillae. Thickened ker-
atin layers often maintained the external continuity of the
tissues; in other instances, portions of the keratin layer
were elevated by the underlying disease processes, In more
severe lesions, large clumps of ballooning cells underwent
reticulating colliquation with resultant vesicle formation

in the upper epithelium (fig. 13), The vesicles contained
cellular debris, protein-containing fluid and, occasionally,
abundant polymorphonuclear leucocytes. Russell's bodies

were sometimes observed in the epithelial cells. The hy-
percellular masses in the dermis were often markedly vleo-
morphic. Many spindle-shaped connective tissue cells with
large pale oval nuclei {(fibroblasts) were present. Often
numerous lymphocytes, many of which were l=rge immature forms,
were seen, LKosinophiles, macrophages, plasma cells, and

mast cells were usually present in smaller numbers. These
changes were not regtricted to the uprer dermis but were very
evident around blood vessels in the deeper portions of the
dermis. Hyperplasia in and about blood vessels and capill-
aries was usually pronounced and, in some cases, obstruction
of the vessels occurred due to masses of endothelial cells
which projected into the lumen (fig. 14). Hyperolasia of tre

epithelial cells of the skin adnexae was often prominent
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(fig. 15). Occasional lymphocytes and proliferqting canille-
ary endothelial cells were observed in these areas. Vessels

in the underlying muscle were sometimes involved. Generally,
it may be said that in early lesions hyverplasia was parmmount;
in the more advanced processes infiltration of lymphocytes and
sometimes eosinophiles was »rominent, Special stains were
used to identify the proliferating tissue in the dermis and
about the blood vessels. Mallory's collagen stain and Masson's
and Pollak's trichrome stain indicated that this was collag-

enougs comnective tissue,

EYES

Bilateral corneal opacity was usually morlked; however,
cases with only slight or no cloudiness were encountered.

The conjunctival vessels were generally injected. The eyelids
were thickened and rounded., Abundant mucopurulent exudate
was often present in the medial canthi,

The corneal‘opacity observed macroscovically and the
nature of its develovment (initial peripheral cloudiness
which gradually spread to the center of the cornea) may be
explained by the lesions found on microscowic examination.
The most severe chonges were found in the -rea of the corneo-
scleral junction, but extended into the cornea, becoming
less marked as they approached the center of the cornea,
Essentially, the pathological process wns one of a prolifer-
ative and infiltrative nature. The conjunctival evpithelium

usually showed ballooning degeneration and irregul-ar hyper-

plastic projections into the lamina propria. In these areas
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mitotic activity wrs evident. In some areas the enithelium

was absent. The underlying lamina »ropria and sclera, par-
ticularly in the anterior portions, contained pleomorvhic and
abundant cellular aggregations comvosed of mononuclear cells,
lymphocytes, and some eosinovhiles and plasma cells. Iorge
connective tissue cells were increased in number (fig. 22).
Many mitotic figures were observed in large cells of varying
shapes which were difficult to classify. Swelling, rounding and
hyperplasia of capillary endothelial cells were observed.
Blood vessels were affected by proliferative and infiltrative
lesions as in the skin., The corneal epithelium showed balloon-
ing degeneration and occasional areas of erosion. Rupture
of the substantia propria of the cornea sometimes occurred,
The connective tissue in the substantia propria of the cornea
w2s often granular and somewhat disrunted. TPolymorphonuclear
leucocytes were occasionally abundant in the cornea; the
humors of the eye sometimes contained polymorphonuclear
leucocytes as well as monocytes, lymphocytes, and cellular
debris. Cell accumulations, similar to those described in
the conjunctival lamina vprooria and sclera, were found in

the iris, ciliary body, and retina., Occasional vascular les-
ions occurred in the connective tissue of the o»tiec nerve

and periorbital fat and orbital muscles. Congestion of seem-

ingly 211 parts of the eye wns marked.

DIGESTIVE TRACT

Mouth, pvharynx, and esovhagus. The mucous membranes

of the mouth usually showed a severe necrotizing process
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which varied from distinct ulcer-tions of irregular shane

and size to diffuse necrosis of the epithelium of almost the
entire cavity, in which the epithelium was easily scraped away
with a knife. Commonly, a thick grayish-white diphtheritic
‘membrane was found in the pharynx; it often involved the e-
sophagus and trachea also., This dinhtheritic membrane covered
a necrotic mucous membrane. When distinct ulcerations were
pregent, they might be found in any area of the oral cavity;
usually, the remaining intact membrane was dull and gray in
appearance., In some cases, netechial hemorrhages were present
on the ventral surface of the tip of the tongue. The diph-
theritic inflammation in_the pharynx usually extended.in;o

the proximnl squamous portion of the esophagus for a short
distance. Occasionally small ulcers or diffuse necrosis

were found throughout the length of the esopvhagus. Flattening
of the longitudinal folds and dullness of the esovhageal
epithelium were observed in some cases.

Microscopically, the stratified squamous portion of the
digestive tract contained lesions as previously described.
Blood vessels were markedly congested and showed lesions as
described for the skin. The salivary glands were often the
site of proliferative and infiltrative processes. The epithe-
1ial cells of the salivary ducts were often hyperplastic and
disarrgnged; proliferation and infiltration of cells were
observed in the lamina vropria of the ducts. The secretory
units adjacent to the affected areas were compressed.

~

Forestomachs., Gross lesions were variable in the fore-
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stomachs, Occasipnally, diffuse areas of hemorrhkage and/or
erosions were found. In a few cases, the papillae of the
rumen showed particularly striking hemorrhages (fiz. 6).
Microscopically, the lesions involved thersduamous enithelia
as previously described under "skin" (fig. 12).

Abomasum. The abomasum was commonly the site of extreme
conzestion, hemorrhage, and often ulcers up to 3 em. in
diameter (fig. 7). Microscopically, scattered areas of epi-
thelial desquamation were observed in many cases. The pri=-
maYry change appeared to involve the blood vessels, particular-
ly those in the submucosa. These vessels were surrounded by
cuffs of lymphocytes, monocytes, and occasional eosinophiles
snd plasma cells. Adventitial and- endothelial cells were
often increased Ain numbers the,media often cpnggined areas pf
fibrinoid degeneratiqn, pyknotic nuclei, or foci of prolifer-
ating cells which appeared to extend from the adventitiz. or
endothelium, Vascular congestion was generalized, Occasiona2lly,

hemorrhages were noted in the mucosa.

Smnll intestine. The small intestine was rarely severe-
ly involved. Abundant mucus wns usually present. Rarely,
petechiae, congestion, and/or small erosions were found.
Microscopically, the lesions resembled those of the abomasum
except that they were less frequently foupd‘

Larce intestine, In a few instances, the ileocecal

valve was m-rkedly hemorrhacic, thickened, and edematous
(fig. 9)o In several cases the cecum and colon were congested

and petcbhiated; they sometimes contained small erosions.
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The rectum displayed similar changes; petechizl remorrhages
were usually =rranged linearly on the crests of the rectzl
folds.

Microscopically, severe lesions were found in the large
intestine in several cases, Hemorrhage into the mucosa of
the ileocecal valve was cormon; smaller hemorrtrges were ob-
served in the mucosae of the colon and rectum. Ninor desqua-
mation of the evithelium wes seen in scattered areas through-
out the large intestine. In severnl cases blood vessels,
particularly im the submucosa, were surrounded by cuffs of
lymphocytes, monocytes, eosinophiles and plasms cells. Ad-
ventitial and endothelial cell proliferation was usually
evident in such cases ond often extended into the media.
Subrmucosal edema was generally pronounced in the pathologic
rortions of the large intestine.

Liver. Prominent grosc lesions were not found in the
liver. Usually swelling and indications of fatty degeneration
were present, Microscopiczlly, conspicuous lesions wvere
congistently found in the perivortal areas, These areas
were greatly distended by cell accumulations which compressed
but did not extend between the hepatic cords (fig. 16).

Many of the liver cells which were so qompresged by the cell
accumulations ' showed pyknosis or karyorrhexis. The periportal
cell collections were composed vi several types of cells,

but monocytes and lymphocytes were the more prominent (many
of which were msrkedly pleomorphic). More variably found

were eosinophiles, plzsma cells, and, occasionally, pPoly-



morphonuclear leucocytes. Mitotic activity in these areas

was pronounced. The blood vessel walls were often greatly
masked by the collections of cells, being recognized only by

a central collection of erythrocytes su;rounded by an oqqasion-
al area of recognizable mural structure, The bile duct epie
thelium was cften hyperplastic as evidenced by »n irregular
piling uy of pleomorphic duct cells. Capillaries in tre por-
tzal areas were morkedly congested and the endothelizl cells
were enlarged and hyverplastic. Sections from 4 of 31 cases
were stained for fat and revealed mild to severe diffusely

digtributed fatty degeneration of the hepatic cells,

Gallblacder. In a few cases macroscopic evidence of
congestion and thickening of the wall of the gallbladder
were noted. Microscopically, the changes followed the
pattern found in other organs. The epithelium was intact
except for an occasional small area. -There was an increase
of primsrily monocytes, fibroblasts, and lymphocytes‘in the
lamins propria. Plasme cells and ecsinovhiles were obsmerved
in small numbers., Froliferative rerction wzs noted around
the blood vessels, varticularly the capill-eries. All blood
vegsels were markedly congested, Occasional glands appeared
hyonerplastic in the areas of proliferative activity in the
lamina prooria. The muscle layers were disrupted by ecellular
infiltrates which ap»ne=2red to emanate from blood vessels
affected by the proliferative and infiltrative process~s,.

Pancreas. Iacrorec:pic lesions of the pancreas were

not observed., lMicrosconic lesions were not nrominent,
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Mild proliferative retivity among fibroblusts was rresent

about occasional ducts; some of the duct cells were somevhat

disoriented, suggesting the Possibility of an early hy-er-

n 3 \ 3 eyma g =
rlastic change. The capillaries weie roderstely crrgested

R . 3t e . ;
anc ecmetimes sloved mild lyrerrlasia of tre erdctrelind

cells.,

LYITTHATIC SYSTENM

Lymih nodes. The lymph: nodes of the hend were usually
enlarged, edematous, and ccngested, In nary instances, the
lymph nodes throughout the body were similarly affected and
contained microscopic lesions. The changes were very consis-
tent and are considered to be of dizgnostic value. lood
vessels In tke capsule, mulp, and perinodal fat were often
markedly affected by proliferation of zdventitial and endo-
thelial cells zs well a8 sccumulations of lymyprocytes, mono-
cytes, plzsma cells, and eosinophiles._ The cell acpumulations
extended into the capsule and trabeculae from the vessels
masking the normal structure (fig. 19). In some cases the
follicular architecture wns absent or represented by a fevw
lymphocytes; in other cases, the follicles were hyperplsstic.
The majority of crses exhibited maTrked reticulo ~endothelial
proliferation, particulsrly along the trabeculae., Xumerous
mitotic figures were cbserved. Marked congestion and edema
were frequently found; rarely, hemorrhage was rregent., The
parenchyma often bulged against the capsule, in which case
clusters of pyknotic lymphocytes were observed along}the

capsule. Eosinophiles, plasma cells, and polymorphonuclear



leucocytes were variably found in the fulp.

Spleen. The spleen showed no remsrkable gross lesions.
Micrpscopic lesions similar to those in the lymrh nodes were
seen in some cases., Trabecular disruption and degeneration
were evident adjacent to involved vessels. Eollicular hyper-
plasia was often evident. Large amounts of hemosiderin were
present in some cases,

CARRDIOVASCULAR SYSTEM

Heart. Hemorrhages were frequently observed on the epi-
cardium, The microscopic lesions followed tle patterr noted
in other orgens. Perivascular cuffs of adventitial cells,
lymphocytes, occasional monocytes, and sometimes minor in-
infiltrations of eosinorhiles, plasme cells, and polymorpho-
nuclear leucoccytes were present, Both fibrinoid degeneration
and accumilations of proliferating cells were observed in
the media. TFroliferation of endothelial cells wzs seen in
some vessels. The lesions occasionally impinged on adjacent
muscle fibers but usually extended 2long the comnective
tissue tracts from the blood vessels, Mild to severc fatty
degeneration was observed in the cardiac muscle fibers in
four cases in which special stains were dcne. Vascular lesions
were not present in the hearts from all of the cases and not
all vesscls in an affected section showed lesions.

Aorta. In one case pavular elevations, 1-2 mm, in diam-
eter, were ncted on the intimal surf-ce of the aorta. These
proved, microscorically, to be focal areas of endothelial

proliferation. Whether this should be considered an incidental
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finding or a part of the NCF syndrome cannot be decided on
the basis of one specimen, although the nature of the lesion
suggests that it was a part of the‘disease yrocesgs. Accumue
lations of cells in and about the vasa vasoruﬁ of the aort#;
similar to those described in the heart, were occasionally
observed.

RESPRATORY SYSTEM

Nasal passages and trachea. Commonly, a thick, greenish,
fetid, fibrinoenecrotic membrane covered the congested nasal
rmicous membranes (fig. 9). Usually the proximal portion and
occasionally the entire length of the trachea contained a
gimilar diphtheritic layer. Scattered petechial hemprrhages
were observed in both the nasal passsges and trachea. - The
epithelial surface of the trachea was gernerally 4dull and
yellowisli in appearance.

Microscopically, the epithelium of the nasal passages
and trachea contained many ballooned cells. Fibrinownecrotic
exudate was piled up on the surface. In several cases little
or no recognizable epithelium remained. Aggregations of
lymphocytes and monocytes were scattered throughout the
lamina propriz. Connective tissue proliferation in the
lamina pro . riz was evident., Capillaries were markedly congested
and the endotheliallcells were swollen and hyverplastic,

Lungs. The lungs exhibited pleural hemorrhages and
areas of firm red hevnatization in some cases,

In several cases the lung exhibited marked microscopic

lesions which were consistent with the pathological picture
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found in other crgens. The larger bronchioles were the site

of marked proliferative and infiltrative changes, although
not all of these bronchioles were affected. The lamina propria
contained cellulér aggregations of monocytes, lymphocytes,
fibroblasts, and occasional eosinophiles, plasma cells, and
polymorphonuclezr leucocytes which extended into the muscularis
ffig. 18). The bronchiolar epithelium was pushed into the
lumen by the underlying cell collections; loss of polarity
and hyperplasia of the bronchiolar epithelium were usually
present in affected bronchioles, Iony of the regpiratory
epithelial cells were ballooned. Often there was voor de-
marcation between the epithelium end lamina provrria. The
lumina of the bronchioles contained mucus, cellu;ar debris,:
and polymorphonuclear leucccytes. Capillary endothelial cells
were generally swollen and hyperplastic. The alveolar valls
were thickened by an increased number of septal cells. The
alveoli were filled with erythroecvtes in many arecas. Large
and small blood vessels exhibited marked adventitial and en-
dothelial proliferation; fibrinoid degeneration was coumon
in the media, although in areas increased numbers of cells
were noted which appezred to extend from the proliferative
endothelial or adventitial areas. Accumulations of monocytes,
lymphocytes, and occasionzl eosinophiles, plasma cells, and
polymorphonuclear leucocytes were present in the adventitial
cuffs. All of the blood vessels were extremely congested.

UR INARY SYSTEM

Kidneys. The kidneys were usually congested and often
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contained petechizl hemorrhagea. In one case, white focal
areas were pregent on the cortical surface.

The microscopic changes in the kidney affected the blood
vessels and Bowman's capsule. These ch 'ngeg were consistent
with lesions in other orgens and were essentially rrolifera-
tive and infiltrative in nature. Blood vessels; surrounded
by loose cuffs, which were composed of adventitial cells;
lymphocytes, monocytes, and some eosinophiles and tlasma
cells, were scattered throughout the kidney, although not
all vessels were affected. In many cases the glomerular
capsule was masked by infiltrations of lymphocytes and mono-
cytes. It was notecd that these areas were most frequently
seen surrounding the afferent and effercnt arteriolesgand,
in view of the lesions of the vessels in the kidhey as well
as in other organs,'it waas felt that the accumulations origine-
ated from the arterioles. The lesions were usually semilunar
in distribution, but d4id extend completely around the glomer-
ulug on occasion. The process occasionally extended into the
caillary tuft. Compression cf the tubules in the areas ad-
jacent to the cell accumulations was evident. Albuminous de=-
generation was usually present in the tubules. Marked congestion
of the intertubular capvillaries and, occasionally, hemorrhage
were found in both the cortex and medulla. The pathologieal
findings in the kidney were not constant, but were of freguent.
occurrence. Mild to severe tubular and glomerular fat accur-
iations were revealed by special stain of sections from 4 of

the 31 cases.
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Ureters. Grossly, the ureters appeared swollen and
congested., IMicroscopically, the transitional epithelium
exhibited ballooning degeneration; little or no recognizable
epithelium remained in some areas. Occasional sections of
epithelium appeared somewhat hyperplastic and blended with
the highly cellula: lamina propria, The lzatter contained
numerous monocytes, lymphocytes, and large pale connective
tissue cells together with a smaller number of eosinophiles,
Plasma cells, and occasional mast cells. Blood vessels in
the lamine v»ropria and muscularis showed fibrinoid degenera-
tion of the media and sccumulztions of cells, as previously
described under "skin", in the adventitia. Marked congestion

in most wvessels was evident,

Urinary bladder. Macroscopically, the bladder was
severely affected in several cases. The wall was greatly
thickened. The mucosa was thrown into large folds; mmcosal
hemorrhage was often severe (fig. 10) — accounting for the
hematuria observed clinically in several cases.

Microscopically, hemorrhsge wzs often pronounced in the
submicosa. The epithelium was absent in many cases; in other
instances; transitional cells undergoing ballooning degenera-
tion were noted. The lamina propria was markedly hypercellular
containing large mononuclear cells, lymphocyteg,_fibroblastsy
and some eosinophiles and plasmn cells (fig. 20). In a few
areas, the cellular masses in the lamina proyria blended
with the transitional epithelium. Blood vessels were severely

involved, undergoing alterations similar to those previously
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described. Capillary endothelinl cells were enlarged and
hyperplastic. Congestion was marked., The smooth muscle often

contained evident wvascular lesions which produced disruption

of the muscle layers.,

FEPRODUCT IVE SYSTEM

Uterus, ovaries, and oviducts. The uterus, covaries,

and oviducts did not present any macroscopic lesions other
than congestion.

Sections indicated that severe involvement of the svstem
may occur. Portions of uteri examined revealed lesions in
accord with those observed in other organs. Blood vessels
throughout the uterus were affected by proliferative, in-
filtrative, and sometimes degenerative phenomena. Endo-
thelial activity was observed in both capillaries and larger
vessels. Cuffs of cells surrounded many vessels; these were
composed of adventitial cells and infiltrating cells as
previoﬁsly described. The media was either involved with
cellular accurmlations or undergoing fibrinoid degeneration
or both. Fluid accumulations and cell collections were scate-
tered throughout the uterus. Patchy aress of glandular
hyperplasia avpeared to contribute to the proliferative
picture. Vascular lesions were also found in the ovaries.-- -
Many areas of hemorrhage were found in and about the affected
vessels. One syecimen of placenta and fetus were examined.
Vascular lesions were vresent in the placents bu none could
be found in the fetus. The oviducts contained cell accurmla-

tions in the lamina prorria as well as vasculaxy lesions.
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Mammary glands. Specimens of both lactating and non-

lactating mammary tissue exhibited vroliferative and in-
filtrative processes. ZEndothelial cells of small capillaries
in the interstitial tissue were enlarged, rounded, and hy-
perplastic. Marked congestion of the blood vessels was pre-
sent. The alveolar cells in many of the secretory units ex-
hibited loss of nuclear polarity and piling up of pleomorphic
d@lveolar cells in a manner which caused them to blend with

the activated endothelial cells in the interstitium. In some
instances, the lumens of the glands were obliterated by masses
of proliferative cells. Similar changes were present in the
ducts and teat cisterns. The epithelial cells avpeared marked-
ly ballooned and the lamina prorria was markedly hypercellular
(fig. 21). Monocytes, lymphocytes, and some plasma cells,
eosinophiles, and msest cells were present. In some arees

the epithelium and lamina pro»ria were roorly demarcated.
Vascular changes were the same as observed in other organs.

The severe lesions in the mammary gland may occount in part,

at lezst, for the sharp decline in milk production in lactating
animals which is =a rrominent clinical feature.

Testes. Macroscopically, the testes from one bull ex-
amined were congested. Sections from this case revealed that
arteries and veins in both parenchyma and capsule were sur=
rounded by cuffs of proliferating adventitial cells, lympho-
cytes; and occasional wandering monocytes, The media of mery
of the vessels exhibited a fibrinoid appearance; cell accumu-

1ations sometimes were resent in the media. The endothelizal
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cells in some vessels were enlarged and hyverpl-stic. .
Capilleries in the interstitial ares cont-ined hyrerplastic
endothelial cells. Compression of the seminiferous tubules
was evident, All of the blood vessels were engorged with
blood.
ENDROCRINE SYSTEM

Thyroid. Macroscopic lesions were not observed in the
thyrold. Sections exhibited marked hyperplasia of follicular
cells which often obliterated the lumen (fig. 23). The pro-
cesg extended into the interstitial tissue blending with
proliferating endothelial cells. Occasional lymphocytes were
present in the interstitial areas. Pyknotic follicular cells
were frequently observed in the lumens of some of the affected
alveoli,

Adrenal glands. Macroscoyic changes in the adrenal

glands were not observed. Mieroscopic lesions of the blood
vessels, consistent with those found in other organs, were
commonly found in the adrenal glands in both tle capsular
and parenchymal areas (fig. 24). Compression and disruption
of the adrenal architecture were»apparent in the areas
adjacent to the vascular lesions., Fibrinoid degeneration of
the media and endothelial and adventitizl proliferztion were
observed. Lymphocytes, monocytes, and some eosinophiles,
plasma cells, and mast cells were present in the nerivascular
tissue extending into the cawnsule. Occasional sreas of hem-
orrhage were found; blobd vessels were markedly congested.

Occasionzl affected vessels were present in the fat gsurrounding
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the adrenal glands.,

Zituitary. No macrosconic lesions of the vituitary gland

were observed. Microscopic changes were limited to the blood
vessels, particularly those in the connective tissue; they
wele similar to the vascular lesions in other organs,

NERVOUS SYSTEM

Central nervous systen, Grqss lemsions of the brain were
limited to marked congestion and edema of the meninges. The
most prominent and consistent microscopic alterations involved
the blood vessels, both arteries and veine. The vessels were
surrounded by cuffs of predominantly monocytes and lymphocytes
(fig. 17). Occasionally, eosinophiles were abundant. The
majority of the mononuclear cells were seemingly interconﬁected
by fine pale cytoplasmic strands. The lymphocytes were pleo-
morphics large young forms were abundsnt. Mitotic activity
wos frequently observed in the cuffs., In some vessels the
endothelial cells were enlarged a2nd rounded; occasionally,
they were piled up suggesting mild hyperplasia. Free red blood
cells were often present in the cuffs and perivascular spaces;
they appeared to have leaked through the loose, disarranged
structure of the vessel walls. Often the Virchow-Robin spaces
were oblitersted by the thickened wzalls and congestion in the
vessels; encrozchment upon the surrounding brain substance
was apparent in many areas. The capillary endothelial cells
were generally enlarged and hyverplastic. Sections of the
central nervous system examined included nmeninges, medulla,-

cerebellum, cerebrum, thalrmic area, hippocampus, and spinal
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cord, all of which contained lesions, In several cases, the
choroid plexus showed both infiltration of numerous mononuclear
cells and proliferation of the capillary endotheli~nl cells.

Non-specific changes also were usuzlly present in the
brain. 3Marked congestion and edema were often uronounced,

The neurons appeared normal in nany cases and degenerative
changes, when present, were not marked, but there were varyinzg
degrees of neuronal degencration, as evidenced by eccentricity
of the nucleus, chromatolysis, and ghost cells, Satellitosis
and neuronophagy were present in some c¢nses but were usually
not marked, It is believed that the neuronal changes wcre

due to the impaired circulation and vpressure »roduced by
affected vessels rather than to svecific infection of the
neurons. DBotn Feneralized and foeal increases in glial cells
were observed.

Inclusion bodies as deseribed in Finland (Stenius, 1952)
were found in the cytoolasm of the neurons of the vazoglosso-
pnaryngeal nucleus in 73 vercent of the cases examnined. These
bodies were observed in two patterns of distribution: viz;
single or multiple inclusions were seen scattered throughout
the cytoplaam or conglomerates composed of numerous splher-
ical bodies were located adjacent to the nuclear membrane.
Distinct halos were often visible about the bodiesg; the
inclusions varisd in size from 300-500 millimicrons in
diameter., Both degencrated and otherwise apparently normal
neurons were affected. The bodies were difficult or imbossible

to see with the routine hematoxylin-eosin stain., Among the
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stains used, Mallory's phloxine-methylene blue stain gave the
best results. Not only was excellent differentiation of the
bodies obtained (bright red to wine), but the Nissl substance
was well stained by tlis method. Otrer stains used to demon-
strate these bodies were Shorr's III, Masson's trichrome,
Pollak's trichrome, and Lendrum's.

In an attempt to demonstrate the diagnostic importance
of these striking bodies, sections of medulla frpm cattle
coming routinely to the post-mortem room were ocxamined.
Similar bodies were observed in 13 of 47 cases examined. There
was no evidence to suggest the nresence of malignant catarrhal
fever at the time of necropsy in these cases. Therefore,
we do not believe that these bodies are of swnecific diagnostic
importance.

Gasserian ganglia. The Gasgserian ganglion was removed

in several caseg for examination for inclusion bodies by
spvecial stain. WNo inclusion bodies were found, though the
the observations included several cases wherein such bodies
were demonstrated in the medulla. However, microscopic
lesions were found consisting of the reviously described
proliferative and infiltrative changes of the vessel walls
which extended into the connective tissue surrounding the
cell bodies of the neurons. There did appear to be a mild
increase in the capsular cells. Many of the nerve fibers in
the affected areas were fragmented.

DISCUSSION

Grossly and microscopically it is evident that the
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causative agent of MCF may produce lesions in all systems of
thne body and therefore it is pantropic in nature; thus it is
no more appropriate to classify this disesse as wrimarily an
encephalitis than to so classify nog cholera or canine distem-
per. The lesione in the brain primarily =ffect the blood
vessels; that neurons are not severely involved is indicated
by microscopic examination and by the lack of extreme nervous
manifestations clinically in most cases.

The pattern of the leslions is consistent in all systems,
Essentially, two different processes are involved: (1) nro-
liferation of connective tissue, endothelial, and enithelial
cells is widely distributed in epithelial elements and blood
vessels and (2) infiltration is generalized, affecting tre
lamina provnria of many structures as well as the periportal
area of the liver and blood vessels. Ve can logically
attribute the necrosis which may occur, particglarly in the
squanous epithelia, to any one or, more likely, a combination
of several causes. First, the surface integrity of structures
such as the skin and mucous membranes is disrupted by the
vallooning degeneration, vesiculation, and loss of epithelium
which exposes the tissue to secondary invaders. Secondly,
the involvement of the vasculature by “roliferative and in-
filtrative processes which may obstruct the lumen or disrupt
the architecture of the wall, thus affecting the circulsation
to the area, is certainly important. This mechanism is well
illustrated in the abomasumand intestine. Here one finds

only primarily a desquamation of epithelium with an involve-
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ment of vessels, particularly in the submucosa, which ay»nears
to be the logical cause. Tven if not obstructed, throse vessels
cannot contract or dilate normally in response to the tissue
demands for blood. Thirdly, the great increase in perivascu-
lar cellular elements would seem to produce a pressure which
may not only affect the cells directly but probably also shuts
off lymphatic and wvascular channels. In addition, the
functional activity of an organ may be expected to be affected
by the lesions in that organ as well ~s by influences from
other involved organs,

We should like to.present those features of the discase
whiie¢lh, in our experience, mve proven.-to be of the greatest
diagnostic value., One must remember that the distribution
of many of the lesions is highly variable. Cases of the
typical "head-and-eye" form are obvious; however, cases have
been encountered wherein only intestinal lesions hnve been
observed. A case is described in Canada in which only inflamma-
tion of the tr=chea and largé bronchi and ecchymoses in the
heart were found (Sehofiesld, 1950). IHistorically, contact
with sheep and indieation of a »nrevious sporadic occurrence
(which one may discover only by further questioning of the
owner ) are helpful features. Clinically, the temperature
of approximately 105 7. early in the disease which does
not respond to sntibiotics, any indiC?tiqn of skin involve-
ment (erythema, papulation, or scabbing), corneal cloudiness,
xapid weight loss and death ~re suggestive of MCF, Sumzestive

post-mortem findings are; diphtheritic inflammation in the
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nasal »Yasgsages, oral cavity, and trachea; enlarged, cdematous
and/or hemorr 2gic lymph nodes; hemorrhage and/or erosions
in the digestive tract and bladder. MicroscoPically; the
most helpful lesions are the constant cellular accumulations
(primarily monoecytes and lym»hocytes) around the blecod vessels
in the brain and in the periportal areas of the liver. The
microscopic lesions in the skin, lymph nodes, kidneys, and
adrenal glands may also be of value. We believe that correla-
tion of the history, c¢linical findings, and post-mortem ex-
amination should enable a definite diagnosis to be made even
in atypical cases.
SUMMARY AND CONCLUSIONS

Grossly, the lesions of bovine MCYF generally found were
marked weight loss, nasal and ocular discharge, corneal opacity,
erosions of the muzzle, erythema of the udder and vulva and,
in a few cases, encrusting of the skin, tufting of the hair,
and thickening and cracking of the epithelium of the teats.
Severe oral erosions were found in most cases. Diphtheritic
membranes were frequently observed in the nasal Dassages,
pharynx and trachea. Scattered areas of congestion, hemorr-
hage, and/or erosion were variably found in the digestive
tract-usually most pronounced in the abomasum and large
intestine when present. ILymph nodes, particularly those of
the head, but often of more general distribution were enlarged,
edem~tous, and/or hemorrhagic. Hemorrhage and erosion in the
bladder were observed in some cases.

Microscovnically, MCT was characterized by vroliferative
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and infiltrative changes. In the czse of squamous 2pithe-

1lial surfaces these were followed by necrosis. The prolifera-
tive lesions were widely distributed, affeeting vascular and
epithelial structures. Marked elongation of the rete pess

was regularly observed in the squamous epithelium; adnexal
skin structures often displayed marked hyperplasia. The der-
mal papillae contained abundant and pleonmorphic cellular
aggregations composed of monocytes, fibroblasts, lymphocytes,
eosinophiles, plasma cells, and mast cells. Similar prolifera=-
tive and infiltrative processes were also notea in the lamina
propria of the eye, bronchioles, urinary bladder, gallbladder,
ureters, and teat cistern; the epithelium of some of these
strubtures appeared to be hyperplastic. Vascular vroliferative
and infiltrative lesions were present and marked in the liver
and brain in each case; they were less constantly found in
most other organs. Proliferation in blood vessels wzas most
commonly seen in the adventitia, but the media and endothelium
were not infrequently involved., Mild to marked infiltrations
of lymphocytes, monocytes, eosinophiles, Dlasma cells, and

mast cells were usually observed in and ~round the affected
blood vessels,

Vesicles were frequently found in the squamous epithelium,
sometimes containing heteropvhiles; they appeared to originate
from coalescence of necrotic and ballooning cells in the
stratum Malpighii.

The lesions described are believed to be consistent and

characteristic enough to be of diagnostic value, Intracyto-



plasmic inclusions in the neurons, previously reported in
Finland, were observed in the majority of cases; however,

their specificity is questioned.
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Fig. 6=-Hemorrhage in the papillae of the rumen in an acute
case of MCH

Fig. 7-Circumscribed (A) and linear (B) erosions in the abo-
masum in an acute case of MCT,






Fig. 8=Diffuse hemorrhage and edema in the ileocecal valve
(arrow) and adjacent area in an acute case of MCF.

Fig. 9=-Diphtheritic membrane (A) and hemorrhage (B) in the
nasal sinus in an acute case of MCF,






Fig. lO0-Hemorrhage and thickening of the wall of the urinary
bladder in an acute case of MCFE.

Fig. 1l1-Early lesion in the tongue demonstrating clubbing of
the rete pegs due to hyperplasia (A) and cell accumu-
lations in the papillae (BS. X135.
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Fig. 1l2-Kpithelial hyperplasia (A) and hemorrhage (B) in
a2 panrilla of the rumen. X135,

Fig. 13-Vesiculation (A) and scaling of hyperkeratinized
layer (B) in epithelium of the teat. X135.
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Fig. l4-Artery in dermis of teat showing endothelial (A) medial
(B) and =adventitial (C) proliferation., Area of pro-
liferation about a capillary (D). X250,

Fig., 15=Hyperplasia of epithelial cells in meibomian glands of
eyelid. Remant of gland (A) and area of hyperplasia
(B). X250,



49



FTige. 16~-Cell accumulation limited to portal area of the liver.
Iumen of vessel with wall masked by cell collections
(A). X250,

Fig. 1l7-Perivascular cuffing of vessel in medulla oblongata.
X250,






fige 18~Cell accuwmlations in the lamina propria of a bronchiole
(A). X250,

Fig. 19-Lymph node showing reticulum cell hyperplasia (A)
degeneration of connective tissue in a trabecula (B)
and infiltration of a trabecula (C). X135.
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Fige 20-Loss of transitional epithelium and cell accumulations
in the lamina propria of the urinary bladder. Tpi-
thelial remmant (A). X135.

Fige 21=Cell accumulations in lamina propria of the teat cis-
tern (A) ballooning degeneration of epithelial cells
lining the cistern (B) and reaction about a duct (C).
X135.
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Fige. 22-Cell accuml=tions in the conjunctival lamina provria
(A) and sclera (B) in the area of the corneoscleral
junction of the eye. Note hyperplasia of the conjunc-

tival epithelium (C). X135.

Fig. 23-Hyperplasia of follicular cells in the thyroid (A) and
pyknotic cells in the lumens of the follicles (B). X250,
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Fig, 24-Medial degeneration (A) and adventitial cell accumu-
lations (B) in a periadrenal artery. Capsule of adrenal
gland (C). X135.
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ITTI. DIWWERENTIAI DIAGNOSIS

The recent attention to the svndromes comvosineg the
mucosal disease comvlex has indicated the need for means of
differential diagnosis of the entities. Clinicnlly, several
of our cases of bovine malignant catarrral fever have
closely resembled micosal disease as first described in
Iowa. The increase in international traffic necessitates
means of diagnosis of MCF from epitheliotropic diseases
such as rinderpest and the vesicular diseases., Several
diseases which have features in common with MCF are included
in this discussion, althoush in most insteonces differential
diagnosis should not be a problem,

RINDERTSST

Although rinderpest is not present in the western
hemispherc, the possgibility of an cutbreak is ever »Hresent,
Thus, the need for distinguishing IMCF from this disense is
of importance, particularly since the lesions of the mucous
membranes are very similar., 1In contrast to MCYF, rinderpest
has been described as a disease of casy transmissibility
and high infectivity (laurer, 1956). The rresence of diarrhea
which is frequently hemorrhagic, coughing and respiratory
distress,and gastritis and enteritis which may cause abdomi-
nal tenderncss are distinguishing clinical features from MCF.

Certain lesions described for rinderpest (laurer, 195¢;
Smith and Jones, 1957) are of differential significance. _A

marked necrosis of lymphocytes is scen in the lymph nodes,
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spleen, and Peyer's patches, These lesions are not found in

MCYF; rather, the lymphatic follicles may be hypernctive or
may appear depleted of lymphocytes; hyperplasia of reticulun
cells is often marked and proliferative and infiltrative
vascular lesions (primarily lymphoeytic and monocytic infila
trations and endothelial and adventitial rroliferation) are
usually present, In rinderpest the squamous epithelium con-
tains sharply demarcated shallow erosions which are bounded
by normal epithelium and do not penetrafe the basal layer;
vesicles are not found. In contra=st, vascular lesions,
aggregations of cells in the derma) papillae, hypervlasia

of epithelial cells (including those of adnexal structures),
and ballooning degeneration of cells in the rete negs lealing
to vesiculation are regularly obgerved in IMCH,

In rinderpest marked erosions and hemorrhages ars common-
ly found in the abomasum and large intestine;rthey are less
frequent ond severe in the small intestine, Tecrosis of
Peyer's patches is a very prominent feature in rinderpest.
Although hemorrhage and erosion are often found in the di-
gestive tract (particularly the abomasum and large intestine)
in MCF, the lesions are not as severe nor is the necrosis
of Peyer's patches = prominent feature of this disease.

The constant »ortal accumulations of primarily lymnro-
eytes 2nd monocytes in the liver in MCF provide a diagnostic
2id, since only chronic passive congestion is observed in
rinderpest. The respiratory system is frequently involved

in both diseases; however, the diphtheritic membr-ne found
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in the nasal passages ~nd trache= in MCF is not s fenture of
rinderpesgt. Hemorrhage and erosion are found in both diseases
in tire nasal passapcs 2nd trachen. ‘hereas the lunzs are
involved only secondarily in rindernest, primary vasculnr

and bronchiolar lesions (mainly accumilations of lymohocytes
and monocytes in the lamina »ropria) are found in many c- ses
of MCT, Differential features may also be noted in the
urinary system. Ilemorrhnge and erosion mey occur in the
bladder in both diseases; however, lymohoecytic and monocytic
cell accumulations and wproliferation of fibroblasts in tlie
lamina propria are scen in MCI'w In addition, vascular

lesions (proliferation cf endothelial and adventitial cells
and lyrmphocytic and mornocytic cell infiltrations) which may
involve the muscle layers are characteristic of NMCYF, ITidema
and, occasionally, desquamation of renal peclviec epithelium
arevdesgribed in rinderpest. In MCTF vascular ;esiqns and
glomerulary accummlaetions of 1ymphocytes_@nd monocytes are

seen in the kidney. Furthermore, vascular lesions are varizbly

present in many other organs in INCF. The rerivascular cuffing

6}

in the brain in MCF is of diagnostic importance; brain lesion
are not cescrited in rincerrcst,
MUCCTAL DISHACT (X0TA TVER)

Macosal disease, the syndrome first described by Romsey
and Chivers (1953).in Towa, has meny festures in commcn with
MCT and clinical diffcrentintion of the two diseases moy
be difficult in some cases.

£ history of associstion with sheep may be of iagnostic



importance since, in cur exvericnce, this has alwurys been thc
case in INCF. The morbidity is greater in mucosal disecse;
in our cases, rarely more than one animal was stricken at
a2 time., 1In addition, MCF often lms an enzootic aspect in
that it tencs to recur with varying intervals between cases
on the same farm. Tilateral ccrneal opacity, which svrecds
from the periphersl arca of the cornea, was o chrracteristic
finding in MCY¥, whereas corneal opacity has not been observed
in our cases of mucosal disense. Corneal opacity occasionally
occurs in mucosal discare but it originates centrally rather
than reripherally as in MCF (Ramsey, 1956). A temperature
elevation to 106 F., w~s characteristic of MCF; in mugosal
disease the temperature is elevated little if at all. Skin
lesions observed in ICI (reddening, papulation, and scabbing)
have not been noted in mucosal disease. Lecsgions of the feet
were not evident grossly in ICF¥, although microscoric lecions
were found; in mucosal disease,lameness and marked interdigi-
tal ulcerations are common, Diarrhea, often bloody, which
is a common feature in mucosal disease, vas not a feature qf
MCF. Although viciousness and hyperexcitability in MCT have
been described, a profound lethargic state was alnost always
sresent in ocur cases from the onset of the disease. Animals
with mucosal disesse are usually bright and setive until 1-2
days before death.

There are some gross postemortem findings which may be
of dizgnostic value. /4 yellowish divhtheritic membrane is

usually present in the nasal passages, trachea, and pharynx
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in MeF. The large well-demarcated ulcers (up to 5 cm. in

diameter) with yellow horders seen in some cnses of rucosal
diseese were not Jound in HC¥F; but, rather the crosiors wem
irregular and not sharply demarcated. Trosions which vere
scattered the entire length of the esophagus were cormon
in mucosal disecase but were not common nor as marked in
MCK. TLesions of the upper digestive tract werc not siga
nificantly dissimilar, The marked Temorrhame, necrosis of
Teyer's mntclhes, and cystic lesions in the lower digestive
tract, which were common in mucosal disease, were not found
in MCF. Iemorrhage and erosion were occasionally observed
in the large integtine, but were not as severe as the
marked lesicns often found in mucosal disecse.

Mo macrescoric lesions pccur ir the urogenital system in
muicosal diseas, whereas, in MCF diffuse hemorrhage and loss
of epithelium in the bladder are found in many cases.

lIistopathologic examination is of great value in
differentiating the two disease. Probably the most important
differential features are the marked precliferative and infil-
trative lesions involving the vessels in the brain and the
accurmlations of lymphocytes and monocytes in the veriport-l
areas of the liver in MCF, The vascular lesions nay be found
variably in several other organs in ICF; however,lsirce
Ramsey(195¢) has reported a necrosis and monoclenr cell in-
filtration of vessels in mucosal disease, care must be taken

in interpreting such lesions. It avvears that the vascular

lesions are much more widelv distributed ~nd nrominent in ICF
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Also, necrosis in the media is not as marked in 1CY¥, but rather
there is a proliferation of the adventitia and, often, cne
dothelial and medirl cell accurmlations are found.

In mucosal disemse a decrease in monocle~r cells and
sometimes coagulation necrosis in the lymph nodes have been
revorted (Ramscy, 1956); reticulo-endotbelizl proliferation
and sometimcs hyperactive lymphatic follicles are observed
in ¥CF,

The capsular accumulntions of monocytes ond lymphocytes
around the glomeruli of the kidneys in IMCF may Ye of value.
Possible =aid may be found in the slight or absent inflammatory
infiltration of the lamina propriz of the oral epithelium in
rmicosal disease (Ramsey, 1956); marked accumulations of
cells are found in the dermal pavillae in MCF., The stratified
squamous epithelia in mucosal disease undergo a focal necrosis;
in MCF »rcliferation of erithelial structurem and ballooning
degeneration leading to vesicle formztion are seen. Yecrosis
and crypt abcesses which occur in the digestive tract in
mucosal disease nre not seen in MCF, Secondary cempnlications
are rsre in MCF and rather cormon in mucosal disease.

Rooney (1957) described a mucosal disease in Virginia
very similar to the syndrome described in Iowa except that
morbidity aporoached 100 percent. Ballooning\degeneration
of stratified squamous enithelia was observed.

VIRUS DIARILIKEA
Olafson et al. (1946), Olafson and Rickard (1947) and

Baker et al. (1954) have described virus diarrhea irn Yew
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York as characterized by easy transmissibility , high mor-
bidity, and low mortality, These feotures are opposite to
the difficult transmissibility, low morbidity, and high
mortality observed in IiCF. The principsl gross lesions
of virus diarrhea are erosions of the muzzle, oral cavity,
egsophagus, aquasum,,and cecum, lNemorrhages may be found
in the omasumn, abomzsum, small intestine, cecum, subcutaneous
tissues, epicardium, and vagina. It aprears thst the msajor
lesions are limited to the digestive tract in virus diarrhea
whereas they are widely distributed in MC¥. Cornenl omacity
and skin lesions (yapulation, reddening, snd scabbing),
commonly observed in ICF, are not features of virus diarrhea.
Clinically, the rarity of diarrhea in MCPF is important.

Virus diarrhea (Indiana), described by Fritchard gt al.
(1956) 2nd Carlson et al. (1957), appears to be very similar
to the disease described in New York,although;immunologically
different. Qarlson et al. (1957) described the pathology of
the disease in Indiana. The histopathologicnl comparison
of lesions in the squamous epithelia is indeed interesting.
In virus diarrhea, sharply defined sreas of necrosis and
vacuolation of the epithelium and mild ccllular infiltration
of polymorphonucle=r leucocytes in the papillae occur, This
contrasts to the marked cellular accurmlations of_lymphocytes,
monocytes, fibroblasts, and proliferating capillary endothelial
cells in the papillre and hyperplasia and ballooning degener=-
tion (which may lead to vesiculwation) in the epithelium in

MCF. The wide distribution of lesions in MCF should rule
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MCF. The wide distribution of lesions in MCF should rule
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erosion in the forestomachs and large intestine, znd, occasion-
ally, hemorrhage and erosion in the bladder. Since one or
more of these features may be absent in any given case; his~-
topathological examination may be of walue. Lesions gf affccted
mucosae in IBR are characterized by a surface accumulaticn
of exudate with or witlout erosion of the epithelium. The
submucosa is edemntous and infiltrated with polymorvhonuclear
leucocytes, lymphocytes, and monoclear phagocytgs..fﬁyperemia
and hemorrhage are common., Lesions of the nasal Wassages
in MCF are somewhat similar, In contrast to IBR, lesions
of the stmtified squamous epithelia in MCF consist of pro-
liferation of epithelial cells, dense subepithelial ceill
accumulations (not containing polymorphonuclear leucpcytes)
in the dermal papillaze and perivascular areas, and ballooning
degeneration and vesicle formation of the epithelium followed
by erosion. Elsewhere, the constant portal 1esions‘in the
liver, perivascular cell accumulations in the brain, and
irregularly distributed vascular Ie sions found in MCF should
make a definite differentiation possible.
HYFPERKERATCGSIS

Olafson et al. (1947) has described hynerkeratosis or
X-disease as a chronic disease charactgrized by depression,
emaciation, znorexia, and a thick, dry, wrinkled skin.
Pathologic changes observed were paplllary proliferation
and fibrosis of smell bile ducts, thickening of the intcstinal
micosa, and cystic dilatation of the renal tubules. The

skin lesions are due to hyperkeratosis. Gibbons (19429)



described an acute form choracterized by ulcerative ston-
atitis. Salivation, lacrimation or mucopurulent ocular
discharge were present. Morrill and Link (1950) revorted
that animals may die without showing ckin lcsions and yet de
affected internally. It wes fgrther reported that ulc=rative
lesions may occur in the mouth, csophagus, and true stomach.
Nephritis may be a feature of hyperkeratosis. The skin
lesions obgerved in MCTF consist of scabbing and erythema
in many external areas. Diffuse thickening of the integument
was not observed in MCF. Casesg of the "head-and-eye" form
should not present a diagnostic problem. The temperature
elevation (106 F.) is characteristic of MCF; temperature
elevation is not a feature of hyrerkeratosis. Hemorrhage,
congestion, and ulcerations in the forestomachs and large
intestine are suggestive of MCF. ZEroslions and hemorrhage
in the bladder and enlarged hemorrhagic lymph nodes, which
may be found in MCF, have not been observed in hyperkeratosis.
Microscopically, there are no similarities between the two
diseases., XIpithelial hyperplasia in the renal tubules and
colummar epithelial structures in the digestive tract and
squamous metaplasia in the genital organs have been described
as features of hyperkeratosis (Olafson ¢t al., 1947; Gibbons,
1949; Morrill =nd Link, 1950; Smith and Jones, 1957), but
have not bYeen observed in MCT.
FOOT AYD IIOUTII DISTEASH
Toot and mouth disease (FHD) is an ever present thrent

in this country. Since there are certain points of similority
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between FMD ond 1CTF which may cause confusion, it is well to
consider the differential festures. Clinically, FIf) is on
epizootic disease; IICF is enzootic. In cattle, the vesicular
lesions of IFMD hove a characteristic distribution over the
lips, dorsum of the tongue, palate, coronary band, vulva,

teat, conjunctiva, and forestomachs (Smith and Jones, 1957).
Although microsconic vesicles have been observed frequently

in MCK, macroscoric vesicles have not been observed in any

of our cases. It is interesting to note that in both diseascs
the vesicles originate from ballooning cells in the epithelium,
The orel cavity usuzlly shows = widespread necrosis rgthex
than a charscteristic distribution as in FID. Histopatholo-
gicaily, the accumulation of cells about the blood vessels
and in the dermal papillase in MCF would seem to be a differen-
tial feature. Evidence of proliferation of squamouslcpithelium
and_epithelial cells of adnexal structures may be noted in-
MCF. The intestinal tract may be involved‘in,both diseases;
however, in FMD the lesions consist of punctate hecmorrhagts
and edemz in the abomesum and small intestine, whereas in
MCTF erosions:may also be found.

The hyaline degeneration and necrosis of eardiac muscle

along with infiltrations of lymphocytes and, occasionally,
neutrophiles described in ¥FMD are not found in MCF; rather,
vascular proliferative and infiltrative leslons are observed,
Necrosis is also found in the skeletal muscles in FMD; again,
in MCF occasional vascular lesions are found but necrosis of

muscle fibers is not observed. Additional differential aids
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in MCF are tle regularly observed vasculsar lesions in the
brain and periportzl cell accumulations in the liver; thle
lamina propria and vasculature of many other organs are more
variably affected by proliferative and infiltrative processes,
VESICULAR STOMATITIS

Vesicular stomatitis (VS), another of the epithelio-
tropic diseases, moy resemble MCIF. The eplzootic nature and
low mortality of vesicular stomatitis are contrasted to the
enzootic occurrence and high mortality of MCF., The nasal
and ocular discharge and corneal opacity, common in MCF, are
not seen in V8. As with foot-and-mouth disease, vesicles are
observed in VS of cattle but are of short duration; they quickly
rupture leaving denuded areas (Chow gt al.,1951). In contrast
to MCF, the vesicles arise primarily by a process of spongi-
osis rather than ballooning degeneration., Differentiation
of these two disease should not be a problem due to the
systemic distribution of legions in MCF, Skin lesions in
themselves may be of differential diagnostic value since in
MCF there may be proliferation of epithelial cells in the
skin and adnexae as well as prominent cellular accumul=aticns
in the dermal papillze -nd around the blood vessels.

LISTEIRIOSIS

The differential diagnosis of those diseases in which
encephalitis is feature will be considered gext. Of the
common symptoms of listeriosis (Gray, 1954), pushing against
objects, cirecling, incoordination, torticollis and uncontrolled

running motions h-ve not been observed in MCF., Cn the other
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hand, the following lesions comonly observed in ITCF are not
features of listeriosis; bilateral corne~l opacity, skin
lesions, reddening -nd erosion of muzzle, reddening of the
udder and vulva, and vapules, particularly of tlhe neck and
udder. Few gross lesions are observed in listeriosis on
vost-mortem examination., Occasionally, there may be slight
elouding of tre meninges or pin-point grayish white foci

in the brain; rarely, fatty liver, duodenitis, snd pulmonary
edenma are seen., In contrast to this, one often finds marked
lesions invo;ving several systems. Commonly, the digestive,
reproductive, respiratoery, urinary, and lymphatic systems are
involved macroscopically, Microscopically, the brain lesions
of listeriosis are characterized by perivascular cuffing with
lymphocytes and monocytes and areas of focal necrosis containing
also a few heterophiles; in some instgnces these foci.border
on or actually show early suppuration. The brain lesicns in
listeriosis tend to be confined to the brain stem; in MCF
they "are generalized. One cannot always differentiate the
vascular lesions in the brain in MCF from listeriosis with
certainty; neither focal necrosis nor focal suppurstion,
however, have been observed in MCF. The pantropic distri-
bution of lesions in MCF coupled with perivascular brain
lesions appears to be a solid basis for diagnosis., Porti-
cularly valuable are the constant periportal cell =2ccumui-
lztion and the less constantly found lesions in the lymph

nodes, adrenal glands, kidneys, and str-tified epitihelia.,
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SPORADIC ROVINE LINCEPHALONYFLITIS

Sporadic bhovine encephalitis (SBE) bears meny similor-
ities to MCF. DMcNutt and Waller (1240), Menges et al. (1953),
and karsiifield (1957) have described SEE. In bot! disenses
temperature elevation, marked depression, discharge from the
nose ond eyes, and course (1-3 weeks) may cause confusion,
Of course, o typiczl case of MCTF with corncal opacity and
mizzle, oral and skin lesions should not present a »problem.
Even in the less obvious cases of MCF, scattered erosions,
congestion and hemorrhage in the digestive tract, 2nd erosions
and hemorrhage in tle bladder are cf dimmnostic assistance.
Fibrinous pleuritis, peritonitis, vericarditis, and epicsrditis
are commonly observed in SEE and not in ICF. The mortality
rate in SEE varies from 40 to 70 percent whereas it approaches
100 percent in MCF. Fnlarged edematous lymph node:s . are
desceribed for S8Z bv MeNutt and Waller (1940) and Harshfield
(1957); sinilar lesions are observed in IMCF. Iicroscownically,
the serosal inflammation in SEI consists of infiltration of
mononuclear cells, occasion=l neutrophiles, and eosinophiles;
fibroblastic and endothelial »nroliferation are zlso observed.
MeNutt and Waller (1940) re ported that the liver and kidney
gometimes contain. pmonocytic focecis arshfield (1957) described
1liver and ¥idney lesions in which lymvhocytes vredominated.
In MCF, cell accumulations wzre commonly around the glomeruli
and vessels.of the kidney (mainly lymphocytes and monocytes);
liver lesions were confined to Ihe portal trinity zather

then bPeing-locatéd in the prrecnchyma as in 33%. In either
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case, the vascular involvement in the liver ~nd kidneys would
seem to be of diagnostic value in MCI'. Icliutt and Taller
(1940) described the microscopic brain lesions in S3E as
primarily nerivascular monocytic cuffing, focal areas of
monocytic infiltration,_and some areas of liguifaction
necrosis. Menges et al. (19563) and Harshfield (1957) re-
ported additionally that the cuffing cells were occasionally
polymorpronuclear leucocytes and that the endothelium showed
proliferative changes., In MCF the cuffinz cells were Dre-
dominatly lymphocytes and menocytes. Focal areas of monocytic
infiltration 'nd necerosis were not features of MCH, Important
histopathiological differential features of MCF are the »ro-
liferative and infiltrative lesions involving blood vesscls,
whiet are distributec wariably throughout the bbdy, and also
the proliferastive and infiltrative lesions of squamous eni-
th=lium; in some coses ballooninq.degeneration and vesiclc
formation may be noted (grossly normal epithelium may show
these microscopic features)., Demonstration of theAelementary
hodies in the brain and serosal exudates in SI3E is, of course,
of value.
RABIES

A situation misht arise wherein tiie differentiation of
ICF and rabies is necessary (e.g, where the head alone is
gsubmitted for examination or an atywnical case of MCF is mre-
sented). Certainly, nervous symptoms may be evident in both
diseases. Omith and Jones (1957) state that the lesions of

- - » - -
rabies are microscovnic and limited to the central nervous
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system. Lesions of MCF usually involve several systems.
In the event that only the head werc available microscopic
lesions in the oral cavity and muzzle may be found even
though gross lesions are not recognized. The microsconic
lesions of rabies in the central nervous system are described
as varying from early nscrosgis of neurons to a diffuse en-
cevhalitis consisting of werivascular cuffing, neuronophagic
nodules, and other indications of destruction of neurons.
Acidophilic intracytonlasmic inclusion bodies in the neurons
are considered pathognomounic of rabies., The changes arc most
prominent in the brain stem , hippocampus and Gasserian
ganglia. In MCF, marked and diffusely distributed peri-
vasgular lesions with little evidence of neuron destruction
are the prominent findings. The formation of "BabQS»nodules"
in the Gasserian ganglion — a revlacement of the nerve celis
by nodules of proliferating cells - was described by Lapi et
al. (1954). The most prominent changes were a marked DIro-
liferation of ca»sular cells and, in some cases, mild
infiltration of lymphocvtes and plasma cells in rabies. IEx-
amination of sections of Gasserian ganglia in cases of MCF
indicated that, in some cases, proliferation and infiltration
involving the blood vessels occurs; however, the profuse
proliferation of capsular cells forming cellular nodules
as in rabies was not a2 feature. In most instances, the
history, clinical findings, and systemic distribution of
the lesions in MCF should constitute an adequate basis

for diagnosise.
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IEPTCSPIRNOS IS

Inasmich 28 the presence of Le-tospira catarrhalis

has been report¢d in the digestive tract of animals affected
with MCF (GBtze, 1940) and in view of the fact that certain
lesions of leptospirosis resemble lesions found in MCr, it

is well to consider the diagnostic features of these two
diseases. The clinical oicture of leptospirosis may vary
greatly. The principal symoptoms of bovine leptospirosis

are listed as fever, anorexia, depression, diarrhea, anemia,
icterus, hemoglobinemia, hemoglobinuria, oligogalactia or
agalactia, emaciation, and abortion (Reinhard, 19513 Rein-
-hard and Hadlow, 1954), Of thece, diarrhea, anemia, icterus,
hemoglobinemia, hemoglobinuria, and fatal abortions are not
features of MCH altheugh hematuria, nrobably due to hemorrhage
in the bladder, is not uncommonly observed. The pathology

of acute hemolytic leptospirosis includes; icterus, subepi-
thelial, submucosal, and subserosal hemorrhages, and enlarged '
apleen (Reinhard, 1951; Reinhard and Hadlow, 1954). Generally,
the liver is discolored and the kidneys oresent a mottled or
white spotted aprearance-apparently very similar to lesions
obgerved in Africa in cases of ICF,

Histopathological features of 1eptospirosis have_been
described by several authors (Jungherr, 1944; Mathows, 19463
Ungar and Bernkopf, 1947; Baker and Little, 1948;_Reinhard,
19513 Cordy and Jasper, 1952; Re inhard and Hadlow, 19543
Hadlow and Stoenner, 1955), Changes in the liver include

necrosis and hemorrhage, infiltration with neutrophiles



72

and mononuclear cells, hcpqtic cord disorganization, clolangi-

tis, and distention of Kupffer cells with blood pisment.
Lesions described for the kidney included tubular necrosis;
lymphoid and mononuclear cell infiltration; foci of tubular
hypertrophy, albuminous dezeneration, pigmentation of the
renal tubula; epithelium, syncytial aggregates of cosino-
philic cells, proliferating tubular cells, and multinucleated
giant cells. DMicosal hemorrh=gec, necrosis, and ulcer forma-
tion were found in the abomasum. Splenic hemosiderosis was
sometimes a vnrominent feature, As differential features
found in MCYF, one may therefore cite the constant vascular
lesions in the brain which were more variably distributed
in other organs, collections of lymphocytes and monocytes
and bile duct »sroliferation limited to the portal area of
the liver, epithelial proliferation, ballooning degencration
ond vesicle formation in the squamous epithelium, and the
cellular accurmmulations in the lamina propria of many organs.
It is evident that macroscopic differcntiatiqn would not be
a problem in the typical "head-and-eye" form. Skin lesions
found in some cases of MCF¥ are of dingnostic value., Although
culture and demonstration of the 1eptospiras‘may be utilized,
differentiation may well be made on clinical, historical, and
nathological features,
INTZCT IOUS KORAT Q-COWJUNCTIVITIS (POK-EYT)

Inasmuch as the eye lesions observed in MCF are very

gimilar to those in infectious kerato-conjunctivitis, it is

well to consider a few features of diagnostic importance.
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Clinically, MCF has a high mortality and a low morbidity in
contrast to "pink-eye"., The eye lesions in "pink-eye" mayv
be unilateral which is not true of MCF., Signs sucl as
epiderral involvement, oral erosions, and temperature
elevation to about 106 F. should aid in elimin=ting the
former., On post-mortem =2xamination indications of systemic
involvement will rule out infectious kerato-conjunctivitis.
SUMMARYY AND CONCLUSICNS

The epizodtiologic, clinical, and pathologic features
of MCT, as observed in this study, are singular enough to make
possible a differential diasgnosis from rinderpest,‘disgﬁses
of the mucosal disease complex, the vesicular dizeases, lis-
teriosis, sporadic bovine encephrlomyelitis, rabies, lepto-
spirosis, and infectious kerato-conjunctivitis. The pathqlpgin
cal features are particularly characteristic, if not unique,
in naturc and distribution, An important dis-nostic combination
of microscopic lesions which are constantly found are the
ccllular accumulations around the portal trinity of the liver
and the perivoscular cuffing with lymphocytcs and monocytes
in the brainj other diasnostically imvortant lesions =re the
eoithelisl hynerplasia of the eﬁidermis and gdnexac, ba}looning
degeneration and vesiculation »f tlre squamous epithelia,
nroliferative and infiltrstive lesions in the lamina nrovria
of several organs, and the vascular lesions variably distributed

throughout the body.
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IV. COMPARISCN WITH SIMILALN SYNDNOIES T CTIZT COUTTITS

Tliere has been much controversy o~ to tre identity of
"snotsiekte", as deseribed in the Union of Sout’ Africs, and
MICF «s rerorted by otler investirators. 'fe should like to
examnine the work dealine with snotsiekte as well ~s the remnorts
of researchers in other countries wlho Yiave investismted ICF
in order to establish, if nomsible, the rel-tinnshiz of
these syndromes witr MCF as observed in our studies.

UNION CF SQUT= ATRICA

Mettam (1923) described o disense of cattle in S. Africa
which he called "snotsiekte", zas "an acute snecific infectious
disease of cattle crused by an ultramicroscopic but non-
filterable organism and characterized by 2 general hynerpl-sia
of lymphoid tissue throughout the body, less frequently by
inflammation, erosion, and necrosis of the various mucosa,."

He believed that snotsieckte and MCF were separate entities

and made the following distinctions;g (1) MCF occurs svoradicnlly,
(2) there is an absence of marked lymphatic changes in MCT,

(3) the horns often fall off in ICF, (4) there is a vesicular

or papular exanthema in MCF and, (5) snotsiekte can be re-
produced after a 2-5 week incubation period. Tlat MCF occurs
only sporadically and often enzootically is born out by our
experience, Mettam deseribed the marked 1ymphatic changes

as a generalized enlargement of the lymvh nodes up to the

size of a clenched Tist; the nodes were creamy-pink to a

diffuse port wine color; cortical elevations up to 1.6 cm.
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in diameter were present. Mettam belicved theose chanzes to
be pathognomonic. Histologically, the germinal centers werec
overcrowded with lymphocytes. We observed changes somewhsnt
similar to those described by Mettam except that they were

not as marked. The nodes exhibited mild to moderate swelling;
no cortical elevations were noted, Microscopically, hyper-
active follicles were observed in some casess in other instances,
the nodes were deficient in lymphocytes. Marked reticulum cell
hyperplasia wag often evident in our cases.

Grossly, skin lesions were commonly observed in our cases
whereaslMettam did not observe such 1esions, Microscoyically,
Mettam described colonies of small lymphecytes in thg dermis
and around blood vessels in the epithelium. The cellular
accumlations were of a more varied composition in our cases
and proliferation of enithelial cells was very prominent_in
early lesions; in addition, vesicl@s were observed in the
squamous epithelia. "However, since Mettam may have observed
only the more advanced cases, proliferation and vesiculation
may not have been present due to necrosis and sloughing of
the epithelium.

Lesions in the oral cavity and digestive tract in snot-
siekte were grossly simil:r to those observed in MCF, Micro-
sco ically, activation of lymphoid elements was stressed by
Mettam. In our cases, the lesions were'r¢lat¢d to wvascular
structures and consisted of cell accumulnations whichAwere
primarily lymphocytes and monocytes; in additian, endothelial

and a2dventitial proliferation were often present.
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Grossly, the lungs in the cases of snotsiekte displ=ayed
numerous grayish dots which, microscopic=2lly, wnroved to be
lymphoeytic foci around the vessels and near the bronchial
cartilages. Gross lesions were not prominent in our cases,
but, microscopically, proliferative and infiltrative lesions
were found in the lamina dropria of the bronchisl mucosa
and involving the blood vessels.

Mettoam described pinkish-white granules in a few cases
in the heart which, microscopically, proved to be colonies
of small lymphocytes most noticeable near the capillaries,
No gross lesions were found in our cases, but, in some cases,
lymphocytip and monocytic cell accumulations involving the
bloecd vessels were noted microscovically,

In the 3. Africaon cases the pancrens hresented a pink
granular appecrance:; microscopically, the interstitial con-
nective tissue contained lymphrocytic foci. No gross lesions
were observed in our cases; hovever, mild hyperplasia of the
duct epitrelium 2nd underlying tissue nnd activation of
capillary endotlelial cells were occasionally observed.

The liver was severely soffected in every cnse according
to Mettam. This organ was described, grossly, as greatly en-
larged, deeply bronzed or yellow, and containing soft putty-
colored areas. A pink grznular or mottled appenrance was
listed =2s a Ppronounced feature. Microsecopic examination re-
verled numerous colonies of lymphocytes in the connegtive
tissue of the nortal system which, in some instances, covered

the whole microsconic field and nushed between the hepatic
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cells. The description differs somewhat from chong=s found
in our c=azes inasrmuch s, mo.crosconiczlly, the liver showed
only vorenchymatous changes., Microscopically, sections in
our cases contained cell accumulations limited to tha peri-
vortal smoces. This hypercellular mass was comnosed of main-
ly monocytes and lymrhoeytes although eosinophiles weore
sometimes prominent. Hyverplasia of biliary epithelium was
not infrequentiy observed.

In the gspleen, Mettom observed "split nea size" Mal-
pighian bodies whick, ~gain, »roved to be dense accumulotions
of lymphocytes. Small colonies of lymphocytes were found nenr
the blood vessels of the trabeculae and capsule. Large
numbers of Unna's nlasma cells and nolymorphonuclear leucocytes
were present. In our cases, this marked lymvhocytic gctiyity
was not observed; occasionally, the capsule and trabeculac
were infiltrated with lympvhocytes and monocytes.

Mettam described lesions in the kidney which were ot
variance with our findings. Fe stated that the cansule stripyed
withh difficultys; the surfoce was mottled with soft yellow
areas snd numerous white foci up to 3 mm. in diameter. Histo-
logically, eompressed strins of kidney tissue were found be-
tween lymphocytic foci which sometimes covered_the whole
microsconie field. Iymphoid cells and many plasmn cells were
found in the éapsule. In our cases, such gross lesions were
not observed. Microsco.icolly, cellular wcpumulations af
lymphocytes and minocytes were found infiltrating and surroun-

ding the blood vessels =2nd glomerular cansules.
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The lesions were not ns widesnreod or severe -s those des-

cribed by YVettam,
Mettam noted that the urinary bladder wos often swollen
epnd deep red; in .some cases small erosions were found. The

ureters were norm:l. Microsconic lesions were not renorted.

Marked thickening and diffuse hemorrhagic infl-mmation of
the blodder were frequently observed in our cases. The antire
walls of the bladder and of the ureters were often edem~tous
and contained cell ~ccurmlntions comnosed of lymvhocytes,
2lnsm~ cells, mrerophrges, ~nd eosinonhiles; fibroblasts
were increased in number,

Mettoam described the sexu~l organs as deen red in crlor
with =zmsll pinkish osress wiich, microscopically, were foci
of lymplocvtes. I zlso renerted ercsicns of the micosa of
the shcath of the male and the floor of the wvulva of the
femele, Reddening and occasional erosions were observed in
the external femsle genitalia in our cases, MNicrescopically,
we observed infiltrating cell accumulations primarily of
monocytes and lymphocytes snd proliferantion of adventitial
and endothelial cells in blood vessels in the sexual organs
of both sexes.

Mettam described perivascular cuffing with lymphocytes
in the brain. Cell sccurttla.ions affectinz the blood vesscls
in the brain were composed primarily of lymyhocyt.s and mono-
cytes in our cases,

Pilateral corneal opacity was reported by Mettam., Mi-

eroscoricelly, he found sn incresse of smell lymvhocytes in
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the substantia propria. In our cases cornesl opacity vas
common. Agsin, we found = more varied collection of ec-lls,
which were primerily lymphocytes snd monocytes, although sig-
nificart numbers of eosinoihiles and Tlasma cells were present.
Connective tissue cells were increased in number. Iesions in
our cases invclved ihe eyelids, conjunctiva, cornes, lamins
propria, sclers, iris, ciliary todies, and optic nerve.
Lesions were often prominent about blood vessels.

In summary, we mey say that the distribution of lesions

is similar in the disease as described in both countries.,

There do appear to be some macroscorie variations such as

the mottling of the liver and kidneys and the marked lymphatic
activity which are features of snotsiekte,

Microscopically, Jhe cell accunmulations found in MCT are
more varied. Mettam stated that "the :foci are mostly formed
of cells which are analogous to the smell lymphocytes of the
blood. Rarely =re found neutrorhile leucocytes, monocyvies,
large lymphocytes snd plasma cells," 'he marked cell pleo-
morvhism encountered in our ceses wos not mentioned in lMe.tam's
work.

KENYA

Daubney and Hudson (1936), workers in Kenya, described
a disease which they ezlled bovine malignant catarrh, Their
descrivtion elosely parsllels Mettam's description of snotsieke
te, In man, of ihe cases reported, there was no nossibility
of contact between the ~ffected eattle and wildebeest — which

hac occurred in Mettam's cases. in transmission studies, they
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found that the transmissibility voried greatly between isolaces
which helps to reconcile the contlicving results which have
been obtained in the transmission studies of other workers.,

Grossly, the intest.nal tract did not show any great
variation from the lesions found in our cases. Microscopic
findings i:n vhe intest.ne were not revorted. An 21lmost con-
stant finding was a mottling of the liver which, microscopically,
proved to be collections primarily of lymphocytes distributed
perivascularly in the portal canal. ‘Ihe kidneys alwsys were
mottled with large white or yellow infarcts. ILarge collections
of lymphocytes were observed. '[he gross lesions 1in the liver
observed by these workers were uct seen in our cases, White
focal areas were observed in Lhe kidney in one of our caces.
Microscopically, we observed collections of lymphocytes and
monocytes eonstantly in the periportal' areas of the liver and
more veriably around the blood vessels snd glomerular capsules
in the kidneys.

1he urinary bladder in the E., African cascs was described
as intensely hemorrhrgic, the hemorrhages varying frem pe-
techize to extensive extravasations. These lesions elosely
resembled those observed in our cases. Ne microscopic findi.ngs
were reported. Grossly, the macroscopie changes in the res-
pirstery system described im Kenya were very similar to these
observed in our cases. Daubney and Iudson did net report on
the microscor.c findings.

Daubney ~nd Hudson reemphasized the marked enlsrgement

of the lymph nodes observed by Mettam. In 2ddition to congestion
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and hemorrhage, protuberant lymphatic follicles were described.
This marked lymvhecytic sctivity wss not a festure of our
cases; 1n some cases moderate activity was present cnd in
ethers, lymphocytic exhaustion occurred. she marked reticule~
endothelial activity ebserved in most of our cases was not
described by Daubney and Fudson., Observations of follicular
enlargement in the spleen were zlso reported, which, agein,
were not observed in our cases.

rhese workers summarired the histolegical findings as
a rerivascular infiltration of all organs with l.mphocytes
and morked procduction of small lymphocytes in the lymph nodes.
No proliferative lesions of vascular or evithelisl structures
2s feund in our cases were mentioned,

Plowright (1953) described the pathology of MCF in
Kenya also. He rerorted = rapid devletion of small lymphocytes
from the spleen, lymphstic glands, =2nd, possibly, the intes-
tinal lymrhatic tissue. Also present was an .nitense stimulatien
te proliferastive aectiviivy of lymphocytogenous elements; re-
tieulum cells of the hemapoietic system =nd primitive cells
throughout the body formed lymphocytes and intermediate cells
which were difiicult to classify. ‘he predominantly perivas~
cular distribution of lesions outside the lymphatic tissue
wes attributed to the ocecurrence of undifferentiated cells
in these areas., Plowright further described dense moncnuclzar
cell infiltrations of blood vessels; this stands in contrast
to the observstions of Mettam who stated that "rarely are

found neutrothile leucocytes, monocytes, large lymrhoeytes,
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and plasma cells," Skin lesions, which were trecuently en-

eountered im our cases, were never encou.ntered in the Kenys
cases. 'he parenchymatous organs cemtained lymphoecytic and
macirephage accumulatiens. Gress lesions were not described

in the liver, Vesicular foci with hemorrhegic borders were
observed im the kidneys. In our cazses, preminent liver lesions
were net obgerved macroscopically, White focal areas were
foeund in the kidmeys in one of our cases,

Plowright observed degeneration, diffuse necrosis, and
macrophage infiltrations in the adrenal glands. We found
predeminantly vascular lesions most evident im ithe capsule
but also observed in the periadrensl and parenchymal tissue,
the adjacent tissues were cften disrupted by accumulations of
predominanil}y lymphocytes and menocytes. Plowright reported
that destructien of connective cissue and smooth muscle
was observed not only in the bleed vessels, but zalse im the
capsule and trabeculae of the spleen and lymph nodes, im
lecse subepithelial comnective tissues, in the meninges, and
in the smooth muscle of ithe wall of hellew viscera. This
process follewed s heavy infiltratien of lymphocytes. Vvery
similar disruptien and destructien of connective tissue and
smooth muscle occurred occurred in our cases.

Plowright reperted subepithelial and perivascular lymphoid
cell aseccumulatiens im the surface epithelia. In our cases,
more varied cell accumulatiens were observed zlthough lympho-
eytes were often plentiful,

Meningoencephalitis was common in the cases observed
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by Plowright; the microscopic lesions were primarily vascular
and perivasculsr, WHe cbeerved mononuelear cell infiltra.ion
of the choroid plexus in rabbite; we observed similar lesiens
in field cases in cattle, Meningoencephalitis was present
in all of eur cases,
EUROTE

Many European worker have described the pathelegy of
MCF. Ackerman (1922) reported proliferation, necrcsis, and
vegsiculation in the cornea. Frank (1924) confirmed these
findings although, he was not able teo demenstrate evithelial
defects, Ir our cases, the lesiens closely paralleled the
findings eof Frank and Aekerman; we did net note vesicle fore
matien im the eye but vesicles were feund im other sguamous
epithelia. Debberstein and Hemmert-Halswick (1v28) deseribed
the lesiems found im the oral cavity.: Am inflammatery cell
infiltratien was regularly observed in the tunica propria,
in the vicinity ef small bleed vessels, and in the imterstitium
of the muceus glands. +the cell cellectiens were composed main-
1y ef lymphecytes, plasma cells, and histiecytes. Hesinophiles,
heterophiles, and mast cells were present im smaller numbers,
Endethelial cells displayed a distinet stimulatien. ZEpithelial
cells were undergoing ballooning and reticulatving degeneratien
leading te formatien of vesicles which eften contained hetere-
philes. Russell's bodies were seen., It is cvidént that this
descriptien clesely parallels our findings with the additien
that some epithelial hyperplasia was obegerved, partieularly

in early lesiens,
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PATMS i INK
Pattisen (lv4ao) believed ihe hiscepa.hological feaiures
ef MCYF as 1v cceurred im Palestine suffieciently different teo
warrant g descriptien of his findings and a cemparison te
the reperts of other investigators. The features which he
described closely parallel those observed in our cases.

Infiltrations ebserved in the liver were compesed of ~
lymphocytes,.m@nmnuclear cells,~plasma‘cclls. eccagional
eosinophiles, and rare heterophiles‘confined within the port-:
areas. DPattison neted that Mettam (1923) and Daubney and
Hudsen (1936) had stressed the lymphocytic infiltrations
of this orgsn., Pattison reported infiltratiens ef lymphecytes,
moneclear cells, and, occesionally, plasma cells related te
the blood vessels znd glemeruli im the kidneys, His findings
clesely resemble ours,

He did net observe the marked lymphocytic activity reperted
by Mettam and Daubney and Hudsen. Psttisen commented on this
observation as compared te_the marked inqreasc in 1ymphocytes
oebserved by the African investiggtars. He failed to find any
marked lymphocytic sctivity im the spleen,

A widesvpread non-purulent encephalitis was present in
2ll 8 cases investigated, primarily evidenced by vascular
infiltrations which were cemposed of lymphocytes, larger
menoclears, and plasms cells., Only slight degeneratien of
eccasional nerve cells was noted,

FINLAWD

Stenius (1952) presented an extensive study ef MCF in
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Finland. The description closely perallels our findings.

The disease observed in Finland was of sporadic occurrence,
Skin lesions similar to those seen in our cases were found.
Slight to moderate swelling of the lymph glands vas observed;
marked enlargement and follicular rrotubersnces as described
by Mettam (1923) and Daubney and Hudson (1956),were not
described. Stenius observed small grayish foci in the liver
in the majority of cases and, eccasionally, in the kidneys.
In our cases, the foci in the liver were not observed. In
one cases we Tound grayish foci in the kidneys.

Stenius reported the lesions of the oral mucosal membranes
a8 an exudative and proliferative precess in the pronria
mucosae., The infiltreting cells were listed as_leucocytes
(eosinephilie and neutrophilie), lymphoid cells, isolated
plasma cells, snd histeid elements, These cells were found
imn the perivascular lymphatic spsces, connective tisgsue
papillae, and interstitium of the muceus glands. Blood
vessels were the csite of endothelial gwelling 2nd cell divi-
sion vhenemenz. In some areszg, & newly-rgproduced granulatipg
tissue consisting of eosinephilic and neutrophilic leucecytesy
histoid cells, and fibroblasts was observed., Very similar
charg es were found in our cases.

Stenius found edems, infiltratien with leucocytie cell
elements, and proliferating histogenocus cells in the propria
mucosae of the nasal mucous membranes, Lymphoid cells

surrounded srterioles and smaller veins ~nd regressive

alterstion in the endothelizl cells were noted, Similar
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changes were observed in our cases.

Hyperemia, edema, and infiltration of leucocytic cells
adjoining the cornezl limbus were described in the eve.,
Ballooning and reticulating degeneration =nd, occasionally,
small vesicles in the stratum spinosum were found.

Exudative and proliferative lesions were described in
the portal ~rens of the liver. Tesinophilic le2ucocytes were
predominant in some cases. The marked lymphoid.cell infil-
trations described in Africa were not observed, DPerivascular
infiltrates consisting of lymveid cells, leucocytes, and a
few plasme cells as well as vroelifer-tion of adventitinl cells
in the kidneys were described. Again, the marked lymphocytic
feci obgserved in Africn were not revorted, The lesions in
the liver and kidneys are very similar to those found in our
cases; in =2ddition, we found capsular accurmlations of cells,

Marked lymphocytiec zctivity as described in the lymvh
nodes by Mettam and Daubney and Hudson were not reported by
Stenius. He did note reticuloendothelial proliferation in
the lymph nodes. We also observed marked reticuloendothelinal
proliferation; in addition, marked vascular involvement with
capsular and trabecular extensions was noted in eur cases.

Stenius found infiltrates of lymphoid cells, leucocytes,
and prolifération of adventitial cells in the heart, ILesioens
in our cases were similar.,

Stenius observed a disseminated non-purulent meningo-
encephalitis in every c:ses. Perivascular cuffs of lymphocytes,

plasma cells, isolated leucocytes, and adventitial cells were
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found. Focal glial proliferation was observed in some areas,
e also described morked degenerative changes in the nerve
cells,

Central nervous system lesions were essentially the
same as in our cases with the exception that we did not see
pronounced neuronal degeneration,

DISCUSS ION

Mettam's view that MCF and snotsiekte were different
diseases was disputed by du Toit and Alexander (1938), S.
African investigstors. They stated that Daubney and Hudson
(1936) reperted the eccurrence of a disease in young cattle
indistinguishable from G;tze's (1930) mild form of MCF.
Ixtensive skin lesiouns and marked swelling of cthe lymph
glands were found by Daubnecy and Hudson. This disease
was transmitted to a v:riable jpercentage of cattle with
difficulty. Toit ard Alexsnder also referred to Wyssman
(193€) and others wro heve stated that pronounced lymphatic
ckanges do occur in IMCF which, histologically, were not
distinguishable from tle changes found in the S. African
"snotsiekte",

Du Toit and Alexander cited the succesg gflGBtze (1930)
and Rinjard (1935) in trsnsmitting the disease, although
with some difficulty. Thus, they believed that Mettam's major
criteria for separatien ef African "snotsiekte" and MCF (ekin
lesions, enlargement of lymphatic glands, end ability te
transmit the disease) were negatcd. The sporadic nature
ef MCF as vointed out by Mettam wass not discussed, In con-

clusien, these authors stated that "none of the characteristics
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enn which the separation was based in reslity constitute o woll

defined barrier. Frobably the correct conception is te regard
the two conditiens as teing produced by different strzins or
types of the same excitent rodified by adaptation tc different
environment in the twe countries, The S. Africen strain has
established a reservoir in the wildebeest, it seems to be

mere easily trnnsmissible thern the FEuronezn form, znd it also
seens to vresent some gpeeial clinical features," Wyssmon
(1938) also felt that in spite of a few discreprncies the
Eurepean and African diseases were identical or closely
related.

There are features of the Africsn form which differ from
the disecase as observed in N. America., Beginning with Mettam's
findings, we should like to noint out the follewing =zpparent
distinctions; Mettmam emphasized exclusively lymphocytic in-
filtrations and pronounced activity of lymphoid tissues with
greét enlargement of the lymivh nodes. We hrve not found the
prominent liver and kidney lesions which Meﬁ@am_noted.‘ Scho-
field (1941), revorting on the disease in Canada, did not
observe the prominent mottling of the 1iver_and kidney due to
cell infiltrations described in Africa. The epizcotic form
described in Africs is uncommon in this country. Skin lesions
are rare in the Africen form (found only in a fcw cases by
Daubney sand Hudson). Transmissiqn of the African form appears
to be much more easily accomplished. Transmission to calves
has a8 yet not been successful in our cases. Despite these

differences, however, we feel that basically the diseases are
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the same or cla;e;y.related, Many features of history,
eiinical course, and the distribut;on and character of the
lesiens indicate this relationship. Plowright (1953), in
describing therintermédiate cells and menecytes as well as
lymphocytes in the lesions, established another link in the
dhaip of evidgnce“indicg#ing.the identity of the diseases.
The repdrts from Palesiine and Europe are essentially
identical to MCF as we have observed it in this study.
SUMMARY AND CCNCLUS IONS

A cemparison of disease syndromes occurring imn Africa,
Palestine, Eurepe,and N. America has been made., Certain
differential features have been pointed out in the disezse as
described in Africa; however, generally, the features of the
disease are very similar to those observed in our ptudies.
There appears to be littlc if any variations in the syndromes
feported fromﬂEuropg, Palestinc, and N, America. The

differences are more guantitative than gqualitative,

¢
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This study was bmsed on a collesgtion of 30 csves of
bovine waligoaent gutarvbal fever (') ocourring in :Hehigan,
Cf thoso 30 onses, 31 wore ewamimed jostmortem for detcye
wination of the grocs and miercsecpio leelons.

Clinisally, 20 was oharscterised by fever {106 Fe)s Basal
and conjunctival diseharge, gorneal opsaity, erosions of the
muzsle and ornl cavity, merked depreseion, smovexis, rapid
welight lows, sharp arep in milk production in lactating anie
wals, erytlema of the skin (partioulsrly of the udder snd
wvulva] and, oscesionsliy, thiokening and cvscking of the
epitheliun of the teste, tufting of the helr, and hemaxturis,
leuorpenia way be present, & definite sessonsl ilueldence
during the lute winter snd corly syring vas obsoyved. Clie
nioul evidence suggerted that sheed may be cayriers of the
esusstive agent, The disemse was usually fatal in 4 €o 14
daye, aliheugh chronie ecaves were encountered. Abypicsl
ess08 way be misdisgnosed as atypleal meuwonis, lnfecticue
kersto-gonjunctivitis, pasteurelloeis, or as sntltice of the
msgosal disense oomplex.

" pputmeortem ewsuinatien revesmled several grese findings
of dimngnostie imporisnce. Idphthexritic menlranes were goners
ally rwesent im the meesl pussages, rherynx, end trachea,
Seattersed arens of congestisn, hemoyrhsge, shd areslon were
warlably foumd in the digostive trgat snd usually most o
nounsed in the abomssunm ond large intestine,. Tymph nodes,

‘«~:‘f--v‘,-f’wtimxwiy of the hoad But often gemersily, were enlurged,

e adem:touns smd heworrhngle. Iwmorrhsge snd evosien in the

bladder were obsorved in n wminority of sanesj rarely, white

feol were observed im tie kidneywe.



- The histopethclogle ehanges were ehuracterized by pro-
liferative znd infiltrative. shanges, In the cave of squamous
eplithelie these were followed by meercsis. Tke proliferstive
leslons were widely distributed, affooting vaseulsr and e ie
thelial structures, infiltration of monoveytes, lymphoeytes,
eosinoghilean, @lmuﬁn-ﬁallm. and mast eolls vere found in the
ismine propwia of meversl strudturese An inerease in the
munber of fibroblasts was often »rement also. DNallooning
degensrantion 1@ﬁﬁing to vesiculation wne also seen in the
squemous emithaiia¢ This folloved an earlier proliferation
of opithelinl cells of the nguamous epithelis and aduexae.
Enaluwianqhaﬁiaﬁ,.@wavimualy deseribed in Finland, were
found in the majority of smsesi however, their srecificity
is questioned.

The historicsl, ¢linmiesl, amd puthological fenturce of
HYy me oboerved 1lm thie study, avre believed to be eharncters
fatic cndnmh to permit o aiffmw&ntial dingnoasis from rinder-
pest, other dise.ses of the micosal complex, the vesiculey
disensen, listeriosis, mporadic bovine emceshalomyelitls,
leptespircsis, and infootious keratoegonjunctivitis, Ime
portant di gostio mlicroseoi-ic levions are the constant os1d
asoumulatione foumd in the perivertal aveas of the liver
and the perivasoular suffing im the brain, The wide distri-
bution of lsmiaué is nluo an ald in differenti-l disgnosis,

A ecmpurison of the disease obsorved in llchigan with
similar syndromes im uther countrics indiested that although



mimor differences exist (partioulerly in the Africen form)
She shanges are quantit tive umr than gqualitative: there-
MO;, it is fel%d that these syndyomes slould be regavded

ae the same entity on the bLersis of prevent knowledge.



