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ABSTRACT

CLINICOPATHOLCGICAL CHANGES IN CATTLE,
SHEEP, AND RABBITS CAUSED BY A

NORTH DAKOTA BOVINE VIRAL ISOLANT

by Hansjakob Rothenbacher

Mucosal disease, a sporadic but highly fatal condition
in cattle resembling rinderpest has been recognized for the
past ten years. In spite of extensive research efforts 1its
cause and mode of transmission have remained unknown. In
1958 the 1solation of a virus from fecal material of affected
cattle was announced and it was consldered the causative agent.

The characterlzation of this new bovine viral 1solant--
the North Dakota mucosal disease virus--was attempted in this
dissertation. Studies included clinical, hematological,
immunologlcal, serologlcal, gross and histopathological obser-
vations on experimentally 1noculated cattle, sheep, and
rabblts. All experimental animals proved susceptible to the
bovine embryo kildney-cell-culture propagated virus. The
experimental infectlion in cattle was characterized by an acute
monophasic febrile reaction combined with a severe leukopenia
and heteropenia. Other clinical signs of the experimental
infection included partial anorexla, nervousness, tachycardia,

increased respiration, ocular discharge, depression and
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constipation. The experimental infection in cattle lasted
from six to ten days and resulted in the production of
virus neutralizing antibodies measurable in tissue culture
systems and in immunity to challenge 14 days after

the initial 1noculation.

The major gross and histopathological lesions produced
by the North Dakota virus in experimental animzls were con-
fined to the adrenal glands, the gastrointestinal tract,
the lymphatic tissues, the kidneys, the liver, and the bone
marrow. The epltheliotropism of the virus was evidenced Ty
inflammatory and necrotizing chariges of the epithelial

tissues of the gastrointestinal tract and of the varenchy-

2|

matous organs. Inflammatory, necrotizing and re iv
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changes were noted in the lymphatic system. Sim re

09

slve changes were also seen in the bone marrow.

Contact transmission did not occur. Ixperimental
cattle inoculated with fresh blood and organ emulsions of
infected animals failed to contract the infection., Three or
more inoculations of calves with organ emulsions resulted in
immunity to challenge with the tissue-culture-grown virus.

IMunerous virus isclation attempts failed to revssl ine
precsence of the virus in fresh blood, nasal ard ocular cwabs,
mucosal scrapings and fecal specimens of infected cattle.
The virus was recovered from the spleen, kidrneys, and lungs
of two calves six and nine days, respectively, after virus

inoculation.
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The experimental North Dakota virus infection in
cattle did not resemble any of the classical descriptions of
Iowa mucosal disease, malignant catarrhal fever, Ume disease,
parainfluenza-3 respiratory infection, virus diarrhea, or
infectious bovine rhinotracheitis. |

The experimental North Dakota virus infection in sheep
and rabbits was similar but milder in degree and of chorter

duration.
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INTRCDJCTION

The name was chosen by Ramsey and

Chivers (1953) for an aprarently rew cisease synurome recog-

.

nized in Iowa since 1951, in North Daxota

— A

Schipper and
Noyce, 1959C) possibly since 1945, and in other states for
p

several years prior to the above mentioned report in 1953.

Pritchard {(19%55) =tated <hat the diflerence between
the easily transmissible viris alarrhea and mucosal dicsease

was quantitative rafthner fran qualitative, though he errone-

ously thought *he descrirad so-called "Ingiana" virus
diarrhea (Pritchara et a>., 1254) to ne different from the

virus alarrhea earlier reportea by Clafson et al. (124¢) in

e

New Yor<. It was later proved bv Cillespie and Baker (19:53)
that the existing strains of Indiana and New York virus
diarrhea were identical.

With the increasing recognition of clinicaliy and

pathologically similar transmizsible diseaze synaromes in
this country by Wheat et al. (1954) in California; Hoag et

\J"

al. (1956) and Rooney (1957) in Virginia; Huck (1957), Dow

et al. (1956) and Jarrett (1958) in Encland; Hedstrom and

Isaksson (1951) in Sweden; Reinaers (1953) in Holland; anad

Johnston (1959) in Australia--to name Just a few--the term

"mucosal diseaze complex' has been used by many authors to
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include the "Iowa" type mucosal disease and the easily trans-
missible virus diarrheas resembling the cdescrirtion by Claf-
son et al. (1946).

Due to the similarity of both mucosal disease and
virus diarrhea to the potentially dangerous foreign disease,
rinderpest, extensive 1nvestigational work has been carried
out 1in several states to find exact mearis of aifferentiation.
To date, four doctoral discertations have been written aes-
cribing the clinical, gross, and microscopic pathology of

1se (Ramsey, 1950; Whiteman, 19¢0;

Q
-
w
)
v

the Iowa-type mucocsal

971

Trapp, 19¢0; and Bajwa, 1561). In spite of vigorous research
efforts the cause of this mucoral disease is still an enigma
and all attempts to experimentally reproduce the disease

seen 1n the field, or isolate 1ts etiological agent have
failed to yield conclusive results. Serological studies have
shown (Olafson and Rickard, 1947; Ramsey, 195¢) that mucosal
disease and virus alarrhea have no antigenic ana/or immuno-
logical relationship to rinaerpect.

Schipper and Noyce (1959A) ana Noyce and Schipper(1959)
announced the isolation of a mucosal disease agent in bovine
embryo kianey cell culture. This was tne first report of a
cytopathogenic virus 1solated repeatedly from field cases of
mucosal disease, and subsequent investigations by Schipper
and Noyce (1959B) and Barner et al. (1959) indicated a possi-

ble etlological relationship of this virus to the mucosal

disease syndrome.
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It was the purpose of thls 1nvestigation to character-
1ze this North Dakota mucosal disease virus by 1ts clinical,
gross, and microscoplic pathology produced in calves, sheep,
and rabbits. The virus was generously made available by the
orlginal 1nvestigators to Dr. R. D. Barner under whose

guldance this work was conducted.



CHAPTER I

REVIEW OF THE LITERATURE

Gerneral Remarks

uring the past few years many '"new" viral agents

have been 1solated from the bovine specles. 1In order to
correlate research and outline standard methods of classi-
ficatlion of animal viruses, a Committee on Virus Research
was formed by the United States Livestock Sanitary Assocla-
tion (1960). A proposed standard method for serological
identification of viruses was drawn up by this committee in
order to facilitate comparison of results obtalned by dif-
ferent groups of research workers, A coordinator [or each
of the followlng animal specles was chosen: bovine, porcine,
feline, canine, and poultry.

As a part of the future program, 1t was recommend=2
that 1lnvestigators should bte willling to supply virus and
antlserum to a rerosltory for use zs reference in future
research. It was alcso recommended that the Natlonal Animal
Dizease Laboratory at Ames, JTowa, act as the repository arnd

-

as a central agency for these viruses and antisera. In
studying the causative agents of any dlsease the first cstep,
after the 1solation of the agent, should be to determine

whether the new 1solant 1s identical to, or different from,
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agents already obtalned by other groups of investigators.

Our present methods to identify a virus still vary
widely and comparisons between laboratories are therefore
difficult. Too frequently, when a virus is isolated, 1t 1s
studled from various approaches without too much consider-
atlon to 1ts possible relationshlp to agents 1solated else-
where from the same species of animal.

In the rapldly expanding field of virus infections in
the bovine, an effectlive virus classification method is
urgently needed to overcome the already existing confusion
between the varlous etiological agents isolated to date and
to avold similar confusion in the future.

Viral TIsolants from Syndromes of the Virus Diarrhea-
Mucosal Dlisease Complex with Probable Viral Etiology

Since the original reports by Schipper and Noyce (1959A),
and Noyce and Shipper (1959), research workers from Indiana

1., 1959) and Iowa (Ramsey et al., 1959) announced

— — ———

(Claflin et
the 1solation of two nonculturatle and noncytopathogenic
Infectious agents from mucosal disease field cases. These
agents were named the "Merrell" (Indiana) and "Sanders" (Iowa)
mucosal dlsease agents. Both agents are under investigaticn
and thelr comparison in cross protection studies proved them

to be similar or identical (Claflin et al., 1959; Ramsey et
al., 1959) and possibly also identical to the noncytopathogenic

t al., 1961) described by

—

virus diarrhea agent (Rothenbacher

Lee and Gillespie (1957). All three agents are noncytcpathogenic



and produce a characteristic diphasic temperature elevation
combined with similar hematological and clinical changes in
experimentally inoculated cattle. The experimental disease
resembles the description of virus dlarrhea by the American
(Olafson et al., 1946; Pritchard et al., 1956; Carlson et al.

—_— — —

1957; and Runnells et al., 1960), British (Huck, 1957; Dow

et al., 1956€; and Jarrett,1958) and Australian (Johnston,
1959; Edwards and Sier, 1960) workers. Knilazeff (19300Q)
reported the neutralization of Sanders post-inoculation sern
by the Oregon C-24-V virus diarrhea virus (Gillespie et o1.,

1960) indlzating a close relationsnlp between the two azents.

More recently, Cunningham and Church (156C) announced

2]

the 1solation of a bovine cytopathogenic enterovirus 1

o

U.

Michigan from a field case 0f mucosal diseace clinlcally
dlagnosed by Peck (1959) and reported by Rothentacher and

Barner (1940) and Barner et (196C). Subseguent studie:

1

by Earner et al. (1948C) showed that this "Ditble" viru

97}

wasz
nonpathogenic to calves and that 1t had no clinical, antl-

genlic, or irmunological relationship to the North Dexota mua:

3

sal dlsease virus. Its possible etiological role 1in a2 tovine

dysentery syndrome reported bty Moore et al. (1¢62) 1s in
doubt. Antisera against the Dibble virus aid not cnow ary
cloce relationship with the Oregon C-24-V virus (York, 19f1)
or with the Michigan LC-4 strain ECBO virus (Cunningham and

Church, 1960).

With the discovery by Gillesple et al. (136C) that the

cytopathogenic Oregon C-24-V virus was antigenically and



immunologically 1dentlcal to the noncytopathogenic strains
described by Lee and Gillespie (1957) a valuable tool was
obtalned for future serological studies. For many years this
comparatlve research on bovine virus diarrhea had been hin-
dered by the fact that all the 1solated agents were noncyto-
pathogenic 1in tissue culture systems. Knlazeff and Pritchard
(1960) used this new strain (C-24-V) to investigate the anti-
genlc relationships 1in the "virus diarrhea-mucosgal disease
complex.”" Dow et al. (1956) and Kniazeff and Pritchard (1553)
first used tnis term of wilder definition which has been
adopted bty many workers. Numerous recent reports from all
over the world describe mucocsal-type disease syndromes which
are easlly transmissible and, in their epizcoctiology and path-
ology, resemble virus dlarrhea rather than the clascsical
description of mucosal disease by Ramsey and Chivers (1253),
Virus dlarrhea antisera from Florida, Indiana, New York,
and Nebraska all showed high and approximately equal neutral-
izing capacities against Oregon C-24-V strain virus. Simiiar
results were obtained with antisera to mucosal dissase syn-
dromes from Indiana, Iowa, North Dakota, and Englarnd. On fhne

other hand, Knlazeff and Pritchard (19€0) did rot discover

lowing diseases: Dbluetongue, hog cholera, infectious bovine
rhinotracheltis, infectlious ulcerative stomatitis, mycotic
stomatltis, malignant catarrhal fever, sporadlc bovine en-

cephalltis, and winter dysentery. 1In thelr discussion of thne
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immunological evidence from these tests, the authors concluded
that the virus dlarrhea and mucosal disease agents considered
are members of an antigenically related group. Thils sero-
logical relationship, in conjunction with the highly similar
pathogenlcities exhlbited, led the authors to consider all
the agents (as tested by thelr antisera) as the etlologilcal
agents of a single disease. They also felt that differences
in eplzootiological and pathological characteristics did not
invalidate thelr conclusion. They speculated that the appar-
ent immunologlical relationsnip between these agents did not
Imply that they must be antigenically related. They con-
ceded, however, that studles by York (1960) have already
shown that a certailn percentage of antlcera collected 1n
fl1eld outbreaks of virus diarrhea show no neutralization
titer against the C-24-V prototype virus. Kniazeff and
Pritchard (1960) also conceded that thelr experimental design
did not permit exact evaluaticn of antlgenic Interrelation-
ships between the viral agents in questlon. Such evaluations
could only be accomplished by quantltative crosstlitration
tests, tlssue-culture studles and animel 1inocculsfticons., Rezulte
of such studlies presently 1in progress have not been reported
at thils time.

The reported antigenic relationship between hog cholera
and mucosal disease by Darbyshire (1560) which seems 1n con-
tradiction to the negative relationshlp repcrted by Knlazeff

and Pritchard (1960) was explained by the latter authors to



be due to antibodies not participating in the virus-serum
neutralization phenomenon. Beckenhauer et al. (1961) seem
to confirm Darbyshire's (1960) report to the extent that
they conslider the hog cholera virus as another serological
type of the virus dlarrhea group of agents. This group of
agents, 1n their oplnion--in contrast to Knlazeff's and
Pritchard's (1960) findings of a close relationship between
all members of the group--shows quite a wide divergence of
serological types. This 1s evidenced by thelr finding that
only one of three bovine enteroviruses, the C-24-V virus
dlarrhea prototype, was able toprotect swine agalnst hog
cholera challenge. The 1mmunity produced 1in swine by the
virus diarrhea agent (C-24-V) was shown to be due to anti-
body formation and not to some blocking mechanlism. The vac-
cination of pilgs with the Oregon C-24-V virus did not cause
any clinlcal symptoms and no contact infection of the vac-
cinal wvirus from pig to pilg could be observed. Eeckenhauer
et al. (19h1) emphasized that if titered against the hog
cholera virus, various virus dlarrhea agents did not seer
closely related.

Serum neutralization tests conducted by York (1961)
tetween antisera to the Michigan (Dibble) and the North
Dakota mucosal dlsease viruses revealed no close relation-
ship of elther virus to the Oregon C-24-V prototype virus.
Also, convalescent sera from a dysentery syndrome 1n young

cattle and dalry cows reported by Moore et al.(1962) did rot
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show a significant neutralization titer to the C-24-V virus.
York's (1961) finding pertaining to the North Dakota virus
was not in agreement with Knlazeff's and Pritchard's (19€0)
data but was a confirmation of clinical and pathological
findings as presented in this thesis.

The controversial views of varlous authors point out
the confusion in the fleld of bovine enteric virus infections.
It 1s obvious that our present means of classifying and com-
paring viruses need standardization and refinement. The
relative accuracy of present serological tests and thelr
questionable comparative value 1s self-evident. It 1ic hored

that the work presented in this thesis will f1ll a rescarch

o

gap in the investigation of the virus diarrhea-mucosal dic-
ease complex. It should further polnt out the need for

clinical and pathological characterization of an 1individual
virus and 1ts pathogeniclty in the experimental animal as a

necessary supplementation ¢f in vitro virological studies.

York et al. (1960) evaluated a modified-llve, and =~
rabblt-adapted vaccine produced from the prototype Oregon
C-24-V virus. Of 112 vaccinated feedlot cattle, nine later
developed signs of virus dilarrheaafter field exposure while
67 of 265 control animals became 111. Their extensive sero-
logical studles of vaccinated cattle and of cattle fromn field
outbreaks confirmed the findings made by Robson et al. (1900)
that antibodies determined by neutrallzation tests are

indicators of immunity to virus dlarrhea. Thls 1s also 1n
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agreement with the studies on infectious bovine rhinotra-

cheitis by Schwarz et al. (1957), and on canine distemper by

Gilllecpie et al. (1958), both of whom presented evidence

that neutralizing antibodies when present denote resistance
to the specifilc virus.
It was the opinion of Hagan (1958) that Olson and Hoer-

lein (1956) probably saw virus diarrhea 1n their observations

-
N

on miccsal dicsease eplzootlcs in Nebraska, involvinz mainily

J

teef calves. Hagan (1958) also believed that Hoag ct al.

(1956) and Rooney (1957) protably described virus diarrhea
in Virginia, though no virue comparisons were made., Alco,
the Swedicsh eplzootic enteritis deccribed by Hedstrom and

S

Isaksson (1951) and the Eritish reports by Dow el al. (1327)

and Huck (1957), according to Hagan (195%), reczcmbled virus

diarrhea even though some of their reported featires did not

exactly match the description by Olafson et al. (1240), o
first saw the clinical signe of epizootic diarrhe: primarily

in adult dairy cows. Olafson and Rickard (1947) named the
disease "virus diarrhea."

Hagan (1958) enumerated the original descriptlons of
the separate disease entities which were later grouvpeld to-

gether 1n the virus diarrhea-mucocal dicse

)
j&Y)

[¢)

se ccmplilex as
follows: virus aiarrhea (New York), virus diarrhea (Indiara),
nucosal disease (Iowa), infectious bovine rhinoctrachelitls,

mycotic stomatitls, ulcerative stomatitis (Indizna), eplzootic

enteritlis (Sweden), mallgnant catarrhal fever, and rirnderpect.



13
1961; Robson et al., 1961) who assumed a subclinical form of
the disease. York and Rosner (19€1) furnished the serologlcal
confirmation for this assumption, It is now generally con-
cluded that a large percentage of all cattle show an antibody
titer against the prototype C-24-V virus as reported by
Runnells et al. (1960).

Underdahl et al. (1957) emphasized that many cases of
what they consldered to be mucosal disease obviously went
undiagnosed. For their transmission studles they repnrted
difficulty In finding animals without some degree of immunity.
They succeeded 1n isolating a viral agent from tissues col-
lected 1in TIowa and Nebraska outbreaks. The cytopatnogenic
effect of the virus on bovine embryo kidney cells was the
same from both tissue pools. The virus could be passaged in
tissue culture but not egg-adapted. Preliminary neutraltiz-
atlon tests indicated a cross neutralization of the two iso-
lants. They also found antibody titers commonly in herds
with no history of mucocsal disgease or virus diarriea. The
authors concluded that the evidence presented i1n thelr studies

. -
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did not prove this virus to be the causative agent of muz
disease. It 1s hoped that further studies in progress will
soon show the possible relationship between this virus and
the already mentioned Dibble virus (Barner et al., 19cl), the
North Dakota mucosal disease virus (Schipper and Noyce, 1959A;
and Noyce and Schipper, 1959) and the cytopathogenic prototype

virus diarrhea strain C-24-V (Gillespie et al., 195/0).



14

Van Bekkum (1959) 1in Holland reported a cytopathogenic
agent 1solated from a cow suffering from a mucosal disease
syndrome. Thls agent was isolated on bovine fetal skin epi-
thellum. Virus passaged on skin epithelium proved pathogenic
also for embryo kidney cells, while primary culturlng attempts
with the original materlial on kidney cells were negative.
This fact led Van Bekkum (1959) to speculate that skin cells
might be more sultable for primary isolation attempts. Ex-
rerimentally inoculated calves showed fever combined with a
leukopenla between the second and fourth days after inocul-
ation. The described lesions 1in the oral cavlity and the
occasional dlarrhea compared well to the exlistirg descriptions
of experimental virus diarrhea by Raker et al. (1354) ard

Carlson et al. (1957). Contact transmission was also seen in
experimental animals and the discrepancy between the condition
in the field and the experimental dlsease was pcinted out.
Van Bekkum (1959) also acknowledged the similarity of his
experimental disease with the virus dlarrhea reported 1n Mcrth
Amerlca. From thls descriptlion one cannot deny the poscible
relationship to the C-24-V virus described bty Gillespie cf al.
(196C), which future serological studies may well confirm.
Bgel and Mussgay (1960) reported the isolation of a
cytopathogenic virus from calf feces which differed sero-
logically from the "ECBO" IC-R4 virus, and caused hlood-

flaked feces 1n colostrum-deprived calves after experinental

infection.



15

In hls characterization of an ECBO virus 1solation from
healthy cattle, Soliman (1958) observed no signs of illness
after inoculation of a three-month-old calf. However, there
was a slignificant rise in antlbody titer after 1noculation
and the virus could be cultured from the calf's feces
for 13 days. Intracerebral inocculation of suckling mice
and hansters produced paralytic symptoms similar to
those 1irduced by Coxsackie A or Lansing-type pollo viruses.
Soliman (1958) did rot iroculate colostrum-deprived calvas.
This latter procedure, 1if used, might shed more light on tie
obscure nature of the numerous icolations ¢of enteric oyto-
patnogenic bovine orphan (ECBO) viruses.

Another instance of an incompletely characterized virus
is the 1isolation of a cytopathogenic agent from bovire feces
by Moll and Finlayson (1958). Their 1isolant was grown in
bovire kidney cell cultures and produced high fever and reaz-
piratory symptoms in calves. Other clinicopathological
data are not given, and the etiological role of the virus In
calves or cattle has not becn established.

Referring back to Hedstrom and Isaksson's (12791) de-
scription of a virus.diarrhea-like eplzootic 1n Swedsen, Fzkes
and Dinter (196CA) reported the 1solation of a cytopathogenic
agent from respiratory tract exudate of animals with a mucosal
type disease. Thles disease outbreak at Umeg, Sweden, was 1in-
vestizated by Bakos, Isaksson and Nystedt (19%8), and chowed

a mortality of up to 70% in individual herds. Outstanding
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In hls characterization of an ECBO virus isolation from
healthy cattle, Soliman (1958) observed no signs of illness
after inoculation of a three-month-old calf. However, there
was a significant rise in antibody titer after inoculation
and the virus could be cultured from the calf's feces
for 13 days. Intracerebral inoculation of suckling mice
and hamsters produced paralytic symptoms similar to
those 1Induced by Coxsackie A or Lansing-type pollo viruses.
Soliman (1958) did not inoculate colostrum-deprived calves.
This latter procedure, 1 uszed, might shed more light on the
Obescure nature of the numerous icolations cof enterlic 2yto-
pathogenic bovine orphan (ECEQ) viruses.

Another 1nstance c¢fan incompletely characterized virus
1s the 1solation of a cytopathogenic agent from bovire feces
by Moll and Finlayson (1958). Their isolant was grown in
bovire kidney cell cultures and produced high fever and rez-
piratory symptoms in calves. Other clinicopathological
data are not given, and the etiological role of the virus in
calves or cattle has not been established.

Referring back to Hedstrom and Isaksson's (1291) de-
scription of a virus.dilarrhea-like eplzootic In Sweden, Faxos
and Dinter (1960A) reported the i1solation of a cytopathogenic
agent from respiratory tract exudate of animals with a mucosal
type dlseaze. Thic disease outbreak at Umeg, Sweden, was 1n-
vestigated by Bakos, Isaksson and Nystedt (1958), and chowed

a mortality of up to 70% in individual herds. OQutstanding



16
clinical signs were conjunctivitis, rhinitis, fever, sali-
vation, dlarrhea, coughing, and buccal erosions. In comparing
this disease outbreak with the one described by Hedstrom and
Isaksson, they pointed out a primarily respiratory involve-
ment 1n the outbreak at Umeg 1958, while Hedstrom and Isaksson
In 1951 saw predominantly gastrointestinal signs with respira-
tory involvement 1n only some cases. The virus icolated by
Fazwkos and Dinter (1960A) from this co-called "Ume" diczease
was cultivated 1n bovine embryo kidney cells and, when in-
Jected 1nto experimental calves, produced a mild form of the
disease seen in the fleld. Serological studlecz also revealed
an antibody titer in convalescent =sera. The results of cross-
neutralization tests indicated a cloze relationship between
the Umeg virus and the parainfluenza-3 virus strain HA-1.

Further work on Ume disease was reported by Nystedt
(1960). A cytopathogenic ctrain of “he virus diarrhca virus

(C-24-V) 1solated in the U.3.A. wac used to test cattle sera

[©)

from Ume8. Sera taken at the later stage of Ume dicease, a
well as convalescent cattle cera, contalned antibodies againcst
the virus diarrhea agent in addition to antiboaies againet
the parainfluenza-3 virus. Sera from the early stages of
dlsease were generally negative.

The discovery of neutralizing antibodies against the
C-24-V prototype virus in Ume disease convalescent sera tends

to confirm Hagan's (1958) earlier supposition that epizootic

diarrhea in Sweden (Hedstrom and Isaksson, 1951) 1s icdentical
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with the American virus dlarrhea described by Olafson et al.
(1946). However, it does not seem clear at thls time whether
two viruses, paralnfluenza and virus diarrhea,are involved 1n
Ume disease, or whether the C-24-V virus 1s closely related to
the parainfluenza virus; there might be only an Ilmmunological
relationship without antigenic similarity or 1ldentity. Such

immunological relationships have been found to exlist between

1., 1960), hog

rinderpest and canine distemper (Goret et
cholera and mucosal disease (Darbyshire, 1960; Beckenhauer
et al., 136l), and between human measles and canine distemper
(Carlstrdm, 1960).

Further studies by Bakos and Dinter (19¢CB) revealed
antibodies against the parainfluenza-3 virus in 33 out orf 41
suspect herds wilth primarily respiratory symptoms. A posi-
tive tilter was found in 70% of random cow sera from different
parts of Sweden and in 50% of all calf sera. The calves had

Xxperimentally inocu-

f1j

lower titers than did adult cattle.
lated calves developed fevar and rhinotracheitls very similar
to the dicsease seen 1in the fleld. The antlibedy response in
the calves was prompt and reached high titers.

Thls finding of resplratory signs in calves was similar
to the report by Moll and Finlayson (1958) before the para-
influenza relationship was discovered. Runnells et sl. (136C)
stated that "there 1s conscideratle evidence to indicate that

infectious rhinotracheitis Iin many instances, 1s probably

nothing more than virus diarrhea." While details to this
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mentioned evidence are not given, the authors proceed to
state that there 1s also reason to belleve that outbreaks of
calf dipntheria may be preceded Ly a mild infection of virus
diarrhea. Again, the reasons for this telief are not given.

Runnells et al. (1940) go so far as to say that not only in-

L)
(L)

(_f.
’_l.

ous bovine rhirnotracheitis, but mucosal disease (Ramsey
and Chivers, 1953), mycotic stomatitis (Pritchard and
Wacsznaar, 1S52), and malignrant catarrhal fever are "similar
1f rot 1dentlcal" to virus dlarrnea. While tre similarity
of mucocssl dizeacse (Ramzey and Crivers, 1953) and mycotic
stomatitis (Pritchard ard Wassenzar, 12393)
rhea may be well established (Clson and Hoerlein, 1996), the
author of this thesis faxes exception tTo thne inclusion of
malignant catarrhal fever zg a disease similar to, 17 rosz
ldentical wilth, virus dlarraea.

A clear dlfferertizl dizgnosis between the viruz diar-
rhea-mucoszal disease complex and maligunant catarrnal fever

has teen given by Eerkman (137°38) and Eerkman et 21. (1257,
g J

According to Smith and Jones (1957), malignant cotarrhal lever

01

can be differentiated from virus diarrnea Ly T3 12w morbiticy
and the characteri=ztic ocular, rnasal and brain lesiona,
That our present definition cf scome ¢ the virel dis-
eaces formerly counted to the mucosal disease complex is
stlll somewhat arbltrary was shown by Atinanti and Plumer

(1961), who recovered the infectious bovine rhinotracheitis

(IBR) virus from field cases of keratoconjunctivitis. Two-
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thirds of 125 yearling cattle showed signs of keratoconjunc-
tivitlis but without respiratory involvement or corneal opacity.
Koch's postulates were fulfilled with the 1solated virus anrd
neutralizing antibodies discovered =zf{ter inoculation. Since
the IER virus may cause infectious pusztular vulvovaglnitis

(IPV), conjuctivitis and rhinitiz, the authors concluded,

tive name, rhinotracheitis, ray be tod restrictive., Aviranti
and Pluwner (1061) =ztated that the diverse pathogsanicity of
the IER-IPV virus resembled the hmrman adenovirus IIT.

Imochowskl (1971) recently also isolated a cytopatno-

genle agent from the ey of cattle with a mucosal type syn-
drome, and comparative studieszs Lo clacsify tnis virus are in

the myxovirus parainfluernza-3 in bovine infections. Tn zeven

¢

outvreaxs of respiratory infectiors of c¢calves =znd cacttle trney
recovered paralnfluenza virzs oa 15 trizls. Sarologicsl
evidence of infection vias demonstrated in ccome catile, Thn=
authors concluded that aft trnis
vwhether the calves bacame inlzcted [vom expoours Lo man oo
to other cattle. 3erologlcal comrarizons to the ILR-IFV
virus or to the C-24-V virus were not made. Roszen and
Abinanti (19¢0) showed that calves could be infected with
each of four types ol human reoviruses. They also proved

cerologically that infected animals could trarcmit thoir
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infection to uninoculated calves by Contacﬁ. Reoviruses anti-
genically identical with the human parainfluenza-3 were
isolated from a group of calves which became infected under
natural conditlons. Again, cserological comparisons to the

virus 4diarrhea virus or to tne IER-IPV virus were rot made.

BRAYS) 1

great importance of a serologzical diffcrentizal
disgrosis in the virus diarrhea-mucocal discase complax
becomes evident from thece reports. It ceems gquite possitle
in the near future to exclude the purely recpiratory infce:-
tiornis; on the other hand, ac zoon ac large c<zale serolo

surveys are feasible they might also show that what was

The Swedish report: (Faros and Dinter, 19-CA ard 12.0F;
Bakos, et al., 13958) mignt be the T7rst In a series e
gerological cstudies nave -mown that more tran ors nols ol

[¢)
ct
-,
o’
pu-

O

H 07
;_x.

)
; o
&)

OF

(&)

3

t

D

-

e

n

ot

o}

n the descripticn © lrus diavehea ov vivas Sizorioa-
like trancmiessible diseszes, respiratory signs oo R N
by Hedstrom and Isakeson (1951), Pritenard et 2i. (171,

Hoag et al. (1954), Rooney (1357), Carlson e¢r al. (1377),

~ —

; e : cae nvd Ntriamn T
Bakos et al. (1958), and Bakos and Dinster (1GeCT

——

&y
(@)
]
L)
o
L]
&
-
]
3
o
}_-l
»
3
r_l..
o
o
o
\—6
Jde
O
3
(@)
}._.l
e

nlcal, gross ara nisto-
pathologlcal studies of the individual pure virus ini
in experimental animals--3z was attenpted with the North

Dakota mucocal dlsea virug 1n this theslis--would he nignly



desirable. While Carlson et al. (1957) gave a classical
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pathological description of what they called "Indiana" virus

diarrhea, 1t would be interesting to test serologically
whether they worked with a pure virus since they used de-
fibrinated whole blood for thelr experimental infections.

Syndrore of the Virus Diarrhea-i
with Questlonable or Undeverminyoed

onezl Disease Conmplex

Viral Buiology

The last section discussed primarily viral agenis--

cytopathogenic, noncytopathogenlc, or nonculturable--Irom
<) ) N & )

€,

<
[

rus diarrhea syn

dictable sequence of clinical and pathological charnges and

romes which are able to reproduce a pre-

an Immunological response deronstrable by cross-immunization

or serum-neutralization tests. The syndrome discusced 1In
this sectlon has not yet been reproducea exverimentally,
according to Ramsey (19572), ard its cauce and transmissi-
pillity are to a large extent as yet unxnowrn.

In splte of vigovous rescarch efforts, Includinz fou

Ph. D. theses (Ramesey, 19°<; witteman, 196C; Trarv, 1% 0;

e

ha)
L

Bajwa, 1G61) descritirg the grocs ard microscopic pathnlos,

of mucosal disease as reported in JTowa (Ramsey and Orlvors,

1953), 1ts cause and pathogereczis are td date not knomm.
The search for a viral agert Irmuncloglzally alsgtinct

virus dlarrhez, as suggezbed by Smith and Jones (1237), s

o

dl

@]

cyndrome as described by Ramsey and Chivers (1953)

\

ot led to any conclusive eviderce., None of the viral opent

cuscced 1n the previous chapter has reproduced the clacalca
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Nielsen et al. (1955) described a similar or identical
disease 1n Canada. Transmission attempts were reportedly un-
successful. Swope and Luedke (195%) had similarly negative
results 1n thelr transmlsslion experiments of a mucosal dis-
ease 1n Pennsylvania.

Voss (1959) gave the first description of the Towa or
classlical type mucosal disease from Germany. Ten animals
dled out of a herd of 12 six- to ten-months-old calves. A
clear differential dilagnosis from malligrant catarrnal fever
was glven by the author. Stdber (1959) made further clinical
obtservatlons of mucosal dicease 1n Germany and reporte
transmlession attempts with 100 ml.of citrated tlood from
acute cases as inconclusive or negative. He also reported
negative results 1n differential diagriostic examinations for
paratuberculosis and calmonellosis. His finding of hand-

slzed skin encrustations with epidermal sloughing and ale-

pecia in two anlmals that recovered corresponded witnh Rother-

bacher's and Barn (194C) report of a clinizal mucorsal
disease case from Michigan. StSber (1953) confirmzi 2 mor-
tality rate of 2C% from several dilsease outbreaks. A»

interesting statement was his remark that at the date 0I tie
report (1959) the other members of the mucosal dlseas2 com-
plex had not been diagncced in Germany.

Schulz (1959) gave a pathological-aratomical de=zcription
of mucosal disease 1n CGermany wnizh closely correlated to

Ramsey's (1956) findings. Both Schultz (1959) and Stober
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(1959) pointed out the greatest similarity to (or identity
with) rinderpest lesions as presented by Albrecht (1929),
and Hutyra et al. (1954). Stdber (1959) also mentioned the
possibility that some of the cases formerly dlagnosed as
atyrical malignant catarrhal fever (MCF) may actually have
been mucoszal disease:

Goret and Pilet (1958) reporting on "mucosal diseases"

from France called attentlon to the fact that what they

termed trne "true mucosal disease" could also in cersaln az-

ct

rects resemble foot and mouth disease.

Seibtold (1956) 1in Alabama described what Rooney (1537)
called tne "Ramsey-type" mucosal disease. The lesions re-
ported matched those reported from Iowa.

Barner et al. (1959, 1960) reported 23 Iowa-type
mucosal disease cases frcm Michigan 1n a two-year period.
Attempts to transmit the disease were unsuccessful.

While these classical reports described the Iowa-type
mucosal disease with 1ts clinical and post morter changes
they also agreed with Ramsey's (1956) differential dlaznestic
exclusion of virus diarrhea on the basis of hign mortidity,
i1ow mortality, and easy transmissibiliity. It 1s interesting,
however, that in the progress reports of the regional NC-34
recsearch project on "muccsal diseazes in cattle' virus diar-

rhea was not reported from those collaborating states which

n

reported mucosal disease (Ramsey et al., 1959, 13560; Barner

et al., 1958, 1359, 1960; Scnipper and Noyce, 1955C; Jones,



24

1953). The only state of the North Central region which for
the last six years has consistently reported virus diarrhea

t al., 1957; Prit-

and mucosal disease 1s Indiana (Claflin
chard, 1955).

Pritchard (1955) and Pritchard et al. (1955) were the
first to state that the differences between the two dilseases
are quantitative rather than qualitative. This view was
later supported by the research workers in Great Britain
(Huck, 1957; Dow et al., 1956; Jarret:t, 1958), who described
mild syndromes resembling the descriptions of virus dilarrhea

1., 1946; Baker et al., 1954) and more s=zvere

(Olafson et al
syndromes resembling mucosal dicease.

According to Pritchard (1955) 1t was Ramsey and Chivers
(1953) who first presented evidence that mucosal disease
might be transmissible. They obtained a temperature rise in
seven calves two to elght days after 1noculation.

Pritchard (1955) reproduced mucosal disease by the
intravenous inoculation of defibrinated whole hlood from
ucosal disease fleld cases taxen during the lewsorenic early
phase of the 1llness. A typlcal temperature and leuxocyte
curve presented in Pritchard's (1955) paper for the exgeri-
mental mucosal disease 1s identical wlth the clinical course

B,
t al.,

reported for experimental virus diarrhea (Carlson

1G657; Baker et al., 1954) as well as for the Merrell or

AT .
t 1., 1559;

Sanders experimental mucosal disease (Claflin

Ramsey et al., 1959). A diphasic temperature response was
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described by Pritchard (1955) with a first peak and leukopenia
around the third day and a second higher fever peak for a
short period (24 hours) around the seventh day. The symptoms
included depression, lacrimation, nasal discharge and mouth
lesions. Cross protection tests with two strains of virus-
diarrhea virus were reported as inconclusive by Pritchard
(1955). Later tests by Rothenbacher and Whiteman (1961)
1ndicated a cross immunization between the Sanders, Merrell,
and virus iiarrhea (Indiana) agents. Reportzs from Norin

axota (Schipper et al., 1955; Schipper, 1957), and South
earlier transmlssion studiles.

Schipper et al. (1955) described mucosal disease 1in
cattle and found a mortidity of 1 to 89% and a mortality of
100% in sick animals. They reported subacute and chronic
cases with hyperkeratoslis correlating with later reports
from Michigan (Rothenbacher and Barner, 1960) and Germany
(Stdber, 1959). The fact that hyperkeratosis was roted In
herds two to three weeks after mucosal dlsease outbreaks,
was interpreted by Schipper et al. (1385) to suggest that
nurerous mlld mucosal disease cases go unnoticed with per-
rhaps only a translient temperature elevation.

In thelr study on the irncidence and mortality of muzo-

sal d

H

sease 1in Towa, Ramsey et al. (1955) gave a mortality

rate of 1 to 50%. They admitted that insufficient herd

observations were primarily responsible for 1nsufficlent
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information on morbidity. Ramsey et al. (1953) also conceded
that a necropsy 1s usually necessary to make a specific diag-
nosis of mucosal disease. 1In some instances they failed to
diagnose the condition in the antemortem state.

Discussing the virus diarrheas of cattle and similar
diseases in Australia, Johnston (1959) stated that mucosal
disease was first seen 1n 1956 with high mortalilty, and that
there was some evlidence of a high incidence of 1lnapparent
Infections. Transmission attempts with defibrinated blood
succeeded 1n some animals and not in others. Eplzootic diar-
rhea (Edwards and Sier, 1960), an apparently new disease in
Australia, spread throughout that country, affecting cattle
of all ages. Whittem (1959) pointed out that the lesions
of mucosal disease--as first observed in Sidney 1956--looked
like rinderpest. On the other hand, the epizootiology of
eplzootlc dlarrhea closely resembled rinderpest. Whittem
(1959) wondered whether the three viruses (rinderpest, epilzo-
otic dlarrhea, mucosal disease) had arisen from a common
ancestor and developed different degrees of pathogenicity.

In thelr studies on bovine mucosal disease, Schipper
and Noyce (1959C), reported the reisolation of their earlier
reported mucosal-disease virus (Schipper and Noyce, 13539A)
from slx animals showing typlcal signs ¢f mucosal dicsease
durling the filrst nine months of 1959. They emphasized that
in all 1nstances the tissues prepared for virus culturing

were obtalned from dlseased animals immediately prior to,
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or upon the first appearance of, the acute symptoms. In no
case were they able to 1solate the virus when the animal had
displayed the signs of the disease for several days or after

death of the animal.

Summary

In summarlzing the review of the literature pertalning
to thls thesis 1t can be sald that virus dlarrhea as first
described 1n New York seems to be a better explored syndrome
than the Towa mucosal disease. Its viral etliology has been
conflrmed and Koch's postulates fulfilled. There remains,
however, a certain discrepancy between the severity ot the
syndrome seen in the fleld and the reportedly mild experi-
mental disease. The possibility of more than one etiological
factor 1n the pathogenesis of virus diarrhea has to be con-
sidered. There is indication that in severalcases a combi-
nation of two viruses was involved in the syndrome.

The pathogenesls of Iowa-type mucosal disease has re-
malined a challenge to many investigators. Whille several
viruses have been 1solated from field cases, these viruses
are elther nonpathogenic in pure 1infection, or resemble the
experimental virus dlarrhea, causing only mild and transient
symptoms.

The supposition by several research workers that Iowa
mucosal disease represents nothing but a severe form of
virus dlarrhea 1s being carefully investigated. The possi-
bllity of additional and as yet unknown factors 1in 1ts patho-

genesls must be considered.



CHAPTER II

MATERIALS AND METHODS

Materials Used for Animal Inoculation

The North Dakota mucosal disease virus 1solated and
reported by Schipper and Noyce (195GA)and Noyce and Schipper
(1959) was grown and maintained in tissue culture by Cunning-
ham and Church (1960). Bovine embryo kidney cells in primary
culture according to the procedure given by the original
investigators (Noyce and Schipper, 1959) were required for
viral multiplication. Virus was harvested 24 hours
after inoculation of a six-day-old tissue culture when ap-
proximately 75% of the cells showed cytopathogenic effects
(CPE). The virus was then stored at -60 C until used. The
titer of the virus was generally 105 tissue culture infectious
doses (TCID).

Tissue culture fluld from a preliminary experiment
almed at adapting the virus to rabbit kidney cell culture
(Rothenbacher, 1960) was harvested, stored, and uzed in like
manner.

Sterile lactalbumin hydrolysate plus 2% horse serunm,
the growth medium for the virus, was used to inoculate con-
trol animals to test for possible antigeniclty or patho-

genlcity.
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Crgan emulsions of spleen, liver, lungs, kidneys,

adrenals, and lymph nodes of infected calves euthanatized
during the acute, subacute, or recovery phase of the experi-
mental disease were similarly used to inoculate calves. A
mixture of approximately equal amounts of the ground tissues
was suspended 1:10 1in sterile physiological saline solution;
antiblotics were added to the emulsion to a concentration of

1000 units of penicillin and 1000 miczrograms of streptormycin
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Fresh blood, without addiftion of preservative, from
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animals showlng acute signs ¢of the experimental disease was
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used for transmission es. The blocd was taken from
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donor calves two to nire days after their inoculation with

~

the virus.

Experimental Animals

Thirty-seven healthy dairy cattle with no history of

virus diarrhea or mucosal diseasze were used for experimertsl

I

inoculations. The majorlty of these were calves from tnras
to six months 0ld. The youngest animal inoculated was & ono-
day-o0ld colostrum-deprived calf and the oldest aninial was a
two-year-o0ld Herford cow that had recovered from clinical
signs of mucosal disease., Thirty-one of the 37 anirmals
originated from the Michigan State University dairy farm;

the rest were purchased from outzide sources.
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Ten sheep (five six-year-old ewes, four 18-month-01d
lambs, and one 4-year-old ram) served as experimental
animals for studlies wlth the North Dakota virus. The six-
year-old ewes originated from the Michigan State University
sheep herd. Four lambs were purchased from outside sources,
and one flve-year-old ram was donated by the United States
Department of Agriculture,

Ten rabbilts ranging 1n age between one and three years
were used for similar studles with the North Dakota virus.
All rabbits were ralsed in the Department of Veterinary
Pathology animal colony.

Case histories and materials of 11 calves from
negative mallgnant catarrhal fever transmission studies

1., 1958) served as controls for comparative

(Barner et

studies.

Hematologlical Studiles

It was found that in the present literature only sparse
data on the hematological values of the young calf exist (Dukes,
1955; Coffin, 1953; Krdlling and Grau, 1960; Schalm, 1271).
Since data were avallable in this study, the preinoculation
values of 41 healthy experimental cattle were divlided into
four age groups, averaged and considered as normal values
for the respective age groups.

The average hematologlical data of five healthy sheep

were used as normal values.
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Eight rabbits were similarly used for normal prein-
oculation blood data.

Blood examinations including total erythrocyte (RBC)
and leucocyte (WBC) counts, hemoglobin and hematocrit deter-
minations and a WBC-differentlial count were made once to
twice dally. The hemoglobin determination was done by the
acid-hematin (Dukes, 1955) and the cyanmethemoglobin (Schalm,
1961) spectrophotometric methods. Hematocrit values wvere
determined by means of a microhematocrit centrifuge. Wright's
staln was used on the blood smears for the differential
counts.

Blood sugar and nonprotein nitrogen were determined
In some animals on Folin Wu protein-free filtrates accordling

to the methods given by Bray (1957).

Virus TInoculations and Transmission Studies

On the first five calves, various routes of inozulation
including intravenous, subcutaneous, intracutaneous, intra-
muscular, intranasal, intramucosal, and intranodal (pre-
scapuléf lymphnode) were used. After the infectivity of
the virus and the susceptibility of the experimental aninelis
were well established, the maln routes of 1noculation used
were intravenous and subcutaneous.

Five ml. of the freshly thawed virus constituted the
basic dose of 1noculum for calves and sheep. A few drops of
the virus which remalined in the inoculation needle and syr-
inge were gilven intraccularly and/br inkranasally in som2

animals.
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Inoculation with virus. Twenty-six calves from two to

elght months old, four yearling cattle, one two-year-old cow,
and one day-old calf were inoculated with the North Dakota
mﬁcosal disease virus, Four calves received repeated injec-
tions of the virus: one of the four (#25) received three
virus injections at weekly intervals. Another calf (#04)
received two virus injections 69 days apart; the third calfl
(#35) received two virus injections 36 days apart; and the
fourth calf (#02) received four virus inoculations with one
each on days 0, 23, 51, and 121 of the experiment. Epine-
phrin was usually given at repeated injections to counteract

anaphylactlic reactions.

Inoculation with rabbit kidney cell culture harvest.

Rabbit kidney cell culture harvest (Rothenbacher, 1960) was

similarly inoculated into three &alves.

Tnoculations with fresh whole blood. Six calves were

inoculated with fresh, whole blood (without addition of
preservative) from animals showing acute signs of the experi-
mental North Dakota mucosal disease (Chp.II, p.22). Twenty
ml. of the fresh blood were given intravenously as a standard
dose. The blood was drawn and reinjected within ten seconds.
One of the six calves received blood from a sheep showing
acute signs of the experimental infection. One calf received
a second blood inoculation five days later. To test for
immunity all calves were challenged with the pure virus ten

to 60 days later.
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Inoculations with organ emulslions. Three calves were

given organ emulsions from seven animals euthanatized from
two to elght days after 1noculation, during the acute or
subacute phase of the experimental North Dakota mucosal dis-
ease. FEach 1noculated animal received an organ emulsion
mixture (Chp. IIL,p.28)from one or several donor animals.

The inoculum for sheep and calves consisted of 20 ml. of the
emulsion gilven subcutaneously or intramuscularly. One of the
four animals (#32) received three consecutive injections of
the organ emulsion mixture at weekly intervals. Another (#27)
received consecutive injections on days O, 14, 32, and 39.
One ml. epinephrin was usually administered subcutaneously

at the time of repeated 1Injections. To check for the onset
of 1mmunity, two out of these three calves were challenged

with the pure virus from seven to €0 days after inoculation.

Tnoculations with sterile tissue culture medium. Three

calves and one sheep received the sterile tissue culture
medium (Chp.II, p.28) 1in the identical dosage and by ths

same routes of 1noculation as for the virus.

Contact transmission studies. Two calves were Kept 1n

intimate contact with an experlmentally inoculated animal
during the acute phase and recovery period of the experi-
mental disease. Each calf was placed into the same stall
with an experimental calf that had Just been given the virus.

The calves drank and ate from the same troughs and were kept
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in contact for ten days. Both calves were challenged with
the pure virus from five to eight weeks after this contact
period to check for a possible subclinical infection result-

ing in immunity.

Inoculation of sheep. Seven sheep ranging in age from

onne and one-half to six years were inoculated with the same
virus dose subcutaneously. One 18-month-o0ld lamb was inocu-

lated with sterile tissue culfture mediam.

Tnoculation of rabbits. Eight ratbits from crie to three

2ars old each received 0.2 ml. of the virus intravenously,

[

subcutaneously, intramuscularly, and intraocularly.

(@]

linical Observations

All experimental animals were allowed to adjust to
the 1solation quarters for one to several weeks tefore in-
oculation. No change in diet, environment, or management

occurred during the experimerntal period. Preinoculation

1)

observations included thocses on body temperature, pulse, »ror-

plration, food and water conzumption, and tre conclstenzy of

the feces., Blocod samples for hematological obsarvatisus wWe.g
taken daily for several days prior to inoculation.

Puring an experimenrnt, strict 1solation of the experi-
mental animals was malntained. The temperature of iroculated
animals was taken from one to three times dally.

Other clinical observations kefore and after incculation
included complete daily hemograms (Chp.II, p.3C) and periodic

but less frequent urinalysis and fecal examination.



Gross Pathological Observations and
Necropsy Procedures

At various time intervals ranging from one to 134 days
after 1inoculation, animals were euthanatized by exsangulna-
tion, usually followlng electrical stunning. Gross lesions
were observed as soon as possible after death. The nezropsy
procedure was modified routinely as to the sequence of bvody
tracts and regilons examlned; elternatively, gastrolntestiral
tract, resplratory tract, or urogenital tract were examined
first, 1n order to allow an 1mmediate and fresh post-morten
view of each tract. 1In the cacse of the gastrointestinal
tract, different parts of it were examined first on variocus
necropsies, 1n order to obtain a clear plcture of the patho-

logical changes occurring.

A

acute

pe

Eighteen calves were necropsled during the

P

¢linical phase of the experimental North DJaxota mucosal dis-

ease infectlon from one to six days after inoculatlon. Ore

)
O]

calf was necropsied elght dzys 204 anosther 14 days after

inoculation.

Three calves that were allowcd to recover Irom o7

t

a

(@]

ute experimental disease were necropcled 54, ©4, srua 07

~

days after inoculation, All three of these calves had bteen
hyperimmunlized with additional inoculations of virus, ravblit
cell culture harvest, or organ emulsion.

One calf was necropsied six days after 1noculation

with sterile lactalbumin hydrolysate, the t

(=

ssue culture

growth medium.
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Five calves and one two-year-0ld cow were commercially
slaughtered at the M. S. U. meats laboratory 22, 33, 40, 45,
118, and 218 days, respectively, after virus inoculation.
All animals had completely recovered from the experimental
disease and none showed signs of 1llness. Gross observations
were made and tilssue specimens obtalned at the time of
slaughter.

Six calves, after complete recovery from the North
Caxota experimental diseacse (21, 22, 28, 32, 33, and 67 days
after inoculation) were released to Dr., C. K. Whitehair*
for nltrate-nitrite toxicity studlies and were necropsied in
the course of this work by Dr. R. Naghshineh.¥

Of seven sheep 1noculated with the North Dakota virus,
two six-year-old ewes were necropsied six cdays, another two
six-year-o0ld ewes five days, and two 18-month-o0ld lambs four
days after inoculation. Three sheep (one six-year-old ewe,
and two 18-month-o0ld lambs) were necropsied as healthy
control anlmals. One of the control lamks was necropcled
four days after inoculation with sterile ticsue cultbuve
growth medium.

Two one-year-old rabblts were necropsied two dave, and
anotrier three one-year-old ratblts three days after the North

Dakota virus 1noculation. Three three-year-old rabbits were

(]

recropsled three days after inoculation. One two-year-old

*Department of Veterinary Pathology, Michigan State
Uriversity, East Lansing, Michigan.
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and one one-year-old rabblt were necropsled as normal con-

trol animals.

Histopathological Observations

Representative tissue sections of the adrenal, thy-
roid, parathyroid and pituitary glands, brain, spinal cord,
lilver, kidneys, spleen, oral and nasal mucosae, lung, heart,
stomach(s), duodenum, jejunum, ileum, cecum, colon, ractum,
urinary bladder, urethra, vagina, uterus, ovaries, testes,
penls, musculature, skin, bone marrow, pancreas, salivary
glands, thymus, aorta and pulmonary arteries, and lymph nodes
from various body regions were fixed in buffered 10% formalin
solution (A.F.I.P., 1960).

In view of the distribution of the gross lesions,
special emphasls was given to the sections of the posterior
small intestine, adrenal glards, spleen, bone marrow, kidneys,
liver, tonsils, and mesenteric, mandibular, parotid, supra-
pharyngeal, bronchial, medinactin=:l, prescapular ard ore-
femoral lymph nodes.

Sectiong of the sterrmum were decgalcified alier rirvatlon

in bulfered 10% formalin. Lecalcilication was acc

ty the formic acid-sodlum ciirate method (A.F.I.FP.,
The histological fechnigque ucsed for all tissue sceC-

tions followed the outline given by the Manual of Histologli-

anid Svecial Stalning Tecknics (A.F.I.P., 19¢0) unless other-

.

wise noted. After fixation thie tissues were dehydrated 1n a
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serles of graded alcohol solutlions, cleared in xylene and
embedded 1n paraffin. The paraffin sectlons were cut at six
to seven microns thickness and stalned with hematoxylin and
eosin (A.F.I.P., 1960).

Speclal staining procedures used on selected tilssue
sections included the periodic acid-Schiff reaction (PAS),
Mallory's 1ron reactian, Lendrum's, Heildenhain's anilin blue,
crystal violet, Schorr's, Well's, Verhoef's, Von Kossa's,
Scharlach red (Sudan IV), and oil-red-0 stains. The latter

two stalns were used on frozen sections of adrenal glands.

Serological Studles

Pre- and post-inoculation sera were saved from each
animal and stored at -60 C for serum neutralization studies

and virus comparison work.

Bacteriological and Virologlcal Examinations

Fresh tlssue speclmens were submltted for examination
to the microbiological diagnostic laboratory at Michigan State
Unlversity.

For virus 1solation attempts fresh tissue specimens
and fecal scrapings of the intestines were submitted to the
virology sectlon, Department of Microblology and Public Health,

wlthin ten minutes after death of the experimental animal.

Other Post-Mortem Observations

Fecal samples were routinely checked for parasite eggs,
Strongyloides, nematode larval stages, coccldla and other

protozoa.
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Urine specimens were also taken in some cases during
necropsy of the experimental animal and submitted for exam-

ination.



CHAPTER IIT

RESULTS

General Clinical Observations in Virus-
Inoculated Experimental Animals )

Cattle. Thirty calves (five weeks to eight months

(W]

0ld), two yearlirg bulls, two yearling heifers, one two-year-
0ld cow and one day-old calf were inoculated with the North
Dakota virus by various routes of innculation (see Chapter
IT, p. 31). A predictable and rather constant sequence
of symptoms was produced in all cattle 1ncluding the day-
old calf.

Pyrexia started after 16 to 43 hours and reached a
peak after 24 to 72 hours. The average preinoculation tem-
perature of the experimental cattle was 102.28 F. The
average peak temperature reached after 24 to 72 hours was
105.24 F., The peak temperature was 1C7.0 F. in one calf
and 11 out of 30 calves had peak temperatures of 1C6 F or
nigher. Concomitant with the rising temperature were n=arvous-
necs and restlessness evidenced 16 to 48 hours after inocul-
ation, slight to profuse serous ocular dicscharge, tachycardla
and an increased rate of respiration. Tnese clinical signso
appezared to be more pronounced in the younger calves. Usually

there was an erythema of the oral mucous membranes during
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the period of high fever. Increased salivation and champing
were also observed 1n some calves during this period.
Starting generally at the time of the highest temperature
(24 to 48 nhours after inoculation), partial to complete
anorexla, lasting from one to three days, was observed in
the experimental cattle.

Colic was noted in some calves, evidenced by restless-
ness and by kicking of the abdomen with the hind feet. 1In
several calves a moderate degree of bloating of the rumen was
also seen beginning during this period of high fever, and
lasting from one to four days. .

Dehydration and constipation during the time of high
temperature was evlidenced by a decrease in the number of
defecations to one-half or less and by the passing of small
amounts of dry feces in formed spheres two to three cm. in
dlameter. The water consumption decreased during the time
of the highest temperature elevation and increased one to
three days after the peak in temperature was reached. Pulse,
resplration, water and feed consumption, and amount and con-
slistency of the feces, as well as frequency of defecation,
returned to normal approximately two to five days after the
highest temperature elevation.

The whole courcse of the experimental infection lasted
from five to nine days (see Tables 1, 4, 7, 9, 10, and 11).
The 1initial period of nervousness and restlessnecs, which

occurred between one and two days after 1noculation, while
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the fever was rising, generally gave way to a period of
depression lasting from one to two days, usually until the
high fever began to subside.

Dlarrhea was never seen 1n observations extending up
to 60 days after virus inoculation. Respiratory symptoms
were not observed except for a transitory increase in
recpiration during the period of restlessness and high tem-
perature. The ocular signs described were very mild in the

older calves and rarely lasted longer than 48 hours.

Sheep. Four six-year-old ewes, ore four-year-old ran,
and three one-and-one-half-year-o0ld lambs were incculated
with the North Dakota virus by various routes of inoculation
(see Chp.II, p.3%). The clinical symptoms produced in sheep
were milder 1n degree than 1in the cattle and less obtvious to
the observer. Temperature rises of one to two F. were ob-
served from one to four days after inoculation. The average
preinoculation temperature of the experimental sheep was
102,80 F. The average peak temperature reached from one to
four days after inoculation was 104.15 F. The highest tem=-
peratuyre in one sheep wac 104.8 and two other sheep had peaw
temperatures of 104 F. No temperature elevatiorn was detected
in one sheep.

Depression and partial anorexia were observed from two
to four days after 1noculation. The visibtle mucous membranes
appeared slightly congested during the febrile period. Simul-

taneous to the period of depression and anorexia, dehydration
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and constipation were evidenced by a decrease in the defeca-
tion rate and by dehydrated and smaller amounts of feces with
a smaller than normal pellet size.

In general, the onset of the temperature rise occurred
later in sheep and the course of the experimental infectlon
was shorter than 1in cattle, lasting only from three to filve

days.

Rabbits. Eight rabbits (three two-and-one-half year-
olds, twc one-and-one-half-year-olds, and three one-year-olds)
recelved the North Dakota virus by various routes of inocu-
lation including intravenous, Intramuscular, subtcutaneous,
and intraocular,

Similarly to the sheep, the ratbits displayed a very
mild degree of clinical disturbance. Pyrexia occurred from
one to three days after inoculation and temperature ricses
from 0.8 to 2.5 F. were noted. The average preinjection
temperature in rabbits was 102.5 F. and the average peak
temperature measured three days after inoculation was 1C4.3 F.
No temperature elevation was noted in one rabtbit. Fartcizl

anorexla was ceen during the febrile period from cne to four

Q,

days after inoculation. The feces passed during tris perio
were less 1in amount, smaller in pellet size and showed a

marked dehydration as compared to those of control animals.

Hematological Findings

Due to the paucity of specific hematological data for

the young bovine (see Chp. II ), the preinoculation data of
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34 healthy experimental cattle were divided into four age
groups and the hematological values averaged for each group.
These values are compared with the hematological levels
observed during the period of lowest depression of the total
leukocyte count and the highest temperature elevation, btoth

of which occurred from two to four days after inoculation.

TABLE 2

AVERAGE HEMATOLOGICAL DATA FROM HEALTHY 1- TO 2-MONTHS-OLD
CALVES EEFORE AND AFTER NCRTH DAKOTA VIRUS INOCULATION

6 Calves Before U4 Calves 78 Hrs.

Inoculation After Irioculation
Average Per cu. Per cu.

mm. % mm . %
Hemoglobin gGm./loo ml.) 9.99 7.52
Hematocrit (volumes %) 29.0 27.5
Total leukocytes 2200 IC8T
Heterophils 2186. 06 26.06 £17.65 16.75
Stab cells 273.3 3.33 138.2 3.75
Lymphocytes 5589. 66 68.16  2996.09 81.25
Monocytes 369.00 4.50 55.31 1.50
Eosinophils 54. 66 0.66 18.43 0.50
Basophils 0.00 0.00 0.00 Q.00




L6

TAELE 3

AVERAGE HEMATOLOGICAL DATA FROM HEALTHY 3-MONTHS-OLD CALVES
BEFORE AND AFTER NORTH DAKOTA VIRUS INOCULATION

15 Calves EBefore G Calves 51 Hours
Inoculation ATter Inoculation
Average Per cu. Per cu.
mm. % mm. 4
Hemoglobin gam./ioo ml.) 11.6 10.89
Hematocrit (volumes %) 31.C6 32.0
Total leukocytes 7223.00 3111.1
Heterophils 1824 .91 25.33 01, 44 19,23
Stab cells 375.66 .13 152.ChH 4, 82
Lymphocytes 5008.97% 68.40 2309.04 74,22
Monocytes 263,62 3.60 159.00 5,11
Fosinophils 185. 49 2.53 27.95 1.22
Basophils 9.76 0.13 3.45 0.11
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An additional hematological finding 1in animals of this
age group was made through the experimental virus inoculation
into two calves suffering from pneumonla andcoccidiosis. The
changes 1n thelr prelnoculation blood picture of leukocytosis,

heterophilia, and eosinophilia are shown 1n Table 5.

TABLE 5

HEMATOLOGICAL CHANGES 72-HOURS AFTER NORTH DAKOCTA
VIRUS INOCULATION OF 3-MONTH-OLD CALVES WITH
CLINICAL SIGNS OF PNEUMONIA AND COCCIDICSIS

Calf 1 Calf 2

(Pneumonia) (Preumonia ard
Coccidiosis)

Pre- Post- Pre- Post-

Inocu- Inocu- Irocu- Inocu-

latiocon lation l=tion lation
Hemoglobin (Gm./100 ml.) 5.8 7.2 12.1 10.8
Hematocrit (volumes %) 28 27 37 33

Total Leukocytes/buamm. 12,700 9, 650 17,C00 5,8C0

Heterophils/cu. mm. 6,024 3,350 7,990 1,50@
4 35 Lt 2%

Stab cells/cu. mm. 1,524 1,344 €20 522
% 12 14 4 >
Lymphriocytes /cu.mm. 5,842 6,144 5,440 %, 712
% Lg 64 22 £
Jonocytes/cu.mm, 635 0 1,02C 110
% 5 o 6 2
Eosinophils/cu.mm. 127 o 2,550 Lik
1 0 15 7

Basophils/cu.mm. o} 96 0 C
0 1 0 0
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TABLE 6©

AVERAGE HEMATOLOGICAL DATA FROM HEALTHY 4- TO 85-MONTHS3-CID
CALVES BEFORE AND AFTER NCRTH DAKOTA VIRUS INCCULATICI

- av

17 Calves Eeofore 11 Calves 60 Hourns

Inoculation After Inoculation
Average Per cu. Fer cu.
mm, % . x
Hemoglobin (Gm. /100 ml.) 10.n2 10,42
Hematocrit (volumes %) 31.70 2c.72
Total leukocytes Ar32.00 Loud 99
Heterophils 2130.72  c4.Ly 755,90 1-.99
Stab cells 61.56 0.70 31.42 0,43
Lymphocytes 6034.65  €9.11 3754 L0 TE.CD
Monocytes £1C.52 2,41 25144 500
Eosinophils sh4.12 3.94 123,732 ERR
Basophils 5.13 0.C5 17.93 O.3uw




wn
STTydogseq = g fsTtydoutrsoa = § f{sajhoououl = i
fgoqhooydwdy = T fSTT92 geas = § fsTrudogsyay = H {STIe2 poold 22ATuMm = [dM
fruw ‘NO/STTSO POOTY Ppad JO SUOTTTTW = DIy f'Tw O0T/utqol®owsy 'wp = *GQi :3UoTjeIASaqqy
- -—— (2)  (6®)  (3) (L)
O 0 mmﬁ 126/ 4T £27 Co6g '3 86 820l S+
- -——(8) (L) (1) (en) j
0 0 02 9¢2§ £ 2621 0089 g 2 g6 0 HOT G+
-—- - (9) (02)  (2) (22)
o) 0 882 09¢tt 2 9501 00gY gL 00T ¢ ot 5
== == ) (99) (2) (g2)
0 0 8h1 AR tl. GeOT 0CLE 0°g 2'CT QG321 e+
=== (1) (L) (L) (2) (91) )
o) Ge ghe 1232 T/ 296G 06G¢ G L T°0T 0°COT gt
--- --- (1) (29) (1) (e€)
0 0 L 7162 Siont TGST 00LY G'6 8°6 £ G0T +
--- (2) (1) (s8) (1)  (gg)
o) A L3 ot0S LR Q0tt 00.8 1°Q L°0T 9 20t 0]
d q W 1 ) H odM odH "qH Tduay ucTgeInooul

(se3ejquadasd) pur pocld

481JY si=Qg

IS,

Jo tum ‘no/STTRD

HIVO 'IO-SELNCK-1 V. 40 NOILOWANI

TYILNIWNIHEdXE SCHIA VIOMVA HIYON TVOIdAL V NI SEDNVHO TVOINITO iV TIVCIDOTICLVIEH

J FT19dVL



TAELE 8

HEMATOLOGICAL DATA FROM FOUR YEARL

ING CATTL
AND AFTER NCRTH DAKOTA VIRUS INCCULATIO

»11

E BrrOn=
™™ T\
PRV

(%2}

Refore Inocula

Average Per cu. Per cu
mm, % . %

Hemoglobin SGm ./100 ml.) 2.35 11.45
Hematocrit (volumes %) 34 29.75
Total leukocytes 7287.00 3661.00
Heterophils 1512.05 20.7 614.25 17.C
Stab cells 236.82 2,25 135.93 3.75
Lymphocytes 53C1.29 72.75 2554, 62 7875
Monocytes 400.78 5.50 145.0 4.0
Eosinophils 72.87 1.0 3.06 0.25
Easophils 0.0 0.0 0.0 0.0
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TAELE 13

AVERAGE HEMATOLOGICAL DATA FrOM HEALTY ADULT SHEETR
EEFORE AND AFTER NORTH DAKCTA VIRUS INOCULATION

6 Sheep Before 4 Sheep 90 Hours
Inoculation After Inoculation
Average
Per cu. Fer cu.
mm., % i, %
Hemoglobin (Gm./100 ml.) 12.55 14,52
Erythrocytes (millions) 11.52 10.45
Total Leukocytes E841.60 3375.C0
Heterophils 1215.8 32.8 Go5 .2 23.50
Stab cells 7C.1 1.2 G2.81 2.75
Lymphocytes 3551.3 60.8 2160.C 24 O
Monocytes Q3.4 1.5 £7.5 2.0
Eosinophils 198.6 3.4 53.C0 1.75
Fasophils 11.6 0.2 C.GC c.0
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TABLE 14

AVERAGE HEMATOLOGICAL DATA FROM HEALTHY ADULT RABEITS
EEFORE AND AFTER NCRTH DAKOTA VIRUS INOCULATIO!

12 Rabtits BRefore 7 Rabbits 5> Hrs.

Inoculation After Inoculiation
Average Per cu. Per cu.

mm. % mm. A
Hemoglobin éGm./lOO ml.) 13.C5 11.64
Hematocrit (volume %) 28.08 35,14
Total Leukocytes 9087.50 5533,00
Heterophils 3331.47 30.66 1741.606 31.14
Stab cells 7.7 0.08 7.83 0.14
Lymphocytes L4og2.,A7 54.83  2931.85 52 42
Monocytes hs5h 37 5.0 758.97 12.57
Eosinophils 90.867 1.0 55.93 1.0
Basophils 219.0 2.41 95.46 1.71
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Group of one-to two-months-0ld calves. The outstanding

hematological change seen 1in these calves was the pronounced
leukopenia between the second and fourth day after inoculation.
The average depression from the preinoculation total leukocyte
count was 3837.5 in all four calves. The lowest individual

leukoryte count was 1200 in one calf reacned three days after

v

[#2]

roculation (Table 2).

R

Depression of the absolute but not the rzlative court
¢f lymphoevtes wac evident by an increase from to.l to Z1.0
in the relative differential percentages for lymphocytec.

The absolute and relative coun
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markedly during the period of high tever and leuwopeniz. An

abegolute and relative drop of the averagzge count or monceyizs

was &lso encountered.

Anemia was evidenced during the febrile ard leuloveni:
period.

Group of three-months-0ld calves. Pronounced le=ucope:rnia
was the outstanding hematologicel change also in Lrlc ooz oriayg

of calves. The aver=age depresslon of the preinoculation touil

leukocyte count (average 7323) was 4322 The lowessn iriividoal
leuitocyte count was 1950 1n one calf reached af'ter v nZurs

There was a cevere abrolute and relative depres i0n of
the total count of heterophils (Tables 3 and 4).
Tne average counts of ¢tab celles revealed 2lio G

absolute and relative depression; an increaze of immoiure
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leukocytes was not seen at this time (50 hours after virus
inoculat;on).

An absolute depression of the total lymphocyte counts
was evident. This depression of lymphocytes, like in the
one- to two-month-o0ld calves was absolute; the differential
percentage showed a relative increase in lymphocytes from
€3.4 to T4.2.

While the absolute count of monocytes showed a drop
af'ter incculation, this cell category similarly increacsed
slightly in 1ts relative differential percentage.

A constant and severe reduction of both the atsolute
and relative counts of eosirnophils was noted in all inocu-
lated calves of this age group. This eosinopenia was more
pronounced than in the calves of the one- to two-months age
group. The post-inoculation drop in the absolute and rela-
tive numbers of basophlls appeared to follow the rate of
reduction reported for the heterophils and eosinophils.

Fifty hours after inoculation the reduction ot the

average preinoculation total leukocyte count was £7.47%;

=

however, the average reduction for the absolute lheteropht
count was 76.6%, for the stab cells 52%, and ror the atsclute
eosincphil count 79.9%. The corresponding reductior or the
average absolute lymphocyte count was 53.&% and for thre abso-
lute monocyte count 38.9%.

Comparison of pre- and post-inoculation values of hemo-

globin revealed a slight anemia. On the other hand, the
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hematocrit value increased slightly from an average of 31.0%
to 32.1% volumes.

Tables 1, 7, 9, 10, and 11 illustrate that the inception
and degree of hematological changes closely follow the tem-
perature curve of the clinical course of the experimental
infectlion.

The depression of the total leukocyte counts in the two
calves with pneumonia (Table 5) as well as the deprescion of
their absolute heterophil, eosinophil, and monocyte counts

followed the pattern seen in the inoculated hezalthy calves.

{0

n

The relative lymphocytozls was also noted. Calf No. was
euthanatized three days after virus inoculation and calf No. 1
made a slower but uneventful recovery, the clinical course of

both the experimental virus infection and the pneuwmonia

taking about ten days.

Group of four- to eight-months-o0ld calves. Like in the

previous age groups, a pronounced leukopenia was the out-
standing change in the four- to eight-months-old calves. The
average depression of the preinoculation totzl leukoz;te count
(average 8732) was by 3720. The lowest individual WERZ count
in one calf was 3550 (Tables 6 and 7).

A severe absolute and relative depression of the total
count of heterophils was evident. The pre- and post-incoulation
comparison of the stab cells also showed an abkzolute and rela-

tive depression. An increase of immature leuxocytes was not

seen at this time (60 hours after inoculation).
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cl
There was an absolute depression of the total lympho-
cyte count as 1n the two previous age groups of calves, but
the differential percentage showed a relative increase.
Similarly to the lymphocytes, the relative percentage orf
monocytes also showed an increase. As in the previocus age
groups of calves, the depression of the absolute and relative

counts of eosinophils was a constant finding also in this =

0]

groug.
The average ccunts ¢f basophils showed an avzolute and
relztvive increase in the calves of this age group

Sixty hours after inoculation tne reducticn ol thsa
average pre-inoculation ter: . leukocyte cCount wag 4735 . 475;
however, the reduction of tie averzge ftotal heterophills wac

6l 1%, that of the average total stab cells 49.1%, and that

of the average total eosinophils 63.2%. The corresponding

reduction of the average total lymphocyte count was 37.2%.

Group of yearling cattle. Comparing the pre- and gost-

inoculation hematological averages of this age group, similar

P
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changes were encountered as 1n the previous grou
An average depression of 3626 “om the pre-inoculition
total leukocyte count was notod.

A slight anemia was also evident in this =zge groap of

cattle.

o 1
N

20 in this group the most outstanding hematological
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change was the absolute and relative deprescior

heterophil counte (Tables 8 to 10).
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While there was a depression of the absolute count of
lymphocytes, the relative percentage value of this cell
category showed a substantial increase as in the other groups
of calves.

Monocytes decreased in absolute and relative nunvers.

Two-vear-o0ld cow. As can be secen fron Table 11, the

experimental infection of a two-year-old cow with MNorth Dawota

i

viras produced s'milar clinical and hematological charges
seen in the experimental cattle reportsd previously. Tre

deprecsion of the absolute and reiative counts of heterophil

[97]

was moct outstanding durir

g
~—t

the fernrile pericd. A corrccponding
increacse of the relative lymvhocyte count was noted.  The
erratic behavior of the relative and absolute cocirophiil count
in this case may be explained by a chrcnic pediculozisz of

the animal.

One-day-old calf. Even in a one-day-old colosturin-
deprived calf (Table 12) the clinical and nematologiz=i
changes were similar to thoce in older catile.

[a)

Shcep. A pronounced leukopenia was evidenced 1in the

experimental sheep. The lowest individual WEC count wns 2700

t

ard the average depreccion from the preinroculation total

leuktocyte count was by 24ct or 42.2%. As 1in the cattle,
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but somewhat less pronounced, there was an absolute and re-
lative depression of the total heterophil count. The depres-
sion of heterophils was 48.1%. Corresponding to similar
findings in the experimental cattle, the relative lymphocyte
and monocyte counts showed increacses after inoculation. The
depression of the absolute and relative counts of eosinophils
was a constant finding also in the cheep. Post-inoculation
hemoglobin values showed a slight increase and post-inoculation

REBC counts a slight decrease as compared to the pre-inoculation

199]

normals. A slight increase in the numper ot stab cells was

also evident (Table 13).

Rabbits. As can be ceen from Table 14, the ratbit post-

inoculation hemogram showed essentially similar changers

=

o
(%]
I

Cter

North Dakota virus inoculation as did the remogramc of cattle

)

and sheep.

The absolute and relative deprecsion of the hsterophils
and basophils was the most outstanding change in the post-
inoculation hemogram of ratbits. The deprescion of the
eosinophils and lymphocytec was absolute ard ncot relative.

A pronounced abgolute and relative monocytosis wac an addi-

tional firding in the rabbits. The depreuzion of th: average
total leukocyte count from the pre-inoculatiorn aver:w;: was

by 34G4 cells or 28.48%. The corresponding deprezclion o
the average heterophil count was by 1590 cells or L7.75%,

and the depression of the average lymphocyte count from the
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pre-inoculation average by 2051 cells or 41.0%. A mild

anemla was also seen.

Trancsmission Attempts

Routes of transmission and infectious agent. In order

to establish the susceptibility of the available native
calves to the North Dakota virus, the following routes of
iroculation were used simultaneously: intravenous, subcu-
taneous, Iintracutaneous, intramuscular, intranacal, intbtra-
muccsal, rectal, intratesticular, and intranodal (prescopuizr

lymph node). After the susceptibility of the experimontal

calvez had been proved in two caivezs, the routas of inoculza-
tion were restricted tc either the intravenousz or cubcuban=ou:
in the following calves. The infectivity ci the boevine

tissue~culture virus was confirmed by the inoculation of Zco

b

calves from two to eight months old, four yearlings and one
two-year-o0ld cow. All of these experimental cattle showed
the typical sequence of clinicopathological charnges outlined
earlier.
Attempts to transmit the experimental diceace bty uclig

materials other than the bovine tissus-culture~grown virais
failed. TFresh blood (Chavter IT) without proservative,
talten from experimental calves during the rebrile and louko-
penic period of the experimental ianfection, and reinjected
within ten seconds, did not reproduce the experimental

inflection in six calves. The blcod was taken frcm the
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experimental calves from one to nine days after inoculation.
One of the six calves recelved the blood of a sheep donor.
The challenge of the blood-inoculated calves two to four
weeks later with the pure virus produced the typical clinico-
pathological signs of the experimental North Dakota virus

nfection in each case.

Other attempts were almed at transmitting the experi
mental disease by the 1ncculation of organ emulsions prepared
from spleen, kidneys, lungs, liver, lymph nodes, and
adrenals of experimental cattle sacrificed during the acute,
subacute, or recovery period of the experimental infzction.
Three calives from two to four months of age were inoculated
with organ emulsion and showed no clinical signs of ini=c-
tion. One of these calves (No. 17) was challenged seven
days after organ-emulsion 1noculation with the pure virus
and developed the typlical sequence of ciinicopathological
changes as described. The second calf (No. 27) received

repeated injections of organ emulsions on days C, 14, 32,

(WS}

and 39 and showed no signs of infection. Sixty days after
the last injection the calf was challenged with tne pure

virus and proved to be resistant. The third call (lo. 5Z)
was given three injections of organ emulsion at weekiy

intervals and showed no signs of infection. Challenge with

the pure virus two weeks after the last inoculation with
organ emulsion proved this calf to be immune ail

Rabbit kidney-cell culture harvest from an experi-

ment to adapt the North Dakota virus to rabbit



06
kidney-cell culture (Rothenbacher, 1960) was inoculated into
three three-months-old calves. A three-months-old calf (No.
16) was given 10.0 ml. of this inoculum intravenoucsly.

While no clinical signs of infection developed, thilis calf
proved resistant to challenge with the original (bovine-
entryo-kidney-cell culture) virus three weexs later. The
second three-months-old calf (No. 25) received the sane
rabbit-cell-culture inoculwun and developed mild clinical
signs consisting of slight leukopenia and a temperature
elevation of 1.5 F. Challenge of this caif with the bovin=-
“idney-cell virus seven adaye later did not produce any
clinical changes. A second challergze with the virus aiter
one more week was also negative.

The third three-months-o0ld calf (No. 26) was given ©.0
ml. of the rabbit-cell culture intraverousliy. No clinico-
pathological changes were observed within four days ariter
inoculation. Challenge of this calf after two weeks with
the bovine-cell-culture virus did not produce any of the
characteristic changes of the North Dalkkota experimental

infection. The inoculation of one calf and one cheacp with

w

terile tissue-culture medium did not produce ary clirszal.,

~

gross and histopatholecglical changes in the ex

CErinen

v

animals.

1

Contact transmission studies. A three-months-old and

a five-months-old calf were placed in a stall together with

an experimental calf which had just been inoculated witnh the
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North Daxo*a virus. The calves ate and drank from the same
trough and were kept in contact for ten days during the whole
course of the experimental infection. While the inoculated
calf in each case developed the typical signs of the experi-
mental infection, none of the contact calves showed any
clinicopathological changes. 3oth conta:t calves proved

susceptible to the North Dawota virus challenge when inocu-

w

v-d

lated five and eight weexs, respectively, after thelir contact

)
¢t

tr ssions occurred durins

[

period. No accidentzl cont

o8
3

S

fw
0

the two-year period of exverimental work with the North Darota
virus. During this period an acciaental transmission of virus

diarrhea was report=d hr Rothenbacter et al. (1961) working

under similar experimental conditions with the nonculturable

virus diarrhea agerts from Icowa and Indiana.

Yoch's postulates. From the results of experimental

ot
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stuaies reported, i us that the typical acute experi-
mental North Dekota virus infection coﬁld not be reproduced

by any material other than the virus grown in bovine-emhryo
kidney-cell culture. Tre inoculation of sterile lactalbuwnin
hydrolysate plus 2% horse serum, the growth medium for the
virus, did not produce any clinicopathologizal charges in two
calves and one sheep. Reisolation of the virus (Barner et al.,
1959) proved very difficult. Numerous specimens of internal
organs, heparinized b»lood, nasal and ocular swabs, mucosal

scrapings, and fecal specimens taken from experimental calves

from two to 15 days after North Dakota virus inoculation
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failed to reseal the pressnce of the virus. The virus was
recovered in only two instances from the lung, spleen, and
kidney of experimental calves six and nine days after inocu-
lation (Barner e7 21, 1959). The recovered virus was

neutralized 1

A
<
=
O
=3
ct
joy
)
oY)
~
O
«t
ol
<
F_J
3
IS
n
oY)
>
t
. 'y
¢!
)
3
[
3

and, upon re-
inoculation into susceptikle calves, produced the typical

changes of the deszcrired exverimental infection.

Gross Pathologcircal Findings

Excerirmental aniralz were eutharnatized at various tire
intervals ranging from one to 1324 days after virus inoculation
(Crapter II). Th=2 most pronounced gross lesions were en-
countered in arimals necrorzied during the acute phase of

the experimental infection from two to six dayvs after 1inocu-

lation.

Cattle. Sixteen calves from one to six months of age,

one yearling steer and one yearling heifer were necropsied
from one to 14 days after North Dakota virus inoculation and

showed the following gross lesions:

External body surface:--The conjunctivae showed variable

degrees of congestion. CQccasionally, mucopurulent exudate
and /or encrustations were present in the medial canthi of the
eyes. Serous discharge wars evidenced hy matting of hailr
below the eyes of some animals necropsied from one to two
days after virus inoculation. A moderate degree of edematous
swelling was usually seen in the submaxillary, prefemoral,

and prescapular lyrph nodes.
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Digestive tract.--The oral mucosae showed moderate to

severe and patchy congestion. The parotid and the supra-
pharyngeal lymph nodes were enlarged and congested. The
tonsils similarly appeared swollen and congested. No lesions
could be discovered in the pharynx, rumen, reticulum, and
orasum, A moderate to severe catarrnal gastritis was present
in the aromacum. The duondentm and the anterior nalf of tne
rein fhowed catarrhal enteritis with patony

congestion. A severe catarrhal to catarrhihzn

tis was roted in the posterior hall of the e jxr

ocrcasiorally to the ileum. Areas of marked corgeztion were

"tiger stripe" appearance. An zbundance of catarrhal exzdatoe
ranging from clear to blood-tinged was ucually encountared in
the jejurmm. The Peyer's patches of the pozterior jejunum and
ileun appeared hyperplastic. Lesions in the Peyer's potches
varied from scattered petechiae =2nd ecchymorcer to pabtchy con-

gestion and hemorrhagic nmarbling in the lymphatic ticoue 1lanor.

Hemorrhazic seams of 4 to & nm. width were otserved n ti=

“w
J
J
~

cubmucosa and subserosa around Peyer's patcres of the post

€2,

‘ejunum,  The mucosa coverling the Feyer's patches thowed mil
degrees of fibrinous exudation and/br fibrinone2roti s z2hnonTesn.
Similar changes in the form of a blackish-Lrown nomor-
rrhagic to fibrinonecrotic seam of £ to 1C wm. width wore
obcerved on the 1leocecal ostium protruding into theo cecunm.
Scattered ecchymoses were often found in the subnucoral

lymphatic tissue of the ostium (Fig. 10 and 11).



The large and continuous Peyer's patche
were occasionally covered with cream-colored
epithelial layers that wiped off easily from
lymphatic tissue. The latter showed varyinrg

rrhage and/or congestion (Fig. 7 and 11).

Cnly a mild catarrnal inflammation was
cecum. From 30 to 45 cm. posterior to the
an area of small cystic degeneration intersce
ezchymotic hemorrhages was regularly found in
the colon cver an ar=a fror 10 to 25 cm. in
mild catarrhal changes wers =sncountersd in th
creased amounts of grayisn viscous wizus weare
colon ard rectum. Longitudinzl ar=as of mar«
were seen on the rugae of the rectum. A btard

from 2 to 5 cm. 1n length adjacent and anter

N

The mesenteric lymph rodes draining the
and the cecum showed various degrees of edema
and congestion of medulla and cortex. Scatte
and ecchymotic hemorrhages were seen in zuoca
cortical areas of the lymph nodes of the post
and ileun. Lymph nodes of the duodenum, cclo

were less severely affected (Fig. 1, 2, 4, 5,

Resplratory tract.--There was a slight
tne nacal muccsae with a correspondirg mild e

the suprapharyngeal lyrmph nodes.
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nodes similarly showed a mcderate aegree oI edema and conges-
tlon. No lesions could he found in the larynx, trachea,
bronchi, or lungs.

Heart.-~-Subendocardial suffusions were seen in two

calves. No other visibtle lesions could he noted.

Liver.--The liver showed a generalized congestion and a
moderate swelling as evidercea by rounced ventral edges. Tre
gall bladder weas distended ur to twice 1ts normal size. The

bile arreared darx and t-icrened.

Spleen.--Tre :rleen was enlarzed. A few petechial hemor-
rhages were occasionally seen sihcapsularly. The cubt surface

bulged and showed zZongestiorn.
Thymus.--Numarous petechial arna ecchymotic hemorrhages
were scattered subcapsularly and on tne cut surface of the

ions were also

6]

thymus gland. To a lesser aegree thece le

present in glands from control animals.

Urogenital tract.--A few petechial hemorrnages were

tn

occasionally seen subcapsilarly and in the cortex of the kid-

neys (Fig. 13). Cortex and medulla of the kidneys appeared

anemic. No gros: pathologlcal changes could be seen in the

ureters, bladder, urethra, testes,or ovaries.

Endocrine glands.--The adrenal glands appeared enlarged
and showed variable subcapsular hemorrhage in the form of sufl-
fusions or scattered ecchymoses (Fig. 14). On cut section,
areas of hemorrhage and/or dark hrown necrotic foci of 1 to 5

mm. 1n dlameter were discovered in the zona fasciculata. No



gross lesions were seen in the thyroid gland and in the

hypophysis.
Central nervousg system.--No gross lesions could be found.
Sheep. Six adult sheep from one and one-half to six

years of age were necropsied from four to six days after North
Daxota virus inoculation.

The gross pathological findings seen in sheep compared
closely to those dessribed in cattle. The degree of the
lesions was somewhat milder. No gross lesions could ke found
in the eyes, in the upper digestive tract, and in the
respiratory tract.

A catarrhal abomasits was present in all sheep and,
unlike the syndrome in cattle, there was severe catarrhal
auodenitis. The Jjejunum showed a moderate catarrhal inflam-
mation with areas of pronounced congestion. The Peyer's
patches of the posterior jejurnum appeared hyperplastic and
some were covered with a fibrinonecrotic pseudomembrane. In
contrast to the mild involvemerit of the large intestine in
cattle, the spiral colon of the sheep was empty of feed anda
showed a severe catarrnhal colitis with abunaance of clear and
foamy viscid mucus. The mesenteric lymph nodes appeared
slightly swollen and congested. Ecchymotic cortical hemor-
rhages were noted occaslonally.

The liver was congested and the gall bladder dlstended.
A moderate swelling and congestion were seen in the spleen.
The kidneys appeared anemic. No other gross lesions were

present in the urogenital tract. The central nervous system



did not reveal any gross lesions. On cut section, the adreral
revealed similar lesions as were described in cattle excert

that no subcapsular or cortical hemorrhages were present.

Rahhits. Seven adult rabtits ranging in age rom ore
to three years were necropsied two to three days aifter North
Dakota virus inoculation. The stomachs of the rabhits were

ermpty and various amounts of hair were btalled up in the Murdoes,

ct

No characterist lesions could be definitely arcconisicd
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witn tne experimental Nortn Daxcta virus irfeztion,

Hictopathological rindings in North Daworn wirus

irornlated cattle.
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propria could be occasionally Zound in tire
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mucous mermbranes of the digestive tract. The mucous sdnax:sl
glands of these membranes were fournd 1n a state of hupor-
secretion or secretory exhaustion in animals euthanatized
during the acute or subacute phracse of the sxperirmoent ]l o=
fection. Occasional hydropic cnang=ss in the ctratum luz2idun
and stratum corrneum of the ecophaguz, rumern, reti-ulum, and
omasum were fourd. Rarely encountered [ocal hyporke:

changes of the rumer. and esophagus wore alco precont (Fig. 15).

Aromasum.- The abomasum chowca an acube catarrhal

gastritis with a variable degree of inf{lapmstory edors and



congestion in the lamina propria and in the submucosa.
Coplous amounts of seromucous exudate were found in the

fundic and pyloric regions.

Small Intestire.- A similar acute catarrnal enteritis

Was seen In the duodenum. Numerous cystic csubmucocal glands

(BErunner's glands) were observed filled with serormu-ous

Fel

exudate and desquamated epithelial cellz. The dcgrece o
catarrhal enteritis 1ncreased posteriorly in the jeiwmrom and

4

. found to bte catarrho-hemorrhagic to fitrinous in areas

1

T:,' ‘:'1

4

of tre pocsterior jejunum. Inflammatory edema and
were marked, especially in the lamina propria of the villi

and in the submucosa. Necrosis and desquamation were noted

in the epithelial covering of the mucosal villi. Celller
infiltrations were observed in the propria, inciudirg the

villi, and consisted primarily of lymphocytes, macroprage:s,
plasma cells, histiocytes, eosinophils, and a few neutrophlile.
The goblet cells appeared to be increased in size and numker,
especlally in the posterior part of the Jjejurum 2rnd in tre
1leun.

Catarrhal to hemorrhagic exudate of the po-icrior

)]
)

jejunienm also contained moncuclear cells, heterophils, 204

(

a few eosinophils. The hemorrhagic exudation was fcurd to

te primarily diffuse in dicstritution and probarly derived

v
=

from diapedesis through the extremely congested capillaries
of the dernuded intestinal villi. Occasiorally, petechial

and ecchynotic hemorrhages could bte seen in the lamina
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propria and submucosa of the jejunum and ileum(Fig. 16 & 17).
The posterior JjeJunum and ileum, in many instances,
also presented the histopathological picture of a fibrinous
enteritis. This was particularly frequent 1n the mucosal
areas covering the larger Peyer's patches. Fibrinous exudate

on the mucosal surface was mixed with mucuz, necrotiz inil

I
i

rmatory cells as described, ana desguamated epitielial collic.
Vilii snowed inflammatory edema, hyperoria, arnd celluler

E
1R

infiltrazion similar to thaot decscribed ear
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patcnies shicwed inflammatory edema and hyperemia and weie
found In a state of lymphocytic hyperplasia during the a..at2
phase of the experimental infection. Lymphocytic depletion
and /or exhaustion was seen in animals euthanaticzced during
the later stages of the acute phase. The severe and patchy
congestion corresponded well to the described gross findings.

Scattered petechial and ecchymotic hemorrhagesz were
of'ten present in the lymphatic tissue of the 1leal Peyer's
patches. Occasionally necrotic foci were observed in
reaction centers forming micro-abscesces wlth lymyurnorriexis
ar.d heterophilic infiltration.

Externzlve submucosal edema and corgestion, compingd
with a fibrinonecrotic to hemorrhagic inilammation of
mucosa, were congistently obzserved In sections of the 1le0-

cecal ostium.

Large Intestine.- The cecal mucosa showed zimilar ratoh

congestion with a relatively mild catarrhel typhlitizs. This
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mild catarrhal enteritis continued into the colon. The area
over an approximately 25-cm.-long stretch of colon mucosa near
the ceco-colic Junction (as described in gross findings) con-
tained numerous cystic mucosal crypts filled with mucus and

cells, primarily heterophils and lymphocytes. Fibrinonecrotic

[

arges of the mucosa of this area were cimilar to the ones

dessribed in the 1leum and posterior Jjejunum. The underlyirg
Peyer's patches also showed occasional focl of lymphorrhexis

ara heterophilic infiltration of the reaction centers. The

3

HEPRSEORS
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of the remalining posterior portion of the colon dis-
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2reased mucous S
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played only mlld catarrhal changes with

)

cretion. Areas of congestion were s

o

n especially on the
crests of the rugae of the rectum. Severe congestion was
also noted in the rectal mucosa immediately anterior to the

anorectal Jjunctlon.

Lymph nodes of the digestive tracts Similarly to the

lymphatlic tissue of the Peyer's patches, the lymph rod

\L)

of the digestive tract showed the hictopsthological picture
of a reactive stimulation with variatle degrecs oI 1:1:017m-
matory hyperemia, edema, and petechial and eccnyretis hemnp-
rhages. In the cortical and medullsry sinuses or t.- noder,
reticulohistiocytic proliferation and lympnocytic hypoor-
plasia frequently created the claseic plcture of tne "zirms-
catarrk", (Pallaske, 1960) with all sirusoidal rpaces crammcd

v proliferated reticulohictiocytic (mononuclear) coll:,



77
mature lymphocytes, heterophils, plasma cells, and eosinophils.
The nuclei of these cells, congesting the marginal sinuses,
were often found flattened in the tangential plane of the
capsule. The capsule frequently showed various degrees of
thinning and infiltration with mononuclear cell elements.
Petechial hemorrhages were most commonly encounitered in the
reaction centers of secondary lymph nodules (Krsllirg ard
Grau, 19¢0) and in the vicinity of small cortical arieriol::
showing mild hyalinization of their wall structure (Fig 18).

The meaulla of the lynmph nodes cormonly chowed an
in{lammatory edema wlth an increase of reticulohistiocytic,
plasmocytic and heterophlilic elements., Incresced hemosider-
o0sis was occacsionally seen in macrophagzes in the medullary
sinuses, cortical reaction centers of secondary lymph nodulec,
and in cortical sinuses. Circular to fusiform bodies with
onion-skin structure of 20 to 50 microns in diameter were
also occasionally found in reaction centers. These bodies

stained blue on hematoxylin-eosin stains and gave a pocitive

n
@]

reaction for calcium with the Von Kossa stain. Trey wore als
found in control animals and were considered a fortuitous

firnding (Trapp, 196¢0). A state of lymphocytic depletion 2o
often seen in the primary and secondary lymph nodules of the
cortex as evidenced by a severe narrowing or corplete disap-

"

pearance of the polar "caps" of maturing lymphocytes. In
some lymph nodes the reactive reticulohictiocytic prolifera-

tion led to a uniformalization of the cortical tizcue with a
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resulting disappearance of the primary and secondary folli-
cular structures. Balled-up proliferating histiocytic cells
and an increased amount of nuclear debrils was often seen 1n
such lymph nodes. This was a common findirg in animals
euthanatized during the later stages of the acute phasze of

the experimental infection (Fig. 21 and 22).
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:tion centers in many ly~ph rodes showsd an Znnr=13:52

in nuclear frazgments arnd a decrease of reticular cells 203
mitotlz fizures Cccasionally rnocrotis misrefcci ¢cf pyvros:s
arnd Keryoronexis vere erncountered in primary lympn rodulecs
anad rezztlon centers of tne cortzx Hetaropnil:c szgragzt:or
were usually associated with these necrotic foc e moszT

pronounced of tnece described lecions were seen in the
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nodes of the ileocecal region, the ileun, tre
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Jejunum, and the head regzion (Fig. 19).

Respiratory tract.--The upper respiratory tract zho-ad

ot
3

o

i
D

mild hyperemic and hypercecretory cnarges similar to

descrited for the upper digestive tract.

Lungs.- Even as the gross pathological examipation ol
the lungs did not yield any pertinent firdirigz, *~o n1zio-
pathological findings were primarily conifired to the palmorar

1

1ymgh nodes which showed leslions similar to those dezcerited

for the lympn nodes of the nezd and the digestive tracco.

Slight evidence of peribrorchial ard intercztitlial mononuclear



Cardiovascular gystem,--Besides a few subendocaraial

ecchymoses and suffusions no other histcpathological changes
were seen. Such endocardial hemorrhages are freguently

A

present in electricalily stunnred animals.

Liver.--A mila euematous swelling of the liver paren-
chyma was evidenced bty intra- anua extracellular edema and

edematous distention of the Disase-spaces (Krolling and Grau,

€3]

1960). The sinusoids and intralobular capillaries appeared
distended and were sormetires fillea with a serous fluid.
Microfoci of reticulohistiocytic and mononwuclear cells could

be seen intralobularly in the parencryma or perilobularly,

ct

adjacent to the portal triauas Tre Kupffer cells appeared
in a state of active prcociiferation. Occasionally the liver
parenchyma showed microfoci of necrosis with pyknosis,
karyorrhexis, and karyolysis. Infiltrations of mononuclear
cells tended to assemble arounda the necrotic foci and sinus-
oidal and capillary congection was common in the vicinity of

the foci (Fig. 23 ana 24).

Lymphatic system.--Similarly to the lymphatic tissue of

the digestive tract, the spleen showed lymphocytic hyper-
plasia with extensive reticulonistiocytic proliferation. In
the later stage of the acute phase of the experimental
infection, lymphocytic depletion and exhaustion, edema of
the reaction centers and depression of the reticulocytic

mitotic activity could be noted. HMicrofoci of lymphorrhexis



with rneutrophilic infiltration were a falrly common occur-
rence in the spleen. Petechial and ecchymotic hemorrhages
were also seén in splenic follicles as described 1n the
reaction centers of mesenteric lymph nodes. An increased
hemosgiderosis of the free macrophages and sessile reticu-
lcecytes could also be seen during the acute phase of the
infection (Fig. 20).

As in the spleen, numerous petechial and eccnymotic
hemorrhages vere noted in the thymal medullary light zub-
ztance or at 1ts periphery. A depletion of the melulla

B A N e - - IR S 3 RIS v 1 ~ R Ty Ty
Jas eviiont and focal reutrophilic infiltravion was Li=-

gquently ceen. The Hascall boalegs of infected animalsz
appeared to be fewer in number and at an Ilmmature stage.

The other body lympnh nodeg chowed similar or identical

L

histopathological changes as already descriced for the

o2}

e
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gastrointestinal and respiravory lymphatic tissue.

Fone marrow.--Limited histopathological studies of the

bone marrow of experimental cattle appeared to correlats
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ariier 1n THIZE

#ith tne hematological [indings described

D

chapter. A depresczion of the myelogenous activity waz

evident and there was a pauclty ol mwature zand irmat .2 ey
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opnils and eosinophils as compared to the control an'ra. o,

Kidneys.--As In the case of the liver, itne kKidncy
responded with mild focal or diffuse mononuclsar prolifera-

tion in the cortex. Large numbers cf the glomerular tuflts



81

were shrurken and appeared nonfunctional. Rowman's capsules
ware often found to be thickened. There was capillary hyper-
emia in the vicinity of the affected glomeruli. Petechilal
hemorrhages in the cortex were rarely observed (Fig. 25 and 26).
Ballooned Bowman's capsules were occaslonally seen., A
focal interstitlal nephritis was evidenced by proliferated
interstitial cells obstructing tubules and capillaries,
expeclally in the area of the corticomedullary junction, and
resulting in severe focal congestion in this region and dis-

tention of renal tubules anterior to the obstrucstion sites.

Chestructed tubules frequently contained hyaline or grinulayr
caste A small number of hyaline casts resulting from focal

interstitial nephritis was observed to a lesser degree in

tiesues from control animals.

2!

-

~rdocrine glands.--

Adrenal gland.- The most pronounced histopathological

changes in the experimental North Dakota virus infection were
encountered in this gland. In accord with the gross leciong,
suffusions could be seen in the loose pericapsular connective
tissue. What appeared on gross inspection as petechial or
ecchymotic capcular hemorrhages turned out to be mumoerous
distinct foci of necrosis with severe peripheral capillary
congestion and extravasations in the cortex cloce to the
capsule.

Thecse distinct cortical focl of necrosis were pragent

£

in 12 out of 14 calves euthanatized during the acuts phaze of
i
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the experimental infection. They consisted of spherical
foci in the zona fasciculata showing coagulation necrosis,
karyolysis, and occasional karyorrhexis in the center and
primarily vacuolar, cytolytic, and karyolytic changes at the
periphery. Pyknotic nuclear changes in dark red- to purple-
staining cells were also occaslonally ceen aﬁ the periphery
of a necrotic focus. The necrotic foci were surrounded bty
cevere congestion, infiltration of mononuclear and hetero-
philic cells and serous exudation into interstitial spaces
in the vicinity of capillaries. In some caces the picture
of coagulation necrosis predominated while in others karyor-
rhexis and more extensive heteropnilic infiltration could be
seern. Thecse necrotic foci varied from 1C0D to more than 1,000
microns in diameter. They were always located in the zona
fasciculata, sometimes infrinrnging unon the peripheral zona
glomerulosa and the more central zona reticularis (Fig. 29).
The parenchymal cells of the zona facsciculata and its
neighboring zones also showed marked alterative parenchymal
changes consisting of vacuolation and reticulation of cyto-

plasm and numerous eccentric nuclei. A foamy reticular
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vtoplasmic structure and partial cytoly:zis

seen. Thi

[97]

change was most pronounced in the peripn
zona fasciculata. The zona glomerulosa rarely shoved the
vacuolar changes (Fig. 28).

Small colloid-like droplets were occasionally secn in

tlhie zona fasciculata. These were probably similar to or

¢
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identical with the hyaline-like droplets described ty White-
man (1960) in Iowa mucosal disease field cases. Whiteman
(1940) ascribed these droplets to dehydration and hemoconcen-
tration, clinical signs also present to a moderate degree in
the North Dekota virus experimental infection.

Eetween the cell cords of the zona fasciculata showirg

vacuolar and/or cytolytic-reticular changes, strands or

microfocl of elongated, histiocyte~like dark red- or purple-
staining cells with pyknotic nuclei could frequently be

observed, primarily in radial arrangement. This cell type
was also occasionally observed at the periphery of the
necrotic foci as described previouszly. Similarly staining
cells could cometimes be ceen in adrenals of control animalsz,
Identical cells were documented by Whiteman (13¢0) in the
adren2l cortices of Iowa mucosal diseaze field cases and
described as scattered cell necrosis consisting of necrotic
cells with increased cytoplasmic staining, cell shrinkage,
and pyknosis (Fig. 30).

Increased mitotic activity, as described by Whiteran
(196C) in the peripheral zona fasciculata-intermed:ia of Tovwa
mucosal dlseacse field cases, could not be observad in the
North Dakota virus experimental infection.

-

A constant finding in the adrenal cortices of lorth
Daxota virus-inoculated cattle was the marked inrer progres-
sive transformation (Matthias, 1954; Krolling and Grau,

1960) consisting of a hypertrophic widening and extension
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of the zona fasciculata at the expense of the zona glomeru-

losa and zona reticularis. In all the adrenals studied, =a
narrowing and compression of the zona glomerulosa was a
rather constant finding. As a result, the adrenal capsule

appeared stretched and thin as compared to control arimales.
A= a consequence of this progressive tranzfiormation, the zonn
intermadia could no longer be distirguiched. O woite--

(1950) did not use the term, he accurately decorivod =
crogrescive transformation in 5C%  of the examired Tous
mucosal dicease field cases. In other ceacos ne coared 1O dNI-
cribe rezraccive changes.
Griem (1955) saw similar progrescive cnhanges in hoz

choleraz-infected pigs with acute gsstrointestinal involve-

ment.

Special stains aprl
revoalad rather variable
O and Sudan IV, yielded o

poscitive-staining glcbule

iea to tne

firdings. The lipid cozin Oil-rad-
nly minimal amounts of scattered

o in the cells of the glomerulora,

Tfasciculata and in the medulla. The uniformly Lrow oll-rod-
O-stained adrenal cections appreared somewnhat Gzrinar 10 in
zora fasciculata and medulla. In ro inctance conldld o ~ov-
rarable lipidosic te obtained zs documented by wWhitonran
(124C) for Iowa mucocal Gisease. Whiteman (1900) reported
that tne 1lipids of his oll-red-O-stained adrenzl coctions
corresponded in location and zamount with the {fatty calterative
changes described from the hematoxylin-eocin-stzin-a purallin
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sections. The fatty changes seen by Whiteman (1960) are, in
location and description, similar to or identical with the
vacuolar and reticular degenerative changes described here.
However, no lipidosis was seen in the experimental North
Dakota virus infection.

An increased accumulation of lipid droplets in the
bovine adrenal as a result of chronic stress situatiorns vas
reported ty RBell and Weber (1959). This might not rernlt
from an acute strese of short duration as causzed by 1h=2
experimental North Dakota virus infection.

Cn 0il-raed-0-stalned sections occasionally som2 increzze

reddish-brown stalnlng amorphous matter was noted at tne periph-

ery of the described necrotic focl. Some necrotic foci

showed a slightly positive reaction for amyloid when stained

Q

with crystal violet. PAS-positive particles were olften secen

in the centers of the necrotic foci. Distinct foci of ¢
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lation necrosis in the zona fasciculata, as freguently seen
in the experimental North Dakota virus infection, took on
similar tingibility as did the connective tissue of the
adrenal capsule when stained with Heidernain's anilirne 1Llue
staln.

Globulzr and rod-shaped, bright red-ztainrnirg bodies oF
1 to 2 microns in diameter were describted by Wnitenon (1240)
in the zona glomerulosa cells of ITowa mucosal dicezce [fi2ld
caces when stained with Crossman's modification of Malloyry'sz

connective tlssue stailn. Similar or identical todiez ware
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seen 1n the same cells in North Dakota virus-infected cattle
as well as in control animals when stained with Heidenhain's

aniline blue stain.

Thyroid gland.- Upon histopathological examination, no

definite changes could be found in the thyroids of experi-
mental animals. In several instances extensive vacuolation
was ceen at the periphery of the colloid in the smaller
acini. The vacuoles varied in size from 1C to 5C nicrons.
This cnarnge was present to a mild degree in the thyroids of

control animals.

Hypophysis.- The histopathological changes of the

hypophysis were indistinct. Severe congeztion was noted in
the adenohypophysis and in the pars intermedia. Occasionally
microfoci of pyknosis and coagulaticn necrosis were prezent
in the pars intermedia. Patchy areas of eosinophilic and
basophilic degranulation were encountered in the anterior
part of the adenohypophysis. Quantitative and morphological
studies, such as those attempted by Whiteman (134C), were

found to be unreliable and were not pursued.

-t

Other body systems ard ftracts. --No significant nisto-

pathological changes could be found in the central nervous

system, the spinal cord, the musculo-skeletal system, tne

.

~

male or femsle reproductive tracts, or the cki



Histopathological findings in North Dakota virus-

inoculated sheep. The histopathological changes seen in thne

tissues of experimental sheep resembled those described in
cattle, They tended to be somewhat milder in the respiratory
tract, the liver, and the kidneys. Five out of five irnocu-

lated sheep showed pronounced changes in their adresnzl

glandz similar to those in experimental cattle. Fxcessive
hemosiderosis of the spleen was present in all experimental

m

neep, but ot in the controls. The chargzes in tihe gastro-
Intestinal tract, the spleen, and the adrenals tended to te

more cevere than those reported in calves.

Tistopathological findings in North Pakota virus-
L 2 &

2btits., Corresponding to the mild hematological
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changes in the experimental rabbits, the histcpathological
lecions were also slight and difficult to evaluate, The
lesions in the 1lymphatic system and in the adrenal glards
appeared to be similar to those described for the cattle ard
sheep. Changes found 1in the liver, spleen, and kidrey
variable. 1In general, the lesions were conisidered to be too
mild in degree and too variable to malke the rabbhit a3 use

experimental animal.

Other Post-lortem Findings

Urire specimens of cattle and sheep taxen at the time

Yy
8]
D
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o] ropey and submitted for urinalysis did not show any

changes from the normal. Periodical fecal examinations were



similarly negative. No significant changes were found in
limited blood-sugar and nonprotein-nitrogen determinations,
Aseptically removed organ specimens from euthanatized experi-
mental animals‘were submitted for bacteriological examination

(Coapter TI). No pathogenic organisms were isolated.

Serological and Immunological Findirgs

The antibody response to North Dakota virus inoculation

17

wis studied 1in several calves. Pre-~ agnd post-inoculation
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2 were submitted to the virology section, Deparftment of
IMicrobiolozy and Public Hezlth.

No neutralizing antibodies were present in the pre-
inocula tion sera of experimental calves as indicated bty
tissue-culture studies. Eight days after inoculation, less
than lOl neutralizing antibodies were present in the serum.

On days 15 and 23 after inoculation the neutralization
index was 102. Following reinoculation on day 23, sera taken
on day 33 through day 65 had indices egual to or greater

than 104

in one animal.

Four calves proved resistant to reinoculation from 14
to 1320 days after the experimental North Dakota viruszs in-
fection.

One calf, inoculated with the rabvbilt tissue culture
harvest (Rothentacher, 136C), proved resistant to challenge

with the bovine-embryo kidney-cell virus given 7 and 14 dzays

after the original inoculation. Another calf similarly
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inoculated resisted challenge with the North lDakota virus
(bovine tissue-culture origin) 14 days later.

Two calves having received three or more injections
of organ emulsions (three injections at weekly intervals in
one instance and four injections on days 0O, 14, 22, ard =9
in the other) proved resistant to challenge with the North
Dakota virus.

A third calf was fully susceptible to virus challerge

ceven days after inoculation with organ emulsions.



CHAPTER IV

DISCUSSION

Transmission Studies

Limited transmission attempts by contact and by using
inoculation materials other than the tissue culture grown
virus were unsuccessful. This indicated that sufficilent
quantities of the infectlious agent were not present in the
body discharges and in the blood and organ emulsions taken
from experimental cattle during the febrile and leukopenic
phase of the 1nfection. The fact that two calves receiving
three or more inoculations with organ emulsions proved
resistant to challenge with the tissue culture virus indi-
cated that some form of a viral antigen may have been present
in these organ emulsions from experimentally infected cattle.

The difficulties in reisolating the virus from blood,
organs, and body discharges of experimentally infected

animals have been reported (Barner et al., 1959). 1In two

instances, however, the virus was recovered from kidneys,

spleen, and lungs of calves euthanatized six and nine days,
respectively, after virus inoculation. The 1ldentity cf the
virus was proved by neutralization tests with North Dakota

antiserum,: and by reilnoculation into several calves.
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Comparison of the degree of gross and microscopic

pathological findings 1in cattle, sheep, and rabblits may indi-
cate that, of the three animal species the bovine might act
as the most probable host of the virus in a possible but as
yet unknown natural transmission of epilzootic 1importance.
The pathogenicity exhiblted and the lesions produced by the
virus 1in cattle strongly suggest that it does not fit into
the bovine enterovirus (ECBO) classification like the one

described by Soliman (1958).

Grocss and Histopathological Findings

Acute catarrhal inflammation was evident in tnie gastro-
intestinal tract starting from the abomasum. Rarely seen
hyperkeratotic foci of the ruminal, reticular, and esophagezl
mucosae were Interpreted as being due to causes other than
the North D2kota virus inoculation. The possibility of a
hypovitaminosis A was considered as a cause (Pallaske, 1360).

Hydropic changes encountered in the stratum lucidum
and corneum of the esophagus, rumen, reticulum, and omasum
may be interpreted as a normal finding according to Krdllirg
and Grau (1960). Catarrhal inflammatory changes often
increased to fibrinous and hemorrhaglc in the posterior nalfl
of the small intestine. The hemorrhagic to fibrinous exudation
was thought to be due to dlapedesis through extremely con-
gested capillaries of denuded intestlinal villi, since petechial
and ecchymotic hemorrhages were rarely observed 1in the lanina

propria and submucosa of the Jjejunum and ileum.
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Lymphatic tissues. An initial state of lymphocytic

hyperplasia during the acute phase giving way to lymphocytic
depletion and/br exhaustion was the common histopathological
plcture seen 1n the Peyer's patches as well as in all lymphatic
tissues of the body. Necrotic focl that were often present in
secondary reaction centers of Peyer's patches and lymph nodes
were considered a sequence to lymphoid exhaustion. Lymphor-
rhexis and an abundance of nuclear fragments with pronounced
heterophilic infilitration were found in the necrotic focli.
Pallaske's (1960) description of the so-called "sinus-catarrh"
consisting of densely crammed peripheral sinuses with various
stages of lymphoid cells mixed wilth neutrophils, plasma cells,
eosinophils, and reticulohistiocytic cell elements was often
observed in lymph nodes during the subacute and/br recovery
phase of the experimental infection.

Petechial hemorrhages frequently seen in secondary
reaction centers of, especially, the mesenteric lymph nodes
and corresponding to those reported in Peyer's patches were
thought to be due to a possible attack of the virus on the
peripheral capillaries.

In lymph nodes from experimental cattle euthanatized
during the subacute and recovery phases of the North Dakota
virus infection, the disappearance of primary and secondary
lymph nodules which took place and the uniformalization of

the cortical architecture resembled the tertiary stage of
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Krolling and Grau's (1960) description of lymph nodules. The
cortical tissue consisted mainly of the reticulohistiocytic,
large lymphoid and plasmocytic elements ana a paucity of
mature lymphocytes was noted in such nodes. The similarity
to Raffel's (1961) description of the antibody-producing
lymph node cortex was evident. The significance of conglomer-
ated reticulohistiocytic cells into globular dark-staining
structures of 20 to 100 microns in diameter was considered

uncertain.

Bone marrow. In limited histopathological bone marrow

studies 1t appeared that the heﬁatological findings of heftero-
penia and eosinopenia were due, not merely to a depression of
circulating cells, but to a generalized depression of the
myelogenous activity resulting in a pauclty of mature and
immature heteropnils and eosinophils. This fact correlated

to the absence of immature cell forms noted in the hemogram
of virus inoculated cattle and pointed to the bone marrow as

a major target of the experimental North Dakota virus.

Respiratory tract. In the respiratory tract very mild

catarrhal and hyperemic changes were considered secondary to
the febrile reacticn of the experimental infection. Focal
areas of congestlion and the already described leslons in the
lymphatic tissues were the only findings in the lungs. Based
on the questionable significance of these lesions, it 1s

believed that the North Dakota virus is not primarlly a



94
respiratory virus such as the parainfluenze-3 (Abinanti et
al., 1960) and the infectious bovine rhinotracheitis viruses

(Hagan and Bruner, 1961).

Adrenal glands. As in the liver and kidney, the

epltheliotropism of the North Dakota virus was most evident
in the parenchyma of the adrenal cortex. The most pronounced
lesions were encountered in the zona fasciculata. The
similarity of the vacuolar parenchymal change with Whiteman's
(1960) description of adrenal lesions in Iowa mucosal disease
was pointed out. However, a lipidosis could not be found in
these affected cells. The increased accumulation of lipid
droplets in the bovine adrenal as a result of chronic stress
reported by Bell and Weber (1959) could be confirmed by White-
man (1960) for Iowa mucosal disease. The reason why this
change was not found in the adrenals of North Dakota virus-
inoculated cattle may be due to the fact that this experimental
infection constitutes a more acute stress. Distinct and ex-
tensive necrotic foci of the zona fasciculata were not common
in the adrenals of cattle affected with Iowa mucosal disease
as reported by Whiteman (1960).

A cell form of elongated histiocyte-like shape and with
a uniformly dark red or purple staining cytoplasm and uniformly
dark blue homogenous and pyknotic-appearing nucleus was seen
in the zona fasciculata. The darker cells occurred individ-

ually, in small aggregations or in radial strands between the



lighter cells of the fasiculata. They were identical with
the cell form documented and described by Whiteman (1960) as
"scattered necrotic cells with increased cytoplasnmic
staining, cell shrinkage and nuclear pyknosis." This author
tends to believe that these cell forms may not constitute
neerosis but resting, (Matthias, 1954) regenerative, or
reversible physiological exhaustion stages of parenchymal

fasciculata cells. Further degeneration stages of these

o,
L

rkly-staining cells were not commorily seen in the adrenals
of North Dakota virus inoculated cattle rnor were they
reported in adrenals of Jowa mucosal aicsease field cases
(Whiteman, 19¢0). This cell form was not commonly involved
in the necrotic foci of the vesicular lightly-staining
fasciculata cells reportea here.

The progressive inner transformation of the adrenal
cortex was found to compare well to the descriptions by
Matthias (1954) and Griem (1955) of the adrenal charges in

pigs caused by tre acute infectious stress of hog cholera.

Summary of Discuzsion

In summarizing this discussion of the clinical, gross,
and histopathological changes it may be stated that the
experimental North Dakota virus infection resembled that of
a pantropic virus, affecting most notably the mucous mem-
branes of the intestinal tract, the parenchymatous organs,
the lymphatic tissues, and the bone morrow. The depression

of c¢irculating eosinophils, heterophils, and lymphocytes wilth
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depletion and exhaustion of lymphatic tissues 1s compatible
with the theory of adrenocortical hyperactivity during acute
infections. The possibility of a direct effect of the virus
upon the adrenocortical cells may be assumed since the
described focal adrenocortical lesions have not been reported
in other acute infections such as virus diarrhea, malignant
catarrhal fever, 1nfectious bovine rhinotracheitis, czl1f
pneumonia, bovine salmonellosis, pasteurellosis, and enter-
otoxemia. A primary attack by the virus or a secondary
hormonal effect upon the hypophysis, thyroid, the lymphatic
system and the bone marrow may also be asswned.

From the difficulties in transmitting the exgerimental
disease and in reisolating the virus, and from the absence
of neutralizing antibodies in a large number of native
cattle, the true origin of the virus as a bovine enterovirus

may be doubted or an obscure mode of transmission assumed.



CHAPTER V

JWITARY AND CONCLUSIONS

The characterization of a disease caused by a new
bovine viral isolant--the North Dakota mucosal disease

virus--was attempted. Studies included clinical, hemato-

TY

logical, immunological, serological, and pathological
observations on experimentally inoculated cattle, sheep,
and rabbits.

The experimental infection in cattle was character-
ized by an acute monophasic febrile reaction combined with
a severe leuvkopenia and hefteropenia. Clinical signs of the
experimental infection in cattle included partial anorexia,
nervousness, tachycardia, increacsea respiration, ocular
discharge, depression, and constipation. The experimental
infection lasted from six to ten days and resulted in im-
munity measurable by serum-neutralizing antibodies ard
resistance to challenge 14 days after the initial irnocula-
tion.

The major gross and histopathological lesions produced
by the North Dakota mucosal disease virus were confined to
the adrenal glands, the gastrointestinal tract, the lymphatic
tissues, the kidneys, the liver, and %the bone marrow. They

consisted of inflammatory and necrotizing changes of the
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eplthelial tissues of the gastrointestinal tract and the
parenchymatous organs. Inflammatory, regressive, and
necrotizing changes were noted in the lymphatic system.
Regressive changes were also present in the bone marrow.

Contact transmission did not occur. Experimental
cattle inoculated with fresh blood and organ emulsions of
infected animals failed to contract the infection. Three T

or more inoculations of calves with organ emulsions resulted

in immunity to challenge with the tissue-culture-grown virus.

| p—

Virus reisolation attempts failed to reveal the
presence of the virus in fresh blood, nasal and ocular swabs,
mucosal scrapings, and fecal specimens of infected cattle.
The virus was recovered from the spleen, kidneys, and lungs
of two calves six and nine days, respectively, after virus
inoculation.

The experimental North Dakota virus infection in
cattle did not resemble in all respects the classical descrip-
tions of Iowa mucosal disease, malignant catarrhal fever, Unme
disease, parainfluenza-3 respiratory infection, virus
diarrhea, or infectious bovine rhinotracheitis.

The experimental disease in sheep and rabbits was

similar but milder in degree and of shorter duration.



BIBLIOGRAPHY



BIBLIOGRAPHY

Abinanti, F. R., Byrne, R. J., Watson, R.
Lucas, F. R., and Huebner, R. J. 1
on infections of cattle with myxov
Am. J. Hyg., 71:52-58.

L., Poelma, L. J.,
960. Observations
irus parainfluenza-3,.

Abinanti, F. R., and Plumer, G. J. 1961. Infectious bovine
rhinotracheitis virus in cattle with conjunctivitis
Am. J. Vet. Res., 22:13-17.

Albrecht's. 1929. FHandhurch der pathogenen Mikroorganismen,
Vol. 9, 1929 Edited by Kolm,, W., Kraus, R., and
Urlennut P. Gustav PFischer, Jena. Cited by Schultz,
1959, Pathologisch-anatomische Befunde belder sogena-
ten "mucosal disease" (Schleimbautkrankheit) des
Rindes. Deutsche Tierdrztl, Wsch. 66:586-588,

Armed Forces Instifute of Pathology. 1960. Manual of histo-
logic and special staining ftechnics. Second ed.,
McGraw-Hill, Inc., New York.

Bajwa, G. S. 1961. Unpublished data. Thesis (in preparation),
Michigan State University, East Lansing, Michigan.

Baker, J. A., McEntee, K., and Gillespie, J. H. 1960,
Effects of IBR-IPV (infectious pustular vulvovaginitis)
on newborn calves, Cornell Vet., 50:156-170.

A., York, C. J., Gillespie, J. H., and Mitchell,
B. 195%4. Virus diarrhea in cattle. Am. J. Vet.
Res., 15: 525-531.

Baker,

jos RO R

Bakos, K., and Dinter, Z. 1900A. Identification of a bovine
mucosal disease virus isolated in Sweden as Myxovirus
parainfluencae-3. Nature, 185:549-550

1960B. Antikdrperreaktion des Rindes auf die
Infektion mit dem Virus der Parainfluenza-3. 2Zbl.
Bact. I (orig.), 150:1-11.

Bakos, K., Isaksson, A., and Nystedt, HE. 1958. C(Cited by
Bakos and Dinter, 1960A. Identification of a bovine
mucosal disease virus isolated in Sweden as myxovirus
parainfluencae-3. Nature, 185: 549-550.

Barner, R. D., 1955-60 chief investigator, Dept. Vet.
Pathology; project NC-34: Mucosal-respiratory diseases
of cattle. Personal communication.




1C1

Rarner, R. D., Cunningham, C. H., Morrill, C. C., and Rothen-
bacher, H. J. 1958. Annual progress report for 1957-
58; project NC-34: Mucosal diseases of cattle. M.S.U.

. 1959. Annual progress report for 1958-59; project
NC-34: Mucosal diseases of cattle. M.S.U.

Barner, R. D., Whiteman, C. E., Cunningham, C. H., Rothen-
bacher, H. J., and Church, C. C. 1960. Annual prog-
ress report for 1959-60; project NC-34: Mucosal
diseases of cattle. M.S.U.

Beck, C. C. 1959. Dept. of Surgery and Medicine, M.S.U.
Personal communication.

Beckenhauer, W. H., Brown, A. L., Lidolph, A. A., and
Norden, C. J. 1961. Immunization of swine against
hog cholera with a bovine enterovirus. Vet. Med., 5GC:
108-112.

Rell, J. T., Jr., and Weber, A. F. 1959. A comparative
study of lipid accumulation in the adreral giands o
mature nonpregnant dairy heifers, nonpregnant lac
dziry cows, and pregnant lactating dairy cows. Am,
Jour. Vet. Res. 20:53-60,

Berkman, R. N. 1958. Bovine malignant catarrhal fever in
Michigan; I. Occurrence, II. Pathology, III. Differen-
tial diagnosis, IV. Comparison with similar syndromes
in other countrles. Thesis, M.S.U.

Berkman, R. N., Barner, R. D., Morrill, C. C., and Langham,
R. F. 1960. Bovine malignant catarrhal fever in
Michigan. II. Pathology. Am. J. Vet. Res., 21:1015-
1027.

Blood, D. C., and Henderson, J. A. 1960. Veterinary Medicine.
The Williams and Wilkins Co., Baltimore.

Bogel, K., and Mussgay, M. 1960. Isolation and propesrti
of an enterovirus from cattle. Zbl. Vet. Med., 7:3
552.

Bray, W. E. 1957. Clinical Laboratory Msethods, Sth =4.,
The C. V., Mosby Co., St. Louis.

Carlson, R. G., Pritchard, W. R., and Doyle, L. P. 1957.
The pathology of virus diarrhea of cattis in Indiana.
Am. J. Vet. Res., 18:550-568.

Carlstrdm, G. 1960. Comparative studies on measles and
distemper viruses. Acta Paediatr., 48:25-32.



102
Claflin, R. M., Gillette, K. G., CGustafson, D. P., Moses, H.
E., Tietz, W. J., and Tyler, D. E. 1957. Annual
progress report, Project NC-34: Mucosal diseases of

cattle.

Purdue University, Lafayette, Indiana.

Claflin, R. M., Gillette, K. G., Gustafson, D. P., Moses, H.
E., Taylor, D. O. N.,

and Tyler, D. E. 1959. Annual
progress report for 1958-59; project NC-34: Mucosal
diseases of cattle. Purdue University, Lafayette,
Indiana.

Coffin, D. L. 1953. Manual of veterinary clinical patho-
logy. Third, ed., Comstock Publ., Ithaca, New York.
Cunniingham, C. H., and Church, C. C. 1960.

Virology section,
ept. of Microbiology and Public Health, M.S.U.
ersonal communicatidn.

Darbyshire, J. H. 1960. A serolo

iAg
iz
se

gical relationship between
swine fever and mucosal dicea of cattle. Vet. Rec.,
72:331-334.
Delay, P. D. 1959. lum Island, N. Y. Minutes of the NC-34
tecnnical committee metting, Univ. of Wis., Madison,
Wisconsin, 1959.

Dmochowski, L. L961. Chief, Virology and Electron Micro-
scopy Section, M.D.

tute, Univ.

Anderson Hospital and Tumor Insti-
of Texas Medical Center,
Personal communication.

Houcston, Texsas.

Dow, C., Jarrett, W. F. H., and McIntyre, W.I.M. 1G56. A
disease of cattle in Britain resembling the virus

iarrhoea-mucosal disease complex. Vet. Rec., 63:
620-627.

Dukes, H. H. 1955. The physiology of domestic animals.
Seventh ed.,

Comstock Publ., Ithaca, New York.

Edwards, M. J., and Sier, A. M. 1960. Bovine epizootic
diarrhea in Western Australla. Austral. Vet. J
36:402-404

Gillecpie, J. H., Baker, J. A
and Gilman, B. 1958.

., Burgher, J., Robecson, D. S.,
distemper virus.

The immune response oi dogs to
Cornell Vet., 38:102-1C83.

Gillegcpie, J. H.,

and Baker, J. A.
diarrhes.

1959. Studies on virus
Cornell Vet., 4G:430-4473,

Gillesple, J. H., Baker, J. A., and McEntee, K

. 1920. A
cytopathogenic strain of virus diarrhea virus.
Cornell Vet., 50:73-79.



103

Goret, P., Brion, R., Fontaine, ¥,, Pilet, C., Girara, M.,
and Morailion, R. 1960. Echec des essays de preven-
tion et de traitement de la maladie de Carre par le
serum contre la peste bovine. Bull. Acad. Vet.,
France, 33:343-347.

Goret, P., and Pilet, C. H. 1958. Maladies des muqueuses.
Affections a ultravirus des bhovides nouvellement
decrits. Rec. Med. Vet., 134:53-80.

Griem. 1955. Cited by Pallaske (
Histologie. Second ea., Gustav Fischer, Jena.

Fagan, W. A. 1958. Tre mucosal disease complex in cattle.
Mededelingen der Veeartseni jschool van de Rijksuniver-
siteit te Gent. 4-51-07.

Hagan, W. A., and Bruner, D. W. 1961. The infectious dis-
eases of domestic animals. Fourth ed., Comstock Publ.,
Ithaca, New Yorv.

Harshfield, G. S. 1957. Annual progress report for 1956-57;
project NC-324: WMucozsal diceazes of cattle. Sout
Dalota Agr. Expt. Station, Brookings, South Dakota.

Hedstrom, H., and Icaksson A. 1951. Epizootic enteritis
in cattle in Sweden. Cornell Vet., 41:251-253.

Hoag, W. G., Rooney, J. R., and Williams, W. J. 1956. A
mucosal type disease of cattle in Virginia. J. Am.
Vet. Med. Assn., 129:105-110.

Hueck, R. A. 1957. Mucosal disease complex. J. Comp. Path.
and Therap., 07:2c(-270C.

Hutyra, F. V., Marek, J., Manninger, R., and Mocsy, J.
1954, Spezielle Patrologie und Therapie der Haustiere.
10th ed., Fischer, Jena.

Jarrett, W, F. H. 1258. FEritish mucosal disease. Vet. hez.,

70:48-50.

Johnston, X. G. 1959. Tne virus diarrhoeas of cafttle and
similar diseases. Austral. Vet. J., 35:323-324,

Jones, L. D. 1959. Annual grogress report for 1958-5G;
project NC-34: Mucosal diseaces of cattle. South
Daxota Agr. Expt. Station, Brookings, South Dakota.

Kniazeff, A, J. 1960. Communication to the annual NC-34
technical committee meeting, Brookings, South Dalota.



104

Kniazeff, A. J., and Pritchard, W. R. 1958. Annual progress
report for 1957-58; project NC-34: Mucosal diseases of
cattle. Florida Agr. Expt. Statlons.

1960, Antigenic relationships in the bovine
viral dlarrhea-mucosal disease complex. Proc. U. S.
Livestock San. Assn. 64th meeting: 344-350.

Krolling, 0., and Grau, H. 1960. Lehrbuch der Histologie
und vergleichenden mikroskopischen Anatomie der
Haustiere. Tenth ed., Paul Parey, Berlin and Eamburg.

Lee, K. M., and Gillespie,J. H. 1957. Propagation of virus Y
dirarrhea virus of cattle in tissue culture. Am. J. '
Vet. Res., 18:952-953.

Matthias, D. 1954, Das Histologische Verhal<ten der
Nebennieren bei der Schwelnepest Arch. exptl. Vet,.
Med. 8:226-262.

—

k!

Moll, T., and Finlayson, A. V. 1955. 1Isolation of cyto-
pathogenic viral agent from feces of cattle. Science,
126:401-402.

Moore, G. R., Rothenbacher, H. J., Bennett, M. V., and
Earner, R. D. 1962. Bovine salmcnellosis. In press.
J. Am. Vet. Med. Assn.

Nielson, S. W., Horney, ¥F. D., Hulland, R. J., and Roe, C. K.
1955. Mucosal disease of cattle in Ontario. Can. J.
Comp. Med., 19:318-324.

Noyce, F. N., and Schipper, I. A. 1959. 1Isclation of
mucosal disease virus by tissue cultures in mixture
199, Morgan, Morton, and Parker. Proc. Soc. Exp. Riol.
and Med., 100:84-86.

Nystedt, H. 1960. Ume-disease, a mucosal infection of
cattle in Vd&sterbotten, caused by parainfluenza-3 virus.
Medlemsbl. Sverig. Vet. Forb., 12:129-132, 135.

3L
.t

An

-

'-f\’)

Olafson, P., MacCallum, A. D., and Fox, F. H.
apparently new trapsmiosi le dlaeas of ca
Cornell Vet., 36:205-21R%.

= U\
( D

Olafson, P., and Rickard, C. G. 1G47. Further observations
on the virus diarrhea (ﬂew transmissible disease) of
cattle. Cornell Vet., 37:104-106.

Clson, C., and Hoerlein, A. B. 1956. Observations on mucoszal
disease of cattle. J. Am. Vet. Med. Assn., 125:466-47C.

Pallaske, G. 1960. Pathologische Histologle. Second ed.,
Gustav Fischer, Jena.



Pritchard, W. R. 1955. The mucosal disease of cattle--
epizootiology, symptomatology and experimental studies.
Proc. A.V.M.A., 92:37-42.

Pritchard, W. R., Bunnell, D., Taylor, D. B., Moses, H. E.,
and Doyle, L. P. 1956. A transmissible disease
affecting the mucosae of cattle. J. Am. Vet. Med.
Assn., 128:1-5.

Pritechard, W. R., Carlson, R. G., Moses, H. E., and Taylor,
D. E. B. 1955. Virus diarrhea and mucosal disease.
Proc. U. S. Livestock San. Assn.59th meeting: 173-183.

Pritchard, W. R., and Wassenaar, P. W. 1959. Studies on
the syndrome called mycotic stomatitis of cettle. J.
Am. Vet. Med. Assn., 135:274-277.

Raffel, S. 1961. TImmunity. Secord ed. Appleton-Cerntury-
Crofts, Inc., New York.

Remsey, F. K. 1956. Pathology of a mucosal dicez
cattle. Dissertation, Iowa State College, Am

Ramsey, F. L., and Chivers, W. H. 1953. I[lucosal disease
of cattle. North Am., Vet., 34.629-633.

Ramsey, F. K., Chivers, W. H., Trapp, A. L., and Wniteman,
C. E. 1958. 1Incidence and mortality of mucosal
disease in Iowa. Iowa State College Vet., 20:101-1C3.

Ramsey, F. K., Trapp, A. L., Richter, W. R., Whiteman, C. E.
1959. Annual progress report for 1358-59; project
NC-34: Mucosal diseases of cattle. Towa State
University, Ames, Iowa.

Ramsey, F. K., Trapp, A. L., Tyler, D. E. Davison, D., Van
Der Maaten, M. J., Switzer, W. P., and Richter, W. R.
1960. Annual progress report for 1953-60; project
NC-34: Mucosal diseases of cattle. Towa State
University.

Reinrnders, J. S. 1959. Virus diarrhea in cattle. Tijd=schr.
Diergeneesk., 84:81-89.

Robson, D. 3., Gillespie, J. H., and PRaker, J. A. 12:0.
The neutralization test as an indicator of immunity
to virus diarrhea. Cornell Vet., 5C:5C3-5C53.

Rooney, J. R. 1957. Pathology of a bovire mucosal-type
dicsease. Am. J. Vet. Res., 67:283-291.

Roeen, L., and Abinanti, F. R. 1960. Natural and experimental

infection of cattle with humen types of reoviruces.
Am. J. Hyg., 71:250-25T7.




106

Rothenbacher, H. J., and Barner, R. D. 1960. Case report D
1598, Dept. of Vet, Pathology, M. S. U.

Rothenbacher, H. J. 1960. Attempt to adapt the North Dakota
mucosal disease virus to rabbit kidney cell culture.
Unpublished, report by Barner et al., 1960. Annual
Progress report for1959 1960 project NC-34: Mucosal
diseases of cattle. M.S

Rothenbacher, H. J., Whiteman, C. E., Cunningham, C. H., and
Church, C. C. 1961. Annual progress report for 1960-
61; project NC-34: Mucosal diseases of cattle, M.S.U.

Runnells, R. A., Monlux, W S., and Monlux, A. W. 1960.
Principles of veterinary pathclogy. Iowa State Univ.
Press, Ames, lowa.

Schalm, O. W. 1961. Veterinary hematology. Lea and
Febiger, Philadelphila.

Schipper, I. A. 1957. Annual progress report for 1956-57;
project NC-34: Mucosal diseases of cattle. North
Dakota Exp. Station, Fargo, North Dakota.

Schipper, I. A., Eveleth, D. F., Schumard, R. F., and
Richards, S. H. 1955. Mucosal disease of cattle.
Vet. Med., 50:431-435, 450.

Schipper, I. A., and Noyce, F. N. 1959A. Mucosal disease
agent--1isolation, transmission, and tissue culture
studles. A.V.M.A. 196th annual meeting, Kansas City,
Missouril.

. 1959B. Intra-herd trans-
mission of mucosal disease. Vet. Med., 54:442-445,

. 1959C. Annual progress report for 1958-5G;
project NC-34: Mucosal diseases of cattle. North
Dakota Agr. Expt. Station, Fargo, North Dakota.

Schultz, L. C. 1959. Pathologisch-anatomische Befunde bel
der soganannten "mucosal disease" (Schleimhautkrankhelt)
des Rindes. Deutsche Tierdrztl. Wschr., 66:586-588.

Schwarz, A. F. J., York, C. J., Zirbel, L. W., and Estela,
L. A, 1957. Modification of infectious bovine
rhinotracheitis (IBR) virus in tissue culture and
development of a vaccine. Proc. Soc. Exp. Blol. and
Med., 96:453-458,

Seibold, H. R. 1956. The pathology of mucosal disease in
Alabama. J. Am. Vet. Med. Assn., 128-:21-26.




107

Smith, H. A., and Jones, T. C. 1857. Veterinary pathology.
Lea and Febiger, Philladelphia.

Soliman, A. M. 1958. The host range of an enteric cyto-
pathogenic orphan "ECEBO" virus isolated from healthy
dairy-cattle. Thesis, M.S.U.

Stdber, M. 1959. Die klinische Seite der sogenannten
"mucosal disease" (Schleimhautkrankheit) des Rindes.
Deutsche Tierarztl. Wschr., 66:582-586.

Swope, R. E., and Luedke, A. J. 1956. A mucosal disease
in cattle in Pennsylvania. J. Am. Vet. Med. Assn.,
129:111-115.

Trapp, A. L. 1960. Pathology cf the blood-vascular and
lymphatic systems of cattle affected with mucosal
disease. Dissertation, Iowa State University, Ames,
iowa.

Underdahl, N. R., Grace, 0. D., and Hcerlein, A. B. 1G57.
Cultivation in tissue culture of cytopathogenic agent
from bovine mucosal disease. Proc. Soc. Exp. Biol.
and Med., 94:795-797.

U. S. Livestock San. Assn. 64th Ann. Meeting. 1960. Report
of the Committee cn Virus Research: 351-353.

Van Bekkum, J. G. 1959. A cytopathogenic agent isolated
from a cow suffering cof a syndrome similar to mucosal
iigease. Proc. 16th Int. Vet. Congr., Madrid. 2:477-

70.

Voss, H. J. 1959. Becbachtungen Uber die "Schleimhauterkran-
kung'" (mucosal disease) der Rinder in Deutschland.
Deutsche Tilerarztl. Wschr., 66:149-151.

Wheat, J. D., McKercher, D. J., and York, C. J. 1954,
Virus diarrhea in California. Callfornia Veterinarian
7:26-29.

Whiteman, C. E. 1960. Histopathology of the adrenal cortex
and adeno-hypcphysis in cattle with mucosal disease.
Dissertation, Iowa State University, Ames, Icwa.

Whittem, J. H., cited by Johnsten, K. G. 1951. The virus
diarrheas of cattle and similar diseases. Austral.
Vet. J., 35:323-324.

York, C. J. 1960. Cited by Kniazeff, A. J., and Pritchard,
W. R. L960. Antigenic relationships in the bcovine
viral diarrhea--mucosal dilsease ccmplex. Proc. U. S.
Livestock San. Assn. 64th meeting: 344-350.




108

York, C. J., and Rosner, S. F. 1961. Virus diarrhea of
cattle--Serological identification of disease and
an incidence survey. To be publlished. Cited by
York, Rosner, and MacLean, 1960. Evaluation of
vaccines for virus dlarrhea of cattle. Proc. U.S.
Livestock San. Assn. 64th meeting:339-343,

York, C. J., Rosner, S. F., and MacLean, F. J. 1960.
Evaluation of vaccines for virus diarrhea of cattle.
Proc. U. S. Livestock San. Assn. 64th meeting: 339-

343.

York, C. J. 1961. Research Div., Pitman-Moore Co.,
Indianapolis, Indiana. Personal communication.







111

~ .

Fig.

Fig.

Fig.
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Fig.

1l.--Swollen jJjejuno-ileal lyrmph node plus edema and hyper-
plasia of Peyer's patches as seen from serosal surface.

2.--Swollen and edematous mesenteric lymph node with
cortical and subcapsular ecchymoses.

3.--Linear aemarkation hemorrhage along the lateral eage
of a jejunal Peyer's patch as seen from the serosal
surface.

4,--Subcapsular and cortical ecchymotic hemorrhages in a
posterior jejunal lymph noae.

5.--Cortical ecchymotic hemorrhages in a congested and
edematous ileocecal lymph noace.

6--Cortical and parenchymal hemorrhages in edematous and
congested mesenteric lymph nodes.

7.--Hemorrhagic marbling in a Peyer's patch of the jejunum.

8.--Ecchymotic hemorrhages in a hyperplastic jejunal
Peyer's patch.
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Fig. 9.--Severe catarrhal to hemorrhagic enteritis of the
rosterior jeiunum, and ileum (above). Less affected
cecumn and colorn kelow,

i 10, --Hemorrhagonerrotic seam arouna the ileocecal ostium.

[
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Fig. 11 .--FPatchy hemorrhagzic congestion of the i1ileum; petechial

= > 3
hemorrhages in the mucosa 0of the i1leocecal ostium and
surrounding cecum,

Fig. 12.--Eecchyrmotic hemorrhages and cystic degeneration in the
mucosa 0f the cecocolls Juncition.

Fig. 13.--Petechial heworrhages in the cortex of a kianey,

Fig. 14.--Sucapsular suffusion in the
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Fig. 15.--Rumen: focal hyperkeratotic and proliferative
a 200.

changes in the mucosa.

Fig. 16.--Jejunum: catarrhal enteritis with necros
H.

denudation of surface epithelium.

&

1
E.

S

and

x 200.



S 5 .wisai.

o N ?‘?{NE%}.
P S DT
LR

-r{ ] 1’5..'- W 3
w. A 'e ”‘éyk‘,‘;‘\‘ \:'

Fig. 17.--Posterior Jejunum: catarrhal enteritis with
inflammatory hyperemla of capillaries in
denuded villi. H. & E. x 200.

Fig. 18.--Lymph node: Hemorrhage in reaction center
showing lymphocytic depletion. H. & E. x 200.



Fig. 19.--Lymph node: necrosis of lymphoid cell elements
in an exhausted reaction center. H. & E. x 200.

Fig. 20.--Spleen: necrot
heterophilic ce
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Fig. 21.--Lymph node: Tertiary
sinus congested with 1 1d reticulo-
istiocytic cell elements. Capsule shows
thinning and distention. H. & E. x 200.

ule: marginal

Fig. 22.--Lymph node: conglomerated 1y
reticuronistiocytic cells.
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Fig. 23.--Liver: focal areas of reticuloendothelial and
lymphocytic infiltrations in the vicinity of
Pyknotic parenchymal cells. H. & E. x 200.

Fig. 24.--Liver: focal area of parenchymal necrosis with
reactive reticuloendothelial cell prcliferation.
Sinusoiagal spaces snow distention. H. & E. x 200.
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Fig. 25.--Kidney: shrunken glomerular tuft and distended
Bowman's capsule. Focal interstitial lymphocytic
infiltration. H. & E. x 200.

Fig. 26.--Kidney: thickened Bowman's capsule and focal
lymphocytic infiltration. H. & E. x 200.
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Fig. 27.--Adrenal:

1 necrotic focus
zona fas t E

H. & E. x

O
(o]
O e

Fig. 28.--Adrenal: pattern of vacuolar cell degeneration
in the peripheral zona fasciculata. H. & E. x 400.
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