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Leken, T ., H. GamJem and 0 . Lysbakken: An outbreak of mucosa! disease in a 
dairy herd. Acta vet. scand. 1989, 30, 321-327. - An outbreak of mucosal disease 
(MD) was studied in a dairy herd, comprising 12 cows, 9 heifers and 18 calves. Du
ring a period of 1 month, six 5 to 8 month-old calves showed typical signs of MD. 
They all died or were killed in extremis after 2-8 days with progressively worsening 
clinical signs. Post mortem lesions were examined in one calf. Non-cytopathoge
nic MD virus was isolated from serum or tissues from 3 clinically affected calves 
and from 1 healthy heifer. All cows and heifers except for the viremic one posses
sed neutralizing antibodies against bovine pestivirus. According to the current 
MD-pathogenesis concept, the affected calves were probably infected transpla
centally during the first half of foetal life with pestivirus from the persistently in
fected heifer in the herd. 

cattle; mucosa! disease; pestivirus; persistent infection; BVD/ MD vi
rus; neutralizing antibodies. 

Introduction 
Mucosa! disease (MD) is a syndrome in 
cattle caused by infection with pestivirus. 
Dissimilar conditions such as bovine virus 
diarrhoea (BVD), different manifestations 
of reproductive failure and congenital disor
ders in progeny, are all caused by the same 
virus. MD was first described by Ramsey & 
Chivers in 1953, and BVD in 1946 by Olaf
son et al. The BVD/ MD virus was first isola
ted and reported by Baker et al. (1954). In 
sheep and goats, a closely related pestivirus 
is the cause of border disease (BD) (Ac/and 
et al. 1972), which may also be induced by 
bovine strains of the virus (Ward 197 1). 
MD occurs in young cattle, mostly at 4-24 
months of age. Most likely, they are all per
sistently infected with non-cytopathogenic 
pestivirus acquired in utero (Roeder 1982, 
Harkness et al. 1984). Brownlie et al. ( 1987) 
suggested that MD is induced in such ani
mals by superinfection with a cytopathoge
nic strain . Though infected cattle may be cli-

nically normal, many show illthrift and re
duced growth rate in calfhood (Duffel/ & 
Harkness 1985). 
According to Saxegaard et al. (1971) MD has 
been diagnosed for more than 20 years in 
Norway. BVD/ MD virus has been isolated 
occasionally since 1967, also in outbreaks in
volving several animals (Krogsrud, personal 
information). A case o f atypical MD was re
ported by Saxegaard et al. in 1971. How
ever, detailed investigations in herds with se
veral cases of MD have not been reported. 
The present paper describes an outbreak of 
typical MD in a dairy herd in Norway, and 
the epidemiological features are discussed. 

Materials and methods 
The herd 
The affected herd comprised 12 dairy cows, 
9 heifers and 18 calves 3 to 9 months old , all 
Norwegian Red Cattle. The herd was housed 
during the winter until June. T he cows, hei
fers and the oldest calves were tied up in 
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rows and fed silage, hay and mixed concen
trates. The youngest calves were kept in pens 
on slatted floors , and received colostrum or 
reconstituted milk. During the summer, the 
animals were turned out onto grass where 
they were kept in common with cattle from 
several farms in the local district. There were 
no animals introduced into the herd during 
the 2 year period preceding the outbreak. 
The animals had never been vaccinated 
against BVD/ MD virus. 
The cows and heifers were all bred in Decem
ber-January by artificial insemination. Con
trary to the normal situation in this herd, 
about half of the animals inseminated retur
ned to service at irregular intervals during a 
period of a few months from January 1985 
and onwards. Prior to this, some of the cows 
in question had been found pregnant by re
ctal examination. No signs of abortion were 
seen. 
One 6 month-old calf died during the out
break without any signs or lesions, and at
tempts to isolate MD virus were unsuccess
ful. This calf was probably accidently 
strangled to death by its tying chain and is 
consequently excluded from this study. 

Clinical examination 
During the course of the outbreak, the ani
mals were clinically examined in a routine 
manner. 

Laboratory procedures 
Pathological examinations were perfor
med in l calf necropsied in the field, from 
which selected viscera were submitted to the 
laboratory. Tissues for light microscopy 
were fixed in phosphate-buffered formalin, 
processed routinely and stained with hema
toxylin eosin (HE). 
Bacteriological examinations of liver 
and intestinal contents from the necropsied 
calf included examinations for Salmonella 
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spp. (Cottral 1978). Faeces from 2 other cal
ves was similarly tested. 
Virological examinations included ino
culation of serum or homogenized tissues in 
Earle's solution onto calf kidney (CK) cell 
cultures, which were incubated at 37°C for 7 
days. Cultures were examined for non-cyto
pathogenic BVD/ MD virus by an immuno
peroxidase technique (Meyling 1983). 
Examination fo r neutrali zing serum 
antibodies against the NADL strain of 
BVD/MD virus was carried out as described 
by Leken et al. (1982). The neutralization ti
tres are expressed as the reciprocal of the 
highest of the four-fold serum dilutions that 
prevented cytopathogenic effect in at least 1 
of the 2 replicate cultures. 

Results 
Clinical findings 
Signs were initially observed in May 1986 in 
l calf (no. l in Table l), which died 2 days la
ter. During the outbreak, a total of 6 calves 
at ages ranging from 5-8 months showed si
milar signs, which were characterized by 
anorexia, diarrhoea, dehydration, pyrexia 
and general depression. The highest recor
ded rectal temperature was 40.5°C. Three of 
the calves showed nasal discharge and muco
sal erosions in the gingiva and the palate. 
Oxytetracycline given parenterally had no 
apparent effect. All 6 cases died or were kil
led in extremis within 2-8 days of the onset of 
signs. They all died within a period of I 
month (Table I) . 
The cows and heifers showed no signs, and 
they were all in good condition during the 
outbreak (Table 1). Even the heifer which 
was demonstrated persistently infected with 
BVD/ MD virus was clinically normal until 
slaughtered 6 months later. This animal, 
however, was fairly small for its age due to 
poor growth rate during the first year of life. 
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T a ble I. Virological and serological examinations of a herd outbreak of mucosa! disease (MD). The relation-
ship between the birth date of a persistently infected heifer and the conception time of the calves is shown. 

Animals Time of conception MD virus isolation Neutralizing Health condition 
± days• (serum or tissue) antibody titre during 1986 

12 cows n.e. 64-1024 No signs 
8 heifers 64-1024 No signs 
I heifer Born 03.01.85 + (persistent viremia) < 4 s. 05.12 

18 calves: 
no. I - 10 n.e. n.e. D, 19.05 (initial case) 
no. 2 - 22 + n.e. D, 02.06 
no. 3 - 22 + < 4 K, 13.06 
no. 4 - II + < 4 K, 13.06 
no. 5 + 9 64 K, 13.06 
no. 6 + 112 16 K, 13.06 
no. 7 + 67 256 S, 14.06 
no. 8-17 +6- + 150 n.e. n.e. S, 14.06 

•oays prior to(-) or after ( + )birth of the persistently infected heifer 
n.e. = not examined 
D = died 
K = killed in extremis 
S = slaughtered (healthy) 

Laboratory findings 
Pathological findings: Gross lesions 
were evident in the intestine of the examined 
calf. The mucosa of the small intestine was 
severely hyperaemic, with finbrino-hemorr
hagic exudate and diphtheric membranes 
overlying and outlining Peyer's patches. A 
non-specific catarrhal typhlocolitis without 
mucosa) ulceration was found. Histopatho
logical changes in the jejuno-ileal mucosa 
consisted of epithelial necroses in the Lieber
kuhn 's crypts and dilated crypts filled with 
mucus, epithelial debris and leukocytes. Se
vere mucosa! inflammation was seen over 
Peyer's patches, accompanied by collapse of 
the lamina propria, lysis of the follicular 
lymphoid tissues and herniation of the dila
ted crypts into the submucosa replacing ne
crotic Peyer's patches. A mild mononuclear 
inflammatory cell reaction in arterial walls 
and in perivascular areas was present in the 
submucosa. 

The brain was macroscopically normal. Hi
stopathological examination revealed a mild 
to moderate vasculitis and perivasculitis 
with multifocal infiltrations of mononuclear 
cells in the leptomeninges and the cerebral 
cortex. 
Bacteriological findings: No pathogenic 
bacteria were recovered from any animal. 
Virological findings: Cytopathogenic vi
rus was not demonstrated. Non-cytopatho
genic BYD/ MD virus, however, was isolated 
from serum from I healthy heifer and from 
serum or tissues from 3 affected calves, as 
shown in Table I. However, serum from 2 
affected calves (nos. 5 and 6) was virus nega
tive. Serum sampled from the infected heifer 
4 weeks and 4 months later was still virus po
sitive. 
Serological findings: All 12 cows and a ll 
but I of the 9 heifers were found to be positi
ve for neutralizing serum antibodies against 
the BVD/ MD virus (Table 1). Antibody 
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titres were 64, 256, and 1024 in 9, 9, and 2 of 
these animals, respectively. The antibody 
negative heifer (titre < 4) was the one found 
to be viremic. Three of 5 examined calves 
(nos. 5-7) had antibody titres ranging from 
16 to 256. Antibodies were not demonstrated 
in serum from 2 affected calves (nos. 3 and 
4) from which virus was isolated. 

Discussion 
The clinical signs observed in the calves and 
the post mortem lesions demonstrated in one 
of them, strongly indicated MD. The fin
dings were in good accordance with other re
ports on the syndrome (Ramsey & Chivers 
1953, French & Snowdon 1964, Barker & 
van Dreumel 1985, Brownlie 1985). The 
diagnosis of MD was verified by the isola
tion of BYD/MD virus from 3 calves show
ing characteristic lesions. 
All 27 animals virologically or serologically 
examined were found to have been infected 
with pestivirus. The demonstration of serum 
antibodies in all virus negative animals exa
mined in the herd, is in agreement with esta
blished criteria concerning a confirmed diag
nosis of MD (Roeder 1982, Brownlie 1985). 
The high antibody titres found in the present 
herd do not give any indication about the 
time of introduction of the infection. Neu
tralizing antibodies have been shown to dec
rease slowly, often over a period of years 
(Kahrs et al. 1966). 
Introduction of cattle persistently infected 
with pestivirus into susceptible herds is most 
hazardous because such animals are efficient 
virus transmitters, and probably it is a com
mon mode of natural spread of virus (Malm
quist 1968, Duffel/ & Harkness 1985). In the 
present herd, the birth of the persistently in
fected heifer in January 1985 had probably a 
similar transmitting effect. This animal was 
most likely a continuous and efficient virus 
reservoir to susceptible cattle in the herd. 
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The calves which succumbed in the MD out
break, must have been infected in utero 
within about 120 days after conception 
(Roeder 1982, Roeder& Drew 1984, Brown
lie et al. 1984). These were all conceived bet
ween the middle of December 1984 and late 
April 1985. So, the first weeks of life of the 
persistently infected heifer coincided with 
the hazardous period when most of the sus
ceptible cows were in early pregnancy. Some 
18 months later in the spring of 1986, 6 persi
stently infected calves developed MD, a dis
ease which Roeder & Drew ( 1984) characteri
zed as a late sequel to foetal infection. Other 
infected foetuses probably died and were ab
sorbed or expelled undetected; the now im
munized cows returning to service and sub
sequently undergoing a normal pregnancy. 
This is in accordance with studies by Zemja
nis & Hurtgen (1975) and Whitmore et al. 
(1981). Outbreaks of early foetal death are 
also a facet of the BYD/ MD syndrome 
(Brownlie 1985, Roeder et al. 1986, McClur
kin et al. 1979). 
The dam of the infected heifer was slaughte
red prior to the present examinations. This 
cow was obviously no efficient excreter of 
pestivirus, since most of the herd were still 
susceptible to the virus at the breeding sea
son of 1984/85. On this basis, the former 
cow was most likely not persistently infected 
but had been acutely infected in early preg
nancy, which means during the grazing sea
son of the spring/ summer of 1984. This ho
rizontal infection was probably due to inci
dental contact with an unknown, persistent
ly infected calf on the pasture, on which the 
herd was kept in common with cattle from 
other farms. 
Two affected calves were found to be virus 
negative and antibody positive. These are 
rather confusing findings, which may have 
different explanations. In the 4!h month-old 
calf (no. 6), the titre of 16 may be ascribed to 
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maternally derived antibodies (Frey et al. 
1987). The 8 month-old calf (no. 5) had pro
bably developed active immunity, however, 
the antibody titre of 64 is about at the upper 
limit of the antibody titre range reported in 
persistently infected calves (Duffel/ & Hark
ness 1985). In both these animals the serum 
antibodies probably interfered with virus 
isolation and might thus have caused a false 
negative result. On the other hand, these cal
ves might have seroconverted due to the as
sumed superinfection with a BYD/MD virus 
which induced the MD (Gardiner et al. 1983, 
Brownlie et al. 1984). 
In the present study, only non-cytopathoge
nic pestivirus was isolated, also from spleen 
which are commonly used for the isolation 
of cytopathogenic strains (Barber et al. 
1985, McClurkin et al. 1985). At our labora
tory, however, cytopathogenic virus are only 
occasionally isolated from viscera in field ca
ses of MD. These findings are contrary to 
most reports on virus isolations in MD (Gil
lespie et al. 1960, McClurkin et al. 1985). 
This disagreement may be due to differences 
in extrinsic factors such as the type of culture 
cells, the host tissue examined, and, particu
larly, the biotype of different field viruses 
(Littlejohns & Walker 1985, Fernelius et al. 
1969, McClurkin et al. 1985). 
In conclusion, this outbreak of MD was 
most likely due to an initial, horizontally 
transmitted pestivirus infection in early 
pregnancy in 1 susceptible cow 2 years pre
viously, with persistent infection of the foe
tus as a consequence. This infected progeny, 
born l Y2 year before the outbreak, most li
kely transmitted the virus to the rest of sus
ceptible animals in the herd. These findings 
demonstrated one mode of introduction and 
spread of pestivirus in a susceptible herd of 
cattle. Most outbreaks of MD in Norwegian 
herds examined during the last few years, 
seem to have included a similar mode of vi-

rus transmission. That is in accordance with 
other reports on the disease (Cronwell & 
Drew 1984, Harkness et al. 1984). 
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Samandrag 
Eit utbrot av mucosa/ disease i ein buskap av mjelke
kyr. 
Eit utbrot av mucosa! disease (MO) vart unders0kt i 
ein buskap av Norsk Root Fe som omfatta 12 mj0l
kekyr, 9 kviger og 18 kalvar. I eit tidsrom av I mAnad 
viste 6 kalvar typiske teikn pA MO. Alie desse kalva
ne deydde eller vart avliva i moribund tilstand etter 
ein 2-8 dagars periode med forverrande sjukdom. 
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Noncytopatogent MD virus vart isolert frli serum el
ler vev frli 3 sjuke kalvar og I frisk kvige. Aile kyrne 
og kvigene utanom den cine som vart funne viremisk, 
hadde n0ytraliserande antistoff i serum mot bovint 

pestivirus. I samsvar med patogenesen ved MD vart 
dei affiserte kalvane truleg infiserte transplacentalt i 
f0rste halvdel av fosterlivet med pestivirus frli den 
persistent infiserte kviga i buskapen. 
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