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ABSTRACT

EXPERIMENTAL REPRODUCTION OF RESPIRATORY TRACT DISEASE
WITH BOVINE RESPIRATORY SYNCYTIAL VIRUS

By
Daniel Kenneth Ciszewski

A controlled study was undertaken to experimentally reproduce res-
piratory tract disease with bovine respiratory syncytial virus (BRSV) in
one-month-old, colostrum-fed calves. The hypothesized role of persistent
infections and viral hypersensitivity reactions in the pathogenesis of
BRSV pneumonia was also investigated.

Four groups were inoculated. Single exposure to BRSV was compared
with BRSV rechallenge. Response was evaluated by daily monitoring of body
temperature, respiratory and heart rate, arterial blood gas tensions, he-
matocrit, total protein, fibrinogen, and leukocyte count. All calves were
necropsied and pulmonary surface lesions were quantitated.

Viral pneumonia was successfully reproduced in each principal group.
Disease was not apparent in controls. Significant differences in body
temperature, heart rate, respiratory rate, arterial oxygen tension, and
pneumonic surface area were observed between control and infected calves.
BRSV reinoculation had minimal effect on disease progression. Experimen-
tal results did not support persistent infection or viral hypersensitivity

as mechanisms of BRSV pathogenesis.
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INTRODUCTION

Respiratory syncytial virus (RSV) has gained acceptance as an im-
portant respiratory tract pathogen in the human and bovine species. De-
spite successful isolation of this virus in goats (Smith et al., 1979)
and sheep (Lea Master et al., 1983), respiratory tract disease due to RSV
remains poorly defined in these species. Respiratory syncytial virus was
initially isolated in 1956 during an outbreak of upper respiratory di-
sease in a chimpanzee colony and was originally termed the "Chimpanzee
Coryza Agent" (Morris et al., 1956). The following year, an identical
agent was recovered from infants with lower respiratory illness and the
virus was subsequently renamed respiratory syncytial virus in recognition
of its characteristic cytopathic effect in tissue culture (Chanock et
al., 1957). Respiratory syncytial virus infection in cattle was sug-
gested by the discovery of an inhibiting agent in bovine sera which di-
minished syncytia formation in cell cultures inoculated with human res-
piratory syncytial virus (HRSV) (Taylor-Robinson and Doggett, 1963).

This inhibitory substance was later shown to be specific antibody
(Doggett et al., 1968). Bovine respiratory syncytial virus (BRSV) was
initially isolated from cattle in Switzerland during an outbreak of re-
spiratory disease in 1967 (Paccaud and Jacquier, 1970).

Bovine respiratory syncytial virus is classified in the Ppneumovirus
genus of the Paramyxoviridae family. It is a medium-sized (120-155 nm)
(Cutlip and Lehmkuhl, 1979; Al-Darraji et al., 1982b; Trigo et al.,
1984), pleomorphic, enveloped virus that contains a single strand of

1
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linear ribonucleic acid. Unlike other viruses in the paramyxovirus
family, BRSV lacks neuraminidase and is non-hemagglutinating. Virus in-
fectivity is destroyed by ether, chloroform, trypsin and sodium deoxycho-
late. The virus is rapidly inactivated at pH3, but relatively stable
above pH4. Although viral infectivity is labile at 56°C and 37%%,
the virus remains stable at -70°C for several months (Inaba et al.,
1973).

Bovine respiratory syncytial virus infection has been reported to
produce respiratory tract disease in susceptible cattle populations in-
cluding nursing and weanling beef calves (Bohlender et gl., 1982; Baker
et al., 1986b), feedlot steers (Smith et gl., 1975; Bohlender et al.,
1982; Baker et al., 1986b), dairy calves and heifers (Inaba et al., 1972;
Harrison and Pursell, 1985; Baker et al., 1986a), and lactating dairy
cows (Pacaud and Jacquier, 1970; Harrison and Pursell, 1985). Clinical
signs accompanying an outbreak are variable and may include pyrexia
(39.4°C/103°F-42.2°C/108°F), depression, conjunctivitis, lacri-
mation, nasal discharge, cough, anorexia, salivation, hyperpnea, dyspnea
and subcutaneous emphysema and edema. Several investigators have re-
ported a biphasic progression of respiratory signs in association with
some BRSV outbreaks involving feedlot cattle (Wellemans et al., 1978;
Bohlender et al., 1982; Frey, 1982; Baker et al., 1986b). Following the
introduction of the virus into a susceptible herd, morbidity is generally
high and some deaths may occur. Pulmonary edema, subpleural and inter-
stitial emphysema with bullae formation, and consolidating pneumonia are
characteristic gross findings evident at necropsy. Histopathologically,
classic lesions include interstitial pneumonia with necrotizing bronchi-

olitis and alveolitis, alveolar and bronchiolar epithelial hyperplasia,
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multinucleated epithelial syncytia, and alveolar edema and hyaline
menbrane formation. Regions of acute suppurative bronchopneumonia may be
observed if secondary bacterial invasion has occurred.

The pathogenesis of respiratory tract disease due to RSV infection
is poorly understood. Numerous hypothetical mechanisms, however, have
been advanced. A purely mechanical explanation relates to the virus's
tropism for luminal epithelial cells of the peripheral airways. Viral
infection and replication stimulates epithelial necrosis, mucosal slough-
ing, inflammatory infiltrates and edema. Pulmonary defense mechanisms
become compromised and secondary bacterial or viral invasion ensues.
Bovine respiratory syncytial virus and Pasteurella haemolytica have been
shown to possess synergistic pathogenic effects under experimental condi-
tions in lambs (Al-Darraji et al., 1982a,b,c; Trigo et al., 1984b).
Similar studies have not been conducted in calves.

Several immunopathologic mechanisms have also been advocated in an
attempt to explain RSV pathogenesis (McIntosh and Fishaut, 1980). The
pneumonia caused by BRSV in cattle has been attributed to a Type I hyper-
sensitivity reaction in some cases (Bohlender et al., 1982; Frey, 1982).
As mentioned previously, some BRSV epizootics display two recognizable
clinical stages of disease. The initial stage is generally characterized
by mild clinical signs. A secondary phase follows apparent improvement
or recovery and features severe respiratory distress and death loss may
occur. The initial infection has been proposed to serve as a sensitizing
infection with subsequent exposure inducing a hypersensitivity reaction.
This biphase pattern of respiratory tract disease has only been described

in feedlot calves.
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RSV's influence on irritant airway receptors, IgE antibody produc-
tion (Welliver et gl., 1980; Welliver et al., 1981), neutrophil kinetics
(Faden gt gl., 1983), alveolar macrophage function and interferon produc-
tion may also be involved in disease pathogenesis. These and several
additional mechanisms have been reviewed (Frey, 1983; Stott and Taylor,
1985). At this time, all suggested mechanisms remain speculative. In
reality, the pathogenesis of RSV infection is probably the result of si-

multaneous contributions from many of the different proposed mechanisms.



LITERATURE REVIEW - EXPERIMENTAL INFECTIONS

In addition to its importance in veterinary medicine, RSV displays
considerable pathogenic influence on the human species. Human respira-
tory syncytial virus is currently considered to be the major cause of
bronchiolitis, pneumonia and fatal respiratory tract disease in infants
and young children throughout the world (Chanock et gl., 1962; Chanock et
al., 1982). As a result, numerous experimental infectivity trials have
been conducted with RSV in an attempt to identify a relevant animal model
for study of this important human and bovine disease. An appropriate re-
producible model would facilitate understanding of disease pathogenesis.
Safety and efficacy of éxperimental vaccines could also be evaluated with
an effective model.

Numerous animal species have been experimentally infected with RSV
including cattle, sheep, Cebus monkeys (Belshe et al., 1977; Richardson
et al., 1978a), chimpanzees, (Belshe et al., 1977, Richardson et al.,
1978b), squirrel monkeys, Rhesus monkeys (Belshe et al, 1977), owl mon-
keys (Richardson et gl., 1978B), white-lipped marmosets, mink, chin-
chilla, African rats, guinea pigs, mice (Coates and Chanock, 1962), fer-
rets (Coates and Chanock, 1962; Prince and Porter, 1976), hamsters
(Collier and Clyde, 1977), and cotton rats (Dreizin et al., 1971). Ex-
perimental inoculation has only produced clinical disease in cattle,
sheep, chimpanzees, Cebus monkeys and owl monkeys. Pathological lesions
have been observed in experimentally infected cattle, sheep, Cebus mon-
keys, ferrets, hamsters, cotton rats and mice.

5
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Discussion in the following review is devoted to experimental BRSV
infections in ruminants. Experimental infections have been divided into
the following four categories:
1. Experimental BRSV infections in calves.

2. Experimental BRSV infections in gnotobiotic
calves.

3. Experimental BRSV infections in sheep.

4. BRSV and Pasteurella haemolytjca synergism in
sheep.

Within a category, experimental studies are reviewed in chronological

order.
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I. Experimental BRSV Infections in Calves.

A large epizootic of acute respiratory disease occurred in Japanese
cattle during the months from October 1968 to May 1969. Four isolates
of BRSV were recovered and the NMK7 isolate of the virus (eleventh pas-
sage) was subsequently used to inoculate a healthy, 6-month-old Japanese
Black calf by the intranasal (20 ml of infected culture fluid, 103‘8
median tissue culture infective doses (TCIDSO)/O.I ml) and intratra-
cheal (10 ml of infected culture fluid, 103'8 TCIDSO/O.I ml) routes.

This inoculation represented the first attempt to reproduce respiratory
tract disease in calves with BRSV (Inaba et al., 1972).

Following inoculation, the calf developed an acute respiratory 1ill-
ness resembling the natural disease. Pyrexia (39.8°C/103.6°F-
41.3°C/106.3°F), anorexia, depression, lacrimation and serous nasal
discharge were reported. Leukopenia was observed on the second day fol-
lowing inoculation. All clinical signs completely resolved by nine days
post-infection. Virus was recovered from nasal secretions on the fifth,
sixth, seventh, ninth and tenth days post-inoculation. The calf devel-
oped neutralizing antibody against the virus by two weeks post inocula-
tion.

Early in 1971, BRSV was isolated from a herd of Iowa feedlot cattle
experiencing acute respiratory disease (Smith et al., 1975). This iso-
late, identified as FS1-1, was later utilized in an experimental infec-
tivity study involving 5 calves. The virus had been passaged 18 times in
cell culture prior to inoculation. The inoculum was aerosolized intrana-
sally to each animal. Each calf received 4 ml of inoculum containing ap-

proximately 4000 PFU (plaque-forming units) of virus.
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Clinical signs of illness became apparent in some calves on the
fourth day post-inoculation. Three calves displayed anorexia, depres-
sion, serous nasal discharge and polypnea. Two of these calves developed
body temperatures of 40°C (104°F). Two calves demonstrated neither a
temperature elevation nor clinical signs of respiratory tract disease.

Serum samples were obtained from the calves before infection and 1
week, 1 month and 2 months after infection. The samples were tested for
antibody against BRSV using a plaque reduction neutralization test. Four
of the 5 calves demonstrated seroconversion (a four-fold or greater in-
crease in gserum antibody titer between pre-infection and post-infection
samples) to the BRSV antigen. Two of the 5 calves failed to display evi-
dence of neutralizing (maternally derived) antibody to BRSV in their sera
at the time of experimental infection. These 2 calves also failed to
display clinical signs of respiratory tract disease following inocula-
tion. The researchers concluded that BRSV is capable of producing ex-
perimental illness in calves, particularly those possessing serum neu-
tralizing antibody to BRSV at the time of infection.

The initial isolation of BRSV from cattle in Norway was also fol-
lowed by an experimental study in a calf using the recovered isolate
(Odegaard and Krogsrud, 1977). The animal developed mild clinical di-
sease, virus was re-isolated from the upper respiratory tract, and pro-
duction of antibodies was demonstrated.

In a rather complicated study, 3 different bovine isolates (Dorset,
Hertfordshire and Swiss) of RSV were administered intranasally to conven-
tionally-reared (n = 11), colostrum-deprived (n = 9) and gnotobiotic
calves (n = 6) (Jacobs and Edington, 1975). Generally, a 10 milliliter

(ml) volume of inoculum (third to fifth passage) was administered to each
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calf. Calves ranged in age from 3 to 11 weeks at the time of experimen-
tal infection. Eighteen of the experimentally-infected calves were ne-
cropsied between 7 and 13 days post-inoculation. Results in 4 conven-
tional calves were questionable due to the presence of bronchopneumonia
in the experimental group prior to inoculation.

Clinical signs of respiratory tract disease were mild and included
biphasic pyrexia, lethargy, nasal discharge and cough. Clinical signs
were observed in 5 of 7 conventional calves, in only 1 of 9 colostrum-
deprived calves and in 4 of 6 gnotobiotic calves. However, virus isola-
tion from nasal secretions was successful 4 to 10 days after inoculation
in the majority of experimental cases. Virus was also recovered from re-
spiratory tract mucosa, tonsil, and lung in selected cases at necropsy.

Gross lesions were not observed at necropsy in any of the experi-
mentally infected calves. Histologic lesions were reported in 12 animals
and consisted primarily of a catarrhal bronchiolitis with the occasional
formation of syncytia in bronchioles and alveoli.

Serum neutralization studies were used to determine BRSV antibody
titers in calves both before and after experimental infection. Serology
indicated that experimental infection is possible despite the presence of
circulating antibodies. Also, passively-derived maternal antibody did
not appear to cause disease exacerbation as previously reported (Smith et
al., 1975).

The clinical signs and pathologic lesions produced in these experi-
mental infections were considerably milder than the response commonly ob-
served in actual field cases. The clinical response of susceptible
calves did not vary significantly with changes in isolate, passage level,

amount of virus inoculated or the cell system used to propagate the
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virus. Researchers concluded that the virus may be only one of several
factors necessary to experimentally reproduce the disease as it occurs
naturally.

In an adjunct study, a gnotobiotic calf was inoculated with a human
isolate of RSV recovered from an infant with acute bronchiolitis (Jacobs
and Edington, 1975). The calf displayed a marked biphasic temperature
response, but no other clinical abnormalities were noticed. Gross or
histologic lesions were not present at necropsy. The investigators, how-
ever, concluded that HRSV is pathogenic for calves.

A report published early in 1975 represented the initial experi-
mental attempt to conduct a controlled BRSV-infectivity study in calves
(Mohanty et al., 1975). In this experiment, 1l conventionally-reared,

6 to 8 week old Holstein-Friesian bull calves were assigned to 4 experi-
mental groups:

Group A (n = 3) - control calves.

Group B (n = 2) - one calf was inoculated with virus while the

other served as a contact control.

Group C (n = 3) - all calves received viral inoculum.
Group D (n = 3) - all calves received viral inoculum.

Calves were inoculated with the Bovine X isolate (eleventh passage)
of BRSV and 10 ml of inoculum (103'5TCID50/m1) was administered in-
tratracheally or aerosolized intranasally. Some calves received virus by
both routes. Control calves were inoculated similarly with noninfected
tissue culture fluid.

Calves were maintained up to 21 days post-inoculation. Selected
control and principal calves were euthanatized and necropsied on days
14 and 21 of the study.

All calves treated with virus displayed a transient increase in

body temperature (39.5°C/103.1°F - 40.5°C/104.9°F) on days 7 and
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8. Mild cough, serous nasal discharge and slight hyperpnea were also
occasionally observed. All control calves remained normal throughout
the study.

Virus was successfully recovered from infected calves on days 7 and
9 and at necropsy. However, serologic response of these animals to the
virus was extremely poor. Only low levels of neutralizing antibody were
detected in the serum and nasal secretions.

At necropsy, gross lesions were minimal and consisted of small foci
of pulmonary consolidation. Histopathologic changes indicative of inter-
stitial pneumonia were present and included peribronchiolitis, squamous
metaplasia of bronchiolar epithelium, mononuclear infiltration into al-
veolar walls and occasional infiltration of alveolar spaces with syncy-
tial cells and neutrophils.

The authors of the previous report subsequently pursued an addi-
tional study in which calves received dual exposure to BRSV for the pur-
pose of determining the role of serum and nasal neutralizing antibody on
disease progression (Mohanty et al., 1976). Nine 6 to 8 week old bull
calves were assigned to 4 experimental groups:

Group A (n = 3) - control calves.

Group B (n = 2) - all calves received virus.

Group C (n = 2) - all calves received virus.

Group D (n = 2) - one calf was inoculated with virus while the

other served as a contact control.
The calves were inoculated both intranasally and intratracheally with 10
ml of the virus (titer = 103‘5 TCIDSO/ml). BRSV isolate A51908,
which had been passaged 5 times in tissue culture, was utilized in this
study. During the initial challenge, 2 control calves were inoculated

with noninfected tissue culture fluid while 2 others remained uninocu-

lated.
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An extremely mild clinical response followed viral inoculation.
Most calves displayed a transient elevation in body temperature (39.5°C
/103.1°F - 40.5°C/104.9°F), serous nasal discharge, mild cough or
slight hyperpnea. Control calves (Group A) remained normal.

All virally-inoculated calves shed virus in nasal secretions for
various lengths of time. The investigators discovered that virus isola-
tion from nasal swabs was considerably more successful if material was
inoculated into susceptible cell culture within 1 hour of collection.

Before inoculation, all calves possessed various titers (1:2 to
1:16) of serum neutralizing antibody to BRSV. Only 1 calf possessed de-
tectable levels of neutralizing antibody in nasal secretions at this
time. Following inoculation, infected calves responded serologically,
but their titers of serum neutralizing (1:2 to 1:32) and nasal secre-
tory antibody remained low.

Five weeks following initial exposure, all calves (Groups A, B, C,
D) were challenged with the BRSV inoculum. Calves initially exposed to
the virus (Groups B, C, D) were solidly immune after re-exposure and
failed to display any signs of respiratory tract disease. The calves
which served as controls during the initial exposure (Group A), however,
displayed mild cough, hyperpnea and a transient elevation in body tem-
perature when challenged. All previous control calves shed virus in
their nasal secretions following viral challenge. Virus was isolated
from nasal secretions in 3 of 5 calves after reexposure. Serologic
response to the virus was poor in the previous controls. However, an ap-
preciable antibody response was detected in serum (1:16 to 1:128) and
nasal secretions (1:8 to 1:16) of calves challenged with the virus a

second time. Two infected calves were euthanatized and necropsied on day
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16 following rechallenge. Grossly, small areas of consolidation were
evident. Histologically, pneumonia of variable severity was demonstrated
in these regions.

It was concluded that disease due to BRSV occurs in the presence or
absence of circulating serum antibodies. However, unlike previous re-
ports originating from human medicine (Kim et al., 1969; Chanock et al.,
1970) and veterinary medicine (Smith et al, 1975), there was no evidence
that preexisting serum antibody caused exacerbation of the disease in
young calves. Also, nasal secretory antibody appeared to protect calves
against disease as calves previously exposed to the virus were immune to
rechallenge.

To further define the role of BRSV infections in western Canadian
cattle, experimental infectivity studies were conducted in 2 groups of
ca}ves by researchers at the University of Saskatchewan (Moteane et al.,
1978). Five l-week-0ld and six 7-month-old calves, determined to be free
of neutralizing serum antibodies against BRSV, were infected intranasally
with the Iowa isolate (FS1-1) of BRSV. Two milliliters of virus (titer =
10° PFU/ml) were aerosolized into the nasal passages of these animals.

Mild signs of respiratory disease were produced in four of five
l-week-o0ld calves and in four of six 7-month-old calves. Observed signs
included coughing, ocular discharge, mucopurulent nasal discharge, in-
creased lung sounds and body temperatue elevation (39.4°C/103°F-
39.7°C/103.5°F). Demonstrable changes in the hematocrit, white
cell count, differential leukocyte count, plasma fibrinogen and total
protein concentration were not observed. The virus was successfully re-

isolated from the nasal secretions of most calves. The 1l-week-o0ld
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calves were euthanatized and necropsied at 3 day intervals following in-
fection, but no gross or histologic changes were found. The extremely
mild disease produced in these experimental studies actually prompted
these investigators to question the importance of BRSV in the bovine
respiratory disease complex.

Up to this point, all experimental BRSV studies in calves had re-
sulted in mild clinical disease. English workers proposed that assess-
ment of clinical response is particularly difficult when the ensuing di-
sease is relatively mild. As a result, these investigators advocated
adaptation of an unbiased and quantitated scoring system to use in con-
junction with BRSV infectivity studies in calves (Thomas et al., 1977).

In this trial, a disease score was generated for each animal based
on clinical (apathy, anorexia, nasal discharge, adenitis, ocular dis-
charge, conjunctivitis, dyspnea, wasting, cough, diarrhea, respiratory
rate and temperature) and hematological (RBC, WBC, MCV, PCV, hemoglobin)
parameters evaluated during the experimental period. Resulting disease
scores were contrasted between infected and control groups of calves.

Considerable detail was allotted to the experimental design of this
study. However, despite careful planning, the value of this experimental
study was diminished when the BRSV inoculum was discovered to be contami-
nated with BVD virus. Also, the proposed scoring system, although used
occasionally (Stott et al., 1978; Elazhary et al., 1980), failed to gain
wide acceptance by future investigators attempting experimental BRSV in-
fections in calves.

In additional work originating from England, a significant associa-
tion between RSV infection and natural outbreaks of respiratory disease

was documented in young cattle on a large English beef farm (Stott et



15
al., 1978). This finding encouraged researchers to conduct further BRSV-
inoculation studies in calves. An infectivity study was designed based
upon the previously discussed disease-scoring system (Thomas et al.,
1977). Clinical signs were graded and an illness score was calculated
for each animal.

Respiratory syncytial virus was administered intranasally to 15
calves during two carefully controlled trials. Animals were successfully
infected as judged by recovery of virus from nasal secretions and detec-
tion of a significant antibody response. However, there was no evidence
that experimental RSV infection produced disease and mean illness scores
did not differ significantly between infected animals and control calves.

Researchers judged that failure to experimentally produce disease
with BRSV did not constitute strong evidence against this virus's causa-
tive role in the bovine respiratory disease complex. A pathogen may only
produce disease under "appropriate conditions" and, until the pathogene-
sis of the disease is fully understood, the "appropriate conditions" may
remain unknown.

The first infectivity study published in the '80s originated from
Canada (Elazhary et gl., 1980). Unlike previous efforts, this Canadian
project reported moderate to severe signs of respiratory disease in the
experimentally-infected animals. Disease scores, based on clinical and
hematological findings, were assigned to experimental calves (Thomas et
al., 1977). Final scores were considerably higher in infected calves
than in controls.

Fourteen 1 to 5-week-old Holstein calves were utilized in this ex-

periment. Eleven calves were exposed intranasally to the Quebec strain



16
of BRSV (titer = 2X106TCID50). Three calves were housed separately
and served as controls. Controls received sterile tissue culture media
inoculation.

Clinical response was classified as moderate in 2 of the infected
calves and as severe in the other 9 animals. Pyrexia (maximum recorded
temperature = 39.9°C/103.8°F), leukopenia, nasal discharge, lung
sounds, conjunctivitis and ocular discharge were the reported clinical
and hematological observations. Clinical signs were most severe be-
tween days 6 to 9 post-infection. Inoculated calves shed BRSV in their
nasal secretions from 1 to 12 days post-inoculation. Serologic response
of infected calves was determined by the indirect fluorescent antibody
technique. Two calves displayed antibody titers to BRSV of 1:128 by 9
days post-inoculation.

In another Canadian study, calves were inoculated with BRSV for the
purpose of characterizing the interferon and serum-antibody response
(Elazhary et al., 1981). Eleven 6-week-old Holstein calves, determined

to be free of serum antibody to BRSV, were assigned to four groups:

Group I (n = 3) - inoculated once with virus.

Group II (n = 3) - rechallenged with virus on postinocula-
tion day 15.

Group III (n = 3) - rechallenged with virus on postinoculation
day 37.

Group IV (n = 2) - control group.
Experimental animals were inoculated with the Quebec strain of BRSV
(titer = 2x105TCID50). Control calves were treated similarly with
sterile tissue culture media.
Post-infection, all inoculated animals developed conjunctivitis,
lacrimation, increased lung sounds, dyspnea and fever (39°C/102.2°F
to 41°C/105.8°F). Clinical signs were most prominent on post-inocu-

lation days 6 and 7, gradually disappearing by post-inoculation day 9.
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Clinical signs of disease were not observed in Group II and Group III
calves following reexposure to the virus. Control calves never dis-
played any signs of respiratory disease throughout the entire study.

Serum antibody response was monitored by the serum-neutralization
and indirect fluorescent antibody tests. Antibody responses were similar
in the three groups of infected calves and rechallenge with the virus in
groups II and III did not stimulate an anamnestic response. The indirect
fluorescent antibody test detected serum antibody in all calves as early
as 3 days post-inoculation. Maximum titers appeared about 10 days post-
inoculation and remained stable for at least 7-1/2 weeks before decreas-
ing. The serum-neutralization technique also detected serum antibody in
all calves by 3 days post-inoculation. However, serum-neutralization
titers peaked at 4-5 weeks and then decreased. In general, higher titers
were consistently obtained with the indirect fluorescent antibody test in
contrast to the serum-neutralization procedure. BRSV antibodies were
never detected in the sera of control calves.

A plaque-inhibition technique was used to assay serum interferon
levels. Interferon titers peaked soon after viral inoculation in all
calves, but then decreased to undetectable levels by 6 days post-inocu-
lation. Moderate-to-low levels of interferon reappeared in most animals
1 week later and these titers persisted for a number of weeks. Inter-
feron was never detected in the sera of control calves.

In an important experimental study, English workers established in-
fections in conventional and gnotobiotic calves to develop and compare
direct immunofluorescence with virus isolation as a diagnostic technique
(Thomas and Stott, 1981). Fourteen conventionally-reared 5 to 9-month-

old calves were inoculated intranasally with 5 ml of a RSV suspension
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(1.9 plaque forming units x 105/m1). A total of 107 nasopharyngeal
specimens were collected over a 30-day period following experimental in-
fection. Twenty-four of the 107 specimens were positive by the direct
fluorescent antibody method, while 21 of the 107 specimens proved posi-
tive by virus isolation. Virus isolation was most sensitive between 3
and 9 days post-inoculation, while immunofluorescence was most sensi-
tive between 10 and 17 days post-infection. In a typical FA-positive
nasopharyngeal prep, fluorescence was clearly confined to the cytoplasm
of small, round (presumably phagocytic) cells. Nonspecific fluorescence
associated with cellular debris occasionally made interpretation of some
nasopharyngeal smears difficult.

Nine gnotobiotic calves were also experimentally infected with
BRSV. These calves were euthanatized and lung sections were collected
and stained by the direct immunofluorescent method. Fluorescent antigen
was discovered in lung tissue from 8 of 9 gnotobiotic calves. Viral an-
tigen was detectable in pulmonary sections up to 48 hours postmortem and
appeared to be located in alveoli and bronchioles. Problems associated
with non-specific fluorescence were not encountered during examination of
lung tissue. Virus isolation was attempted on lung washings collected at
necropsy and successful isolation occurred in two of nine samples.

Researchers concluded that direct immunofluorescence represented
a reliable, quick and easy method of successfully diagnosing BRSV
infection from nasopharyngeal and lung samples. The fluorescent antibody
technique offers the advantage of speed and simplicity over both virus
isolation and serology.

The most successful attempt to experimentally reproduce BRSV pneu-

monia in calves originated from Ireland in 1982 (Bryson et al., 1982;
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Bryson et al., 1983; McNulty et al., 1983). 1In this thoughtfully con-
ceived study, researchers modified the designs of previous investigators
and thus were able to induce severe clinical disease and extensive pneu-
monia in their experimental subjects.

Seventeen calves (11 Friesian bulls, 5 Hereford/Friesian bulls, 1
Simmental heifer) were obtained from local dairy farms shortly after
birth. All but 3 of the calves were colostrum-deprived. To prevent
colisepticemia, bovine immunoglobulin-M was administered parenterally
to colostrum-deprived calves upon arrival at the research facility.
Calves were subsequently reared individually or in groups of 2.

A local strain of BRSV, isolated from the trachea of a dairy calf
with pneumonia, was used to generate the inoculum required for this
study. The inoculum contained between 103:3 to 1065 TCIDgq of
virus/ml. Calves were less than 7 days of age and free of respiratory
tract illness at the time of inoculation. Calves were assigned to three
experimental groups and inoculated according to the following design and
schedule:

Group A (n = 9): Using a combined respiratory tract

route, calves were inoculated twice daily for 4
consecutive days. The morning inoculation con-
sisted of 10 ml of virus administered intrana-

sally and 10 ml of virus administered intratra-

cheally. In the afternoon, calves were given 10
ml of virus intranasally.

Group B (n = 3): These calves were inoculated intranasally with 10
ml of virus in the morning and again in the
afternoon for 4 consecutive days.

Group C (n = 5): This group consisted of control animals inocu-
lated with harvests from non-infected cell cul-
ture via the combined respiratory tract route
for 4 consecutive days.
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Post-inoculation, calves were examined daily and necessary samples
were collected. To complete the study, infected calves were serially
euthanatized and necropsied on post-inoculation days (PID) 1 to 13.

Respiratory signs were noted in all calves receiving the BRSV in-
oculum. The clinical picture, however, was considerably more severe in
the group inoculated by the combined route than in calves inoculated by
the intranasal route alone. Spontaneous coughing, tachypnea, marked
hyperpnea, harsh lung sounds, respiratory distress, dyspnea, expiratory
grunt and depression were frequently observed. Despite the assortment
of severe clinical signs, 39.2°C/102.6°F was the highest body tem-
perature recorded at any time during the study. Control calves remained
clinically normal throughout the experiment.

Gross pneumonic lesions were induced in all calves inoculated with
BRSV. Calves infected by the combined respiratory tract route displayed
extensive and confluent areas of consolidation. The cranial, middle and
cranioventral portions of the caudal lobes were primarily affected. 1In
one Group A calf, severe septal edema and dissecting emphysematous bullae
were present in the right caudal lobe. In calves inoculated solely by
the intranasal route, gross lesions were minimal and consisted predomi-
nantly of scattered regions of lobular consolidation. Aside from small
areas of superficial lobular collapse in 2 calves, no gross lesions were
noted in control animals.

Histologically, the observed microscopic changes reflected a patho-
logical continuum dependent upon the time interval between viral inocula-
tion and necropsy examination. BRSV pneumonia had both exudative and
proliferative components with the most severe damage observed in small

bronchi, bronchioles and alveoli.
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In Group A, calves necropsied on PID 1, 2 and 4 displayed varying
degrees of bronchitis, bronchiolitis, cellular infiltrate into alveolar
spaces and thickening of alveolar septa. Multinucleate epithelial syncy-
tia, with eosinophilic intracytoplasmic inclusion bodies, were wide-
spread. Re-epithelialization of damaged bronchiolar mucosa, organiza-
tion of bronchiolar exudate, phagocytosis of cellular debris and peri-
bronchiolar fibrosis was evident in the lungs of Group A calves ne-
cropsied on PID 10 and 13. Also, rare syncytia were occasionally de-
tected in histologic sections from these animals.

In Group B calves, the predominant changes observed included
bronchiolitis, alveolar cellular infiltrate and thickening of alveolar
septa. No multinucleate epithelial syncytia were found in these ani-
mals. Notable histopathologic changes were not observed in control
calves.

Meticulous efforts were undertaken to recover BRSV from experiment-
ally-infected calves. RSV antigen was intermittently detected by immuno-
fluorescence in nasopharyngeal cells present in samples of nasal mucus.
Evidence of tracheal and pulmonary infection with RSV was obtained by
immunofluorescence and virus isolation in calves inoculated by the com-
bined route, but not in calves inoculated intranasally. Within the lung,
RSV antigens were observed to fluoresce in bronchiolar and alveolar epi-
thelium, in cellular debris located in airway lumens and occasionally
within syncytial cells. No other respiratory viruses were demonstrated
or isolated from infected calves. In controls, all upper and lower re-
spiratory tract samples examined by immunofluorescence were negative
for respiratory viruses. However, BVD was recovered from the lungs of

2 control calves using virus isolation procedures.
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Evidence of serological conversion to RSV was obtained with in-
fected, colostrum-deprived calves sampled late in the post-inoculation
period (PID 10-13). Antibody titers were measured by the indirect im-
munofluorescent antibody technique. Calves which had received colostrum
possessed demonstrable antibody titers to RSV prior to infection. Ma-
ternally deprived antibodies, however, did not protect calves from in-
fection. Control calves displayed no detectable antibody response to
BRSV, PI-3 or BVD, either before or after inoculation.

At necropsy, no bacterial isolations were made from the lower re-
spiratory tract of any of the calves. A variety of non-pathogenic bac-
teria and fungi were recovered from nasopharyngeal swabs taken from both
infected and control calves. A Mycoplasma isolate was reported from up-
per and lower respiratory tract samples originating from one experimen-
tally-infected animal.

In conclusion, researchers demonstrated that severe respiratory di-
sease could be induced experimentally in calves with BRSV. The success-
ful results were attributed to the following factors:

BRSV isolate used to generate the inoculum

Infection by the combined respiratory route

Repeated inoculations

Younger age group of experimental animals

Season (majority of calves were inoculated during the autumn

of the year, a time when many naturally occurring outbreaks
of RSV pneumonia have been noted.)

Vs WN =

The most recent experimental infectivity study was conducted in the
United States and included an ultrastructural description of induced res-
piratory lesions, evaluation of BRSV's effect on alveolar macrophage
function, and an attempt to identifiy adverse pulmonary sequelae arising
from BRSV infection (Castleman et al., 1985a; Castleman et al., 1985b).

Colostrum-fed, male Holstein calves, obtained on the day of birth,

were raised in an isolation facility. Calves were weaned at 30 days of
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age and subsequently inoculated with BRSV one week after weaning.
Twenty-one calves received solitary inoculation with virus (375 isolate)
by combined intranasal aerosolization-intratracheal injection. Indivi-
dual viral exposure varied from 10% to 106'9 TCIDgy. Six control
calves were similarly inoculated with uninfected tissue culture media.
Experimentally-infected calves were serially necropsied between post-
inoculation days (PID) 2 and 30.

A mild clinical response ensued. Only 7 of 21 calves inoculated
with BRSV developed signs of respiratory tract disease including serous
nasal discharge, dry cough and elevated respiratory rate. At necropsy,
macroscopic lesions were minimal with several calves possessing occa-
sional red, firm lobules, irregularly distributed in the cranioventral
lung field. Potential bacterial pathogens, including Corynebacterium
pyogenes, Pasteurella sp and Mycoplasma sp, were periodically isolated
from the lungs of both control and inoculated calves.

Bronchitis and tracheitis, characterized in part by epithelial ne-
crosis, formation of syncytial epithelial cells and epithelial hyperpla-
sia, were the predominant lesions observed histologically. Rhinitis,
multifocal bronchiolitis and interstitial pneumonia were seen less
frequently. Viral-induced lesions were resolved by 30 days post-inocula-
tion. Measurable alterations in lung volume were not present 30 days
after BRSV infection. Results of the present study suggested that BRSV
inoculation of calves produced reversible modification of airway epi-
thelial structure.

Ultrastructurally, viral nucleocapsids and budding virions were
present in tracheal, bronchial and bronchiolar epithelial cells. Viral

assembly in tracheal and bronchial epithelial cells was associated with
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loss of cilia, formation of syncytial epithelial cells, swelling of mi-
tochondria and endoplasmic reticulum and cell necrosis. Many epithelial
cells contained intracytoplasmic nucleoprotein inclusions and intracyto-
plasmic remnants of the ciliary apparatus. Inflammatory cells were
closely associated with virally infected and damaged epithelial cells.
Swelling of type 1 and type 2 alveolar epithelial cells, interstitial
edema and infiltration of inflammatory cells into alveolar septa indi-
cated mild interstitial pneumonia. Investigators speculated that damaged
mucociliary clearance could enhance susceptibility of inoculated calves
to secondary bacterial infection.

Detection of virus in respiratory tract samples was accomplished by
both virus isolation and immunofluorescent techniques. Fluorescent
microscopy, however, proved to be the most sensitive indicator of viral
antigen. Positive fluorescence was identified in alveolar macrophages
and in the cytoplasm of nasal, pharyngeal, tracheal, bronchial, bron-
chiolar and cuboidal alveolar (type 2) epithelial cells. Viral antigen
appeared most commonly in the cytoplasm of tracheal and bronchial epi-
thelial cells 3 to 5 days after inoculation.

All experimentally-infected calves seroconverted to BRSV and in-
creases in antibody titer were discovered as early as PID 3. The maxi-
munr titer reported in this study, as determined by serum neutralization,
was 1:81. Passively-acquired maternal antibody to BRSV did not prevent
viral infection or interfere with the seroconversion response.

Alveolar macrophages were recovered by bronchoalveolar lavage of
the left caudal lung lobe. Phagocytosis was evaluated by quantitating

the rate at which 2.02 um polyvinyl toluene beads were uptaken by these
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Alveolar macrophages exposed to BRSV in vivo demonstrated in-

creases in phagocytic rate at 3, 5 and 7 days post-inoculation. The ele-

vation observed at 5 days post-inoculation was determined to be statisti-

cally significant (p < 0.01).

BRSV inoculation produced a subdued clinical response with minimal

pulmonary pathology in this study. Overall, the observed responses fol-

lowing experimental infection have been highly variable. These authors

offered several suggestions to explain the variability associated with

experimental BRSV infections in calves:

1.

s w

inherent pathogenicity and cellular tropism of the viral
isolate.

attenuation of viral pathogenicity following repeated tissue
culture passage.

concurrent pulmonary bacterial and viral infection.

host factors (i.e. variation in the intensity of pulmonary cell
injury associated with the immune response directed against
virally-infected cells).
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I1. Experimental BRSV Infections in Gnotobiotic Calves

The work of Bryson (1982,83), McNulty (1983) and several earlier
investigators indicated that BRSV may be an important pathogen of the bo-
vine respiratory tract. To further substantiate this belief, infectivity
studies were undertaken in gnotobiotic calves (Thomas et al., 1984a). By
inoculating calves raised and maintained in strict microbiological isola-
tion, all induced clinical disease and pulmonary pathology could confi-
dently be associated with BRSV infection.

Eight Friesian or Angus/Friesian gnotobiotic calves, 1-3 months of
age, were inoculated intranasally with the Snook isolate (eighth passage)
of BRSV. Calves received between 3,000 and 50,000 plaque forming units
of virus in 10 ml of culture fluid inoculum. All inoculations, samplings
or examination procedures were conducted within the gnotobiotic environ-
ment.

None of the 8 calves developed recognizable clinical signs of res-
piratory tract disease. However, at necropsy, 7-14 days following inocu-
lation, moderate to substantial pneumonic lesions were observed in all 8
calves. Lung lesions were recorded on a standard lung diagram and a per-
centage of the affected surface area was estimated. Two to twenty-five
percent consolidation was reported. Despite gnotobiotic conditions, none
of the lungs were found to bacteriologically sterile at the conclusion of
the experiments. None of the isolated bacterial species, however, were
considered significant pathogens in the bovine respiratory disease com-
plex. Histologic lesions consisted of exudative and proliferative bron-
chiolitis with accompanying alveolar collapse, thickening of alveolar
walls, alveolar epithelialization and accumulation of alveolar exudate.
Multinucleate epithelial syncytia were not predominant microscopic find-

ings.
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Recovery or detection of viral antigen appeared to be dependent
upon the time of sampling after inoculation. Virus was recovered from
the nasopharynx between 2 and 11 days post-inoculation and from the lung
up to and including day 9 following inoculation. Antigen was detected
by immunofluorescence in nasopharyngeal smears, nasal mucosa, tracheal
mucosa and lung samples. Fluorescent antigen was commonly observed in
bronchiolar epithelial cells and in detached epithelial cells comprising
bronchiolar and alveolar exudates.

Serum antibody to BRSV was not present in pre-inoculation samples.
A serological response to BRSV, however, was demonstrated by virus neu-
tralization and single radial hemolysis at 11 days post-inoculation.
Radioimmunoassay was utilized to measure class-specific antibodies to
RSV and IgM was first detected as early as 9 days post-infection.

Researchers felt that demonstration of BRSV-induced pathology in
the lungs of gnotobiotic calves represented an important advance. They
also suggested that the close resemblance between the experimental di-
sease in calves and the pathology of acute bronchiolitis in children
qualify cattle as a particularly relevant model for the human disease.

A subsequent study involving gnotobiotic calves ensued (Thomas et
al., 1984b). In this effort, bovine and human strains of RSV were ad-
ministered to gnotobiotic animals. Additionally, the influence of stress
on disease progression, in the form of dexamethasone treatment, was also
investigated.

Thirteen calves were inoculated with the Compton 127 isolate of
BRSV (twenty-third passage) while 7 calves received the Human A2 isolate
of HRSV (this strain had been subjected to numerous passages in both hu-
mans and bovine cell culture prior to inoculation). Three different in-

oculation procedures were utilized: intranasal, combined intranasal and
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intratracheal administration, and aerosol spray. Four calves, inoculated
with the bovine strain by the combined respiratory route, were also
treated with dexamethasone (0.5 mg/kg body weight, IM, once per day) for
a total of 10 days.

Both viral strains proved capable of infecting calves, but neither
strain induced clinical signs of respiratory tract disease. In dexameth-
asone-treated calves, the authors reported the appearance of clinical
signs. However, none of the described clinical signs (alopecia, apathy,
scleral injection) were particularly specific for respiratory tract di-
sease.

At necropsy, no significant gross lesions were observed in the
lungs of inoculated calves. Histologically, round mononuclear cells were
observed infiltrating into peribronchiolar tissue and alveolar walls. In
dexamethasone-treated animals, small areas of pneumonic consolidation
were noted in 3 of the 4 calves (2%, 4%, 6% of pulmonary surface area).
In addition to the previously described microscopic changes, mild exuda-
tive bronchiolitis and alveolitis were also detected in these animals.

Both strains of virus were successfully isolated from the naso-
pharynx of inoculated calves. Peak recoveries occurred between 3 and
8 days following inoculation. Dexamethasone appeared to prolong the
period of viral shedding and to increase the harvest of isolated virus.
Immunofluorescence detected viral antigen in only 4 of 13 lungs examined.

The serological response to both strains was similar. Antibody to
RSV was not found in pre-inoculation serum samples, but was detected by
virus neutralization or single radial hemolysis at about 10-12 days post-
inoculation. Radioimmunoassay detected specific anti-RSV IgM at 10 days

post-inoculation and specific anti-RSV IgG at 16 days post-inoculation.
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Experimental infection of gnotobiotic calves with RSV produced an

extremely mild clinical and pathological response in this study. The
authors attributed these results to the passage history of the viral
strains utilized in the experiment. In conclusion, this study indicated
that human and bovine strains of RSV possess similar growth and biologi-
cal characteristics in gnotobiotic calves. Dexamethasone treatment ex-
tended the period of viral shedding, enhanced the amount of virus recov-

ered and slightly increased the severity of observed lesions.

ITI. Experimental BRSV Infections in Sheep

Respiratory disease accounts for significant financial losses in
the sheep industry. Although naturally occurring RSV infections in sheep
have not been well characterized or studied, the discovery of specific
antibodies to BRSV in sheep serum (Berthiaume et al., 1973; Smith et al.,
1975) inspired researchers to undertake infectivity experiments in this
species (Lehmkuhl and Cutlip, 1979a; Cutlip and Lehmkuhl, 1979). 1In the
first of these studies, 5 colostrum-deprived lambs, approximately 1 week
old, were inoculated intranasally and intratracheally with 20 ml of the
375 isolate (third passage) of BRSV. The inoculum contained 1036
plaque forming units/ml. Lambs were observed daily for development of
respiratory tract disease. Necropsies were conducted between post-inocu-
lation days 7 and 28.

Three of the lambs responded with fever (maximum recorded tempera-
ture - 40.8°C/105.4°F), hyperpnea and depression. Grossly, multiple
hemorrhagic and consolidated foci were observed throughout all lung
lobes. ﬁistologically, the basic lesion was a focal interstitial pneu-

monia. Microscopic features included macrophage infiltration into
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alveolar septa and alveolar sacs, epithelial necrosis and accumulation of
cellular debris in airways and alveoli. Epithelial hyperplasia was de-
tected in many alveoli, but multinucleated epithelial syncytia were rare.
Affected foci were surrounded by relatively large zones of normal pulmo-
nary tissue. Similar changes were observed with electron microscopy. In
addition, pleomorphic virions were seen budding from airway and alveolar
epithelial cells.

Virus was isolated from the nasal secretions, tracheal fluids and
pulmonary tissue of 2 lambs. Results of an agar gel immunodiffusion test
indicated that the recovered virus was identical to the strain present in
the inoculum. None of the experimental lambs possessed pre-inoculation
serum antibody titers to BRSV. Post-inoculation, all lambs seroconverted
to the viral antigen.

Results of this study indicated that BRSV is capable of infecting
and producing disease in sheep. The mild clinical response induced in
lambs was similar to several of the experimental results described in
calves.

Lehmkuhl and Cutlip (1979b) subsequently conducted a similar ex-
perimental study involving 6-month-old (feedlot age) lambs. Six colos-
trum-deprived lambs, raised in isolation, were inoculated intratracheally
with 20 ml of the 232 isolate of BRSV (this isolate was recovered from
the lung of a lamb originally inoculated with a bovine strain of RSV).

The inoculum contained 103'9

plaque forming units/ml. Lambs were ob-
served daily for respiratory tract disease. Serial necropsies were con-
ducted between post-inoculation days 3 and 30.

Five of the lambs responded with hyperpnea, lethargy and transient

pyrexia (maximum recorded temperature 40.8°C/105.4°F). Grossly, lung
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tissue appeared normal except for petechiae in the cranial and interme-
diate lobes. Microscopically, lesions were present in all lobes and
consisted primarily of multifocal areas of interstitial pneumonia and
bronchiolitis. Virus was recovered from the nasal secretions, tracheal
fluids and pulmonary tissue of 5 lambs. All lambs possessed serum anti-
body to BRSV prior to inoculation. Post-inoculation, large increases in
antibody titers were detected by the plaque-reduction test.

Based on the mild clinical response produced by experimental inocu-
lation, researchers inferred that severe BRSV pneumonia must originate
from a complex, multifactorial pathogenesis. The lesions produced by
BRSV may enable pathogenic or opportunistié bacteria to colonize the lung
and contribute to severe respiratory disease.

Researchers from Washington attempted to objectively evaluate
BRSV's potential to produce pneumonia in sheep by carefully simulating
natural exposure under experimental conditions (Trigo et al., 1984a).
Forty, conventionally reared, 6-month-old, Suffolk-cross sheep, seronega-
tive to BRSV, were obtained for this study. Lambs were assigned to 2
experimental groups and were housed in closed, self-contained pens with
filtered air systems and regulated temperatures. Inoculum was aerosol-
ized via the intranasal route. Thirty animals in Group A received 20 ml
of virus (strain ATCC VR-794; titer = 107TCID50/m1) while 10 control
lambs in Group B received 20 ml of tissue culture fluid. Clinical eval-
uations were recorded daily. Ome control and 3 inoculated lambs were
subsequently euthanatized and necropsied on post-inoculation days (PID)
2, 4, 6, 9, 12, 15, 18, 22, 30 and 40.

Mild respiratory tract disease ensued. Inoculated lambs displayed

transient fever, elevated respiratory rates and serous oculonasal
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discharges. Gross lesions were minimal. Two lambs exhibited multifocal
areas of consolidation in the cranial lobes. Histologically, bronchiol-
itis and alveolitis were present in numerous lambs. No multinucleated
syncytial cells were detected. Ultrastructurally, bronchiolar epithelium
appeared well-preserved. Occasional necrosis of type I and type II aive-
olar epithelial cells was noticed. Viral particles could be seen budding
from the cellular membrane of type I pneumocytes.

Isolation of BRSV from nasal swabs or pulmonary tissue was possible
only with samples collected within 6 days after inoculation. Specific
immunofluorescence was detected in alveolar walls, alveolar macrophages
and bronchiolar epithelium. Serologically, all but 2 inoculated lambs
developed detectable antibodies to BRSV by PID 11. Serum titers peaked
between PID 13 to 15. Neutralizing antibodies were also detected in
pulmonary washings, but not in nasal secretions. Bacterial isolation
from nasal swabs and pulmonary tissue produced a variety of microorgan-
isms.

The observed experimental results demonstrated BRSV's potential to
produce pneumonia in sheep under natural conditions. The authors sug-
gested that interspecies transmission of BRSV between calves and sheep

should be considered when these species are managed together.

IV. BRSV and Pagteurella haemolytica Syngerism in Sheep

Respiratory tract infections with BRSV have been successfully in-
duced in sheep under experimental conditions (Lehmkuhl and Cutlip,
1979a,b; Cutlip and Lehmkuhl, 1979; Trigo et al., 1984a). The resultant
clinical and pathological response was considerably milder than the se-

vere disease commonly associated with natural outbreaks of sheep
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pneumonia. However, BRSV infection may predispose the ovine lung to the
deleterious effects of secondary bacterial invaders (Lehmkuhl and Cutlip,
1979a,b; Cutlip and Lehmkuhl, 1979). Therefore, a well-designed experi-
ment was undertaken in sheep to investigate the possible synergistic re-
lationship between BRSV and Pasteurella haemolytica (Al-Darraji et al.,
1982a,b,c).

Twenty-one colostrum-deprived 4-week-old lambs were assigned to

five experimental groups:

Group 1 (n = 4) Pasteurella haemolytica only.
Group 2 (n = 4) BRSV only.
Group 3 (n = 5) BRSV + P. haemolytica with a 3 day interval be-
tween viral and bacterial inoculation.
Group 4 (n = 6) BRSV + P. haemolytica with a 5 day interval be-
tween inoculations.
Group 5 (n = 2) control
All inoculations were administered intratracheally. BRSV isolate 232 was
used to propagate the viral inoculum. Lambs received 20 ml of cell cul-
ture fluid containing 2.9 x 104 plaque-forming units of virus/ml. Pasg-
teurells haemolytica biotype A serotype 1 was used for production of the
bacterial inoculum. Lambs were given 5 ml of tryptose broth containing
a viable cell count of 3x10’ colony-forming units/ml. Following inocu-
lation, lambs were observed twice daily for clinical signs of disease.
Lambs were subsequently euthanatized and necropsied between 2 and 9 days
post-inoculation.
Lambs inoculated with P. haemolytica (Group 1) or BRSV (Group 2)
developed a mild respiratory tract disease accompanied by transient py-

rexia, lethargy, dyspnea and hyperpnea in some animals. Although mild,

the clinical signs seen in lambs given BRSV alone were more pronounced

than signs in lambs given P. haemolytica alone.
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Combined BRSV and P. haemolyticg administration (Groups 3 and 4)
produced a more profound clinical response than did either agent alone.
Respiratory signs were more severe, more persistent, involved a higher
percentage of lambs and included pyrexia, lethargy, nasal discharge, hy-
perpnea, dyspnea, coughing, anorexia, loss of condition and recumbency.
Clinical signs were more severe in lambs inoculated with P. haemolytica 5
days after RSV (Group 4) than in those lambs inoculated with P. haemoly-
tica 3 days after RSV (Group 3).

Pneumonic lesions were considerably more severe in lambs inocu-
lated with BRSV and P. haemolytica than in lambs inoculated with either
agent alone. In Group 1 (P. haemolytica only), lesions developed in 2 of
4 inoculated lambs. Grossly, fibrinous pleuritis with areas of pulmonary
consolidation, necrosis and hemorrhage were observed. Macroscopic le-
sions were estimated to involve approximately 14% of the lung surface.
Histologically, observed lesions were classified as acute fibrinopurulent
bronchopneumonia with coagulative necrosis and fibrinous pleuritis. Con-
centric zonal lesions were encountered periodically. In Group 2 (BRSV
only), 3 of 4 inoculated lambs displayed pulmonary lesions. Grossly,
multifocal areas of consolidation and hemorrhage were scattered through-
out the lung. Gross pathology involved approximately 5% of the pulmonary
surface. Microscopic findings included bronchitis, bronchiolitis, peri-
bronchiolitis and interstitial pneumonitis. Multinucleated giant cells
were occasionally detected within the alveolar spaces. In Groups 3 and 4
(BRSV followed by P. haemolytica), extensive lesions, involving over 15%
to 21% of the pulmonary surface, were present in 11 of 11 inoculated
lambs. Pathology possessed characteristics of both bacterial and viral

infections. Gross features included consolidation, abscessation,
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necrosis, hemorrhage, emphysema and atelectasis. Fibrinous pleuritis,
hydropericardium and pleural effusion were also commonly encountered.
Microscopic pathology consisted of a severe exudative pneumonia and bron-
chiolitis with interstitial pneumonitis, focal necrosis and hemorrhage.
Multinucleated giant cells and concentric zonal lesions represented addi-
tional histologic findings in these lambs.

Ultrastructural lesions were more prominent in lambs receiving
both BRSV and P. haemolytica than in those lambs inoculated with either
agent individually. Similar cytopathologic changes were found in lambs
inoculated with P. haemolytica or with BRSV and P. haemolytica. In con-
solidated regions of lung, alveolar and bronchiolar lumens were filled
with neutrophils, macrophages, erythrocytes and necrotic cellular debris.
‘There were increasing numbers of type II pneumocytes. Bacteria were seen
infrequently. In lambs inoculated with BRSV or with BRSV and P. haemoly-
tica, viral buds were present on the plasma membranes of bronchial and
bronchiolar epithelial cells. Individual epithelial cells in the smaller
airways appeared necrotic. Multinucleated epithelial cells were occa-
sionally observed.

Abundant viral antigen was detected by immunofluorescence in the
lungs of lambs inoculated with BRSV or with BRSV and P. haemolytica.
Positive fluorescence was observed in bronchial and bronchiolar epithe-
lium, within the cytoplasm of cells located in the alveolar and bron-
chiolar lumens and, to a lesser extent, within surface epithelial cells
of the nasal turbinates and trachea. Viral antigen was not detected in
alveolar epithelium. Immunofluorescence was most intense in pulmonary
samples obtained from lambs euthanatized earliest in the course of the
experiment. Maximal viral replication and intracellular antigen accumu-

lation apparently occurs soon after viral infection.
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In conclusion, infection of colostrum-deprived lambs with BRSV and
Pasteurella haemolytica resulted in severe, acute respiratory disease.
The clinical and pathological severity reflects a synergistic relation-
ship between these agents. The exact mechanism by which BRSV potentiates
P. haemolytica infection in the lungs of lambs, however, remains specula-
tive. Destruction of bronchial and bronchiolar epithelium by BRSV pro-
bably permits Pasteurella infections to become firmly established within
the lungs. Diminution of pulmonary defense mechanisms by BRSV infection
may also serve to enhance the spread of Pasteurella throughout the pulmo-
nary parenchyma.

Although the previous study demonstrated severe pneumonia in co-
lostrum-deprived lambs following intratracheal administration of BRSV and
P. haemolytica (Al-Darraji et al., 1982a,b,c), researchers from the state
of Washington challenged the relevance of the experimental design and
therefore questioned the value of the derived results. Intratracheal ad-
ministration of respiratory tract pathogens to colostrum deprived animals
reflects little of what occurs under natural conditions. For these rea-
sons, a similar study was conducted in which investigators attempted to
carefully pattern experimental conditions after naturally-occurring di-
sease situations (Trigo et al., 1984b).

Thirty-eight conventionally-reared, 3-month-old Finn sheep, sero-
negative to BRSV, were secured for this study. Lambs were housed in
closed, self-contained pens with filtered air systems and regulated tem-
perature. Lambs were randomly assigned to seven different experimental
groups. Inoculation protocol varied among groups:

A (n=05) control

B (n=35) BRSV only
C (n=6) P. haemolytica only
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D (n=6) BRSV + P. haemolytica on PID 3
E (n = 6) BRSV + P. haemolytica on PID 6
F (n =5) P. haemolytica + BRSV on PID 3
G (n=235) BRSV + P. haemolytica, simultaneous administration

Lambs were inoculated by a combined aerosol/intranasal exposure. Twenty
milliliters of viral (isolate ATCC VR-794; titer = 106TCID50/m1)

and/or 20 ml of bacterial (P. haemolytica biotype A, serotype 1, ovine
origin; titer = 8x108 colony-forming units/ml) inocula were adminis-
tered. Clinical evaluations were recorded daily. Lambs were subse-
quently euthanatized between 3 and 12 days post-inoculation.

Mild respiratory tract disease (pyrexia, oculonasal discharge) was
observed in all the inoculated groups. Additional clinical signs (de-
pression, elevated respiratory rate) were noticed in lambs from Groups D
and E (BRSV + P. haemolytica).

Gross pulmonary lesions were observed only in groups exposed to
both BRSV and P. hgémglx;igg (3 of 6 lambs in Group D, 3 of 6 lambs in
Group E, 1 of 5 lambs in Group G). Macroscopic lesions consisted of
firm, red, well-demarcated regions of consolidation with a cranioventral
distribution. Gross pathology was estimated to involve between 5% to 15%
of the pulmonary surface. Histologically, the predominant lesion was a
suppurative bronchopneumonia.

BRSV and P. haemolytica were successfully recovered from nasal
secretions and pulmonary tissue of inoculated lambs. Immunofluorescence
studies demonstrated concentration of viral antigen within alveolar
cells, some alveolar macrophages, and a few bronchiolar epithelial cells.

In most lambs, seroconversion to the virus was not detected by the
serum-neutralization procedure because lambs were euthanatized before
peak antibody titers could develop. Of those groups receiving bacterial

inoculum, many lambs seroconverted to P. haemolytica. Antibodies against
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P. haemolytica were measured with the indirect hemagglutination test.
Low concentrations of antibodies to BRSV and P. haemolytica were also de-
tected in some lung lavage samples collected at postmortem. These low
titers of antibodies were present in both control and inoculated lambs,
indicating a possible explanation as to why all lambs receiving the
virus-bacteria treatment did not develop disease. The presence of neu-
tralizing antibodies in pulmonary secretions could inactivate the viral
and/or bacterial inoculum.

Alveolar macrophages were also recovered from lung lavage fluid
collected at necropsy. Latex phagocytosis and Fc receptor assays were
conducted to evaluate alveolar macrophage function. Decreased Fc recep-
tors and latex phagocytosis were detected in alveolar macrophages origi-
nating from Group E lambs (BRSV + P. haemolytica on PID 6).

Seemingly, BRSV does facilitate P. haemolytica pulmonary infec-
tion in conventional, immunocompetent lambs. Respiratory tract viruses
may predispose lambs to bacterial pneumonia by compromising pulmonary
antibacterial defenses. Depressed alveolar macrophage function was docu-

mented in this study.
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Numerous attempts at reproducing BRSV pneumonia have been con-
ducted in experimental calves and lambs during the past 10 to 15 years.
The majority of experimental efforts have recreated mild clinical di-
sease with minimal pulmonary lesions (Inaba et al, 1972; Smith et al.,
1975; Mohanty et al., 1975; Moteane et al., 1978; Castleman et al.,
1985a,b). Bryson (1982, 83) and McNulty (1983) had the greatest success
at inducing severe pneumonia and pathology in calves with BRSV. Before
many of the experimental studies are judged as failures, it is important
to realize that disease indices associated with natural BRSV outbreaks
also vary in intensity from mild to severe. Severe experimental disease
probably represents an appropriate integration of numerous variables in-
cluding host factors, experimental design, pathogenicity and passage
level of viral isolate, and concurrent pulmonary bacterial and viral
infections.

Calves are currently considered to be the most relevant animal
model for study of RSV infection (Thomas et al., 1984a; Stott and Taylor,
1985). Newborn bull calves represent an inexpensive and readily avail-
able source of experimental animals. Calves, along with humans, are both
natural hosts for RSV infections. Neutralization tests have demonstrated
antigenic similarities between HRSV and BRSV (Inaba et al., 1972: Smith
et al., 1975). Histological lesions and distribution of viral antigen in
experimentally-infected calves closely resemble the pattern seen in in-
fants with fatal RSV disease (Thomas and Stott, 1981; Bryson et al.,
1982, 83; McNulty et al., 1983; Thomas et gl., 1984a; Castleman et al.,
1985a). Finally, HRSV is capable of infecting calves under experimental

conditions (Jacobs and Edington, 1985; Thomas et gl., 1984b).
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The majority of experimental attempts to reproduce repiratory tract
disease with BRSV in calves have only resulted in mild clinical signs with
limited respiratory tract pathology. A recent investigation (Bryson et
al., 1982, 83; McNulty et al., 1983) was considerably more successful at
inducing severe disease and pathology in calves. However, the experimen-
tal animals used in this study consisted of colostrum-deprived calves less
than 7 days of age at the time of inoculation.

Most of these studies have failed to consider epidemiologic obser-
vations made from numerous field outbreaks in which BRSV pneumonia was
described as being a biphasic respiratory tract disease (Wellemans et al.,
1978; Bohlender et al., 1982; Frey, 1982; Baker et al., 1986b). In these
reports, BRSV infections resulted in two recognizable stages of disease.
An initial stage, featuring mild respiratory tract signs, was followed by
a second stage, which featured dyspnea and severe respiratory distress.

As a result of these observations, BRSV pneumonia has been hypothesized,
but not proven, to be attributable to a hypersensitivity reaction or to
the development of a persistent infection culminating in a hypersensitiv-
ity reaction (Bohlender et al., 1982; Frey, 1982; Frey, 1983). If the di-
sease truly is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>