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ABSTRACT

An experiment was designed to evaluate
the clinical, haematological, viral and
serological aspects of bovine respiratory
syncytial virus infection in calves. Eleven
calves were inoculated intranasally with
bovine respiratory syncytial virus (Que-
bec strain) in aerosol. Clinical, haema-
tological and serological responses of the
calves and virus shedding were monitored.
The experimentally infected animals

manifested moderate to severe signs of
respiratory disease. The parameters used
to evaluate the severity of the disease in-
cluded ocular discharge, conjunctivitis,
lung sounds, nasal discharge, pyrexia and
leukopenia. The animals were scored ac-
cordingly (scale infected 70.8-14.8.5, con-
trol 22-29.3). Highest disease scores were
observed between day 6-9 after infection.
Virological and serological assessment
demonstrated that the observed clinical
picture was due to bovine respiratory syn-
cytial virus infection.

RESUME

Cette experience consistait a etudier
les aspects cliniques, hematologiques, vi-
rologiques et serologiques de l'infection
de veaux par le virus syncytial respira-
toire bovin. Les auteurs en inoculerent
a cette fin 11, au moyen d'aerosols d'une
souche quebecoise de ce virus. Ils veri-
fierent ensuite les reactions cliniques,
hematologiques et serologiques, ainsi que
l'excretion de virus.
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Certains veaux experimentaux mani-
festerent des signes respiratoires mode-
res et d'autres, des signes plus marques.
Les parametres qui servirent a determi-
ner la gravite de l'infection incluaient:
l'ecoulement oculaire, la conjonctivite,
les rales pulmonaires, 1'ecoulement nasal,
I'hyperthermie et la leucopenie. D'apres
l'echelle de ces criteres, les veaux expe-
rimentaux se situaient entre 70,8 et 148,5,
tandis que les temoins se situaient entre
22 et 29,3. La maladie atteignit un som-
met, de six a neuf jours apres l'infection.
Les epreuves virologiques et serologiques
demontrerent que les signes cliniques
manifestes par les veaux experimentaux
resultaient d'une infection par le virus
syncytial respiratoire bovin.

INTRODUCTION

A new agent designated bovinie respira-
tory syncytial virus (BRSV) was isolated
from the respiratory tract of cattle in
association with a respiratory disease by
Inaba et al (7). Evidence of this associa-
tion was supported by the demonstration
of antibody against human respiratory
syncytial virus (HRSV) in bovine seruIm,
suggesting that a virus antigenically sim-
ilar to HRSV was present in cattle. Since
this early work, serological detection and
isolation of the BRSV from the respiratory
tract during epizootic outbreaks of res-
piratory disease have been reported (7, 8,
11, 14, 17, 18, 20).
Although this virus represents a possible

etiological agent involved in the pathogene-
sis of the respiratory disease complex. the
intensity and the onset of the clinical
signs reported have been largely contradic-
tory (10, 15, 21). Inaba et al (7) demon-
strated a severe disease in a natural infec-
tion with mortality of 0.025, an(d
Wellemans and Leunen (21) reported an
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influenza like disease with sudden mortality
due to acute pulmonary emphysema. OIn the
other hand Smith et al (18) did not obser-
ve any mortality in an experimental study
of the BRSV infection.
Thomas et al (19) suggested that discre-

pancies between the findings were probabl,
due to the method of computing the clinical
signs. They suggested a method of disease
assessment and used it to evaluate the
clinical response of calves infected with
bovine parainfluenza type 3 (P13) virus or
with a combination of BRSV and bovine
viral diarrhea virus (BVD).

This experiment was designed to evaluate
the clinical, haematological, viral and
serological response of calves infected with
a BRSV (designated Q-1).

MATERIALS AND METHODS

CELL CULTURES

Primary bovine fetal skini cells (BFS)
aind Madin Darby bovine kidney cell line
(MDBK) were grown in Eagle's minimum
essential medium with Earle's base
(EMEM) containing 10Ce fetal calf serum
(FCS )l and were maintained in EMEM
with 5c horse serum'. To both media
100 IU/mL penicillin and 100 ,ug/mLI
streptomycin were added.

VIRUS CHARACTERIZATION

Bovine respiratory syncytial virus (Q-l)
was isolated from the nasal secretion of a
Holstein calf on BFS cell cultures as de-
scribed under virus isolation. The stock
virus at the third passage was produced in
BFS cell cultures. The type of nucleic acid,
chloroform and pH sensitivities of the virus
were determined according to Feldman and
Wang (2) and Hamparian et al (4). Hem-
adsorption test was conducted as described
(5) using bovine erythrocytes.

Final identification of the isolated virus
was made by electron microscopic (EM)
examination of negatively stained tissue
culture fluid (12) and by the indirect fluor-
escent antibody test (FA) using a BRSV
(FSL-1 strain) antiserum as described

'Grand Island Biological Company, Grand Is-
land, N.Y.

under serology. The specificity of BRSV
antiserum was determined in a preliminary
study which showed that this serum was
not able to inhibit the cytopathic effect
(CPE) of BVD or infectious bovine rhino-
tracheitis virus (IBR) in the neutralization
test.

ANIMALS

Fourteen one to five week ol0( Holstein
calves were used in this experiment. These
calves were free of IBR, BVD, P13, BRSV,
Reo and bovine adenovirus type 3 and of
antibodies to these viruses.

DESIGN OF EXPERIMENT

The calves were housed in eight separate
rooms, one or two calves per room. Eleven
calves in seven groups were each exposed
intranasally to 2 x 10' median tissue culture
doses (TCID,o,) of BRSV (Q-1) in 10 mL
of EMEM. The inoculum was delivered in
aerosol from a nebulizer adjusted to give
particle size of 0.5 to 3 ,im at 60c1 relative
humidity. Three control animals housed
separately were treated identically with
EMEM.
A daily clinical assessment was pel-

formed during the eight days preceeding
the experimental inoculation and twice a
day during the experimental period.
Examinations were made at approximately
the same time each day. Starting with con-
trols, the animals were examined in the
same order by the same people.

Clinical signs and their scores wvere
recorded for 20 days (eight pre and 12 post-
inoculation days). Clinical and haematol-
ogical scores were analysed as described
(19) with the exception that "wasting" was
replaced by "lung sounds", respiratory rate
was estimated for one minute and cough
wvas assessed by either external palpation
or by direct (observation duLring clinical
examination.

HAEMOTOLOGICAL INVESTIGATION

Blood samples were taken in hepariinized
vacutainer tubes at three day intervals for
haematological studies. Erythrocyte, leuko-
cyte, hematocrit, haemoglobin and mean
cell values were studied as described (19).
Scores for each haematological parameter
were calculated for 12 days after inocula-
tion and statistically analysed.
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VIRUS ISOLATION

Nasal secretion from control an(d infec-
ted calves were collected one day before
infection and then each day after infectiotn,
starting with the second day and continu-
ing up to the 12th day. Within two hours
of collection, the samples were diluted 1:4
in Hank's balanced salt solutioni (HBSS)
containing 1000 IU/mL penicillin, 1000 Mig/
mL streptomycin and 2 ,ig/mL fungizone.
The obtained suspensions were centrifuged
at 600 g for 10 min, after which 0.5 mL
of the supernatant was absorbed for one
hour on each of four monolayer ttube
cultures of BFS cells. The remaining
portions of the supernatant were stored
in liqtuid nitrogen for titration. The
cell cultures were washed with EMEM sup-
plemented with 2%e horse serum, 100 IU/mL
penicillin, and 100 jig/mL streptomycin,
and incubated in the meditum at 37°C for
seven days. Cell cultures were examined
each day for the presence of cytopathic
effect (CPE). Negative culltures were pnis-
saged twice in FBS cells.

VIRUS TITRATION

Positive nasal secretion samples were
titrated in BFS cells on Labtek chamber
slides as described (1). The culttures were
stained by haematoxylin and eosin and
examined for CPE. Detection of virus by
its CPE in stained cell cultures was much
more sensitive than detection of the virus
in unstained cultures. The infectivity titer
of the sample was expressed in log,o
TCIDo0/1 mL and was calculated using the
Spearman-Kaerber procedure.

SEROLOGY

All sera were heat inactivated at 560C
for 30 min before use. Antibody titer to
1BR virus (Cooper strain), BVD viruLs
(NADC-36) and bovine adenovirus type 3
(BAV-3) (WBR-1 straini) were determined
using neutralization test (6) performed
in microtiter plates. All serum samples were
tested in triplicates using twofold dilutions
with 0.05 mL of 100 TCID50 of the virus
added to an equal volume of the serum. The
mixtures were incubated in the microtiter
plates for one hour at room temperature.
Madin Darby bovine kidney or BFS cells
were prepared in EMEM, to contain 160,000
cells per mL. To each well, 0.1 mL of the

cell suspension was added and the plates
were incubated at 370C in a CO2 incubator.
The results were read after five (lays or
three days for BVD.

Antibody to bovine parainfltuenza type
3 (PI-3) were detected by the haemagglu-
tination inhibition test in microtiter plates
using a 0.5Y%, suspension of bovine erythro-
cytes in saline and four haemagglutinating
units of PI-3 antigen (6).
To demonstrate the presence of anti-

bodies to BRSV, 50C4 confluent monolayer
cells of bovine fetal skin were used. The
cells were grown on Labtek slides in EMEM
supplemented with 5%' horse serum and
infected with the FSL-strain of BRSV, each
vell receiving 10' TCID.5.,. After 35 h in-
cubation at 37°C in a CO2 incubator, the
infected cultures were rinsed in phosphate
buffered saline (PBS) and fixed in acetone
for 10 min. The fixed slides were stored at
-70°C until used. The indirect fluorescent
antibody test was carried otut on the slides
according to Potgieter and Aldridge (13).
Briefly the infected cells were covered wvith
serum and incubated for 30 min at 37°C
in a moist chamber. After washing three
times for 20 min, the slides were rinsed
briefly in distilled water and allowed to dry
at room temperature. The infected cells
were covered with fluorescein conjugated
rabbit antibovine immunoglobulin'2 diluted
1:64 in PBS, and incubated and washed
as before. Cover slips were mounted and
the preparations were examined with a
fluorescent microscope. The fluorescence in
BRSV infected cells appears as a granular
cytoplasmic fluorescence. Controls included
BRSV infected and noninfected cells treated
with fetal calf serum and specific antisera
to IBR and BVD viruses.
The reovirus antibody was determined by

complement fixation (CF) test in micro-
titer plates (16) using reovirus group spe-
cific antigen:.

RESU LTS

VIRIJS CHARACTERIZATION

Bovine fetal skin cells infected with

2Miles Laboratories, Elkhart, Indiana.

3Microbiological Associates, Bethesda, Mary-
land.
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BRSV (Q-1) did not hemadsorb bovine red
blood cells. The virus was sensitive to lipid
solvent, labile at low pH, sensitive to heat
and considered to be a ribonucleic acid con-
taining virus. Delicate fluorescent granular
networks were observed in the cytoplasm of
the BFS cell culture infected with Q-1 or
SFI-1 strains of BRSV when stained with
BRSV antiserum (SFI-1). No fluorescence
was observed when BVD antiserum or
negative bovine serum were used.

Highly pleomorphic virions with spike
projections were observed in the EM. Free
nucleocapsids were seen as flexible filamen-
tous loosely arranged helices with ulsual dia-
meter of 15 nm.

CLINICAL ASSESSMENT

Disease scores from infected animals
varied from 70.5 to 148.5 (Table I). The
response was classified as moderate in two
animals (< 100) and severe in. the other
nine animals (> 100), particularly for the
period from six to nine days postinfection.
The disease scores for controls were always
subclinical (< 30) during the experiment.
Nasal discharge, conjunctivitis and ocular
discharge appeared by day 3, persisted to
day 9, and decreased to about normal by
day 12.
A significant difference in overall mean

temperature (P < 0.01) (Fig. 1) was ob-
served between the control and the infected
calves. The infected calves showed a tempe-
rature increase on day 2 which persisted
until day 6, thereafter the temperature
gradually decreased.

TABLE I. Disease Scores of Control and BRSV
(Q-1) Infected Calves

Pen Animal Calf Disease
number state number scores'

1 Infected 1 101.4
2 121.9

2 Infected 3 143.2
4 148.5

3 Infected 5 119.9
4 Infected 6 90.9

7 70.5
5 Infected 8 108.1

9 107.4
6 Infected 10 101.1

11 109.1
7 Control 12 22.0

13 29.3
8 Control 14 25.2

-Subclinical < 30
Moderate 51-100
Severe < 100

40.0-

39.5

S 39.0-

z

2 38. 5

a

Infected calves
Non infected calves .

Pre inoculation mean

I
1

,11 \ .* \I
- _,

2 3 4 5 6 7 8 9 10 i 12

DAYS AFTER INOCULATION

Fig. 1. Mean temperature of calves infected
with BRSV (Q-1) compared to that of nonin-
fected controls (standard deviation = 0.07).

The haematological parameters studied in
the experiment demonstrated significant
differences between control and infected
calves. The leukocyte count (Table II),
decreased on day 3 in the infected calves
and remained low for seven days.

VIRUS RECOVERY

Virus recovery and titers from experi-
mentally infected and control calves are
given in Table III. Generally the inoculated
calves shed BRSV in their nasal secretion
from one to 12 days postinoculation with
the highest virus titers detected between
day 4 to 6.

SEROLOGICAL RESPONSE

Bovine respiratory syncytial virus aniti-
body titers, as determined by the indirect
fluorescent antibody technique are shown
in Table III. The infected calves began to
respond serologically to BRSV at six days
postinoculation. The highest antibody titer
was 1:128. The control calves were sero-
negative for the BRSV throughout the
experiment.

DISCUSSION

In previous studies, BRSV produced mild
to severe clinical signs of respiratory dis-
ease in experimental or natural infection
(7, 15, 18, 21). In this experiment BRSV
(Q-1) produced a severe respiratory syn-
drome in most infected calves.
The clinical signs observed in our experi-
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TABLE 11. Comparison of Average Haematological Values
Infected Calves

in Control and BRSV (Q-1) Virus

Animal Haematological Preinoc.a Postinoc. Postinoc.
groups parameter mean mean S.D.

Erythrocytes
(x 106)

Leukocytes
(x 10'1)

Mean cell values
(Cu")

Hematocrit
( .)

Noninfected Haemoglobin
Infected (g/100 mL)
aPreincculation mean of the 14 calves
'Signiticant difference P < 0.05

7.77

8.98"

41.81

33.12"

10.48

TABLE III. Virus Titers and
BRSV (Q-1)

Serum Antibody Response in Calves Experimentally Infected with

Days postinoculation

Number State

I Infected
2) Infected
3 Infected
4 Infected
5 Infected
6 Infected
7 Infected
8 Infected
9 Infected
10 Infected
11 Infected
12 Control
13 Control
14 Control

"Logn, TCID51,/1 mL

Virus titersa FA titers

1 4 6 9 12 1 4 6 9 12

0.5 1.5 2.2 1.5 0.5 - 16 128 128
2-.0 2.0 1.0 - - 4 16 16

1.0 3.8 0.0 4 16 16
0.5 1.5 0.5 8 32 64

2.0 3.5 4.0 2.0 - 4 64 64
0.5 1.0 0.5 - - - - 8 32 64
1.5 - 1.3 - 16 128 32
1.5 1.0 3.5 3.2 1.0 4 16 39
0.5 0.5 2.0 2.3 -- - 32 32 16
-- 1.0 3.2 1.0 0.5 - 8 16 32

0.5 2.3 1.8 1.0 -- 4 16 64

ment agreed with previous reports that
pyrexia, leukopenia and nasal discharge
were important clinical signs of the disease
but failed to show that coughing or
anorexia were significant. Lung sounds,
conjunctivitis and ocular discharge have
not been previously reported.

Several workers have analyse(d statistic-
ally temperature, haematological values and
preinoculation clinical base lines of in-
dividual animals (3, 9, 19) without which
the significant variables in our studies
could not have been detected. The decision
to limit the period of disease monitoring to
12 days postinfection, was made on the
basis of the observation made by Thomas
et al (19) and Smith et al (18) who found

that the period of viral shedding coincided
with the period of disease response by the
animal. In our study, the highest disease
scores were observed between days 6-9 and
the highest virus titers were detected on

day 6 postinfection. However, the viruls
was detected in small to moderate quanti-
ties throughout the observation period in
most animals. The lower titers of virus
recovered from some calves (Table III)
could explain the moderate disease response
of these animals. Leukocytosis and higher
hematocrit observed in the noninfected
(controls) animals were due to a mild diar-
rhea which lasted for two days during the
experiment.

Recovery of BRSV and the presence of
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Noninfected
Infected

Noninfected
Infected

Noninfected
Infected

Noninfected
Infected

7.70
8.27

10.99"
7.56'

41.30
42.90

34.60"
30.40"

10.90
11.90

1.68

1..56

1.80

0.30

2.30



antibody against this virus confirmed that
the clinical signs observed were due to
BRSV (Q-1).
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