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IMMUNO-PATHOGENESIS OF BOVINE RESPIRATORY SYNCYTIAL VIRUS INFECTION IN
LAMBS
by
R. sharma
Abstract

Conventionally-reared lambs experimentally infected with bovine RSV
developed mild clinical disease but relatively severe lung pathology.
The virus was isolated from 9 of 30 lambs in the nasal swabs obtained 1-
9 days post-inoculation (PI) but all lambs sacrificed 3-11 days PI had
virus in their lungs and tracheas.

rimental infection with bovine RSV was characterized by a
significant rise in CD8+ (cytotoxic/suppressor) T cells and a
significant reduction in CD4+ (helper) T cells, B cells (LCA p220+) and
CD4-CD8- T cells (P <0.05). After reinfection, reductions occurred in
CD4+ T cells and CD4-CD8- T cells (P<0.01) but not in B and CD8+ T cells
(P<0.05). Lung lavage fluids obtained from lambs infected with bovine
RSV 5-8 days PI had reduced proportions of CD4+ T lymphocytes (P <0.05)
and increased proportions of CD8+ T lymphocytes (P <0.001).

Experimentally infected lambs developed virus neutralizing
antibodies as early as 6 days PI with peak titres 14-21 days PI.
Analysis of class-specific antibody responses revealed that virus-
specific IgM and IgA antibodies appeared simultaneously in the serum as
early as 6 days PI followed by IgG antibodies 10 days PI. Virus specific
IgG titres overtook IgM titres 21 days PI. The initlal detection of
virus-specific IgA was followed by a significant reduction (P <0.01) 10
days PI and a secondary rise 14 days PI. Secretory antibody response in
the respiratory tract of bovine RSV-infected lambs was characterized by
the predominant appearance of virus-specific IgA antibodies in nasal
secretions and lung lavage fluids 7-8 days PI. Virus-specific IgM and
IgG were detected in lung lavage fluids and nasal secretions obtained
12-16 days PI.

Lambs experimentally infected with bovine RSV developed virus-
specific, predominantly CD8+, cytotoxic lymphocytes in the peripheral
blood and spleen which lysed bovine RSV infected, but not uninfected,
lamb testis cells as early as 5 days PI. Primary infection did not
elicit detectable virus-specific lymphocyte transformation (LT)
responses but significant virus-specific LT responses were detected
after reinfection (P<0.01).

The possible predisposing effects of bovine RSV to bacterial
superinfection were investigated by exposing bovine RSV-infected lambs
to P. haemolytica. Lambs infected with bovine RSV and P. haemolytica had
significantly higher disease scores, higher magnitudes of fever, severe
pathological lesions, higher rate of nasal colonization, and higher
mortality rates than those infected with bovine RSV or with P.
haemolytica alone. Increased <usceptibility to P. haemolytica
superinfection was not associated with macrophage dysfunctions because
exposure of alveolar macrophages (AM) to bovine RSV did not influence
the antigen presenting capacity of AM. However, increased susceptibility
coincided with reductions in B cells and CD4+ T cells, and with reduced
LT responses to PHA. Mononuclear cells obtained from the peripheral
blood or lungs of lambs experimentally infected with bovine RSV were
more susceptible to P. haemolytica cytotoxin than those obtained from
control lambs (P<0.05). There was no difference between the titres of
cytotoxin neutralizing antibodies in lambs infected with bovine RSV and
P. haemolytica and those infected with P, haemolytica alone but virus
neutralizing antibody titres were lower in lambs infected with bovine
RSV and P. haemolytica than in lambs infected with bovine RSV alone.

v
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CHAPTER 1

INTRODUCTION

Bovine respiratory syncytial virus (RSV) is the most important viral
cause of respiratory diseases in calves (Holzhauer, 1978; Stott et al.,
1980; Verhoeff, 1983). Bovine RSV has been associated with epidemics of
acute respiratory diseases in Japan (Inaba et al., 1970a,b), Hungary
(Koves and Bartha, 1975), Belgium (Wellemans and Leunen, 1975), the
Netherlands (Holzhauer and Van Nieuwstadt, 1976), Northern Ireland
(Bryson et al., 1978a,b), Morocco (Mahin and Wellemans, 1982) and Norway
(Baker and Frey, 1985). Acute respiratory diseases due to bovine RSV
have also been reported in the United Kingdom (Stott et al., 1978; Pirie
et al., 1981) and the USA (Bohlender et al., 1982; Frey, 1983).

The possible existence of RSV in cattle was first suspected in 1968,
after Doggett et al. (1968) demonstrated an inhibitory substance to
human RSV in bovine serum. Two years later, Paccaud and Jacquier (1970)
isolated bovine RSV from cattle with respiratory disease in Switzerland.
After subsequent structural and biological studies, bovine RSV is now
regarded as one of the strains of RSV (Paccaud and Jacquier, 1970; Ito
et al., 1973; Cash et al., 1977).

The purpose of this chapter is to review the epidemiclogy and
pathogenesis of bovine RSV infection with a brief account of the general
properties of the virus. The chapter is divided into five sections.
Section one describes the general properties of bovine RSV. Section two

and three cover the epidemiology and clinical disease of bovine RSV



infection. Section four discusses the pathogenesis of the bovine RSV

infection. Section five describes the aims of the thesis.

1.1. GENERAL PROPERTIES OF BOVINE RESPIRATORY SYNCYTIAL VIRUS

1.1.1. Taxonomy

The structure and mode of maturation of bovine RSV were found to be
similar to those of human RSV (Ito et al., 1973). Both viruses were also
shown to share common antigens (Paccaud and Jacquier, 1970; Smith et
al., 1975). These two viruses and a morphological similar but
antigenically different virus, pneumonia virus of mice, now constitute
the genus pneumovirus of the family Paramyxoviridae (Fenner, 1976
Kingsbury et al., 1978). General characteristics of the family
Paramyxoviridae have been summarized by Kingsbury et al. (1978) and
Matthews (1982). The viruses belonging to the family Paramyxoviridae
have a large, pleomorphic enveloped virion 150-300 nm in diameter, with
a helical nucleocapsid. Their genome consist of a single linear molecule
of negative sense RNA (18-20 Kb). The envelope contains two
glycoproteins: a haemagglutinin and a fusion protein. The replication of
viruses occurs in the cytoplasm.

Unlike paramyxoviruses, pneumoviruses do not have neuraminidase and
haemagglutinin. They differ from paramyxoviruses and morbilliviruses in
certain dimensions of the surface projections and the diameter of the

nucleocapsid of the virion (Stott and Taylor, 1985).



1.1.2. Structure of the virus

Several workers established that the morphology of bovine RSV is
typical of the genus pneumovirus (Ito et al., 1973; Al-Darraji et al.,
1982c; Belanger et al., 1988).

In negatively stained preparations, bovine RSV appears as an
enveloped and highly pleomorphic virus but, on an average, virus covered
with spikes measures 200 nm in diameter. In an intact virus the only
visible structure is the outer 7-15 nm thick membrane covered with
projections. These 7-19 nm long projections appear as club shaped.
Disrupted virus particles reveal an internal structure consisting of
mostly short "herring bone"-like strands with a diameter of 11-15 nm at
reqular periodicity of about 7 nm. The helix consists of of a single-
stranded RNA with a diameter of about 4-5 nm (Ito et al., 1973).

In ultrathin sections, mainly filamentous forms budding from the
cytoplasmic membrane of infected cells are observed (Ito et al., 1973;
Belanger et al., 1988). These filamentous forms have variable length but
relatively constant diameter (100-130 nm). Some sections may show
distant dots with a diameter of 11-15 nm. These dots represent the
internal arrangement of the nucleocapsid in the cross sections of
filament forms (Ito et al., 1973; Al-Darraji et al., 1982c; Belanger et
al., 1988).

Recently, Belanger et al. (1988) demonstrated the presence of well
defined bridges between virus particles in ultra thin sections of Vero
cells, continuous ovine kidney cell line and primary bovine kidney cells
infected with bovine RSV. These inter-particle bridges appear to be
specific to bovine RSV as there were no inter-particle bridges in cells

infected with human RSV.



1.1.3. Physicochemical properties of the virus

Bovine respiratory syncytial virus has a density of 1.23 g/ml in
CsCl. (Inaba et al., 1973; Ito et al., 1973). It is sensitive to low pH,
ether, chloroform, deoxycholate and 0.25 per cent trypsin. Infectivity
is destroyed by heating at 56°C for 30 minutes (Inaba et al., 1970b,
1973; Paccaud and Jacquier, 1970). The virus does not have
haemadsorption and haemagglutination properties (Mohanty et al., 1978;
Woods, 1974). It is stable at -80°C for many months (Inaba et al., 1973)

and resistant to cycles of freezing and thawing.

1.1.4. Viral polypeptides

Very little is known about the viral proteins of bovine RSV but the
viral proteins of human RSV are the subject of extensive research. Cash
et al. (1977) and Kimman (1989) analysed the viral polypeptides of
bovine RSV. They identified 8 viral polypeptides in bovine RSV. The
numbers and molecular weights of polypeptides were similar to that of
human RSV. There were only minor differences in molecular weight of VP48
and VP10 (Cash et al., 1977). Three of the polypeptides with molecular
weight 87K (G), 46K (Fl) and 24K (F2) were glycocylated and five of the
polypeptides with molecular weight 200K (L), 41K (N), 35K (P), 27K (M),
22K (correspond to 22K envelope protein of human RSV) and <14K were non
glycocylated (Kimman, 1989).

So far, seven structural polypeptides and three small non-
structural gene products have been identified in human RSV and infected
cells (Wunner and Pringle, 1976; Levine, 1977; Peebles and Levine, 1979;
Cash et al., 1979; Ubea, 1980; Lambert et al., 1988). Three proteins,
the nucleocapsid (N) protein, the phospho- (P) protein and the large (L)



protein are associated with nucleocapsid and four proteins, the matrix
(M) protein, the 22K protein, the large glyco- (G) protein and the
fusion (F) glycoprotein are associated with the membrane. Human RSV also
codes for two non-structural proteins of molecular weight 11000 (1B) and
14000 (1C), and an additional protein (1A) with molecular weight of 9500
(Huang et al., 1985).

Monoclonal antibodies to F protein inhibit cell fusion (Walsh and
Hruska, 1983) and the large G protein acts as an attachment protein of
the virus (Fernie and Gerin, 1982; Walsh et al., 1984; Levine et al.,
1987). The largest protein 'L' protein (160,000-200,000) probably
represents RNA polymerase of the virion (Cash et al., 1977; Peebles and
Levine, 1979).

1.1.5. Viral nucleic acids

Bovine RSV contains a single stranded negative sense RNA but no
genetic mapping of viral genome has been carried out. There is some
information on the viral genome of human RSV. The viral RNA has a
sedimentation value of 508 and a molecular weight of approximately 5.9 x
10% daltons (Huang and Wertz, 1982; Stott and Taylor, 1985). It has been
transcribed in vivo to generate subgenomic polyadenylated [poly(A)*]
transcripts (Lambert et al., 1980; Huang and Wertz, 1982, 1983).

Cells infected with human RSV contain 10 different viral mRNAs. The
amino acid sequences of these mRNAs have been deduced from the DNA
sequences of recombinant plasmids (Elango and Venkatesan, 1983; Collins
and Wertz, 1983; Satake and Venkatesan, 1984; Collins et al., 1984). The
mRNAs vary in molecular weight from 0.24 x 10 to 2.5 x 10° daltons.

Each of the 10 mRNAs encodes a single polypeptide chain. The coding



assignments of each mRNAs are given in Table 1.1.

Table 1.1. Messenger RNAs of human RSV and their polypeptide products
(Collins et al., 1984).

mMRNA Molecular weight Polypeptide coded
(x 10° daltons)

la 0.24 9.5 K protein

1b 0.26 11 K protein

1c 0.26 24 K protein

2a 0.38 34 K phospho (P)
protein

2b 0.39 36 K protein

3a 0.40 26 K matrix (M)
protein

3b 0.40 24 K

4 0.47 42 K nucleocapsid (N)
protein

5 0.74 59 K protein

7 2.50 200 K large protein



1.1.6. Virus replication

The site and mode of maturation of bovine RSV is reported to be
similar to that of human RSV (Ito et al., 1973) but the mechanisms of
adsorption, penetration and viral synthesis of bovine RSV are not known.

Several workers studied the kinetics of replication of human RSV in
monkey and human cells (Bennett and Hamre, 1962; Levine and Hamilton,
1969; Richman and Tauraso, 1971). It appears that human RSV attaches to
susceptible cells through the large glycoprotein (G protein) but
specific cell receptors have not been identified (Walsh et al., 1984;
Levine et al., 1987). At 37°C approximately 60-90 per cent of virus
adsorb to susceptible cells in the first 30 minutes but complete
adsorption requires up to 10-12 hours (Levine and Hamilton, 1969). The
process of penetration is completed 45 minutes after adsorption.

Replication of the virus occurs in the cytoplasm (Wunner et al.,
1975; Lambert et al., 1980). A single virus production cycle includes a
latent (eclipse) period of 10-12 hours. This cycle is completed within
20-30 hours and yields 45-150 plaque forming unit (PFU) virus per cell
but over 90 per cent virus remain cell associated.

Viral RNA synthesis occurs 5 hours after infection and decreases 15
to 18 hours after infection. The infected cells contain 11 species of
viral RNA (Collins et al., 1984). The largest RNA contains both positive
and negative strands. The positive strand appears to be a template for
replicating the negative strand genome (Huang and Wertz, 1982). The
remaining 10 RNAs are polyadenylated and represent viral mRNAs (Huang
and Wertz, 1982; Collins et al., 1984).

Protein synthesis occurs throughout the growth cycle and infected
cells contain 9 viral proteins (Stott and Taylor, 1985). Lambert et al.



(1988) showed that N protein was detected 2 hours after infection but
VP-24, P, M and F proteins were first detected 4 to 6 hours after
infection. Synthesis of G proteins occurs 6 hours after infection and
reach peak levels 10 hours after infection. Virus-specific P, M and VP-
24 proteins are phosphorylated in the infected cells. The virions mature
by budding from the specific areas of the cytoplasmic membrane studded
with 12 nm long projections (Levine and Hamilton, 1969; Stott and
Taylor, 1985; Ito et al., 1973).

1.1.7. Antigenicity

There is no evidence of antigenic variation among different isolates
of bovine RSV. Jacobs and Edington (1975) compared 3 isolates of bovine
RSV by the cross neutralization test using antisera prepared in guinea
pigs. They found no antigenic differences among the three isolates of
bovine RSV. Cash et al. (1977) showed that the polypeptides of two
bovine RSV strains, BRS-127 and BRS-4642, isolated at the AFRC Institute
for Research on Animal Diseases, Compton, 3 years apart were identical.
In contrast, human RSV strains are divided into two antigenic subgroups,
A and B, based on their reactivity to a panel of monoclonal antibodies
(Mufson et al., 1985). The large glycoprotein (G) is believed to be
responsible for the antigenic differences of the two subgroups (Johnson
et al., 1987).

Bovine RSV is antigenically related to human RSV (Paccaud and
Jacquier, 1970; Smith et al., 1975; Mohanty et al., 1976; Stott and
Taylor, 1985), but the large glycoproteins (G protein) of the two
viruses are different. Thirteen monoclonal antibodies (Mab) to 4

different epitopes on the F protein of human RSV react with both human
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