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Literal:

The caravan of life shall always pass

Beware that is fresh as sweet young grass

Let’s not worry about what tomorrow will amass
Fill my cup again, this night will pass, alas.

Meaning:

To be aware of each moment spent

Is to live in the now, and be present

Worry for morrow shalln’t make a dent
Caring for the now, your mind must be bent.

Fitzgerald:

One Moment in Annihilation's Waste,

One moment, of the Well of Life to taste-

The Stars are setting, and the Caravan

Starts for the dawn of Nothing-Oh, make haste!

Omar Khayyam Nishapouri

1048- 1123 CE
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Abstract

Bidokhti, M. R. M., 2007. A Study of Bovine Coronavirus (BCV) and Bovine
Respiratory Syncytial Virus (BRSV) Infections in Dairy Herds in Sweden. Master of Science
thesis.

Bovine coronavirus (BCV) and bovine respiratory syncytial virus (BRSV) infections are
spread in cattle herds worldwide. When introduced in to a susceptible herd, both infections
cause respiratory disease. BCV is also associated with diarrhea in both calves and adult cattle.

The purpose of this study was to investigate the seroprevalence of BCV and BRSV in dairy
cattle herds in an area of Sweden. Specific goals were to determine the immunity against these
infections in both conventional and organic dairy herds during two sampling occasions, and if
the prevalence of these infections in conventional herds differ from organic herds. The
influence of different risk factors for seropositivity was also investigated.

Around 700 serum samples, taken from 20 conventional and 20 organic dairy herds in south
eastern Sweden on two sampling occasions with one year interval, were tested by ELISA for
presence of antibodies to BCV and BRSV. On individual level, the seroprevalence at both
occasions varied between 82-86% to BCV and 79-82% BRSV. Analyzing the data on herd-
level revealed that the conventional herds had a significantly higher mean seroprevalence to
BCV and BRSV than the organic (P< 0.001). A significant association was found between age
and seroprevalence (P< 0.001). Cows younger than 5 years old in conventional herds had
significantly higher mean seroprevalence than the organic (P< 0.001). Only 30% of the
youngest cows in organic herds compared to 70% in conventional herds were positive to both
BCV and BRSV which increased up to 100% in the oldest cows. The mean absorbance value
in positive cows older than 5 years was significantly higher compared with those younger than
5 years (P<0.001). Higher mean titres of antibody in the oldest cows most likely make their
enriched colostrum a valuable tool in herds with neonatal infection problems.

This study suggests that organic management may be associated with a lower incidence of
BCV and BRSV infections compared with conventional management.

Key words: BCV; BRSV; Organic; Dairy herds; seroprevalence
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polymerase chain reaction
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Introduction

Bovine coronavirus (BCV) and also bovine respiratory syncytial virus (BRSV) are
viral infections that cause financial losses to the dairy industry all over the world
(Larsen, 2000; Saif, 2004). BCV causes both respiratory and enteric disease,
including calf diarrhea, winter dysentery in adults, and respiratory infections in
cattle of all ages. Epidemiological studies suggest that serum antibody correlates
with immunity (Saif, 2004). BRSV is a major cause of respiratory disease in
young cattle less than 6 months old and is frequently associated with severe
respiratory signs and sometimes death. The epidemiology of HRSV and BRSV
infections is very similar (Van der Poel et al., 1993; Valarcher & Taylor, 2007).
The disease may be observed in young individuals despite the presence of
maternal antibodies. Outbreaks usually occur in autumn and winter. Recurrent
infections in the same individuals are common (Elvander, 1996a; Larsen, 2000).
There are currently no effective vaccines available to prevent BCV and BRSV-
associated disease.

These two viruses frequently precede bacterial invasion of the lung which cause a
considerable consumption of antibiotics for the treatment. However, one of the
aims of organic production is to reduce the use of antibiotics. Furthermore,
animals treated with such restricted substances are subject to doubled withdrawal
periods before milk may be sold to the dairy. To be able to reduce use of
antibiotics it is important to keep the animals healthy by providing optimal care,
feed and housing. This study was initiated to increase the knowledge of BCV and
BRSYV infections in dairy herds of Sweden and to find the effects of management
on the prevalence of these infections in organic dairy herds in comparison with
conventional herds.

Aims of the Investigation

The general aim of this study was to increase the knowledge about BCV and
BRSYV infections in dairy cattle farms in Sweden.

The specific reasons were to investigate:

e The seroprevalence to these viruses in both conventional and organic
dairy herds during two sampling occasions.

e If there is a difference in the prevalence of these infections between
conventional and organic dairy herds.

o The influences of different risk factors for seropositivity, such as age,
stall type, and farm visitors.



Study of Literature

1. Bovine Coronavirus

1.1. The virus

Bovine coronavirus (BCV) belongs to the family Coronaviridae, order
Nidovirales (Van Regenmortel et al., 2000), and possesses a single-stranded, non-
segmented, positive sense RNA genome of 32 kb plus poly (A) tail in length (de
Vries et al., 1997). The enveloped viral particles are pleomorphic to spherical in
shape, helical in symmetry, varying in diameter with a mean of about 120 nm. Its
genome includes 13 open reading frames (ORFs) flanked by 5’ and 3’ untranslated
regions. Five major structural proteins are encoded within the genomic RNA:
spike (S) glycoprotein (ORF4), transmembrane (M) protein (ORF9), nucleocapsid
(N) protein (ORF10), hemagglutinin-esterase (HE) protein (ORF3), and small
membrane (E) protein (ORF8) (Clark, 1993; Chouljenko et al., 2001; Masters,
2006).

The HE glycoprotein, with 120-140 kDa in weight, has receptor binding and
detachment functions mediated by an acetylesterase (AE) which is a receptor
destroying enzyme (RDE). Its targets can be receptors of erythrocytes and
susceptible cells (Schultze et al., 1991).

The S glycoprotein also recognizes receptors on the surface of erythrocytes (de
Groot, 2006) and has been determined to be the major hemagglutinin of BCV
(Schultze et al., 1991). The variation in host range and tissue tropism of
coronaviruses is largely attributable to variations in the S glycoprotein. The S
glycoprotein facilitates viral attachment to susceptible cells and causes cell fusion.
It carries distinct functional domains near the amino (S1) and carboxy (S2) termini
(Gallagher & Buchmeier, 2001). The S1 subunit is peripheral and is associated
with receptor binding functions whereas the S2 subunit is a transmembrane protein
mediating fusion of viral and cellular membranes (Saeki, Ohtsuka & Taguchi,
1997). In addition, the S glycoprotein induces neutralizing antibodies. Although
S1 and S2 both contain several antigenic domains, S1 more efficiently elicits
monoclonal antibodies (MAbs) with higher neutralizing activity (Vautherot,
Laporte & Boireau, 1992; Popova & Zhang, 2002). The BCV HE protein alone is
not sufficient for BCV infection. The S protein but not the HE protein of BCV is
necessary and sufficient for infection of the virus in HRT-18 cells, suggesting that
BCV likely uses the S protein as a primary vehicle to infect permissive cells
(Popova & Zhang, 2002).

The BCV N protein is a 50-kd phosphoprotein that binds viral genomic RNA to
form the helical nucleocapsid. The N protein may play a role in replication of viral
RNA (Smith, Hogan & Hogue, 1998). The N protein of BCV shows significantly
higher overall amino acid sequence identity with the other coronaviruses in
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serogroup 2 than with the members of serogroups 1 and 3 (Lapps, Hogue & Brian,
1987).

Based on antigenic relationship and sequence similarity, coronaviruses are
classified into three groups. The best studied representative of group 1
coronaviruses is porcine transmissible gastroenteritis virus (TGEV). BCV belongs
to the group 2 coronaviruses. In this group, however, most information in
molecular terms is available for mouse hepatitis virus (MHV). The human
coronavirus associated with severe acute respiratory syndrome (SARSCoV) is
only distantly related to the other members of this family and has not yet been
classified. The third group within the Coronavirus genus is represented by avian
infectious bronchitis virus (IBV) (Weiss & Navas-Martin, 2005; Schwegmann-
Wessels & Herrler, 2006). The evolutionary relationships between BCV and
HCoV-0OC43 indicated relatively recent common ancestors for these species-
specific coronaviruses (Vijgen et al., 2006).

1.2. Epidemiology of BCV

Bovine coronavirus has been reported in many countries and is widespread with
high seroprevalence in adult dairy cattle (Clark, 1993; Paton et al., 1998; Vijgen et
al., 2006). At present the latest BCV reports are from Iran (Khalili & Morshedi,
2006), Cuba (Valle et al., 2006), Brazil (Jerez et al., 2005) and South Korea
(Jeong et al., 2005).

1.2.1. BCV in Scandinavia

The first report of winter dysentery in Sweden was published in 1951 (Hedstrom
& Isaksson, 1951) and BCV was reported for the first time in Sweden as the
causative agent of winter dysentery in a serological study of 9 dairy herds with
epizootic enteritis (Alenius et al., 1991).

In Sweden, a nationwide survey of antibodies in bulk tank milk from Swedish
dairy herds showed that 89% of the samples were antibody positive and half of
them had high levels of antibodies to BCV (COD> 0.7) (Travén, Bjornerot &
Larsson, 1999). 34% seropositivity and 50% seroconversion to BCV were found
in a study of dairy herds in south western Sweden (Hagglund et al., 2006). BCV
infections were also detected in all years, with a peak incidence in November, in a
six-year study of a bull testing station (Hagglund et al., 2007).

A serological investigation showed that BCV is a common pathogen in Finnish
cattle with respiratory problems (Hartel et al., 2004). In an etiological study of 40
Finnish dairy farms, 45% of herds were serologically positive. In 33% of studied
herds, BCV was detected in fecal samples using real-time PCR (Autio et al.,
2007).

In a pathobiological survey of lungs from 72 calves with respiratory problems
among 68 Danish herds, it was concluded that coronavirus seem to be of less
importance than BRSV associated with severe outbreaks of calf pneumonia in
Denmark (Tegtmeier et al., 1999).

11



Nucleotide sequence alignments of the first 624 bp amplified from the S gene in a
molecular epidemiological study of BCV showed a high degree of sequence
identity (96% to 100%) among field isolates from Denmark and Sweden,
indicating that these isolates were genetically similar to each other (Liu et al.,
2006).

1.2.2. Transmission of BCV

The fecal-oral route and aerosol-nasal route are the presumed methods of
transmission of BCV. Feces from clinical cases or clinically normal carriers is a
source of infection, and contamination of feed or drinking water (Heckert, Saif &
Myers, 1989; Travén, Bjornerot & Larsson, 1999; Radostits et al., 2007). Aerosol
is probably the major route of rapid within-herd spread of BCV causing the WD
outbreak (Travén, 2000).

1.3. Clinical manifestation of BCV

BCV was first reported by (Mebus et al., 1972; Mebus et al., 1973), and is now
associated with diarrhea in newborn calves (CD), winter dysentery (WD) in adult
dairy cattle and respiratory tract infections in calves and feedlot cattle (Saif et al.,
1991; Storz et al., 2000). BCV has tropism for both the intestinal and respiratory
tracts (Clark, 1993). The coronavirus strains causing WD in adult cattle have a
close antigenic and genetic relationship with those causing CD and small
differences detected have not been clearly linked to differences in host age
(Tsunemitsu & Saif, 1995; Gelinas et al., 2001).

1.3.1. Calf Diarrhea

BCV causes diarrhea in dairy calves worldwide, ranging in age from 1 day to 3
months but mostly between 1 and 2 weeks of age. CD is more common during the
winter months, which may reflect the high ability of the virus to survive in a cool,
moist environment. The virus replicates and destroys in mature enterocytes of the
small intestine and colon, resulting in a malabsorptive diarrhea (Quinn et al.,
2002).

1.3.2. Winter Dysentery

WD is a highly contagious disease which is most common in adult lactating dairy
cows. Young cattle may be affected but with only mild clinical signs. The disease
is most common in northern climates when the cattle are housed. After incubation
period of 3-7 days an outbreak of diarrhea affects the dairy cattle. There is a
marked drop in milk yield which lasts for up to 1 week, moderate fever, anorexia,
and loss of body condition. The feces are liquid with changing the color to dark
green or black. Nasal discharge may be observed. In most animals the duration is
short and in 2-3 days the consistency of feces returns to normal. Occasionally, the
disease becomes more severe; dehydration and weakness are apparent, and
dysentery with blood in feces occurs. The morbidity rate may be 30-50% within a
few days after the first case is observed, and up to 100% after a week. The case-
fatality rate is less than 1%. A typical outbreak may last for 1-2 weeks and in
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Sweden, commonly occur between November and January (Travén et al., 2001;
Radostits et al., 2007).

In mild epidemics of BCV, the maximum decrease in milk production ranges
around 10% and may last for 1-2 weeks, after which time milk production levels
are regained. In severe epidemics, this decrease in milk production may be around
30% and may last longer for up to 1 month (Radostits et al., 2007).

1.3.3. Respiratory infection

Although diarrhea is recognized as the main clinical feature of BCV infections,
BCV also causes respiratory tract infections in calves (Saif et al., 1986). BCV can
replicate in epithelium of the upper respiratory tract and clinical signs of
respiratory disease occur but are usually mild. Nasolacrimal discharge and cough
are often present. So called “respiratory BCV” strains have been isolated from
nasal swab samples or lungs of feedlot cattle with respiratory tract disease after
shipping (da Silva et al., 1999; Lathrop et al., 2000; Storz et al., 2000; Cho et al.,
2001). It is still unclear whether respiratory and enteric BCV isolates are
distinctive in biological, antigenic and genetic characteristics, whether these
isolates differ in their virulence and tropism for the respiratory and digestive tracts
(Gelinas et al., 2001; Hasoksuz et al., 2002b).

1.4. Risk factors of BCV Infection

Several risk factors for WD have been reported. Especially, stress factors, such as
dietary changes, parturition, close confinement, lactation, cold weather, and wide
fluctuations in temperature might play an important role in initiating the disease
(Campbell & Cookingham, 1978; White, Schukken & Tanksley, 1989; Smith et
al., 1998a). Large herds with a history of an outbreak in the previous years were at
increased risk of an outbreak (Radostits et al., 2007). Also, the immune status of
cows and mixed infections of BCV with other microorganisms might be
contributory factors to the disease (Quinn et al., 2002).

1.5. Laboratory diagnosis of BCV infections
1.5.1. Sampling

Nasal swab samples can be used for the detection of respiratory infection.
However, enteric BCV infections are generally diagnosed by examination of fecal
samples for the virus (Clark, 1993).

1.5.2. Detection of virus

Typically, corona virus particles can be demonstrated in fecal samples by direct
electron microscopy (EM) and immune EM (Saif et al., 1986; Heckert, Saif &
Myers, 1989). Isolation of virus in tissue culture is rarely used as a means of
diagnosis as BCV is difficult to isolate. However, BCV has been grown in tracheal
and gut organ cultures (Clark, 1993) and also in a large number of cell lines
including Human rectal tumour-18 (HRT-18), Vero (African green monkey
kidney), BEK-1 (Bovine embryonic kidney), D2BFS (Bovine fetal spleen), BEL
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(Bovine embryonic lung), Madin Darby bovine kidney (MDBK) and Madin Darby
canine kidney 1 (MDCK1) (Benfield & Saif, 1990; Tsunemitsu & Saif, 1995).
HRT-18 is the most sensitive lineage to be used in primary isolation, mainly in the
presence of trypsin (Benfield & Saif, 1990; Tsunemitsu et al., 1991). The
monolayers of Hamster lung-1 (HmLu-1) also show a high permissivity to BCV
(Jerez et al., 2005).

1.5.3. Detection of antibodies

Enzyme-linked immunosorbant assay (ELISA) is probably the most widely used
diagnostic test for BCV serological surveys as it can be applied for mass screening
and give reliable results quickly (Radostits et al., 2007).

Isotype-capture ELISA tests for BCV-specific IgA and IgM in milk and serum
have been developed and are useful for discriminating between primary infection
and reinfection (Smith et al., 1998b; Néslund et al., 2000).

1.5.4. Nucleic acid based detection methods

The 1-step RT-PCR and nested PCR assays are sensitive methods to detect BCV
in nasal and fecal specimens (Cho et al., 2001), although the risk of false negative
results in the clinical samples needs to be considered (Travén et al., 2006).
Molecular epidemiology of BCV infections can be investigated using PCR
amplification and sequencing of S1 subunit in fecal and nasal samples (Liu et al.,
2006). The region spanning amino acid residues 146-179 and 458— 531 of the S1
subunit has been identified as hyper variable regions (Rekik & Dea, 1994;
Hasoksuz et al., 2002b). Small genetic differences detected by molecular analysis
of the S1 subunit have not been clearly linked to differences in tissue tropism
(Hasoksuz et al., 2002b). Nested and semi-nested PCR (SN-PCR) of the N gene of
BCV have been developed to detect BCV in fecal and nasal samples as the N gene
is highly conserved among BCV strains (Hasoksuz et al., 2002a; Jeong et al.,
2005).

Real-time PCR can provide a sensitive method, which further reduces working
time and decreases the risk of contamination of samples (Boxus, Letellier &
Kerkhofs, 2005). Several different systems are available to detect amplicons in
real-time (e.g. TagMan®, molecular beacon, SYBR Green and Primer-Probe
energy transfer). Recently, a one-step real-time RT-PCR was developed based on
SYBR Green detection as a diagnostic method on a wide range of coronavirus
strains in clinical samples. The assay showed a high sensitivity and specificity for
coronaviruses from different animal species (Escutenaire et al., 2007).

1.6. Control of BCV

Protection against BCV diarrhea in the neonatal calf is dependent on the presence
of adequate levels of specific antibodies in the gut lumen which is passively
acquired from the dam via the colostrum and milk (Radostits et al., 2007). BCV
may be introduced to herds either by bought-in cattle or by indirect spread, by
humans (Liu et al., 2006). Because of the high contagiousness of BCV and the
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lack of completely effective control measures, every management effort must be
made to avoid the spread of infection on inanimate objects such as boots and
equipments between herds (Radostits et al., 2007).

Treatment is of doubtful value because affected dairy cattle usually recover
spontaneously in 24-36 hours. Occasionally dehydration will become severe and
the aim of treatment is to replace the loss of fluids and balanced electrolytes which
can otherwise lead to acidosis (Clark, 1993; Radostits et al., 2007).

1.7. Vaccination

The immune status of susceptible calves may be raised either by vaccination of
pregnant cows to increase the level of passively acquired immunity or by
vaccination of neonatal calves to stimulate active immunity (Clark, 1993).

Some preliminary studies have tested the potential of BCV vaccine to induce
serum antibodies. In a field study, 2-10-year-old cows injected twice
intramuscularly with a vaccine; prepared by solubilizing cells infected with bovine
coronavirus showed a high hemagglutination inhibition antibody titer which
persisted for several months. This confirms the safety and high antibody-response
induced by this prototype vaccine. Therefore, this vaccine may be useful for the
prevention of winter dysentery caused by bovine coronavirus infection (Takamura,
Matsumoto & Shimizu, 2002).

Intranasal vaccination with a modified-live vaccine against BCV in one
investigation also reduced the risk of treatment for bovine respiratory disease
(BRD) in calves entering a feedlot (Plummer et al., 2004).

2. Bovine Respiratory Syncytial Virus

2.1. The virus

Bovine respiratory syncytial virus (BRSV), like its human counterpart HRSV, is a
RNA virus classified in the Pneumovirus genus of the Paramyxoviridae family,
subfamily Pneumovirinae, order Mononegavirales (Van der Poel et al., 1994;
Pringle, 1996). Its helical nucleocapsid is located within the M-protein layer, and
includes the 13 to 15-kb single-stranded, negative sense, non-segmented RNA
genome (Van der Poel et al., 1994; Valarcher, Schelcher & Bourhy, 2000).
Virions are pleomorphic, typically spherical (diameters of 150 to 200 nm),
although filamentous particles of up to 400 nm in length have been described
(Belanger et al., 1988). The BRSV genome encodes at least 10 proteins which are
expressed by transcription of 10 mRNAs. They include two nonstructural proteins
(NS1 and NS2); four RNA-associated proteins to form the ribonucleoprotein
(RNP) complex, namely, the nucleoprotein N, the phosphoprotein P, the subunit L
of the RNA polymerase, and the membrane protein M; a transcription elongation
factor is also encoded by the M2 gene (Mallipeddi, Samal & Mohanty, 1990;
Samal et al., 1993); and three envelope-associated proteins, namely, the fusion
protein F, the attachment protein G, and the small hydrophobic protein SH. The
order of transcription is 3’ NS1 NS2 N P M SH G FO M2 L 5°. Viral polymerases
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are incorporated in the nucleocapsides and transcription as well as replication
takes place in the cytoplasm of the cell. Virus assembly and spread occur by
budding from the cell membrane, by fusion and by lysis of cells (Kingsbury,
1990). The major target cells for replication are epithelial cells in the respiratory
tract and pneumocytes (Viuff et al., 2002).

BRSV is a sensitive virus and extremely fragile, whereas below -50°C it remains
stable for several months (Smith, Lehmkuhl & Phillips, 1975). BRSV is most
closely related to the caprine RSV and ovine RSV, indicating inter-species
transmission (Grubbs, Kania & Potgieter, 2001a), and even BRSV has been shown
in wild ruminants like deer (Gaffuri et al., 2006).

The G glycoprotein of BRSV mediates attachment of the virus to cells and is
unique among Paramyxoviridae since it lacks both neuraminidase and
haemagglutinating activity (Levine, Klaiberfranco & Paradiso, 1987). Antigenic
variations in the major surface glycoprotein of the G attachment protein may have
important implications in pathogenesis of BRSV infections (Prozzi et al., 1997).
The use of G protein-specific MAb typing was an accurate method for
discriminating BRSV strains (Furze et al., 1994).

The F protein of BRSV is responsible for fusion of the viral and host cell
membranes and for syncytia formation between infected cells (Matheise et al.,
1995). The results of the genetic studies indicate that the F gene region of BRSV
is less variable than the G gene region (Lerch et al., 1991; Elvander et al., 1998).
Furin-mediated cleavage of the F protein was shown to result in the release of a
peptide that is converted into a biologically active tachykinin, called virokinin.
Recent studies suggest that virokinin secreted by BRSV-infected cells may cause
bronchoconstriction, since it induces smooth muscle contraction (Zimmer et al.,
2003; Valarcher et al., 2006).

BRSV exists as a single serotype and antibody cross reactivity occurs between
bovine, human, caprine and ovine RS viruses. According to reactions with MAbs,
BRSV has been divided into three antigenic subgroups (A, AB and B) (Furze et
al., 1994; Grubbs, Kania & Potgieter, 2001b).

2.2. Epidemiology of BRSV

BRSV appears to be spread worldwide (Baker, Ames & Markham, 1986; Van der
Poel et al., 1994; Almeida et al., 2005). The high prevalence of antibodies to
BRSV suggests that the infection is endemic in most areas (Baker, Ames &
Markham, 1986; Uttenthal, Jensen & Blom, 1996). Epidemiological studies have
shown a seasonal periodicity in BRSV and new infections occur most commonly
in autumn and winter (Ames, 1993; Van der Poel et al., 1993). It is not known
how the virus survives during interepidemic periods (Van der Poel et al., 1994).
The virus could persist and replicate in bovine B-lymphocyte cell of local lymph
nodes 6 months after BRSV infection. This may explain the viral circulation in the
herds and inapparent reinfection of adults (Valarcher et al., 2001).
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2.2.1. BRSV in Scandinavia

In Sweden, in the winter of 1988/89, epizootics of respiratory disease caused by
BRSV were diagnosed in dairy herds (Elvander, Alenius & Jacobsson, 1991).
Since then the respiratory infections due to BRSV occur annually in the country.
A nationwide study on bulk tank milk showed that 41-89% of herds were antibody
positive in 1990 in Sweden (n=2237) (Elvander, 1996a). In addition, a serological
survey in south western Sweden showed high seropositivity rate to BRSV among
dairy herds. The prevalence of BRSV was highest in areas with the highest
population of dairy cattle (Hagglund et al., 2006).

BRSYV is a common pathogen in Finnish cattle with respiratory problems (Hartel et
al., 2004). In an etiological study of 40 Finnish dairy herds, BRSV was detected in
10% of respiratory lavage samples using real-time PCR. Serological test showed a
seropositivity of 40% in studied herds (Autio et al., 2007).

BRSYV has also been demonstrated in Danish dairy herds, based on viral isolation
and serological surveys. The findings suggest that BRSV is an important causative
agent in calf respiratory disease in Denmark, even in very young calves (Uttenthal,
Jensen & Blom, 1996). Therefore, the disease causes substantial losses for the calf
rearing industry. Denmark experienced a major BRSV epidemic in 1999 (Larsen,
Tjornehoj & Viuff, 2000). Testing 50 Danish dairy herds (453 samples) for IgG1,
IgG2 and IgM showed that more than half of the samples had BRSV antibodies to
both IgGl and IgG2 isotypes indicating a high herd prevalence to BRSV
(Uttenthal et al., 2000).

The first epidemic respiratory disease associated with BRSV was reported in
Norway in 1976/77. Then only sporadic outbreaks occurred until 1995, when a
new outbreak of acute respiratory disease associated with BRSV occurred in many
cattle herds in central Norway. It was assumed that the infection was introduced
with beef cattle imported from Denmark (Norstrom, Pfeiffer & Jarp, 2000).

2.2.2. Transmission of BRSV

The main route for transmission of BRSV is thought to occur via direct contact
with respiratory secretions (Van der Poel et al., 1994; Easton, Domachowske &
Rosenberg, 2004). Also airborne transmission of BRSV has been confirmed
experimentally, whereas it is not the main route (Mars, Bruschke & Van Oirschot,
1999).

2.3. Clinical manifestation of BRSV

BRSV was first isolated from cattle with respiratory disease in Switzerland
(Paccaud & Jacquier, 1970), and now is undoubtedly an important cause of severe
respiratory disease in calves under six months of age and also associated with
BRD in yearlings and dairy cattle (Elvander, 1996a; Baker, Ellis & Clark, 1997;
Larsen, 2000). In Sweden, BRSV was demonstrated in nasal swab samples
collected in 1992 from dairy cows in the acute stage of the respiratory disease by a
nested PCR assay and culture (Elvander, 1996a).
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Similar to HRSV, BRSV results in seasonal infections among domestic cattle
herds with a short incubation period followed by symptoms from the respiratory
tract. Interestingly, and unlike HRSV infection, natural BRSV infection is often
accompanied by concomitant infection (Mannheimia haemolytica, Pasteurella
multocida, and Haemophilus somnus), resulting in what has been defined as BRD
complex (Easton, Domachowske & Rosenberg, 2004). Immune-mediated
mechanisms may play a role in the phathogenesis of BRSV infection as part of a
hypersensitivity reaction (Radostits et al., 2007). The virus causes rhinitis,
tracheitis, bronchitis, bronchiolitis, and mild interstitial pneumonia particularly
involving the cranio-ventral portions of the lungs combined with widespread
emphysema and edema throughout the consolidated lungs (Collins et al., 1988;
Baker, Ellis & Clark, 1997; Larsen, 2000). The BRSV-related pneumonia shows
formation of syncytial cells, hyperplasia of bronchial epithelium with loss of cilia,
and influx of neutrophils. In the alveoli, the virus infection results in necrosis of
type I pneumocytes and hypertrophy of type II pneumocytes (Tjornehoj et al.,
2003). In severe cases BRSV replicates in alveolar macrophages which are
important specific defence cells in the lower respiratory tract. These cells
produced significantly less nitric oxide (which has a bactericidal effect) than
uninfected macrophages (Schrijver, 1998).

The severe highly fatal form of the disease, also known as the “malignant form” or
the paroxystic respiratory distress syndrome (PRDS), is associated with extensive
pulmonary mast cell degranulation (Jolly, Detilleux & Desmecht, 2004). In acute
cases of BRSV infection, there is polypnea and dyspnea which in a few days
become worse with mouth-breathing, coughing, nasal secretion, anorexia and
emaciation. Loud abnormal breath and crackling sounds, due to consolidation and
emphysema, are audible over the anterior lobes of the lung (Elvander, 1996b;
Radostits et al., 2007). In large dairy herds, episodes of infection may be mild and
unnoticed, despite cattle having a fever of 40°C, slight inappetence, and a
corresponding drop in milk production which lasts 3-5 days (Elvander, Alenius &
Jacobsson, 1991; Ferguson, Galligan & Cortese, 1997). The morbidity rate in herd
epidemics of clinical BRSV disease can vary from 30 to 50% or higher, up to
100% in severe infections. The case fatality rate is usually low, 3-5%, but may be
higher (Baker, Ellis & Clark, 1997).

2.4. Risk factors of BRSV Infection

Outbreaks have been associated with high population of cattle in areas and with
changes in weather, especially declining so much temperatures and atmospheric
pressure. Also housing conditions, lactation and conception are considerable as
risk factors (Baker, Ames & Markham, 1986; Larsen, 2000). Antigenic subtypes
may have relevance in explaining different virulence between BRSV isolates
(Radostits et al., 2007). Outbreaks of acute respiratory disease associated with
BRSV infection can occur in older cattle if the virus is introduced into a
previously non-exposed population (Elvander, 1996a). In areas with such cattle
population, the BRSV infection often spreads very rapidly from farm to farm. This
may lead to the disease becoming endemic and affecting the same herds almost
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every year (Wellemans, 1990). The age distribution in the herds also affect the
severity of infection; a large proportion of susceptible calves and young cattle
increases the risk for a herd outbreak (Norstrdm, Skjerve & Jarp, 2000).

2.5. Laboratory diagnosis of BRSV infections
2.5.1. Sampling

The samples for BRSV detection can be obtained by the use of lung lavage,
transtracheal aspirate and nasal swab. However, nasal swabs collect virus present
in the upper respiratory tract only in the very early stages of the disease. Thus,
during later stages of BRSV infection virus may be present in the lungs not in the
nasal cavity (Larsen, 2000).

2.5.2. Detection of virus

The isolation of BRSV is not commonly used for diagnosis since it is time
consuming and difficult to culture despite of high concentration of BRSV antigen
in tissue samples. However, BRSV has been propagated on primary bovine
embryonic turbinate cells, lung cells, and Madin Darby kidney (MDBK) cells
(West et al., 1998; Arns et al., 2003). Recently, chicken embryo related cells
(CER), hamster kidney hybrid cells showed to be permissive cell lines for
multiplication of BRSV (Spilki et al., 2006).

The transport of clinical specimens from the field greatly reduces the sensitivity of
virus isolation. The immunofluorescent antibody (IFA) staining is one of the most
rapid, reliable, and sensitive tests for the BRSV antigens diagnosis in clinical
samples (Larsen, 2000).

2.5.3. Detection of antibodies

The virus-neutralization (VN) assay and ELISA can be used for antibody detection
in paired acute and convalescent samples (West et al., 1998). The indirect ELISA,
microneutralization ELISA and capture ELISA are used for detecting antibodies to
BRSV in milk, bulk milk, and serum (Ellis, Hassard & Morley, 1995; Elvander et
al., 1995; Uttenthal et al., 2000).

Maternal antibodies of the IgG1 isotype have a half-life of 23 days. They are not
actively transported to mucosal surfaces. Maternal antibodies, acquired from
colostrum, are predominantly directed against the F and N proteins. Maternal
antibodies suppress serum and mucosal antibody responses of all isotypes, despite
extensive replication of the virus (Kimman et al., 1987).

2.5.4. Nucleic acid based detection methods

Several RT-PCR assays including real-time quantitative RT-PCR and quantitative
competitive RT-PCR have been developed to detect and quantify the BRSV in
cell cultures and clinical samples (Achenbach et al., 2004).
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A fluorogenic reverse transcription-PCR (fRT-PCR) assay of the F gene, based on
TagMan principle, also provides a rapid and valuable tool in BRSV research and
routine virus detection in clinical specimens (Hakhverdyan et al., 2005).

2.6. Control of BRSV

The disease has often been introduced in to a naive herd by the purchase of
animals form BRSV infected areas, thus showing the risk of transporting animals
from infected areas in to susceptible farm areas (Elvander, 1996a).

Calves with colostral BRSV antibodies are not protected from infection but the
incidence and severity of clinical disease is inversely related to the level of
maternal antibodies in calves younger than 3 months (Nettleton et al., 2003).
Reliable control measures for BRSV are unavailable. The ubiquitous nature of the
virus, the circulation of infection in herds, the purchase of infected cattle, the
expansion of herds and recurrent infections make control difficult. Bought-in cows
should be tested and quarantined for at least 2-3 weeks before mixing with the
remainder of the herd. Minimizing stressors and high-quality management can
reduce the negative effects of the infection (Radostits et al., 2007).

2.7. Vaccination

Both live and inactivated vaccines are widely used especially in young calves in
fattening production units (Schreiber et al., 2000). The relative immaturity of the
immune system and the immunosuppressive effects of maternal antibody in the
neonatal period constitute main obstacles to successful BRSV vaccination.
However, recently an experimental ISCOMs vaccine overcame the suppressive
effect of colostral antibodies (Hagglund et al., 2004).

There are two major problems that have hampered the development of effective
BRSV wvaccines. First, prior vaccination can enhance the severity of disease
following infection; and second, natural infection does not provide long-term solid
protection against reinfection (Taylor, 2001).

Immunization with formalin-inactivated BRSV vaccine mainly primes an
eosinophilic inflammatory response in lung tissues and induce high levels of IgE
serum antibodies (Antonis et al., 2003).

The ability to recover infectious recombinant BRSV from cDNA has greatly
facilitated the production of live, attenuated, genetically stable vaccine candidates.
Deletion of non-essential genes represents an attractive option for production of
these kinds of vaccines (Buchholz, Finke & Conzelmann, 1999; Valarcher &
Taylor, 2007).

20



References

Achenbach, J.E., Topliff, C.L., Vassilev, V.B., Donis, R.O., Eskridge, K.M. & Kelling,
C.L. 2004. Detection and quantitation of bovine respiratory syncytial virus using real-
time quantitative RT-PCR and quantitative competitive RT-PCR assays. Journal of
Virological Methods 121, 1-6.

Alenius, S., Niskanen, R., Juntti, N. & Larsson, B. 1991. Bovine Coronavirus as the
Causative Agent of Winter Dysentery - Serological Evidence. Acta Veterinaria
Scandinavica 32, 163-170.

Almeida, R.S., Spilki, F.R., Roehe, P.M. & Arns, C.W. 2005. Detection of Brazilian bovine
respiratory syncytial virus strain by a reverse transcriptase-nested-polymerase chain
reaction in experimentally infected calves. Veterinary Microbiology 105, 131-135.

Ames, T.R. 1993. The Epidemiology of Brsv Infection. Veterinary Medicine 88, 881-&.

Antonis, A.F.G., Schrijver, R.S., Daus, F., Steverink, P., Stockhofe, N., Hensen, E.J.,
Langedijk, J.P.M. & van der Most, R. 2003. Vaccine-induced immunopathology during
bovine respiratory syncytial virus infection: Exploring the parameters of pathogenesis.
Journal of Virology 77, 12067-12073.

Arns, C.W., Campalans, J., Costa, S.C.B., Domingues, H.G., D'Arce, R.C.F. & Almeida,
R.S. 2003. Characterization of bovine respiratory syncytial virus isolated in Brazil.
Brazilian Journal of Medical and Biological Research 36, 213-218.

Autio, T., Pohjanvirta, T., Holopainen, R., Rikula, U., Pentikainen, J., Huovilainen, A.,
Rusanen, H., Soveri, T., Sihvonen, L. & Pelkonen, S. 2007. Etiology of respiratory
disease in non-vaccinated, non-medicated calves in rearing herds. Veterinary
Microbiology 119, 256-265.

Baker, J.C., Ames, T.R. & Markham, R.J.F. 1986. Seroepizootiologic Study of Bovine
Respiratory Syncytial Virus in a Dairy-Herd. American Journal of Veterinary Research
47,240-245.

Baker, J.C., Ellis, J.A. & Clark, E.G. 1997. Bovine respiratory syncytial virus. Veterinary
Clinics of North America-Food Animal Practice 13, 425-&.

Belanger, F., Berthiaume, L., Alain, R., Lussier, G. & Trudel, M. 1988. Electron-
Microscopic Evidence for Bridges between Bovine Respiratory Syncytial Virus-Particles.
Journal of General Virology 69, 1421-1424.

Benfield, D.A. & Saif, L.J. 1990. Cell-Culture Propagation of a Coronavirus Isolated from
Cows with Winter Dysentery. Journal of Clinical Microbiology 28, 1454-1457.

Boxus, M., Letellier, C. & Kerkhofs, P. 2005. Real Time RT-PCR for the detection and
quantitation of bovine respiratory syncytial virus. Journal of Virological Methods 125,
125-130.

Buchholz, U.J., Finke, S. & Conzelmann, K.K. 1999. Generation of bovine respiratory
syncytial virus (BRSV) from cDNA: BRSV NS2 is not essential for virus replication in
tissue culture, and the human RSV leader region acts as a functional BRSV genome
promoter. Journal of Virology 73, 251-259.

Campbell, S.G. & Cookingham, C.A. 1978. The enigma of winter dysentery. CORNELL
VET. 68, 423-441.

Cho, K.O., Hasoksuz, M., Nielsen, P.R., Chang, K.O., Lathrop, S. & Saif, L.J. 2001. Cross-
protection studies between respiratory and calf diarrhea and winter dysentery coronavirus
strains in calves and RT-PCR and nested PCR for their detection. Archives of Virology
146, 2401-2419.

Chouljenko, V.N., Lin, X.Q., Storz, J., Kousoulas, K.G. & Gorbalenya, A.E. 2001.
Comparison of genomic and predicted amino acid sequences of respiratory and enteric
bovine coronaviruses isolated from the same animal with fatal shipping pneumonia.
Journal of General Virology 82, 2927-2933.

Clark, M.A. 1993. Bovine Coronavirus. British Veterinary Journal 149, 51-70.

Collins, J.K., Jensen, R., Smith, G.H., Flack, D.E., Kerschen, R., Bennett, B.W., Jones, R.L.
& Alexander, A.F. 1988. Association of Bovine Respiratory Syncytial Virus with

21



Atypical Interstitial Pneumonia in Feedlot Cattle. American Journal of Veterinary
Research 49, 1045-1049.

da Silva, M.R., O'Reilly, K.L., Lin, X.Q., Stine, L. & Storz, J. 1999. Sensitivity comparison
for detection of respiratory bovine coronaviruses in nasal samples from feedlot cattle by
ELISA and isolation with the G clone of HRT-18 cells. Journal of Veterinary Diagnostic
Investigation 11, 15-19.

de Groot, R.J. 2006. Structure, function and evolution of the hemagglutinin-esterase
proteins of corona- and toroviruses. Glycoconjugate Journal 23, 59-72.

de Vries, A.A.F., Horzinek, M.C., Rottier, P.J.M. & de Groot, R.J. 1997. The genome
organization of the nidovirales: Similarities and differences between arteri-, toro-, and
coronaviruses. Seminars in Virology 8, 33-47.

Easton, A.J., Domachowske, J.B. & Rosenberg, H.F. 2004. Animal pneumoviruses:
Molecular genetics and pathogenesis. Clinical Microbiology Reviews 17, 390-+.

Ellis, J.A., Hassard, L. & Morley, P.S. 1995. Development and Application of a
Microneutralization Elisa for the Detection of Antibodies to Bovine Respiratory
Syncytial Viruses. Journal of Veterinary Diagnostic Investigation 7, 183-189.

Elvander, M. 1996a. Severe respiratory disease in dairy cows caused by infection with
bovine respiratory syncytial virus. Veterinary Record 138, 101-105.

Elvander, M. (1996b). A Study of Bovine Respiratory Syncytial Virus Infections in Swedish
Cattle, Doctoral Thesis. University of Agricultural Sciences, Uppsala, Sweden. ISBN 91-
576-5088-8.

Elvander, M., Alenius, S. & Jacobsson, S.O. 1991. Severe Outbreaks of Respiratory
Disease in Dairy Herds Caused by Bovine Respiratory Syncytial Virus. Bovine
Practitioner, 166-168.

Elvander, M., Edwards, S., Naslund, K. & Linde, N. 1995. Evaluation and Application of
an Indirect Elisa for the Detection of Antibodies to Bovine Respiratory Syncytial Virus in
Milk, Bulk Milk, and Serum. Journal of Veterinary Diagnostic Investigation 7, 177-182.

Elvander, M., Vilcek, S., Baule, C., Uttenthal, A., Ballagi-Pordany, A. & Belak, S. 1998.
Genetic and antigenic analysis of the G attachment protein of bovine respiratory
syncytial virus strains. Journal of General Virology 79, 2939-2946.

Escutenaire, S., Mohamed, N., Isaksson, M., Thorén, P., Klingeborn, B., Beldk, S., Berg,
M. & Blomberg, J. 2007. SYBR Green real-time reverse transcription-polymerase chain
reaction assay for the generic detection of coronaviruses. Archives of Virology 152, 41-
58.

Ferguson, J.D., Galligan, D.T. & Cortese, V. 1997. Milk production and reproductive
performance in dairy cows given bovine respiratory syncytial virus vaccine prior to
parturition. Journal of the American Veterinary Medical Association 210, 1779-&.

Furze, J., Wertz, G., Lerch, R. & Taylor, G. 1994. Antigenic Heterogeneity of the
Attachment Protein of Bovine Respiratory Syncytial Virus. Journal of General Virology
75, 363-370.

Gaffuri, A., Giacometti, M., Tranquillo, V.M., Magnino, S., Cordioli, P. & Lanfranchi, P.
2006. Serosurvey of roe deer, chamois and domestic sheep in the central Italian Alps.
Journal of Wildlife Diseases 42, 685-690.

Gallagher, T.M. & Buchmeier, M.J. 2001. Coronavirus spike proteins in viral entry and
pathogenesis. Virology 279, 371-374.

Gelinas, A.M., Boutin, M., Sasseville, A.M.J. & Dea, S. 2001. Bovine coronaviruses
associated with enteric and respiratory diseases in Canadian dairy cattle display different
reactivities to anti-HE monoclonal antibodies and distinct amino acid changes in their
HE, S and ns4.9 protein. Virus Research 76, 43-57.

Grubbs, S.T., Kania, S.A. & Potgieter, L.N.D. 2001a. Prevalence of ovine and bovine
respiratory syncytial virus infections in cattle determined with a synthetic peptide-based
immunoassay. Journal of Veterinary Diagnostic Investigation 13, 128-132.

Grubbs, S.T., Kania, S.A. & Potgieter, L.N.D. 2001b. Validation of synthetic peptide
enzyme immunoassays in differentiating two subgroups of ruminant respiratory syncytial
virus. Journal of Veterinary Diagnostic Investigation 13, 123-127.

22



Hakhverdyan, M., Hagglund, S., Larsen, L.E. & Beldk, S. 2005. Evaluation of a single-tube
fluorogenic RT-PCR assay for detection of bovine respiratory syncytial virus in clinical
samples. Journal of Virological Methods 123, 195-202.

Hartel, H., Nikunen, S., Neuvonen, E., Tanskanen, R., Kivela, S.L., Aho, P., Soveri, T. &
Saloniemi, H. 2004. Viral and bacterial pathogens in bovine respiratory disease in
Finland. Acta Veterinaria Scandinavica 45, 193-200.

Hasoksuz, M., Hoet, A.E., Loerch, S.C., Wittum, T.E., Nielsen, P.R. & Saif, L.J. 2002a.
Detection of respiratory and enteric shedding of bovine coronaviruses in cattle in an Ohio
feedlot. Journal of Veterinary Diagnostic Investigation 14, 308-313.

Hasoksuz, M., Sreevatsan, S., Cho, K.O., Hoet, A.E. & Saif, L.J. 2002b. Molecular analysis
of the S1 subunit of the spike glycoprotein of respiratory and enteric bovine coronavirus
isolates. Virus Research 84, 101-109.

Heckert, R.A., Saif, L.J. & Myers, G.W. 1989. Development of Protein-a Gold
Immunoelectron Microscopy for Detection of Bovine Coronavirus in Calves -
Comparison with Elisa and Direct Immunofluorescence of Nasal Epithelial-Cells.
Veterinary Microbiology 19, 217-231.

Hedstrom, H. & Isaksson, A. 1951. Epizootic enteritis in cattle in Sweden. Cornell
Veterinarian 42, 251-253.

Higglund, S., Hjort, M., Graham, D.A., Ohagen, P., Térnquist, M. & Alenius, S. 2007. A
six-year study on respiratory viral infections in a bull testing facility. Veterinary Journal
173, 585-593.

Hiagglund, S., Hu, K.F., Larsen, L.E., Hakhverdyan, M., Valarcher, J.F., Taylor, G.,
Morein, B., Beldk, S. & Alenius, S. 2004. Bovine respiratory syncytial virus ISCOMs -
protection in the presence of maternal antibodies. Vaccine 23, 646-655.

Hiagglund, S., Svensson, C., Emanuelson, U., Valarcher, J.F. & Alenius, S. 2006. Dynamics
of virus infections involved in the bovine respiratory disease complex in Swedish dairy
herds. Veterinary Journal 172, 320-328.

Jeong, J.H., Kim, G.Y., Yoon, S.S., Park, S.J., Kim, Y.J., Sung, C.M., Jang, O.J., Shin,
S.S., Koh, H.B., Lee, B.J., Lee, C.Y., Kang, M.IL., Kim, H.J., Park, N.Y. & Cho, K.O.
2005. Detection and isolation of winter dysentery bovine coronavirus circulated in Korea
during 2002-2004. Journal of Veterinary Medical Science 67, 187-189.

Jerez, J.A., Gregori, F., Brandao, P.E., Rodriguez, C.A.R., Ito, F.H., Buzinaro, M.D.G. &
Sakai, T. 2005. Isolation of bovine coronavirus (BCoV) in monolayers of HmLu-1 cells.
Brazilian Journal of Microbiology 36, 207-210.

Jolly, S., Detilleux, J. & Desmecht, D. 2004. Extensive mast cell degranulation in bovine
respiratory  syncytial virus-associated paroxystic respiratory distress syndrome.
Veterinary Immunology and Immunopathology 97, 125-136.

Khalili, M. & Morshedi, A. 2006. The first detection of bovine coronavirus in calves
diarrhea in west of Iran. Journal of Clinical Virology 36, S24-S25.

Kimman, T.G., Westenbrink, F., Schreuder, B.E.C. & Straver, P.J. 1987. Local and
Systemic Antibody-Response to Bovine Respiratory Syncytial Virus-Infection and
Reinfection in Calves with and without Maternal Antibodies. Journal of Clinical
Microbiology 25, 1097-1106.

Kingsbury, D.W. 1990. Paramyxoviridaec and Their Replication. In Fields Virology (Eds.
Fields, B.N. & Knipe, D.M.). Ravens Press. New York. 945-962. pp.

Lapps, W., Hogue, B.G. & Brian, D.A. 1987. Sequence-Analysis of the Bovine
Coronavirus Nucleocapsid and Matrix Protein Genes. Virology 157, 47-57.

Larsen, L.E. 2000. Bovine respiratory syncytial virus (BRSV): A review. Acta Veterinaria
Scandinavica 41, 1-+.

Larsen, L.E., Tjornehoj, K. & Viuff, B. 2000. Extensive Sequence Divergence among
Bovine Respiratory Syncytial Viruses Isolated during Recurrent Outbreaks in Closed
Herds. 4222-4227. pp.

Lathrop, S.L., Wittum, T.E., Loerch, S.C., Perino, L.J. & Saif, L.J. 2000. Antibody titers
against bovine coronavirus and shedding of the virus via the respiratory tract in feedlot
cattle. American Journal of Veterinary Research 61, 1057-1061.

23



Lerch, R.A., Anderson, K., Amann, V.L. & Wertz, G.W. 1991. Nucleotide-Sequence
Analysis of the Bovine Respiratory Syncytial Virus Fusion Protein Messenger-Rna and
Expression from a Recombinant Vaccinia Virus. Virology 181, 118-131.

Levine, S., Klaiberfranco, R. & Paradiso, P.R. 1987. Demonstration That Glycoprotein-G Is
the Attachment Protein of Respiratory Syncytial Virus. Journal of General Virology 68,
2521-2524.

Liu, L.H., Hédgglund, S., Hakhverdyan, M., Alenius, S., Larsen, L.E. & Beldk, S. 2006.
Molecular epidemiology of bovine coronavirus on the basis of comparative analyses of
the S gene. Journal of Clinical Microbiology 44, 957-960.

Mallipeddi, S.K., Samal, S.K. & Mohanty, S.B. 1990. Analysis of Polypeptides
Synthesized in Bovine Respiratory Syncytial Virus-Infected Cells. Archives of Virology
115, 23-3e6.

Mars, M.H., Bruschke, C.J.M. & Van Oirschot, J.T. 1999. Airborne transmission of BHV1,
BRSV, and BVDV among cattle is possible under experimental conditions. Veterinary
Microbiology 66, 197-207.

Masters, P.S. 2006. The molecular biology of coronaviruses. In Advances in Virus
Research, Vol 66193-292. pp.

Matheise, J.P., Walravens, K., Collard, A., Coppe, P. & Letesson, J.J. 1995. Antigenic
Analysis of the F-Protein of the Bovine Respiratory Syncytial Virus - Identification of 2
Distinct Antigenic Sites Involved in Fusion Inhibition. Archives of Virology 140, 993-
1005.

Mebus, C.A., Stair, E.L., Rhodes, M.B. & Twichaus, M.J. 1973. Neonatal calf diarrhea:
propagation, attenuation and characteristics of a coronavirus-like agent. American
Journal of Veterinary Research 34, 145-150.

Mebus, C.A., White, R.G., Stair, E.L., Rhodes, M.B. & Twiehaus, M.J. 1972. Neonatal calf
diarrhea: results of a field trial using a reo-like virus vaccine. Veterinary Medicine &
Small animal clinician 67, 173-178.

Nislund, K., Travén, M., Larsson, B., Silvan, A. & Linde, N. 2000. Capture ELISA systems
for the detection of bovine coronavirus-specific IgA and IgM antibodies in milk and
serum. Veterinary Microbiology 72, 183-206.

Nettleton, P.F., Gilray, J.A., Caldow, G., Gidlow, J.R., Durkovic, B. & Vilcek, S. 2003.
Recent isolates of Bovine respiratory syncytial virus from Britain are more closely
related to isolates from USA than to earlier British and current mainland European
isolates. Journal of Veterinary Medicine Series B-Infectious Diseases and Veterinary
Public Health 50, 196-199.

Norstrom, M., Pfeiffer, D.U. & Jarp, J. 2000. A space-time cluster investigation of an
outbreak of acute respiratory disease in Norwegian cattle herds. Preventive Veterinary
Medicine 47, 107-119.

Norstrom, M., Skjerve, E. & Jarp, J. 2000. Risk factors for epidemic respiratory disease in
Norwegian cattle herds. Preventive Veterinary Medicine 44, 87-96.

Paccaud, M.F. & Jacquier, C. 1970. A respiratory syncytial virus of bovine origin. Archiv
fur die Gesamte Virusforschung 30, 327-332.

Paton, D.J., Christiansen, K.H., Alenius, S., Cranwell, M.P., Pritchard, G.C. & Drew, T.W.
1998. Prevalence of antibodies to bovine virus diarrhoea virus and other viruses in bulk
tank milk in England and Wales. Veterinary Record 142, 385-391.

Plummer, P.J., Rohrbach, B.W., Daugherty, R.A., Daugherty, R.A., Thomas, K.V., Wilkes,
R.P., Duggan, F.E. & Kennedy, M.A. 2004. Effect of intranasal vaccination against
bovine enteric coronavirus on the occurrence of respiratory tract disease in a commercial
backgrounding feedlot. Javma-Journal of the American Veterinary Medical Association
225, 726-731.

Popova, R. & Zhang, X.M. 2002. The spike but not the hemagglutinin/esterase protein of
bovine coronavirus is necessary and sufficient for viral infection. Virology 294, 222-236.

Pringle, C.R. 1996. Virus taxonomy 1996 - A bulletin from the 10th International Congress
of Virology in Jerusalem. Archives of Virology 141, 2251-2256.

Prozzi, D., Walravens, K., Langedijk, J.P.M., Daus, F., Kramps, A. & Letesson, J.J. 1997.
Antigenic and molecular analyses of the variability of bovine respiratory syncytial virus
G glycoprotein. Journal of General Virology 78, 359-366.

24



Quinn, P.J., Markey, B.K., Carter, M.E., Donnelly, W.J. & Leonard, F.C. 2002. Veterinary
Microbiology and Microbial Disease. First. edition. Blackwell Science Ltd. 413, 381 pp.
Radostits, O.M., Gay, C.C., Hinchcliff, K.W. & Constable, P.D. 2007. Veterinary

Medicine. 10th. edition. W. B. Saunders Company Ltd. London. 1286-+.

Rekik, M.R. & Dea, S. 1994. Comparative Sequence-Analysis of a Polymorphic Region of
the Spike Glycoprotein S1 Subunit of Enteric Bovine Coronavirus Isolates. Archives of
Virology 135, 319-331.

Saeki, K., Ohtsuka, N. & Taguchi, F. 1997. Identification of spike protein residues of
murine coronavirus responsible for receptor-binding activity by use of soluble receptor-
resistant mutants. Journal of Virology 71, 9024-9031.

Saif, L.J. 2004. Bovine coronavirus infection. In Infectious diseases of livestock. Volume
Two795-802. pp.

Saif, L.J., Brock, K.V., Redman, D.R. & Kohler, EXM. 1991. Winter Dysentery in Dairy
Herds - Electron-Microscopic and Serological Evidence for an Association with
Coronavirus Infection. Veterinary Record 128, 447-449.

Saif, L.J., Redman, D.R., Moorhead, P.D. & Theil, K.W. 1986. Experimentally Induced
Coronavirus Infections in Calves - Viral Replication in the Respiratory and Intestinal
Tracts. American Journal of Veterinary Research 47, 1426-1432.

Samal, S.K., Pastey, M.K., McPhillips, T.H. & Mohanty, S.B. 1993. Bovine Respiratory
Syncytial Virus Nucleocapsid Protein Expressed in Insect Cells Specifically Interacts
with the Phosphoprotein and the M2 Protein. Virology 193, 470-473.

Schreiber, P., Matheise, J.P., Dessy, F., Heimann, M., Letesson, J.J., Coppe, P. & Collard,
A. 2000. High mortality rate associated with bovine respiratory syncytial virus (BRSV)
infection in Belgian White Blue calves previously vaccinated with an inactivated BRSV
vaccine. Journal of Veterinary Medicine Series B-Infectious Diseases and Veterinary
Public Health 47, 535-550.

Schrijver, R.S. 1998. Immunobiology of bovine respiratory syncytial virus infections.
Tijdschrift Voor Diergeneeskunde 123, 658-662.

Schultze, B., Wahn, K., Klenk, H.D. & Herrler, G. 1991. Isolated He-Protein from
Hemagglutinating Encephalomyelitis Virus and Bovine Coronavirus Has Receptor-
Destroying and Receptor-Binding Activity. Virology 180, 221-228.

Schwegmann-Wessels, C. & Herrler, G. 2006. Sialic acids as receptor determinants for
coronaviruses. Glycoconjugate Journal 23, 51-58.

Smith, D.R., Fedorka-Cray, P.J., Mohan, R., Brock, K.V., Wittum, T.E., Morley, P.S.,
Hoblet, K.H. & Saif, L.J. 1998a. Epidemiologic herd-level assessment of causative
agents and risk factors for winter dysentery in dairy cattle. American Journal of
Veterinary Research 59, 994-1001.

Smith, D.R., Nielsen, P.R., Gadfield, K.L. & Saif, L.J. 1998b. Further validation of
antibody-capture and antigen-capture enzyme-linked immunosorbent assays for
determining exposure of cattle to bovine coronavirus. American Journal of Veterinary
Research 59, 956-960.

Smith, K.R., Hogan, Y.H. & Hogue, B.H. 1998. Generation of a deletion mutant of the
bovine coronavirus (BCV) nucleocapsid (N) protein. Abstracts of Papers of the American
Chemical Society 216, U224-U224.

Smith, M.H., Lehmkuhl, H.D. & Phillips, S.M. 1975. Isolation, characterization, and
pathogenicity studies of a bovine reapiratory syncytial virus. Archives of Virology 47,
237-247.

Spilki, F.R., de Almeida, R.S., Campalans, J. & Arns, C.W. 2006. Susceptibility of
different cell lines to infection with bovine respiratory syncytial virus. Journal of
Virological Methods 131, 130-133.

Storz, J., Purdy, C.W., Lin, X.Q., Burrell, M., Truax, R.E., Briggs, R.E., Frank, G.H. &
Loan, R.W. 2000. Isolation of respiratory bovine coronavirus, other cytocidal viruses,
and Pasteurella spp from cattle involved in two natural outbreaks of shipping fever.
Journal of the American Veterinary Medical Association 216, 1599-1604.

Takamura, K., Matsumoto, Y. & Shimizu, Y. 2002. Field study of bovine coronavirus
vaccine enriched with hemagglutinating antigen for winter dysentery in dairy cows.

25



Canadian Journal of Veterinary Research-Revue Canadienne De Recherche Veterinaire
66, 278-281.

Taylor, G. 2001. The role of the immune response in protection and pathogenesis of
respiratory syncytial virus (RSV) infections. In 6th International Veterinary immunology
Symposium. University of Agricultural Sciences, Uppsala, Swedenl17. pp.

Tegtmeier, C., Uttenthal, A., Friis, N.F., Jensen, N.E. & Jensen, H.E. 1999. Pathological
and microbiological studies on pneumonic lungs from Danish calves. Journal of
Veterinary Medicine Series B-Infectious Diseases and Veterinary Public Health 46, 693-
700.

Tjornehoj, K., Uttenthal, A., Viuff, B., Larsen, L.E., Rontved, C. & Ronsholt, L. 2003. An
experimental infection model for reproduction of calf pneumonia with bovine respiratory
syncytial virus (BRSV) based on one combined exposure of calves. Research in
Veterinary Science 74, 55-65.

Travén, M. (2000). Winter Dysentry Caused by Bovine Coronavirus: No rule Without an
Exception, Doctoral Thesis. University of Agricultural Sciences, Uppsala, Sweden. ISBN
91-576-5928-1.

Travén, M., Bjornerot, L. & Larsson, B. 1999. Nationwide survey of antibodies to bovine
coronavirus in bulk milk from Swedish dairy herds. Veterinary Record 144, 527-529.

Travén, M., de Verdier, K., Larsen, L.E., Hakhverdyan, M. & Thorén, P. 2006. Diagnosis
and epidemiology of bovine coronavirus in Swedish neonatal dairy and beef calves. In
The 7th European society for veterinary virology (ESVV). Faculty of veterinary medicine,
Lisbon, Portugal

Travén, M., Nislund, K., Linde, N., Linde, B., Silvan, A., Fossum, C., Hedlund, K.O. &
Larsson, B. 2001. Experimental reproduction of winter dysentery in lactating cows using
BCV - comparison with BCV infection in milk-fed calves. Veterinary Microbiology 81,
127-151.

Tsunemitsu, H. & Saif, L.J. 1995. Antigenic and Biological Comparisons of Bovine
Coronaviruses Derived from Neonatal Calf Diarrhea and Winter Dysentery of Adult
Cattle - Brief Report. Archives of Virology 140, 1303-1311.

Tsunemitsu, H., Yonemichi, H., Hirai, T., Kudo, T., Onoe, S., Mori, K. & Shimizu, M.
1991. Isolation of Bovine Coronavirus from Feces and Nasal Swabs of Calves with
Diarrhea. Journal of Veterinary Medical Science 53, 433-437.

Uttenthal, A., Jensen, N.P.B. & Blom, J.Y. 1996. Viral actiology of enzootic pneumonia in
Danish dairy herds: Diagnostic tools and epidemiology. Veterinary Record 139, 114-117.

Uttenthal, A., Larsen, L.E., Philipsen, J.S., Tjornehoj, K., Viuff, B., Nielsen, K.H. &
Nielsen, T.K. 2000. Antibody dynamics in BRSV-infected Danish dairy herds as
determined by isotype-specific immunoglobulins. Veterinary Microbiology 76, 329-341.

Valarcher, J.F., Bourhy, H., Lavenu, A., Bourges-Abella, N., Roth, M., Andreoletti, O.,
Ave, P. & Schelcher, F. 2001. Persistent infection of B lymphocytes by bovine
respiratory syncytial virus. Virology 291, 55-67.

Valarcher, J.F., Furze, J., Wyld, S.G., Cook, R., Zimmer, G., Herrler, G. & Taylor, G. 2006.
Bovine respiratory syncytial virus lacking the virokinin or with a mutation in furin
cleavage site RA(R/K)R-109 induces less pulmonary inflammation without impeding the
induction of protective immunity in calves. Journal of General Virology 87, 1659-1667.

Valarcher, J.F., Schelcher, F. & Bourhy, H. 2000. Evolution of bovine respiratory syncytial
virus. Journal of Virology 74, 10714-10728.

Valarcher, J.F. & Taylor, G. 2007. Bovine respiratory syncytial virus infection. Veterinary
Research 38, 153-180.

Valle, M.B., Batista, E.R., Martell, A.B., Lepuroux, M.T.F. & Brandao, P. 2006. Short
communication. First report in Cuba of bovine coronavirus detection in a winter
dysentery outbreak. Spanish Journal of Agricultural Research 4, 221-224.

Van der Poel, W.H.M., Brand, A., Kramps, J.A. & Van Oirschot, J.T. 1994. Respiratory
Syncytial Virus-Infections in Human-Beings and in Cattle. Journal of Infection 29, 215-
228.

Van der Poel, W.H.M., Kramps, J.A., Middel, W.G.J., Van Oirschot, J.T. & Brand, A.
1993. Dynamics of Bovine Respiratory Syncytial Virus-Infections - a Longitudinal
Epidemiologic-Study in Dairy Herds. Archives of Virology 133, 309-321.

26



Van Regenmortel, M.H.V., Fauquet, C.M., Bishop, D.H.L., Carstens, E.B., Estes, M.K.,
Lemon, S.M., Maniloff, J., Mayo, M.A., McGeoch, D.J., Pringle, C.R. & Wickner, R.B.
2000. Virus Taxonomyedition. Academic press. San Diago, CA. 827.pp.

Vautherot, J.F., Laporte, J. & Boireau, P. 1992. Bovine Coronavirus Spike Glycoprotein -
Localization of an Immunodominant Region at the Amino-Terminal End of S2. Journal
of General Virology 73, 3289-3294.

Vijgen, L., Keyaerts, E., Lemey, P., Maes, P., Van Reeth, K., Nauwynck, H., Pensaert, M.
& Van Ranst, M. 2006. Evolutionary history of the closely related group 2 coronaviruses:
Porcine hemagglutinating encephalomyelitis virus, bovine coronavirus, and human
coronavirus OC43. Journal of Virology 80, 7270-7274.

Viuff, B., Tjornehoj, K., Larsen, L.E., Rontved, C.M., Uttenthal, A., Ronsholt, L. &
Alexandersen, S. 2002. Replication and clearance of respiratory syncytial virus -
Apoptosis is an important pathway of virus clearance after experimental infection with
bovine respiratory syncytial virus. American Journal of Pathology 161, 2195-2207.

Weiss, S.R. & Navas-Martin, S. 2005. Coronavirus pathogenesis and the emerging
pathogen severe acute respiratory syndrome coronavirus. Microbiology and Molecular
Biology Reviews 69, 635-+.

Wellemans, G. 1990. Bovine respiratory syncytial virus. In Virus Infections of Ruminants.
Edited by Z. Dinter, Morein, B. Elsevier. Amsterdam. 363-375. pp.

West, K., Bogdan, J., Hamel, A., Nayar, G., Morley, P.S., Haines, D.M. & Ellis, J.A. 1998.
A comparison of diagnostic methods for the detection of bovine respiratory syncytial
virus in experimental clinical specimens. Canadian Journal of Veterinary Research-
Revue Canadienne De Recherche Veterinaire 62, 245-250.

White, M.E., Schukken, Y.H. & Tanksley, B. 1989. Space-Time Clustering of and Risk
Factors for Farmer-Diagnosed Winter Dysentery in Dairy Cattle. Canadian Veterinary
Journal 30, 948-951.

Zimmer, G., Rohn, M., McGregor, G.P., Schemann, M., Conzelmann, K.-K. & Herrler, G.
2003. Virokinin, a Bioactive Peptide of the Tachykinin Family, Is Released from the
Fusion Protein of Bovine Respiratory Syncytial Virus. 46854-46861. pp.

27



Research report

Reduced risk for BCV and BRSV infections in organic dairy
herds compared with conventionally managed dairy herds in
Sweden

Mehdi R.M. Bidokhti ¢, Madeleine Travén **, Nils Fall %, Ulf Emanuelson ®, Stefan
Alenius *

* Division of Ruminant Medicine and Veterinary Epidemiology, Department of
Clinical Science, Swedish University of Agricultural Sciences, Box 7019, SE-750
07 Uppsala, Sweden

* Corresponding author. Tel.: +46 18 67 17 82; fax: +46 18 67 35 45.
E-mail address: madelein.traven@kv.slu.se (M. Travén)

Abstract

The seroprevalence to bovine corona virus (BCV) and bovine respiratory syncytial
virus (BRSV) infections was studied in 20 conventional and 20 organic dairy
herds in Sweden. The enrolled organic farms had produced certified milk for at
least two years. On two sampling occasions, with a one-year interval, 699 serum
samples were taken from 624 periparturient cows, 5 to 24 cows per herd, and
tested by ELISA for antibodies to BCV and BRSV. Descriptive data of sampled
animals and herds were collected to study risk factors for high seroprevalence to
the infections, hence reflecting risk factors of the infections. The results showed
high seroprevalence at both occasions; approximately 85% were positive to BCV
and 80% to BRSV. Herd-level analysis implied that the conventional herds had a
significantly higher mean seroprevalence to BCV and BRSV than the organic
(P<0.001). Age was significantly associated to seroprevalence (P<0.001). This
study suggests that organic management may be more effective in reducing the
seroprevalence to BCV and BRSV compared with conventional management.

Introduction

Bovine corona virus (BCV) and bovine respiratory syncytial virus (BRSV) are
widespread viral infections with a high seroprevalence in cattle herds (Van der
Poel et al., 1995; Saif, 2004). BCV is an enveloped, positive-stranded RNA virus
classified as an antigenic group Il member of the family Coronaviridae (Spaan et
al., 1988). BCV causes both respiratory and enteric disease, including calf
diarrhoea, winter dysentery in adult dairy cows, and respiratory infections in cattle
of all ages (Alenius et al., 1991; Saif, 2004). BRSV, like its human counterpart
HRSV, is an enveloped, negative-stranded RNA virus classified in the
Pneumovirus genus of the Paramyxoviridae family (Stott and Taylor, 1985). As a
major viral cause of respiratory disease in young calves, BRSV has considerable
economic impact (Van der Poel et al., 1994; Valarcher and Taylor, 2007).
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However, cattle of all ages can be infected, and severe symptoms and mortality
can be seen in adult cattle (Elvander, 1996).

Outbreaks of both infections usually occur in autumn and winter. Long-lasting
humoral immunity, remaining detectable for at least one year, has been found after
natural or experimental infections with BCV and BRSV. Epidemiological and
experimental studies suggest that serum antibody correlates with immunity
(Alenius et al., 1991; Schrijver et al., 1996; Travén et al., 2001).

These two viruses frequently precede bacterial invasion of the lung, causing a
need for considerable amounts of antibiotics for the treatment. One of the aims of
organic production is to reduce the use of antibiotics by providing optimal care,
feed, housing and a good biosecurity. However, little is known about the precise
transmission routes for BCV and BRSV between herds and management risk
factors for transmission and, especially, if organic herds in general are more
successful than conventional herds in reducing the risk for infection by these
viruses. The aim of this study was therefore to investigate the prevalence of BCV
and BRSV infections in dairy cows and to explore the association of these
infections with selected herd factors, including organic management.

Materials and methods

Selection of herds and animals

The selection of herds for the study was done among herds that had more than 40
cows, were enrolled in the Swedish Official Milk Recording Scheme (SOMRS)
and were geographically located in a region in south-east Sweden, based on
postcode numbers (Uppland, Sédermanland, Ostergdtland, and Sméland). We only
enrolled organic farms that had produced milk according to the organic standards
for at least two years. From 52 eligible organic farms, 24 farmers were willing to
participate in the study and 20 of these were randomly selected. From 156
conventionally managed farms, 32 farmers were willing to participate and we
randomly selected 20. All 40 study herds were free from bovine viral diarrhoea
virus (BVDV) according to the national control program (Lindberg and Alenius,
1999).

The herds were all visited once in spring 2005 and once in spring 2006. The
inclusion criteria for individuals at each visit were that they were from 7 days
before their predicted calving date to 42 days after calving, because the original
purpose of the sampling was to study the variation in metabolic parameters of
periparturient cows (Fall et al., 2008). If the number of such cows in a herd was
less than 12, all of them were sampled. If more than 12 eligible cows were in a
herd, 12 were randomly selected for sampling using a random number table.

A total of 699 serum samples were taken from 624 cows in 40 dairy herds. In
spring 2005, 169 cows were sampled on the conventional farms and 169 on the
organic farms. In spring 2006, 189 cows were sampled in the conventional herds
and 172 in the organic herds. By chance 75 cows were sampled at both occasions.

29



Herd and animal data were collected from the SOMRS, and from questionnaires
presented to the farmers at each visit. Data on disorders treated by veterinarians
were retrieved from the national animal disease recording database.

Sample collection and antibody testing

A blood sample was drawn from the tail vein of all selected cows using 10-ml
evacuated tubes without anticoagulant. Within 4 h the tubes were transported to a
lab at room temperature. Sera was then prepared by centrifugation (2000 x g for
10 minutes) of clotted blood and stored at -20 °C.

All sera were tested using commercially available indirect ELISAs (SVANOVA
Biotech) to detect BCV- and BRSV-specific IgG. Sera were diluted 1:25 and
analysis performed according to the manufacturer’s instructions. Serum samples
that generated a corrected optical density (COD) value of > 0.2 at 450nm were
regarded as positive in both BCV and BRSV tests, whereas samples generating a
value below this cut-off point were regarded as negative (Alenius et al., 1991;
Elvander et al., 1995). Both positive and negative control sera were included in
each assay. Seroconversion was defined as a negative COD value converting to a
positive in paired sera.

Data analysis and statistical methods

The Fisher's exact test and t-test were used to investigate possible associations
between serological status and some characteristics such as age of the cow at
sampling and milk yield. Age was categorized as 1-3 years (12-36 months), 3-5
years (37-60 months), 5-7 years (61-84 months), and >7 years (>85 months),
respectively. Herd level prevalence of animals positive to BCV or BRSV or both
was analysed with logistic regression models. Explanatory variables included in
the initial model were organic management (yes/no), Al performed by farm
personnel (AIF; yes/no) instead of using professional Al technicians, stall type
(tied/free), herd average milk yield (above/below median of the study herds),
number of cows (above/below median), number of visits by veterinarians during
2005 (above/below median). Data on herd size, Al strategy, stall type and milk
yield for September 2005 to August 2006 were used. The initial multivariate
model was reduced using a backward stepwise procedure, with P<0.05 as the
exclusion and re-entering criterion. Herd level prevalence of “double-positive”
animals (i.e. antibody positive to both BRSV and BCV) was modelled in the same
way. Univariable analyses were done with Minitab (Release 14.2; Minitab, PA,
USA), and multivariable analyses with SAS (Release 9.1; SAS Institute Inc., Cary,
NC, USA).

Results
Study herds

Descriptive data about the organic and conventional herds are given in Table 1.
The mean milk yield of the conventional herds was significantly higher than that
in the organic (P<0.01), but there was no difference in the mean age of sampled
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cows, herd size, or number of samples per herd between the conventional and the
organic herds on either sampling occasion.

Seroprevalence in the sampled population

The seroprevalence to BCV on individual level for all sampled cows was 86%
(292/338) in 2005 and 84% (304/361) in 2006; the seroprevalence to BRSV, 79%
(267/338) and 82% (297/361). Seroprevalence to either BCV or BRSV did not
differ significantly between the two sampling occasions.

Seroprevalence in the conventional and organic herds

Analysis at herd level showed that the conventional herds had a significantly
higher mean seroprevalence to BCV and BRSV than the organic both in 2005 and
2006. The herd-level seroprevalence to the viruses in 2005 was almost the same as
that in 2006 (Table 2). The mean prevalence of cows positive to both BCV and
BRSV was 85% in 2005 and 89% in 2006 for the cows in the conventional herds,
in contrast to 54% in 2005 and 59% in 2006 for the cows in the organic herds
(P<0.001). There was no herd in which all sampled cows were seronegative to
BCV and also no conventional herd with all cows seronegative to BRSV.
However, in two organic herds all sampled cows were seronegative to BRSV
(Table 2). In organic herds 32% of the youngest cows (1-3 years old) were
positive to both BCV and BRSV, in contrast to 70% in conventional herds
(P<0.001, Fig. 1). In 10 conventional herds, but only 1 organic herd, all sampled
cows were seropositive to both BCV and BRSV.

Age-related seroprevalence to BCV and BRSV

The seroprevalence to both BCV and BRSV increased significantly with
increasing age of the cows (Fig. 1). The youngest age group (1-3 years old) had
significantly lower seroprevalence than the older cows (3-5 years old) to both
infections (P<0.001). The mean age in the four different clusters of age was 28,
46, 69, and 98 months, respectively.

Seroconversion in paired serum samples

Seventy-five cows in 15 conventional and 17 organic herds were sampled in both
2005 and 2006. Among samples taken in 2005 92% (69/75) were seropositive to
BCV and 79% (59/75) were seropositive to BRSV. Mean COD was 1.7 (0.53-
2.62) for BCV and 1.1 (0.34-1.77) for BRSV in the positive samples. All the
seropositive cows remained seropositive at the second sampling (mean COD was
1.6 (0.85 -2.37) for BCV and 1.2 (0.22 -2.25) for BRSV). All 6 animals, which
were seronegative to BCV in 2005, remained seronegative in 2006. Out of 16
animals, which were seronegative to BRSV in 2005, 10 had seroconverted in
2006. The seroconverting animals belonged to 7 different herds (5 organic and 2
conventional) in which all (60/60) samples taken at the second sampling occasion
were seropositive to BRSV.
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Models

Results of the logistic regression modelling of serological status and potential risk
factors are presented in Table 3 and 4. The probability for cows being seropositive
to BCV or BRSV or both was significantly lower in organic herds compared with
conventional herds, and significantly higher in herds using AIF. The probability
for cows being seropositive to both BCV and BRSV was significantly higher in
tie-stall herds, and in herds with below-median milk production, in addition to the
risks associated with management system and AIF.

Discussion

The results of this study showed high seroprevalence to BCV and BRSV both in
2005 and 2006 (Table 2). This is in agreement with previous reports that these two
viruses are endemic in southern Sweden (Elvander, 1996; Travén et al., 1999;
Héagglund et al., 2006). In fact, these virus infections are probably endemic in most
countries with an intensive milk production. In a nationwide study in UK for
BCV- and BRSV-antibodies in bulk milk samples, all herds were antibody
positive (Paton et al., 1998).

Although the organic and conventional herds included in this study were similar in
many aspects (Table 1), the organic herds showed significantly lower
seroprevalence to BCV and BRSV at both cow level and herd level, compared
with the conventional herds (Table 2, 3 and 4). A possible explanation for the
higher risk for conventional herds may be that these herds were managed in ways
that lowered their level of biosecurity, compared with the organic herds. Housing
conditions, such as close confinement, climate, feed and pregnancy have been
proposed as risk factors for BCV and BRSV infections (Baker et al., 1986; Clark,
1993; Smith et al., 1998). Trading of animals is regulated for organic farms;
hence, farms are permitted to recruit animals only from other organic farms and
strongly recommended to purchase from only one farm and to use a quarantine
(KRAYV, 2007). Such restrictions could reduce the risk of direct transmission of
BCV and BRSV because these viruses may be introduced by purchasing animals
(Wellemans, 1990; Saif, 2004). However, previous studies have shown indirect
contacts to be more important for both BCV and BRSV transmission (Norstrom et
al., 2000; Travén, 2000), and further studies are thus needed to identify causes of
the differences between the farming systems.

Veterinarians and Al technicians have been considered to play a role as potential
carriers of the viruses in the transmission of BCV and BRSV, especially in large
herds which probably receive more frequent visits (Wellemans, 1990; Travén et
al., 1993; Norstrom et al., 2000). Our study did not show that the seroprevalence
to BCV and BRSV was related to the frequency of visits by a veterinarian and, in
fact, herds using AIF were at higher risk than herds using professional Al
technicians. A lack of association with total number of visitors was also reported
in a previous study (Higglund et al., 2006). One reason might be that well-
educated Al technicians undertake careful biosecurity measures, including
disinfection of hands and equipment, and change of clothing/boots between herds
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and also educate the farmers about the importance of biosecurity. Systematic data
on other contacts were not available. One herd had a high number of community
visitors, such as school classes. This organic herd had low seroprevalence to
BRSV (1/15), only one positive cow at the age of 59 months, suggesting that
contacts unrelated to the cattle industry are not a transmission risk.

Housing cattle in tie stall facilities appeared to increase a herd’s risk for BCV and
BRSV compared with free stalls. This accords with observations previously
reported for BCV (Smith et al., 1998; Hégglund et al., 2006). In tie stalls, cattle
are confined and the stocking density is high. Such conditions may lead to
increased handling of cattle and a closer contact between cattle and visitors related
to the cattle industry, facilitating indirect inter-herd transmission. Higher
seroprevalence to both viruses was also associated with a lower milk yield.
Outbreaks of these infections have a considerable economic impact on the affected
herds (Van der Poel et al., 1995; Larsen, 2000). However, another explanation
could be that herds that have a milk production above the average are generally
well managed, including but not limited to a higher biosecurity.

Seropositive animals remained positive also at the second sampling and no
conversion to negative was observed, confirming earlier data that the antibodies
are detectable for several years after these infections (Elvander, 1996; Travén,
2000). Seroconversion to BRSV occurred in some herds, in which 100% of the
cows sampled on the second occasion were seropositive. This is in agreement with
previous observations for both BCV and BRSV that if these viruses are introduced
to herds most of the susceptible animals seroconvert within a short time period
(Alenius et al., 1991; Travén, 2000; Hégglund et al., 2006). In five organic herds,
only cows in their fourth lactation and older were seropositive to BRSV,
indicating that herds can stay free from this infection for several years.

Seroprevalence to BCV and BRSV in the 1- to 3-year-old animals was
significantly lower than in the 3- to 5-year-old animals (Fig. 1), demonstrating the
age-dependent seroprevalence to these infections. The probability to be
seropositive to these two viruses in either conventional or organic herds gradually
increased with age till 100% of the cows in the oldest age-cluster (older than 7
years old) were seropositive (Fig. 1). The mean antibody levels against BCV and
BRSYV in the oldest age cluster were also the highest compared with the other
clusters of age (P<0.001; data not shown). Thus, the oldest cows most likely have
the highest titres of antibodies against BCV and BRSV in colostrum, making
colostrum from the oldest cows a valuable tool in herds with neonatal infection
problems.

The seroprevalence of all cows sampled corresponds to the incidence of infection
over a longer time period, i.e. several years, whereas the risk factor information
may be applicable only to the limited time period when they were collected.
However, a less precise definition of risk factors is most likely to decrease the
chance of finding significant associations because such misclassifications are
likely to be non differential. An alternative would be to perform a risk factor
analysis based only on young cows, where risk factors and seroprevalence are
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more well-timed. However, the small sample size, especially of young animals due
to the sampling strategy, did not allow for such an analysis.

Using young animals as sentinels, to determine the sero-status of herds has been
shown to be effective for BVDV and is the method of choice in the Swedish
national control programme (Lindberg and Alenius, 1999). It has also been shown
that repeated sampling of only three calves per herd can monitor the herd
incidence of BCV and BRSV infections over the sampling period (Hégglund et al.,
2006). Among the cows born on the farms in our study, there was a clear border
between younger seronegative cows and older seropositive ones. Thus the
serological results of only the 2 or 3 youngest cows correspond to the herd
incidence of these infections during the last two years. Such a sampling strategy
may be sufficient to determine whether a large part of the herd is sensitive to
infection, and can be applied in an economical, rapid and less laborious screening
programme for future investigations.

Conclusion

This study is the first survey, to our knowledge, comparing seroprevalence to
BCV and BRSV between organic and conventional dairy farms. It indicates that
organic management may have better biosecurity leading to reduced
seroprevalence to BCV and BRSV infections. The results also imply that the
seroprevalence to BCV and BRSV increases with age. Because the epidemiology
of these viruses is still unclear, further research is needed to determine which
aspects of the organic management reduce the inter-herd transmission of these
infections.
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Table 1. Descriptive data from 20 conventional and 20 organic Swedish dairy herds
studied to determine BCV and BRSV prevalence

Herd system

Conventional Organic
Age (months) of cows at sampling
Mean (range) 44 (22-136) 46 (23-138)
Herd size
Mean (range) 61 (40 - 122) 63 (41 -105)
Herd average milk yield (kg/cow/year)
Mean (range) 9171 (7850 -10714) 8222 (5359 -11233)
Number of herds according to stall type
Tie, Free 13,7 6, 14
Number of veterinary visits per year
Mean (range) 16 (0-39) 21 (3-44)
Number of herds with AIF * 10 14
Number of samples per herd
Mean (range) 18 (8 -24) 17 (5 -24)
Number of samples
Total (Spring2005, Spring2006) 358 (169, 189) 341 (169, 172)

* Al performed by farm personnel instead of using professional Al technicians.
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Table 2. Prevalence of antibodies to BCV and BRSV at herd-level in 20 conventional and 20 organic Swedish herds sampled on two occasions

Sampling  Mean % BCV-positive sampled Mean % BRSV-positive sampled  Mean % BCV and BRSV-positive

Time cows (range) cows (range) sampled cows (range)
Conventional Organic Conventional Organic Conventional Organic

2005 96" (42-100) 79% (30-100) 89" (25-100) 70% (0-100) 857 (25-100) 54% (0-100)

2006 95° (30-100) 77° (9-100) 93° (50-100) 74° (0-100) 89° (34-100) 59° (0-100)

% ®Numbers within pairs of columns with the same letter are significantly different (P< 0.001).



Table 3. Association between herd level prevalence of animals seropositive to BCV
or BRSV or both and herd characteristics as estimated with a logistic regression
model

Variable Level Odds ratio 95% confidence p-value
(OR) interval of OR
Organic  Yes 0.07 0.02;0.25 <0.0001
No 1 n.a.
AIF * Yes 5.47 2.39;12.50 <0.0001
No 1 n.a.

* Al was performed by farm personnel instead of using professional Al technicians.

Table 4. Association between herd level prevalence of animals seropositive to both
BCV and BRSV and herd characteristics as estimated with a logistic regression
model

Variable Level Odds ratio 95% confidence p-value
(OR) interval of OR

Organic Yes 0.18 0.12;0.29 <0.0001
No 1 n.a.

AIF*? Yes 2.40 1.60;3.62 <0.0001
No 1 n.a.

Stall type  Tied 2.00 1.33;3.01 0.0009
Free 1 n.a.

Milk yield Above median®  0.51 0.34;0.78 0.0021
Below median® 1 n.a.

* Al was performed by farm personnel instead of using professional Al technicians.
® The median was 8903 kg/cow/year.
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Fig. 1. Age-specific seroprevalence to bovine corona virus (BCV) (A), bovine
respiratory syncytial virus (BRSV) (B), both BCV and BRSV (C) in relation to herd
management system. Clusters of age in years (months) are 1-3 (12-36), 3-5 (37-60),
5-7 (61-84), and >7 (>85). Number of serum samples per cluster is 120, 147, 58,
and 16, respectively, from the organic herds and 143, 149, 54, and 12, from the
conventional herds. The a-c seroprevalences with the same letter differ significantly
between the conventional and organic herds (P<0.001).
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