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Introduction 

This is a brief review and discussion of the evidence 
which has proposed for about the last 20 years that the 
bovine virus diarrhea virus (BVDV) has a role in the 
pathogenesis of pneumonic pasteurellosis of cattle which 
is one ,of the most common causes of acute undifferentiated 
bovine respiratory disease or the ••shipping-fever complex." 
We propose to show that there is no substantive evidence 
to implicate the BVDV in the pathogenesis of acute 
respiratory disease in cattle. 

Acute undifferentiated bovine respiratory disease 
(AUBRD) is the most frequent cause of illness and death 
in feedlot cattle in North America and is a major cause 
of economic loss (I). The clinical findings include a rapid 
onset of acute illness characterized by anorexia, toxemia, 
nasal discharge, coughing, a fever of I 04° F ( 40° C), 
abnormal lung sounds and a beneficial response to 
treatment with antimicrobials. While a definitive etiological 
diagnosis is usually not made clinically, the rapid response 
to therapy indicates the presence of a bacterial broncho
pneumonia. It is assumed that disease such as acute 
infectious bovine rhinotracheitis can be recognized 
clinically and differentiated from acute pneumonias. It is 
also accepted that accurate and reliable differentiation 
between the different causes of pneumonia can be difficult 
if not impossible based on clinical examination alone. 
However, it can also be argued that pneumonic 
pasteurellosis is the most common cause of acute 
undifferentiated respiratory disease in cattle in North 
America. There is general agreement that Pasteurella hemo
lyt ica (Biotype A, serotype I) is the ultimate cause of the 
lesions of pneumonic pasteurellosis (2). During active 
growth Pasteurella hemolytica is known to produce a 
soluble cytotoxin with specificity for ruminant leukocytes 
( 3 ). This leukotoxin is believed to act as a virulence factor 
in the production of pneumonia by impairing pulmonary 
macrophage function and bacterial clearance or by the 
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induction of damage to the lung through the release of 
proteolytic enzymes from lysed leukocytes (3). The terminal 
lesion is a fibrinous bronchopneumonia with varying 
degrees of fibrinous pleuritis. 

Considerable research has centered on determining how 
P. hemolytica, which are part of the normal flora of the 
nasopharynx, get into the terminal bronchioles and alveoli. 
Under normal conditions the lung is relatively free of P. 
hemolytica due to an effective lung clearance mechanism. 
It has been postulated that the lung clearance mechanisms 
may be affected by viral infections of the respiratory tract 
or by devitalizing influences such as prolonged 
transportation leading to fatigue, temporary starvation, the 
stress of weaning, rapid fluctuations in ambient 
temperature, mixing cattle from different sources after 
arrival in the feedlot and the handling and processing 
procedures of commercial feedlots. It is suggested that a 
defective pulmonary clearance mechanisIV would allow the 
bacteria to be inhaled into the alveoli and not be effectively 
cleared (2). 

Many viruses have been incriminated as so-called 
predisposing causes of acute undifferentiated bovine 
respiratory disease (4). Parainfluenza type 3 (PI-3) virus, 
infectious bovine rhinotracheitis (IRB), bovine respiratory 
syncytial virus (BRSV), and the bovine virus diarrhea virus 
(BVDV) have all been implicated (4,5,6). It is postulated 
that three viruses have a role in the pathogenesis of 
pneumonic pasteurellosis because they may be found in 
the lungs of cattle which have died with the disease and 
cattle affected with acute undifferentiated respiratory 
disease may seroconvert to one or more of the viruses 
(21,22,23,24,25,26). To obtain supporting evidence that 
these viruses may be initiators of acute undifferentiated 
respiratory disease the Pl-3, IBR and the BVDV viruses 
have been used to experimentally reproduce respiratory 
disease by aerosol exposure of young cattle to the viruses 
followed by aerosol exposure with P. hemolytica several 
days later (2, 7 ,8,9, 10, 11 ). Some elegant experimental 
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models of acute pneumonic pasteurellosis in cattle have 
been developed with the PI-3 and IBR viruses followed 
by exposure to Pasteurella hemolytica (2, 7,8,9). Much less 
research has been done to determine if the BVDV can act 
synergistically with Pasteurella hemolytica to reproduce 
pneumonic pasteurellosis and the results are contradictory 
( 11,27). 

The experimental reproduction of acute undifferentiated 
bovine respiratory disease has been attempted using the 
BVDV as an aerosol exposure (27) or by direct inoculation 
into the lungs (l l) followed by either aerosol exposure 
or endobronchial inoculation with Pasteurella hemolytica. 
In one experiment there was no significant effect of the 
BVDV on the mean clearance rate of Pasteurella hemolytica 
(27). In the other experiment in which both the virus and 
the bacteria were inoculated endobronchially severe 
fibrinopurulent bronchopneumonia and pleuritis involving 
40-75% of the lung volume developed in 5 calves inoculated 
sequentially with the BYD virus and Pasteurella hemolytica 
(l l). How can these differences be explained? It is possible 
that the strains of BYD may vary in their pneumopatho
genicity. In one experiment a cytopathic strain of the BVDV 
was found to be more severe as a synergistic agent with 
Pasteurella hemolytica than the non-cytopathic strain, 
indicating that strains of the BVDV may vary in their 
pneumopathogenicity for calves (10). The BVDV is not 
considered to be a primary pneumopathogen (31). 

A seroepidemiological survey has shown an association 
between antibody titers to infectious bovine rhinotracheitis, 
parainfluenza-3, bovine virus diarrhea and bovine 
respiratory syncytial viruses and the treatment for acute 
undifferentiated bovine respiratory disease in feedlot cattle 
(26). The results of the study suggested a possible role for 
l.B.R., PI-3, B.V.D. and B.R.S. viruses as associated causes 
of acute undifferentiated bovine respiratory disease. 
However, a seroepidemiological association does not 
necessarily provide supporting evidence for the role of the 
viruses as predisposing pathogens. Although a significant 
relationship between an increased titer to BVDV and the 
occurrence of AU BRD was demonstrated over all of the 
animals in the study, the authors point out that the exact 
relationship between seroconversion to BVDV and 
AUBRD could not be clarified. For example, the animals 
studied fell into five natural groups. Within these groups 
an increase in the rate of seroconversion was not associated 
with a similar increase in the AUBRD. In fact, within one 
group, animals exposed to BVDV appeared less likely to 
develop respiratory disease than those that were not 
exposed. In addition, animals in all five groups also 
experienced significant titer changes to IBR and PI-3 
viruses. The combined effect of all three viruses upon the 
occurrence of respiratory disease was not examined, raising 
the concern that the apparent relationship between 
seroconversion to BVDV and AUBRD may have been due 
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to the effect of another, concurrent viral infection. Finally, 
due to the design of this study it was not possible to 
determine which came first, seroconversion to BVDV or 
the cases of AUBRD. In other words, AUBRD may have 
led to changes in the BVDV titer rather than the other 
way around. 

The BVDV is thought to be a predisposing cause of 
pneumonic pasteurellosis because the virus can impair the 
immune response of cattle. On an experimental basis the 
virus can alter neutrophil function ( 12), cause 
hyporesponsiveness of peripheral lymphocytes to various 
mi to gens ( 13 ), affect the distribution of immunoglobulins 
between the cytoplasm and surface of lymphocytes (14), 
impair clearance of bacteria from the blood ( 15), allow 
the IBR virus to be more widely distributed in various 
tissues (16) and in tissue culture cells it can cause the release 
of substances which can suppress the proliferative response 
of bovine mononuclear cells to blastogenic substances( 17). 
A modified live-virus vaccine strain of BVDV can 
experimentally have a detrimental effect on lymphocyte 
function ( 18). Both cattle persistently infected with the 
BVDV and healthy cattle mounting an immune response 
to a recent infection with the BVDV have impaired 
neutrophil function; the impairment in persistently infected 
animals is different than in healthy cattle ( 19). 

The virus causing bovine viral diarrhea (BYD) and 
mucosal disease (MD) is distributed worldwide. The most 
frequent form of BYD infection in cattle is the subclinical 
or benign form which is characterized by a transient fever, 
a moderate leukopenia, slight inappetance, a mild diarrhea 
in some cases and the production of BYD virus-neutralizing 
antibodies, elimination of the virus and rapid recovery (20). 
It has been suggested that this benign form of the disease 
may cause sufficient immunosuppression which acts as a 
predisposing factor to allow the development of pneumonia 
caused by Pasteurella hemolytica (4). 

Fatal mucosa! disease occurs in young cattle from 6 to 
24 months of age which were infected in utero with a non
cytopathogenic strain of the virus before l 25 days of 
gestation, and were born with persistent viral infection and 
specific immunotolerance. These animals are usually 

_ clinically normal at birth but may develop fatal mucosal 
disease, perhaps following superinfection with a cytopathic 
strain of the virus between 6 and 24 months of age or 
even later. It is thought that persistently viremic animals 
are the principal carriers of the virus and provide the source 
of the virus to immunocompetent animals which develop 
the benign form of the infection known as bovine virus 
diarrhea. 

The prevalence of persistently viremic animals in the 
cattle population is about I% but prevalence rates of up 
to 10% of the progeny of heifers when they are first exposed 
to the BVDV in early pregnancy have been reported. Even 
higher values up to 27% have been reported in individual 
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herds (20). 
There is no published information to indicate that 

persistently viremic cattle or those which are affected with 
the benign form of the disease are more susceptible than 
immunocompetent cattle (which have had no experience 
with the virus) to the experimental reproduction of 
respiratory disease using an aerosol exposure of Past. 
hemolytica. All of the published information indicates that 
the BYDY was inoc1:1lated directly into the lungs of the 
experimental animals along with or followed a few days 
later by Past. hemolytica. 

The widespread availability of bovine vaccines which 
contain the PI-3, IBR, BRSY and BYD viruses in various 
combinations with or without bacterial antigens for the 
control and prevention of bovine respiratory disease has 
also contributed to the notion that viruses predispose to 
respiratory disease caused by Pasteurella hemolytica. 
However, there is no supporting evidence that the use of 
these vaccines will aid in the economical control of 
naturally-occurring cases of acute undifferentiated 
respiratory disease or pneumonic pasteurellosis (I). 

Another major question with regard to the role of the 
BYD Y in bovine respiratory disease is whether or not the 
use of modified live BYDY vaccines can cause 
immunosuppression and interfere with the development of 
protective immunity of cattle which are vaccinated with 
infectious bovine rhinotracheitis vaccine. One experiment 
has shown that vaccination of calves with a modified live 
BY DY vaccine did not interfere with the immunity induced 
by an IBR vaccine against the experimental model of 
pneumonic pasteurellosis calves in which an aerosol of the 
IBR virus is followed a few days later by an aerosol of 
Pasteurella hemolytica (5). 

A modified live-virus vaccine strain of the BYD can 
experimentally have a detrimental effect on lymphocyte 
and neutrophil function (28). This suggests that stressed 
cattle should not be vaccinated with a modified-live virus 
BYD vaccine because impaired lymphocyte or neutrophil 
function could potentiate other viral or bacterial infection. 
This impairment may be potentiated by increased plasma 
cortisol caused by stress. In the Bruce County Project in 
Ontario in the early l 980's it was shown that there was 
a greater incidence of health problems in cattle which were 
vaccinated with vaccines containing the modified live BYD 
virus compared to those which did not receive the BYDY 
vaccines (30). 

Stress has been associated with increased susceptibility 
to bacterial pneumonia in animals. The exact mechanisms 
whereby increased susceptibility occurs have not been fully 
investigated, but it has been suggested that stress may 
increase the release of adrenocorticotrophic hormones 
(ACTH) which in turn stimulates the synthesis and secretion 
of cortisone. Increased cortisone levels may then alter 
immune functions and increase susceptibility to bacterial 
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pneumonia. Stressful conditions which contribute to 
increased cortisone levels in cattle include weaning, 
transportation, handling, castration and dehorning, 
parturition, forced exercise and marked fluctuations in 
ambient temperature. Calves experimentally stressed under 
field conditions were not susceptible to bacterial infection 
by aerosol challenge with Pasteurella hemolytica (29). 
However, when the stressed calves were challenged with 
an aerosol of IBR virus, they developed lesions consistent 
with infectious bovine rhinotracheitis but they were not 
susceptible to an aerosol infection with Pasteurella 
hemolytica. 

A recent report indicated that in utero infection of dairy 
cows with the BYDY was significantly associated with an 
increase in the risk of death in their calves (23). More 
of these calves died of pneumonia than did calves from 
cows that were not suffering an in utero infection. 
Pasteurella hemolytica was the organism that was most 
frequently isolated from the pneumonic lungs. It was 
suggested that immunosuppression due to persistent 
infections with the BYDY, in combination with suboptimal 
management conditions, may have predisposed the calves 
to a bacterial infection. Even if subsequent investigations 
confirm this pathogenesis for respiratory disease, this 
cannot be taken as evidence that acute infection of 
immunocompetent cattle predisposes them to AUBRD. 

The new concepts of the pathogenesis, diagnosis and 
control of the disease caused by the BYDY which have 
emerged within the last 10 years suggest that the published 
literature dealing with the use of BYDY vaccine for the 
control and prevention of bovine respiratory disease prior 
to 1980 may be irrelevant. A detailed review of the literature 
of these new concepts is available (20). 

The necessary evidence required to show that exposure 
of immunocompetent animals to the BYDY increases the 
risk of AUBRD would require several consistent studies. 
These would have to show that the rate of AU BRO was 
greater in animals exposed to the BYDY than in those 
that were not. Alternately, the degree of serological 
response to BYDY would have to differ significantly 
between diseased and non-diseased animals. With respect 
to groups of animals, the rate of AU BRO within groups 
should increase with the frequency of seroconversion to 
the BYDY. In addition, reasonable evidence that the 
occurrence of AUBRD was not due to some other factor 
( e.g. another pathogen) that was also acting at the same 
time as the BYDY would also be required. Finally, it 
would have to be shown that exposure to the BYDY 
preceded the development of AU BRO. If these criteria 
are accepted, then one must conclude that the existing, 
published evidence is not sufficient to support the belief 
that the BYDY has a role in the pathogenesis of AUBRD. 
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