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ABBREVIATIONS USED: ADCC: antibody dependent 
cellular cytotoxicity, BAM: bovine alveolar macrophage, 
BHVl: Bovine Herpesvirus type 1, BLV: Bovine 
Leukemia Virus, BRDC: bovine respiratory disease com
plex, BRSV: Bovine Respiratory Syncytial Virus, BTV: 
Blue Tongue Virus, BVDV: Bovine Viral Diarrhea Virus, 
ConA: Concanavalin A, CPE: cytophathic effect, lg: 
immunoglobulin, PHA: phytohemagglutinin, PI3: Bovine 
Parainfluenza Virus type 3. 

Introduction 

The interactions of the various factors that lead to a 
diseased state in an animal are complex and incompletely 
understood These interrelated factors may be placed into 
three simultaneously interacting groups: host factors, par
asite factors, and extra-host/extra-parasite factors (Table 
1 ). Host factors include both specific and nonspecific host 
defense mechanisms. Additionally, the age, genetic 
makeup, and the nutritional, physiological, and psycho
logical status of the animal are important as they affect 
these host factors. The critical parasite factors are those 
that determine virulence and/or pathogenicity. Finally, 
there are factors not directly associated with either the 
host or the parasite that affect them both and their inter
action. These include environmental conditions and the 
effects of other pathogens. 

There are many examples of some or all of these fac
tors contributing to disease. One example is found in cat
tle, where host factors, parasite factors, environmental fac
tors, and primary and secondary pathogens all interact to 
cause BRDC. Examples of this type of phenomenon in 
cattle are not limited to pneumonic disease. 

Primary viral infections may cause clinical disease on 
their own depending on the type of virus and condition of 
the host. More importantly, they frequently predispose an 
animal to secondary complications such as bacterial infec
tions. This is especially true when viral effects are com
bined with other immunosuppressive factors such as 
stress, poor nutrition, and concurrent diseases. Viral 
infections interact in this complex system by their detri
mental effects on host defense mechanisms. This paper 
will review the immunosuppressive effects on cattle at
tributed to various bovine viral pathogens. 
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Bovine Herpesvirus Type 1 

This virus, also known as Infectious Bovine Rhinotra
cheitis Virus, has been extensively studied because of its 
important role in BRDC. Clinically, BHVl may manifest 
itself as upper respiratory tract infection, conjunctivitis, 
infectious pustular vulvovaginitis, abortion, and nonsup
purative meningoencephalitis. 

TABLE 1. 

HOST FACTORS 
Normal Flora 

Physical Barriers 
(skin, mucous membrane, cornea, 

mucociliary apparatus, tears) 
Antimicrobial Components 

( complement, lysozyme, transferrin,. stomach acid, 
beta-lysin) 
Phagocytes 

(macrophages and polymorphonuclcar neutrophils) 
Cell-mediated and Humoral Immunity 

PATHOGEN FACTORS 
Capsule 

Leukocidins 
lnvasins 

Adhesins 
Motility 
Toxins 

Iron Transport Mechanisms 
Serum Resistance 
Drug Resistance 

Antigenic Changes 
Tolerance 

Immuts 
nonsuppression 

NON-HOSTS/NON-PATHOGEN FACTORS 
Environment 

Infection by Concurrent Pathogens 
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BHVl has been shown to have detrimental effects on 
the bacterial defense mechanisms of the lung. Aerosol 
exposure to BHVl facilitated infection of the lung by a 
usually noninfectious doses of P. hemolytica resulting in 
fibrinous pneumonia.1-6 Additionally, after calves 
exposed to P. hemolytica serotype 1 had apparently cleared 
the bacteria from their nasal passages, intranasal inocula
tion with BHVl caused recrudescence of P. hemolytica in 
two of eight calves.7 In vitro and in vivo experiments have 
shown CPE on respiratory epithelium that results in com
promise of the mucociliary defense mechanisms.8-9 

Altered BAM functions have also been attributed to 
BHVl. BHVl has been reported to have CPE on 
BAM,10,11 even though it appears to replicate in BAM at 
very low levels11-13 or not at all.10 Other BHVl mediated 
effects noted in these in vitro BAM studies include reduc
tion of Fe-mediated receptor activity and phagocytosis, 
complement receptor activity, and ADCC.13 

In vivo BHVl infection also affects BAM recovered by 
lung lavage. One study reported that only a small propor
tion of BAM appeared to become infected in aerosol or 
intranasal challenged calves.14 In this study even though 
clinical signs of viral infection were noted, the BAM from 
these calves showed unaltered Fe and complement recep
tor activities, phagocytic activity, and ability to mediate 
ADCC.14 Macrophage activity as measured by chemilu
minescence is also impaired in BHVl infected calves (P. 
D. Conlon, and P. Eyre, Abstr. Annu. Meet. Conf. Res. 
Workers in Animal Dis. 1985, 79, p. 15). In another study 
of aerosol challenged calves, lavage recovered BAM 
showed increases in the percentage of cells expressing a 
major histocompatibility class II antigen, increased Fe
mediated phagocytosis, increased beta-glucuronidase, and 
increased production to prostaglandin E2.15 Selective 
suppression of BAM mediated cellular cytotoxicity and 
interleukin-I generation was observed in this study.15 In 
an experiment using an aerosol BHVl challenge the per
centage of BAM with Fe and C3b receptors was signifi
cantly reduced six days post-exposure.16 These BAM had 
significantly reduced ability to phagocytize opsonized 
Staph. epidermidis but were able to kill ingested bacteria. 

Macrophage/neutrophil interaction, as well as neu
trophil function, may also be impaired in calves exposed to 
an aerosol of BHVl virus followed five days later by an 
aerosol of P. hemolytica.11 Analysis of sequential lavage 
fluids suggested that neutrophil infiltration into the lung 
in response to the presence of the bacteria was delayed. In 
vitro studies of these cells showed that neutrophils from 
infected animals displayed little random migration and did 
not respond to a chemotactic stimulus.17 Macrophages 
were not able to produce neutrophil chemotactic fac
tors.17 

In another BHVl aerosol challenge study, significant 
depression of neutrophil chemotactic response was noted, 
but the antibacterial activity of the neutrophils was not 
significantly affected.18 In calves inoculated with an 
aerosol of BHVl there was enhancement in Staph. aureus 
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ingestion by neutrophils during post-exposure days 4 
through 1 t.19 BHVl infection did not significantly affect 
cytochrome-c reduction, ADCC, chemiluminescence, or 
iodination. In an in vitro study of the direct effects of 
BHVl on the interaction of blood neutrophils with P. 
hemolytica Al, neutrophils were incubated with BHVl. 
No effects were noted on neutrophil random or directed 
migration, ability to ingest and kill P. hemolytica Al, 
chemiluminescence, or susceptibility to the lethal effects 
of crude P. hemolytica cytotoxin.20 

A study examining lymphocyte function demonstrated 
a significant depression in the lymphocyte blastogenic 
response to PHA, P. hemolytica, and P. multocida.18 In 
vitro infection of lymphocytes with live BHVl inhibited 
blastogenic response of bovine peripheral blood mononu
clear cells to PHA while infection with ultraviolet irradi
ated BHVl caused no effects (A Pollard, N.S. Magnuson, 
T. Yilma, R. Reeves, and J.A Magnuson, Fed. Proc. 
44:529, 1986). Intravenous inoculation of BHVl 
decreased the number of circulating lymphocytes by more 
than 50%.21 

Bovine Parainfluenza Virus Type 3 

Infection with this virus results in mild to moderate 
respiratory disease. Infection has been shown to predis
pose cattle to the development of bacterial pneumonia 
following aerosol exposure to P. hemolytica22-24 or P. 
multocida25 ,26 Aerosol exposure of calves to PI3 followed 
by aerosol exposure to P. hemolytica results in reduced 
clearance of P. hemolytica.21-29 In one study, reduced 
clearance was noted on the first day following PI3 expo
sure but noted on any of the subsequent 14 days.27 In 
another experiment, reduced clearance was not on days 7 
and 11 but not on day three.28 Finally, one study showed 
no suppressive effect on pulmonary clearance in six out of 
seven calves, seven days after PI3 exposure. 29 Addition
ally, after calves exposed to P. hemolytica serotype 1 had 
apparently cleared the bacteria from their nasal passages, 
intranasal inoculation with PI3 caused recrudescence of P. 
hemolytica in 6 of 20 calves.7 Like BHVl, PI3 infection 
readily destroyed the ciliary activity in tracheal ring cul
tures.10 

BAM cultures infected in vitro with PI3 show CPE.10,11 

In one study, infective virions were released into the 
media.11 In another, the virus failed to survive five pas
sages and thus did not meet the author's criteria for repli
cation in macrophages.10 PI3 replicated and caused CPE 
in another in vitro study on cultured BAM. 30 Addition
ally, infected BAM showed depressed phagocytic activity 
against Candida glabrata and a marked reduction in 
phagosome/lysosome fusion.30 Similarly, Pl3 infected cul
tures of BAM were less adherent to glass, less efficient at 
phagocytizing antibody coated sheep erythrocytes, had 
significantly lower concentrations of acid phosphatase, 
and showed decreased bacterial killing.31 Significant dif
ferences in latex particle phagocytosis were not noted 
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between infected and control cultures.31 Interestingly, 
when the PI3 virus infected BAM were exposed to anti
serum of to lg against PI3 virus there was an approxi
mately 2-fold greater inhibition of antibody coated sheep 
erythrocyte phagocytosis when compared to infected BAM 
exposed to serum without anti-PI3 activity.31 In a study of 
calf BAM cytotoxicity activity, cells washed from lungs of 
freshly killed calves were cytotoxic for calf kidney target 
cells infected with PI3 virus. 32 This cytotoxic reaction was 
inhibited by PI3 antiserum. When BAM were added to 
Pl3 infected cell cultures the yield of virus was reduced for 
the first two to three days. Subsequently, virus replicated 
in the BAM reducing their cytotoxic activity.32 

BAM harvested from cattle infected with Pl3 also show 
compromised function. In an experiment using an aerosol 
Pl3 challenge, the percentage of BAM with Fe and C3b 
receptors was significantly reduced six days post-expo
sure.16 These BAM had significantly reduced ability to 
phagocytize opsonized Staph. epidermidis but were able to 
kill ingested bacteria. In another study, Pl3 infection of 
calves significantly impaired alveolar macrophage chemi
luminescence and beta-adrenoceptor function (P.O. 
Ogunbiyi and P. Eyre, Fed. Proc. 44:469, p. 491, 1986). 
The phagocytic kinetics of BAM were examined in calves 
seven days following an intranasal aerosol exposure to 
Pl3. In virus-infected animals a decreased proportion of 
BAM were phagocytic and the mean initial phagocytic 
rates of BAM were significantly decreased.33 

Chemiluminescence and iodination ability of neu
trophils were significantly reduced in calves aerosol ex
posed to Pl3. Random migration, Staph. aureus ingestion, 
cytochrome-c reduction, and ADCC were not significantly 
affected.19 

Lymphocytes from calves experimentally infected 
intratracheally with Pl3 showed reduced response to stim
ulation with PHA as determined by reduced 3H-thymidine 
uptake in blastogenesis assays. The effects were most 
severe between the days two to seven and gradually abated 
from days eight to ten.34 

Bovine Respiratory Syncytial Virus 

BRSV was reported to be associated with acute respi
ratory disease in calves in 1970.35 Spontaneous and 
experimentally induced infection in calves results in bron
chitis, bronchiolitis, interstitial pneumonia, and other res
piratory tract lesions36,37 and may predispose to secondary 
bacterial pneumonia. 38,39 

BRSV inoculated into in vitro tracheal ring cultures 
was able to replicate within the ciliated epithelial cells of 
the tracheal rings, yet ciliary activity was not destroyed.10 

In contrast, electron microscopy of one-month-old calves 
infected with BRSV showed that viral assembly and 
release in tracheal and bronchial epithelial cells was asso
ciated with loss of cilia.40 It was noted that regeneration 
of the airway epithelium was largely completed by 10 days 
after inoculation. One calf had failure of epithelial repair 
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and developed secondary bacterial pneumonia.40 Experi
mental inoculation with BRSV produces a mild leukope
nia. 41 

Compared to other bovine respiratory viruses, BRSV 
is not as infective for BAM. In one study of BRSV 
infected BAM cultures, no CPE was noted, a small num
ber of BRSV virions were consistently released, and about 
one percent of the macrophages were fluorescent anti
body-positive for viral antigen.11 Others have confirmed 
the lack of CPE but have failed to demonstrate viral repli
cation in BAM.10,42 

In vitro inoculation of BAM with BRSV impairs 
selected functions.42 Fe-mediated phagocytosis of anti
body coated sheep erythrocytes was significantly impaired 
in BRSV infected cultures, but no differences were noted 
in the macrophage viability, ability to adhere to glass, 
killing ability, latex bead phagocytosis, or lysosomal 
enzyme content. 42 

Bovine Viral Diarrhea Virus 

BVDV produces different clinical syndromes depend
ing on immunological status and presence or absence of 
infection. Cattle that are persistently infected with BVDV 
and fail to produce an antibody response are susceptible 
to a fatal condition termed mucosal disease.43 Experi
mental infection of healthy cattle with BVDV usually 
results in a transient febrile response and leukopenia with 
clinical signs such as depression, anorexia, and tachyp
nea. 44 Like many other bovine viruses, much of the 
importance of BVDV infection abides in its immunosup
pressive effect, facilitating the occurrence of secondary 
infections. 

There are reports of an increased incidence of bacterial 
infection in calves recently infected with, or seroconvert
ing to BVDV.45 As was previously mentioned for other 
bovine viruses, BVDV will facilitate pneumonic infection 
with a usually noninfectious does of P. hemolytica under 
the appropriate experimental conditions.46 BVDV readily 
destroyed the ciliary activity in infected cultures of bovine 
tracheal rings.10 One study reports that BVDV had no 
statistically significant effect on pulmonary clearance of P. 
hemolytica.41 In their discussion the authors attribute this 
to the great variation within and between animals of the 
same experimental group. 

An experiment was conducted in which six cattle per
sistently infected with and seronegative to BVDV were 
inoculated with lymphocytes infected with BL V. While all 
controls seroconverted to BL V four to five weeks after 
inoculation, four of the six BVDV infected cattle had 
delayed, weak antibody responses. BL V was isolated from 
all the cattle persistently infected with BVDV at 42 or 58 
weeks after BL V inoculation regardless of whether the 
serum samples gave negative, weak, or positive BL V 
results, suggesting decreased immune responsiveness to 
BLV in animals persistently infected with BVDV.48 

THE BOVINE PRACTITIONER - NO. 24 



In vitro studies on BAM indicate that BVDV is capable 
of replicating and causing CPE.10,11 In one of the studies 
the more virulent strains were better able to replicate in 
BAM.10 Another study using peripheral blood monocytes 
showed that incubation with BVDV caused decreases in 
random locomotion and chemotaxis. 49 These effects were 
not noted when monocytes were incubated with heat 
killed BVDV. 

BVDV also affects neutrophils. A modified live vac
cine strain of BVDV administered intranasally or intra
muscularly to cattle produced a decrease in the number of 
circulating neutrophils, as well as suppression of iodina
tion and neutrophil mediated ADCC.50 No statistically 
significant changes occurred in other neutrophil parame
ters, including random migration under agarose, ingestion 
of Staph. aureus, and nitroblue tetrazolium reduction.50 

In another experiment, in vivo infections with 
cytopathogenic and noncytopathogenic BVDV caused a 
marked impairment of iodination, but paraffin oil uptake, 
nitroblue tetrazolium reduction, and chemiluminescence 
were not decreased.51 Neutrophils from cattle persistently 
infected with BVDV had a significantly impaired ability to 
ingest Staph. aureus but were normal in respect to random 
migration under agarose, cytochrome C reduction, iodina
tion, and ADCC.52 However, a case report of a bull per
sistently infected with BVDV stated that neutrophils had 
a greater ability to ingest Staph. aureus and significantly 
reduced ability to iodinate protein.53 In one of these 
reports the authors noted that impairment of neutrophil 
function in cattle persistently infected with BVDV differs 
from impairment of neutrophil function reported in 
healthy cattle mounting an immune response to recent 
BVDV infection.52 

A variety of lymphocyte suppressive phenomenon have 
been associated with BVDV. Administration of a modi
fied live vaccine strain of BVDV resulted in a decrease in 
the number of circulating lymphocytes and a decrease in 
their ability to respond to mitogens.50 In cattle persis
tently infected with BVDV, uptake of 3H-thymidine by 
both resting and mitogen stimulated peripheral blood 
mononuclear cells was suppressed.52-54 Inoculation of 
healthy cattle with a cytopathic strain of BVDV produced 
a similar drop in circulating lymphocytes and neutrophils, 
as well as a drop in the percentage and absolute number of 
T lymphocytes.55 The absolute number of B lymphocytes 
also decreased but there was no apparent detrimental 
effect on antibody response to viral antigen.55 It was also 
noted that the percentage and absolute number of cells 
that could not be identified as either B or T lymphocytes 
increased following viral challenge. 55 When calves were 
experimentally inoculated with low doses of cytopathic 
and noncytopathic BVDV no differences were noted 
between infected cattle and controls for PHA stimulated 
blastogenesis, percentage of lymphocytes with surface lg, 
and antibody titers induced by an intravenous inoculation 
of killed Bruce/la abortus.56 The authors refer to differ
ences in the strains of virus used and the handling prior to 
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inoculation that may account for these results. In cattle 
affected by fatal mucosal disease, serum levels of IgG2 
were significantly reduced.43 Sera from 6 of 12 animals in 
later stages of fatal mucosal disease had a marked sup
pressive effect on lymphocyte blastogenesis of normal 
lymphocytes.43 Washed lymphocytes from sick animals 
responded similarly to control lymphocytes when stimu
lated with PHA and ConA 43 Two cattle chronically 
infected with BVDV were reported to have reduced num
bers of surface lg positive cells, B lymphocytes, and other 
abnormalities that the authors interpret as indicative of B 
cell dysfunction.57 

In vitro studies of lymphocytes have also shown sup
pressed function in the presence of BVDV. Blastogenic 
responses of bovine lymphocytes to PHA were depressed 
when BVDV was added, however, no depression occurred 
if ultraviolet irradiated BVDV was added.58 Bovine fetal 
lung tissue cultures infected with BVDV release into the 
supernatant fluid low molecular weight substances which 
suppress the proliferative response of bovine peripheral 
blood mononuclear cells to conA59 

Bovine Leukemia Virus 

In the adult form of bovine leukosis, infection of cattle 
with BL V consistently results in seroconversion60 and one 
of four clinical conditions: 1) inapparent carrier state with 
normal lymphocyte number and normal Band T lympho
cyte ratio, 2) normal lymphocyte number and inverted B 
and T lymphocyte ratio, 3) peripheral lymphocytosis com
posed of predominantly B lymphgcytes,61 or 4) lym
phosarcoma.62,63 The most common condition is the 
inapparent carrier. Peripheral lymphocytosis occurs in 
approximately 30% of the BL V seropositive cattle and 
lymphosarcoma occurs in less than 1 % of the BL V 
seropositive cattle.64 Three rarer forms of bovine 
leukemia are recognized: thymic form, juvenile or calf 
form, and the cutaneous of skin form.65 

In epidemiologic studies of cows with and without 
antibodies to BLV, cull rates increased significantly as 
BL V positive cows aged, but not as antibody negative cows 
aged.66 The authors speculated on the possible associa
tion between BL V, morbidity and mortality rates, and 
possible BL V induced immunosuppression. 

In leukemic cattle, antibodies to various antigens 
appeared after an interval twice as long as in normal cattle 
and were produced either in low or undetectable 
amounts. 67 The leukemic cattle also exhibited an incon
sistent lgM/lgG ratio in their sera. The authors concluded 
that the immune response in leukemic cows was either 
depressed or B cells were producing incompetent lg 
molecules.67 When peripheral blood lymphocytes from 
BL V infected cattle with persistent lymphocytosis or 
leukemia were compared to normal cattle, the cytotoxic 
activity in infected animals was markedly decreased.68 

In a study comparing skin allograft rejection, lympho
cyte blastogenesis, immunoglobulin quantities, antibody 
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titers to BLY and BHYl, and antibody response to immu
nization with chicken red blood cells, no differences were 
noted between healthy cattle and cattle with leukosis.69 

However, another study showed that most sera from 
leukemic cattle inhibited phagocytic activity of normal 
bovine blood neutrophils, growth of interleukin 2-depen
dent bovine T cells, and mitogen induced blastogenesis of 
normal bovine lymphocytes, while ADCC and sponta
neous cell-mediated cytotoxicity were suppressed by only a 
few sera.70 The antibody titer against BLY in the sera 
correlated with the percent inhibition of lymphocyte blas
togenesis. 

Studies of RNA synthesis of blood lymphocytes 
showed higher spontaneous RNA synthesis in cells from 
BLY-infected cows with persistent lymphocytosis com
pared to normal cows.71 There were no differences in 
RNA synthesis in response to mitogen stimulation in lym
phocytes from infected and noninfected cows. Another 
report noted high levels of spontaneous lymphocyte blas
togenesis in BLY-infected cattle, however lymphocyte 
responsiveness to mitogens was comparable to BLY-nega
tive animals.72 

Bluetongue Virus 

Bluetongue virus infection of cattle results in laminitis 
and mucosal ulcers. 73 The immunosuppressive effects of 
BTV have been virtually unstudied. In one report BAM 
were exposed to BTV in vitro.10 BTV was initially cyto
pathic. It lost its cytopathogenicity on repeated passage 
although it was capable of continued replication in 
macrophages.10 Results of another study indicate that 
bovine monocytes are readily infected in vitro with BTV 
serotype 10. 74 In bovine fetuses BTV infection did not 
consistently suppress mitogen induced lymphocyte blasto
genesis.75 

Bovine Rotavirus and Coronavirus 

These two viruses are considered primary etiologic 
agents of neonatal calf diarrhea. Electron micrographs of 
affected intestinal epithelium show severe compromise of 
this physical barrier.76,77 Some authors have speculated 
on the role of these ciruses in predisposing calves to other 
infectious agents,78 but no information concerning their 
effects on macrophage, neutrophil, or lymphocyte func
tion is available. 

Summary 

Epidemiologic evidence that viral immunosuppression 
leads to secondary bacterial pneumonia is established, yet 
our understanding of the immunosuppressive viral effects 
that cause this is incomplete. Similar relationships are 
likely to exist in other disease complexes. This paper 
reviewed many of the effects of different bovine viral 
pathogens on the bovine host defenses such as epithelial 
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barriers and ciliary function, macrophages, polymor
phonuclear neutrophils, and lymphocytes. For each virus 
there are voids in our understanding. There are many 
viruses such as bovine adenovirus, bovine enterovirus, 
bovine empheral fever virus, bovine papilloma virus, 
bovine papular stomatitis virus, and bovine parvovirus for 
which no information is available. The relevance of cur
rent in vitro tests to in vivo function is, in many cases, 
speculative. There are many aspects of the host immune 
system, such as cell-mediated immunity, for which tests 
are insufficient or entirely lacking. Continued work is 
needed to develop means to examine the immunologic 
interactions of cattle and their viral pathogens. There is 
currently a great deal of research examining the effects of 
various immunomodulators in cattle. In order to effec
tively use these immunomodulators the nature of the 
immunosuppression that viruses cause must be further 
characterized. 

References 

l. Jericho, K. W. F., and E. V. Langford. 1978. Pneumonia in calves 
produced with aerosols of bovine herpes virus I and Pasteurella 
haemolytica. Can. J. Comp. Med. 42:269-277. 2. Jericho, K. F. W. 1983. 
Histological changes in the respiratory tract of calves exposed to aerosols 
of bovine herpesvirus I and Pasteurella hemolytica. J. Comp. Path. 
93:73-82. 3. Yates, W. D. G. 1982. A review of infectious bovine 
rhinotracheitis, shipping fever pneumonia and viral-bacterial synergism in 
respiratory disease of cattle. Can. J. Comp. Med._ 46:225-263. 4. Yates, 
W. D. G., K. W. F. Jericho, and C. E. Doige. 1983. Effect of viral dose on 
experimental pneumonia caused by aerosol exposure of calves to bovine 
herpesvirus 1 and Pasteurella haemolytica. Can. J. Comp. Med. 47:57-03. 
5. Yates, W. D. G., L. A Babiuk, and K. W. F. Jericho. 1983. Pneumonia 
in calves: duration of the interaction between bovine herpesvirus 1 and 
Pasteurella haemolytica. Can. J. Comp. Med._41:251-264. 6. Yates, W. D. 
G., K. W. F. Jericho, and C. E. Doige. 1983. Effect of bacterial dose on 
pneumonia induced by aerosol exposure of calves to bovine herpesvirus-1 
and Pasteurella haemolytica.Am J. Vet. Res. 44:238-243. 7. Frank, G. H., 
R. E. Briggs, and K. G. Gillette. 1986. Colonization of the nasal passages 
of calves with Pasteurella hemolytica serotype 1 and regeneration of 
colonization after experimentally induced viral infection of the 
respiratory tract. Am J. Vet. Res. 47:1704-1707. 8. Rossi, C. R., and G. 
K. Kiesel. 1977. Susceptibility of bovine macrophage and tracheal-ring 
cultures to bovine viruses. Am J. Vet. Res. 38:1705-1708. 9. Allen, E. M., 
and P. M. Msolla. 1980. Scanning electron microscopy of the tracheal 
epithelium of calves inoculated with bovine herpesvirus I. Res. Vet. Sci. 
29:325-327. 10. Rossi, C. R., and G. K. Kiesel. 1977. Susceptibility of 
bovine macrophage and tracheal-ring cultures to bovine viruses. Am J. 
Vet. Res. 38:1705-1708. 11. Toth, T. H., and R. A Hesse. 1983. 
Replication of five bovine respiratory viruses in cultured bovine alveolar 
macrophages. Arch. Virol 75:219-224. 12. Forman, A J., L. A Babiuk, 
V. Misra, and F. Baldwin. 1982. Susceptibility of bovine macrophages to 
infectious bovine rhinotracheitis virus infection. Infect. Im.mun. 
35:1048--1057. 13. Forman, A J., and L. A Babiuk. 1982. Effect of 
infectious bovine rhinotracheitis virus infection on bovine alveolar 
macrophage function. Infect. Jmmun. 35:1041-1047. 14. Forman, A J., 
L. A Babiuk, F. Baldwin, and S. C. E. Friend. 1982. Effect of infectious 
bovine rhinotracheitis virus infection of calves on cell populations 
recovered by lung lavage.Am J. Vet. Res. 43:1174-1179. 15. Ohmann, H. 
B., and L. A Babiuk. 1986. Alteration of alveolar macrophage functions 
after aerosol infection with bovine herpesvirus type l. Infect. Jmmun. 

THE BOVINE PRACTITIONER - NO. 24 



51:344-347. 16. Brown, T. T., and G. Ananaba. 1988. Effect of 
respiratory infections caused by bovine herpesvirus-1 and parainfluenza-3 
virus on bovine alveolar macrophage functions. Am. J. Vet. Res. 
49:1447-1451. 17. McGuire, R. L., and L. A Babiuk. 1984. Evidence for 
defective neutrophil function in lungs of calves exposed to infectious 
bovine rhinotracheitis virus. Vet. Immun. Immunopath._5:259-211. 18. 
Filion, L. G., R. L. McGuire, and L. A Babiuk. 1983. Nonspecific 
suppressive effect of bovine herpesvirus type 1 on bovine leukocyte 
function. Infect. Immun. 42:106--112. 19. Briggs, R. E., M. Kehrli, and G. 
H. Frank. 1988. Effects of infection with parainfluenza-3 virus and 
infectious bovine rhinotracheitis virus on neutrophil functions in calves. 
Am. J. Vet. Res. 49:682-686. 20. Noel, E. J., B. A Israel, G. J. Letchworth 
III, et. al. 1988. Preincubation of bovine blood neutrophils with bovine 
herpesvirus-1 does not impair neutrophil interaction with Pasteurella 
haemolytica Al in vitro. Vet. Immunol Immunopath._19:21'3-284. 21. 
Cummins, J. M., and B. D. Rosenquist. 1979. Leukocyte changes and 
interferon production in calves injected with hydrocortisone and infected 
with infectious bovine rhinotracheitis virus. Am. J. Vet. Res. 40:238-240. 
22. Baldwin, D. E., R. G. Marshall, and G. E. Wessman. 1967. 
Experimental infection of calves with myxovirus parainfluenza-3 and 
Pasteurella haemolytica.Am. J. Vet. Res. 28:1773-1782. 23. Trapp, AL., 
AH. Hamdy, C. Gale, et. al. 1966. Lesions in calves exposed to agents 
associated with the shipping fever complex. Am. J. Vet. Res. 
27:1235-1242. 24. Jericho, K. W. F., C. Q. Darcel, and E. V. Langford. 
1982. Respiratory disease in calves produced with aerosols of 
parainfluenza-3 virus and Pasteurella haemolytica. Can. J Comp. Med. 
46:293-301. 25. Heddleston, K. L., R. C. Reisinger, and L. P. Watko. 
1962. Studies on the transmission and etiology of bovine shipping fever. 
Am. J. Vet. Res. 23:548-553. 26. Hetrick, F. M., S. C. Chang, R. J. Byrne, 
et. al. 1%3. The combined effect of Pasteurel/a multocida and myxovirus 
parainfluenza-3 upon calves. Am. J. Vet. Res. 24:939-946. 27. Gilka, F., 
R. G. Thomson, and M. Savan. 1974. The effect of edema, 
hydrocortisone acetate, concurrent viral infection and immunization on 
the clearance of Pasteurella hemolytica from the bovine lung. Can. J. 
Comp. Med. 38:251-259. 28. Lopex, A, R. G. Thomson, and M . Savan. 
1976. The pulmonary clearance of Pasteurella hemolytica in calves 
infected with bovine parainfluenza-3 virus. Can. J. Comp. Med. 
40:385-391. 29. Al-Izzi, S. A, M. G. Maxie, and M. Savan. 1982. The 
pulmonary clearance of Pasteurel/a haemolytica in calves given 
Co,ynebacterium parvum and infected with parainfluenza-3 virus. Can. J. 
Comp. Med. 46:85-90. 30. Hesse, R. A, and T. E. Toth. 1983. Effects of 
bovine parainfluenza-3 virus on phagocytosis and phagosome-lysosome 
fusion of cultured bovine alveolar macrophages. Am. J. Vet. Res. 
44:1901-1907. 31. Liggitt, D., L. Huston, R. Silflow, et.al. 1985. Impaired 
function of bovine alveolar macrophages infected with parainfluenza-3 
virus.Am. J. Vet. Res. 46:1740-1744. 32. Probert, M., E. J. Stott, and L. 
H. Thomas. 1977. Interactions between calf alveolar macrophages and 
parainfluenza-3 virus. Infect. Immun. 15:576-585. 33. Slauson, D. 0., J . 
C. Lay, W. L. Castleman, and N. R. Neilsen. 1987. Alveolar macrophage 
phagocytic kinetics following pulmonary parainfluenza-3 virus infection. 
J. Leukocyte Biol 41:412-420. 34. Pospisil, Z., M. Machatkova, J. 
Mensik, et. al. 1975. Decline in the phytohemagglutinin responsiveness of 
lymphocytes from calves infected experimentally with bovine viral 
diarrhoea-mucosa! disease virus and parainfluenza 3 virus. ACTA Vet. 
BRNO 44:369-375. 35. Paccaud, M. F., and C. Jacquier. 1970. A 
respiratory virus of bovine origin. Arch. Gesamte Virusforsch 30:327-342. 
36. Mohanty, S. B., AL. Ingling, and M. G. Lillie. 1975. Experimentally 
induced respiratory syncytial viral infection in calves. Am. J. Vet. Res. 
36:417-419. 37. Bryson, D. G., M. S. McNulty, E. F. Logan, et. al. 1983. 
Respiratory syncytial virus pneumonia in young calves: clinical and 
pathologic findings. Am. J. Vet. Res. 44:1648-1655. 38. Bohlender, R. E., 
M. W. McCune, and M. L. Frey. 1982. Bovine respiratory syncytial virus 
infection. Mod. Vet. Practice 3:613-618. 39. Lehmkuhl, L. D., and P. M. 
Gough. 1977. Investigation of causative agents of bovine respiratory tract 
disease in a beef cow-calf herd with an early weaning program. Am. J. Vet. 

NOVEMBER, 1989 

Res. 38:1717-1720. 40. Castleman, W. L., S. K. Chandler, and D. 0. 
Slauson. 1985. Experimental bovine respiratory syncytial virus infection 
in conventional calves: ultrastructural respiratory lesions. Am. J. Vet. Res. 
46:554-560. 41. Elazhary, M., M. Galina, R. S. Roy, et. al. 1980. 
Experimental infection of calves with bovine respiratory syncytial virus 
(Quebec strain). Can. J. Comp. Med. 44:390-395. 42. Trigo, E., H. D. 
Liggitt, J. F. Evermann, et. al. 1985. Effect of in vitro inoculation of 
bovine respiratory syncytial virus on bovine pulmonary alveolar 
macrophage function. Am. J. Vet. Res. 46:1098-1103. 43. Steck, F., S. 
Lazary, H. Fey, et. al. 1980. Immune responsiveness in cattle fatally 
affected by bovine virus diarrhea-mucosa! disease. Zbl Vet. Med. 
27:429-445. 44. Malmquist, W. A 1968. Bovine viral diarrhea-mucosa! 
disease: etiology, pathogenesis and applied immunity. J. Am. Vet. Med. 
Assn. 152:763-770. 45. Hamoud, M., P. B. Imrey, G. T. Woods, et. al. 
1981. An epidemiologic study of acute respiratory disease in beef calves 
after weaning. Bovine Practice 2:7-11. 46. Corstvet, R. E., and R. J. 
Paniciera. 1982. Effect of infectious bovine rhinotracheitis virus and 
bovine virus diarrhea virus on Pasteurella haemolytic a infection in the 
bovine lung. Proc. Am. Assoc. Vet. Lab. Diag. 25:363-368. 47. Lopez, A, 
M. G. Maxie, M. Savan, et. al. 1982. The pulmonary clearance of 
Pasteurella haemolytica in calves infected with bovine virus diarrhea or 
Mycoplasma bovis. Can. J. Comp. Med. 46:302-306. 48. Roberts, D. H., 
M. H. Lucas, G. Wibberley, et. al. 1988. Response of cattle persistently 
infected with bovine virus diarrhoea virus to bovine leukosis virus. Vet. 
Rec. 122:293-296. 49. Ketelsen, A T., D. W. Johnson, and C. C. 
Muscoplat. 1979. Depression of bovine monocyte chemotactic responses 
by bovine viral diarrhea virus. Infect. Immun. 25:565-568. 50. Roth, J. A, 
and M. L. Kaeberle. 1983. Suppression of neutrophil and lymphocyte 
function induced by a vaccinal strain of bovine viral diarrhea virus with 
and without the administration of ACTI-I. Am. J. Vet. Res. 44:2366-2372. 
51. Roth, J. A, M. L. Kaeberle, and R. W. Griffith. 1981. Effects of 
bovine viral diarrhea virus infection on bovine polymorphonuclear 
leukocyte function. Am. J. Vet. Res. 42:244-250. 52. Roth, J. A., S. R. 
Bolin, and D. E. Frank. 1986. Lymphocyte blastogenesis and neutrophil 
function in cattle persistently infected with bovine viral diarrhea virus. 
Am. J. Vet. Res. 47:1139-1141. 53. Bolin, S. R., J. A. Roth, E. K. 
Uhlenhopp, et. al. 1987. Immunologic and virologic findings in a bull 
chronically infected with noncytopathic bovine viral diarrhea virus. J. Am. 
Vet. Med. Assn. 190:1015-1017. 54. Johnson, D. W., and C. C. 
Muscoplat. 1973. Immunologic abnormalities in calves with chronic 
bovine viral diarrhea. Am. J. Vet. Res. 34:1139-1141. 55. Bolin, S. R., A. 
W. McClurkin, and M. F. Coria. 1985. Effects of bovine viral diarrhea 
virus on the percentages and absolute numbers of circulating B and T 
lymphocytes in cattle. Am. J. Vet. Res. 46:884-886. 56. Brownlie, J., P.A. 
Nuttall, E. J. Stott, et. al. 1980. Experimental infection of calves with two 
strains of bovine virus diarrhoea virus: certain immunological reactions. 
Vet. Immunol Immunopath. 1:371-378. 57. Muscoplat, C. C., D. W. 
Johnson, and E. Teuscher. 1973. Surface immunoglobulin of circulating 
lymphocytes in chronic bovine diarrhea: abnormalities in cell populations 
and cell function.Am. J. Vet. Res. 34:1101-1104. 58. Muscoplat, C. C., D. 
W. Johnson, and J.B. Stevens. 1973. Abnormalities of in vitro lymphocyte 
responses during bovine viral diarrhea virus infection. Am. J. Vet. Res. 
34:753-755. 59. Markham, R. J. F., and M. L. Ramnaraine. 1985. 
Release of immunosuppressive subst_ances from tissue culture cells 
infected with bovine viral diarrhea virus. Am. J. Vet. Res. 46:879--883. 60. 
Mammerickx, M., D. Portetelle, and A. Burny. 1985. The diagnosis of 
enzootic bovine leukosis. Comp. Immun. Microbial Infect. Dis. 
8:305-309. 61. Fossum, C., A. Burny, D. Portetelle, et. al. 1988. 
Detection of B and T cells, with lectins or antibodies, in healthy and 
bovine leukemia virus-infected cattle. Vet. Immunol Immunopath. 
18:269-278. 62. Mikalauskiene, G., N. Dikiniene, M. Mauricas, et. al. 
1984. Partial characterization of bovine leukemic cell populations. Vet. 
Immunol Immunopath. 7:275-283. 63. Esteban, E. N., R. M. Thorn and 
J. F. Ferrer. 1985. Characterization of the blood lymphocyte population 
in cattle infected with the bovine leukemia virus. Cane. Res. 

47 



45:3225-3230. 64. Miller, J., and M. Van Der Maaten. 1980. The biology 
of bovine leukemia virus infection in cattle, p. 901-909. In M. Essex, G. 
Tudaro, and H. ZurHausen (ed.), V,ruses in naturally occuning cancers. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York. 65. 
Roberts, AW., and G. R. Carter. 1976. Essentials of veterinary virology, p. 
75. Michigan State University Press, East Lansing, Michigan. 66. 
Thurmond, M. C., C. B. Maden, and R. L. Carter. 1985. Cull rates of 
dairy cattle with antibodies to bovine leukemia virus. Cane. Res. 
45:1987-1989. 67. Trainin, Z., and H. Ungar-Waron. 1981. IgM in the 
bovine immune system and its relevance to disease, p. 181-188. In J.E. 
Butler (ed.), International Symposium on the Ruminant Immune System, 
Plenum Press, New York. 68. Yamamoto, S., M. Onuma, H. Kodama, et. 
al. 1984. Suppression of natural cytotoxic activity of lymphocytes from 
cattle and sheep during the progress of bovine leukosis. VeL Microbial 
9:105-111. 69. Schultz, R. D., J. R. Duncan, and B. B. Buxton. 1981. 
Immunocompetence of cattle with clinical leukosis (lymphosarcoma ), p. 
838-839. In J.E. Butler (ed.), International Symposium on the Ruminant 
Immune System, Plenum Press, New York. 70. Takamatsu, H., S. 
Inumaru, and H. Nakajima. 1988. Inhibition of in vitro immunocyte 
function by sera from cattle with bovine leukosis. VeL Immunol 
Immunopath. 18:349-359. 71. Villouta, G., G. Botto, and W. Rudolph. 

48 

1988. Spontaneous and mitogen-induced RNA synthesis by blood 
lymphocytes from bovine leukemia virus-infected and normal cows. VeL 
Immunol Immunopath. 18:287-291. 72. Williams, D. L., 0 . Barta, and 
G. F. Amborski. 1988. Molecular studies of T-lymphocytes from cattle 
infected with bovine leukemia virus. VeL Immunol Immunopath. 
19:307-323. 73. Roberts, A W., and G. R. Carter. 1976. Essentials of 
veterinary virology, p. 95. Michigan State University Press, East Lansing, 
Michigan. 74. Wheller, L. E., N. J. Maclachlan, D. H. Gebhard, et. al. 
1989. Bluetongue virus infection of bovine monocytes. J. Gen. Viral 
70:1663-1676. 75. MacLachlan, N. J., C. E. Schore, and B. I. Osburn. 
1984. Lymphocyte blastogenesis in bluetongue virus on Mycobacterium 
bovis-inoculated bovine fetuses. VeL Immunol Immunopath._7:11-18. 
76. Torres-Medina, A 1984. Effect of combined rotavirus and 
Escherichia coli in neonatal gnotobiotic calves. Am J. VeL Res. 
45:643-651. 77. Mebus, C. A, L. E. Newman, and E. L. Stair. 1975. 
Scanning electron, light, and immunofluorescent microscopy of intestine 
of gnotobiotic calf with calf diarrheal coronavirus. Am J. VeL Res. 
36:1719-1725. 78. Torres-Medina, A, D. H. Schlafer, and C. A Mebus. 
1985. Rotaviral and coronaviral diarrhea, p. 471-493. In E. Hunt (ed.) 
The VeL Clin. North Am Food Animal Practice, vol. 1, no. 3, W. B. 
Saunders Co., Philadelphia, Pennsylvania. 

THE BOVINE PRACTITIONER - NO. 24 


	0044
	0045
	0046
	0047
	0048
	0049
	0050

