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Abstract
We investigated eleven outbreaks of naturally occur-
ring bovine respiratory diseases in calves and adult
animals in the St-Hyacinthe area of Quebec. Specific
antibodies to bovine herpesvirus-1, bovine viral diar-
rhea virus, respiratory syncytial virus, parainfluenza
type 3 virus, reovirus type 3, and serotypes 1 to 7 of
bovine adenovirus were found in paired sera from
diseased animals. Several bovine viruses with respira-
tory tropism were involved concomitantly in herds dur-
ing an outbreak of bovine respiratory disease. In addi-
tion, concomitant fourfold rises of antibody titers were
frequently observed to two or more viral agents in sero-
converted calves (61%) or adult animals (38%7o). Bovine
viral diarrhea virus was found to be the most frequent
viral agent associated with multiple viral infection in
calves only (92%).

R6sum6
L'assoclation du virus de la dlarrh6e bovine
avec des infections virales multiples dans
des 6levages de bovins atteints de maladies
respiratoires
Les auteurs ont etudie 11 elevages bovins de la region
de St-Hyacinthe au Quebec ou des maladies respira-
toires s'etaient declarees. Des anticorps speciflques aux
virus herpes bovin de type 1, de la diarrhee virale
bovine, du respiratoire syncytial, du parainfluenza de
type 3, du reovirus de type 3 et des serotypes 1 a 7 de
l'adenovirus bovin ont ete trouves dans les serums
paires des animaux malades. L'analyse des seroconver-
sions observees vis-a-vis ces virus ont montre que
plusieurs virus bovins etaient impliques de faVon con-
comitante dans l'elevage lors de l'apparition de la
maladie respiratoire. De plus, des seroconversions vis-
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a-vis 2 virus ou plus ont ete frequemment rencontrees
chez les veaux (617o) ou chez les adultes (38%). Le
virus de la diarrhee virale bovine a ete le virus le plus
souvent associe a ces infections virales multiples chez
les veaux (9207o).
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Introduction
Bovine respiratory diseases (BRD) are significant to

the economics of the cattle industry. The generally
accepted hypothesis for the pathogenesis of BRD
involves a sequential cascade of events initiated by
stress, predisposing animals to viral infections, which
in turn facilitate rapid bacterial invasion. Various
viruses have been associated with BRD such as: bovine
herpesvirus 1 (BHV1), parainfluenza type 3 (P13),
bovine respiratory syncytial (BRS) virus, several sero-
types of reoviruses and bovine adenoviruses (BA) (1).
In addition, bovine viral diarrhea (BVD) virus has
occasionally been encountered in BRD outbreaks,
usually in association with other pathogens, in spite
of its well-recognized enterotropism and lymphotropism
(2-6). Experimental evidence to support the involve-
ment of BVD virus in BRD has been disappointing
(7-9). However, some pneumopathogenic BVD viral
strains that induced only a mild clinical respiratory
disease in calves, exacerbated the disease when
associated with Pasteurella haemolytica (10,11).
Therefore, it is reasonable to expect that synergism
may occur between BVD virus and pathogenic bovine
viruses with respiratory tropism, causing a more severe
disease.

There are only a few reports on the occurrence of
concomitant seroconversions to more than one virus
during BRD outbreaks, either with or without associa-
tion with BVD. Rosenquist et al (12) have previously
reported dual (BVD and P13) and multiple (BVD, P13
and rhinovirus) viral infections in diseased calves as
evidenced by virus isolation or by a fourfold increase
of specific viral antibodies. A dual viral infection in
one calf involving BA3 and BRS viruses has also been
reported (13). No other reports are available on the
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TABLE I
Antibodies to Bovin Vinus withj raPai.r. bSra Collcted from

*Calve and Adults di Repiratory Disese" Outbreaks
Number d1 Aa- wiSh A_*i4in to 1:On Vfr. wiSh Inty Tr Pai Sn (¾)

Animas Serological Statu BHV1 BVD D3 RE3WWIS BAi BDAZ BA3 BA4 BDA BA6 BA7
Seroconversion 3(11)

Calves Seropositiveb 6(21)
Seronegaive' 19(8)

Seroconversion 1(3)
Adults Seropositive 23(68)

Seronegative., 11(31)

16(57)
8(29)
4(14)

0 1(4) 7(31) 1(4) 1(3)
25(89) 12(39) 7(30) 15(60) 7(25)
3(i1) 15(57) :9(39) 9(36 20(71)

1(3) 0 2(6) 5(18) 6(11) 2(6)
19(54) 30(91) 103 10(34) 28(80) 25(80)
15(43)_ 9) 4821 3(9) 5(15)

'Fourfold rise of antibody titers in paired samples collected 3 weeks apart
lbSeropositive defined as 2:10 for P13 and RE03; a4 for BHVI or >8 for other viruses, and below these thresholds, as
seronegative in acute and convalescent sera
CN = not determined

importance of multiple viral infection in BRD out-
breaks in cattle herds.
The purpose of the present study was to investigate

in diseased calves and adult animals the involvement
of multiple viral infections in outbreaks of BRD.

Materials and Methods
Outbreaks
Eleven outbreaks of BRD were investigated in calves
and adult animals in the St-Hyacinthe area of Quebec.
Herds were separated into two groups: group 1 con-
sisted of herds A to E in which only calves had clinical
signs of acute BRD, and group 2, herds F to K, in
which only adult animals were diseased. All herds
under study had animals with clinical signs of acute
respiratory disease for less than ten days, and these
signs consisted of nasal discharge, cough, dyspnea, and
in some herds, conjunctivitis or abortions. All herds
selected were Holsteins except for herd A, which con-
sisted of Herefords. Diseased animals showing respi-
ratory signs, representing about 10% of the total
number of animals in each herd, were selected for
serological tests.

Cell cultures
Primary bovine fetal skin, testis, kidney and lung cells
were prepared in Eagle's minimal essential medium
containing 10% gamma-globulin free fetal calf sera
(Flow Laboratories, McLean, Virginia) and anti-
biotics, and incubated under 50o CO2 in a humidified
atmosphere. Cell cultures were checked for freedom
from contaminating latent viral or mycoplasmal agents,
using standard procedures.
Viruses
Bovine herpesvirus 1 virus, Colorado strain; BVD-MD
virus, NADL strain; PI3, SF4 strain; and serotypes
1 to 7 of bovine adenoviruses were obtained from
the American Type Culture Collection (Bethesda,
Maryland). BRS and Reovirus-3 (Reo3) were obtained
from Microbiological Associates (Bethesda, Maryland).
All strains of viruses were cultured in bovine testis cell
cultures except P13, which was cultured in bovine
primary kidney or fetal lung cells. Secondary cell
cultures were infected at a multiplicity of infection
levels of 0.01 to 0.1 with BHV1, BVD, P13, and

various serotypes of BA viruses. Cells were harvested
when typical cytopathic effects reached 50%-75O7o of
the cell monolayer. Viral suspensions were clarified by
centrifugation (10,000 x g for 30 min) after three
freezing-thawing cycles and were then titrated. Viral
suspensions were separated in aliquots and stored at
- 70°C until used.

Serology
Paired sera were obtained at three week intervals and
stored at - 20°C before being tested. All sera were
heat-inactivated at 56°C for 30 min. Antibody titers
to BHVl, BVD, and BA serotypes 1 to 7 were deter-
mined by seroneutralization tests in secondary fetal
bovine testis or skin cells by using 100 median tissue
culture infectious dose (TCID50). Hemagglutination-
inhibition assays were used to evaluate antibody titers
to P13 and Reo3 viruses using 0.25% bovine or human
O red blood cells, respectively, and four units of
antigen. Antibodies to BRS virus were detected by a
modified complement fixation test (14) by using eight
units of RS virus antigen, two hemolytic units of
guinea pig complement, and 2% sheep red blood cells.
Mean antibody titers were expressed as the last positive
reciprocal dilution. All serological tests were per-
formed in triplicate.
Acute and convalescent sera with antibody titers

> 10 for P13 and Reo3, 4 for BHV1, or 8 for other
viruses were recorded as seropositive and, below these
thresholds, as seronegative. Seroconversion was inter-
preted as a fourfold rise of antibody titers between the
first and second sera.

Results
Serological Findings during BRD Outbreaks
The majority of calves seroconverted to BVD in con-
trast with only one adult animal (Table 1). Seroconver-
sions to BRS virus were observed in several calves and
adult animals. Some seroconversions to other viruses
were detected. Seropositivity to P13 was frequently
observed in calves and adult animals. Antibodies to
various serotypes of BA viruses were detected at low
titers in the majority of calves (BAl and BA6), and
in adult animals (BA1, BA2 and BA3). No antibody
to BHV1, Reo3, and other serotypes of BA viruses was
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found in the majority of calves; adult animals were

usually seronegative to these viruses.

Concomitant Seroconversions to Bovine Viruses with
Respiratory Tropism
Seroconversions to from one to five different viral
agents were encountered in herds A to E (Table 2). In
addition, the number of seroconversions to different
viruses was particularly high in herd C in which sero-

conversions to BA4, BA5 and BA7 viruses were also
detected. Seroconversions to BVD virus were observed
in at least half of calves in herds A, C and D. In addi-
tion, some calves of herd A also seroconverted to BRS
virus (80%), whereas no predominant seroconversion
was observed to a particular virus in herd C.
Seroconversion to one to four different viruses,

however, was associated with BRD in herds F to K,
although we did not check for antibodies to BA4 to
BA7 viruses; BRS viral seroconversion was frequent
in herds F and H only.

Concomitant Multiple Seroconversions in Calves and
Adult Animals

Seroconversions to various viruses were found in
71Wo of calves and 37% of adult animals (Table 3).
Sixty-five percent of calves and 38% of adult animals
which showed seroconversions were concomitantly
infected by two or three viral agents. Although BHV1,
BRS, Reo3, and most of the serotypes of BA viruses
were involved in concomitant multiple viral infections,
BVD virus was found to be the viral agent most fre-
quently associated with multiple seroconversion in
calves (92%). In addition, high antibody levels to this
virus were also observed in one calf seroconverting to
two other viruses; BVD seroconversion was detected
only once in multiple viral infections in adult animals.

Discussion
This work shows that concomitant multiple viral

infections are encountered in outbreaks of BRD in cat-
tle herds as indicated by concomitant seroconversions
to two or more different viral agents in diseased
animals. Serological evidence or isolation of one to
three different viral agents in a herd during a BRD out-
break have frequently been observed, but infection
with two or three different viruses in one diseased
animal has less often been described (8,9,15,16,17).
Seroconversions to two or more viral agents in 46%o
of diseased calves and in some adult animals suggests
that several viruses may concomitantly infect an

animal. Various associations of bovine viruses with
respiratory tropism were identified in concomitant
multiple viral infections, such as BHV1, BVD, BRS,
Reo3, and various serotypes of BA viruses. However,
no seroconversions to P13 virus were detected in the
samples from calves in spite of the well-known role
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Calves Adu Adma^s
Virus ABCDE EGl-' DK
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of P13 in calf pneumonia (1,7,9). This may have been
due to persistence of maternal antibody as demonstrated
by low titers in the majority of animals. Dual infec-
tions in calves have already been described in a few
cases and consisted of an association between BVD
and PI3 viruses (12), BVD, PI3 and bovine rhinovirus
(9), combinations of BRS, BHV1, BVD, P13, or BA3
viruses (16,17). Our results are in agreement with these
previous observations and show that multiple viral
infection is more frequent in calves than previously
observed and could be important in the BRD process.

This work also shows that multiple viral infections
occurred frequently in association with BVD viral
infection in diseased calves suggesting that BVD virus
is present in the herd and could be involved in the ini-
tiation process of BRD. Immunosuppressive proper-
ties of BVD virus could potentiate the pathogenic
effects of concomitantly infecting BHV1 virus in cattle.
Potgieter et al (18) have studied the in vivo effects of
simultaneous BVD and BHV1 viral infections in
calves, and showed that initial BVD virus infection
impaired the ability of calves to clear subsequent
BHV1 viral infection in the lungs and to contain the
latter virus at the infection site.

Bovine viral diarrhea viral infection is ubiquitous
in the cattle population. The usual form of infection
is subclinical but acute or chronic diseases associated
with viral persistence may occur. The various immuno-
suppressive properties of BVD virus, related to its
lymphotropism, have already been described (19-26).
This virus can decrease the absolute numbers of B and
T lymphocytes and the percentage of T lymphocytes
in acutely infected animals (19), or affect the immune
response in persistently infected cattle as demonstrated
by hyporesponsiveness of lymphocytes to various
mitogens (20,21), and decreases in the immunoglobulin
secretion by B lymphocytes (22), and in antibody pro-
duction (5). Impairment of monocyte chemotaxis (22),
polymorphonuclear leukocyte function (24), bacterial
clearance from blood (25), and release of immuno-
suppressive substances from infected cells (26) have
been also associated with BVD infection. Pneumo-
pathogenicity of BVD-MD virus strains may be related
to their ability to impair the pulmonary clearance
mechanism, since a cytopathic strain impaired the
clearance of P. haemolytica more severely than a non-
cytopathic strain (8,11). Pulmonary clearance is an
important barrier to viral infection. Cattle con-
comitantly infected with BVD and other viruses with
respiratory tropism may develop a more severe clinical
disease if the viral clearance mechanism is affected by
viral replication (18).

Multiple viral infections in an animal may explain
severe or recurrent BRD or the apparent lack of pro-
tection following a preventive vaccination program
including use of BVD live vaccine. The preventive
approach of BRD, particularly in calves, should be
enlarged to other viruses with respiratory tropism such
as RSV or the different serotypes of BA viruses.
Further work is in progress to study the impairment
of cellular and humoral immune response mechanisms
following a BVD viral infection.
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Abstract
Immune Responses to Mycoplasma bovis
Vaccination and Experimental Infection in
the Bovine Mammary Gland
J.T. Boothby, C.E. Schore, D.E. Jasper, B.I.
Osburn and C.B. Thomas

This study characterized the immune responses in
four vaccinated and four control cows in response to
vaccination and experimental intramammary inocula-
tion with Mycoplasma bovis. Specific antibody
responses occurred in serum and milk in response to
vaccination and experimental infection. Lymphocytes
from peripheral blood, but not from the mammary
gland of vaccinated cows had increased responsiveness
to mitogens. No lymphocytes tested were responsive
to M. bovis antigen. Both vaccination and experimen-
tal infection resulted in skin test reactivity. These
results imply that vaccination results in immune
responses which may alter the course of experimental
M. bovis mastitis, but may contribute to cellular
inflammation.

(Can J Vet Res 1988; 52: 355-359)
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