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A serological investigation for neutralizing antibody to bovine respiratory
syncytial virus (BRSV) was conducted using an antigenically related human
strain of respiratory syncytial virus. Results demonstrated the effectiveness of
the procedure. Sixty-seven percent of healthy, adult cattle tested were found to
have antibody to BRSV. Calves in several herds were exposed to conditions to
encourage development of respiratory tract disease. In three herds in which
respiratory tract disease subsequently developed, the incidence of BRSV
seroconversions approached 100%. In a herd in which no respiratory tract disease
was detected, BRSV seroconversions indicated a high incidence of subclinical
infections. It was concluded that, in this country as has been shown in others,
BRSV is probably a significant pathogen of the bovine respiratory tract.

Respiratory syncytial virus (RSV) has been
isolated from naturally infected chimpanzees
(11) and humans (3), and is considered to be the
most important viral respiratory tract pathogen
of infants (10). In humans, RSV infections are
much more severe in infants than in young
children or adults (2), and primarily occur as
epidemics from autum to spring (8). Reinfection
with resulting respiratory tract disease is also
known to occur (1, 4).

In 1968 an inhibitor to RSV found in bovine
serum was reported to have the characteristics
of antibody. This led to the hypothesis that
cattle are probably susceptible to an agent
closely related to RSV (5). Recently, viruses
antigenically similar to RSV were isolated from
the respiratory tract of cattle in Switzerland
(12), Japan (7), Belgium (16), England (9), and
most recently from the U.S.A. (M. H. Smith,
M. L. Frey, and R. E. Dierks; and B. D.
Rosenquist, both presented at Conference of
Research Workers in Animal Diseases, 1973).
These viruses have been identified as a bovine
respiratory syncytial virus (BRSV) because of
similar biophysical and antigenic characteris-
tics with RSV and their association with respi-
ratory tract disease of cattle. Studies on the
relationship between BRSV and bovine syncy-
tial virus, a highly cell-associated virus, sug-
gests that these are separate agents (15).

' Publication no. 1167. School of Veterinarv Medicine,
Auburn University, Auburn, Ala. 36830.

Respiratory tract disease in cattle has a
different epidemiological pattem than in hu-
mans. Much of this difference is due to the
different environmental conditions under which
infants and calves are raised. Most calves are
raised in herds which are partially isolated from
one another. When calves are weaned, they are
shipped via commercial carriers, exposed to
considerable physical and emotional stress, and
mixed with calves from many different geo-
graphical areas. A frequent result of these
conditions is the development of respiratory
tract disease in calves. The term "shipping
fever" has long been used to designate this
sequela. The present concept of the etiology of
respiratory tract disease of cattle is that it is a
multifactorial syndrome involving stress, viral,
and bacterial infections (6). Considerable sig-
nificance has been attributed to parainfluenza 3
(PI3), infectious bovine rhinotracheitis, and
bovine viral diarrhea viruses in the etiology of
shipping fever. Although vaccines are widely
used to prevent infection with these agents, the
incidence and severity of respiratory tract dis-
ease has not diminished. Little attention has
been given to the role of other agents in this
syndrome, and, more importantly, the fre-
quency and severity of various infectious agents
involved in respiratory tract disease has not
been elucidated. Considering this, we decided
to conduct serological studies to evaluate the
prevalence of BRSV infection in Alabama cat-
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tie. Since no bovine isolate was available when along with the native calves. The calf herds studied

we initiated this study, we, decided to use a and the method of their exposure to other calves are

deteeVt de'scribecd in Table PL
antibody to. bovine strains. T-he results din-
cated the validit'y of the as~st'm-ptio'ns underly-

ing this approach. -A survey of 273 healthy, adult cattle showed

MATERIALSAND METHODS
that 182, i.e., 67%, had serum neutralizing titers

Micro-serum, -neutralization. test.- The micro-

serum neutralization test has been previously de-

scribed (13, 14). Between 100 and 200 mean tissue

culture infective doses of the Long strain of RSV and,

HEp-2 cells at a concentration of 500,000 cells/ml

were used. Test results were read on day 5.

Test ser'a. Healthy, adult c"attle'sera. were obtainied
from the U.S. D6jartimn~enit of Agriclultture','B:rucellosis
Laboratory, 'Auburn, Ala. for tegting. Sera from" wean-
ling calves were also tested. These were obtained from-
calves subjected to conditions conducive to devel-

opment of naturally occurring respiratory tract dis-

ease. Calves were either shipped to and kept at sale

barns for a day, or were raised with calves which had

just passed through sale barns. Blood was collected on

the first day of exposure and at least twic

intervals thereafter. Calves raised in 1968 at the Black

Belt Substation and in 1968 to 1971 at the Piedmont

Substation of the Alabama Agricultural Experiment
Station were used in these experiments and are

referred to as "native" calves. The serological re-

sponses of these calves to the SF4 strain of P13

(SF4-P13) viru's have already been reported (13).

Weanling calves purchased and added to the Pied-

mont substation calf herds from 1969 to 1971 are

designated "sale barn" calves. They were bled when

they first arrived at the substation and then bled

TABLE 1. Schedule of contact exposure of calves

Herd Yr Contact exposure

Black Belt 1968 Native calves shipped to sale
(group A). barn and. returned to substa-

tion 24 h later on 7/24/68.
Black Belt 1968 Native c.alves w'ent through

(group B) same pens as Bla'ck Belt group
A calves on 8/26/68. Shipped
to sale barn and returned to
substation 24 h later on
9/25/68.

Piedmont 1968 Native calves shipped to sale
barn and returned to substa-
tion 24 h later on 8/23/68.

Piedmont 1969 Sale barn calves with respiratory
tract disease obtained 8/29/69
and raised with native calves.

Piedmont 1970 Sale barn calves with respiratory
tract disease obtained 9/9/70,
9/11/70, and 9/16/70 and
raised with native calves.

Piedmont 1971 Sale barn calves with respiratory
tract disease obtained 9/8/71
and raised with native calves.

TABLE 2. Serum neutralizing titers to RSV in 1968 Black Belt native calvesa"'

Group A Group B

Calf no. 7/24/68 8/7/68 8/26/68 Calf. no. 8/26/68 9/10/68 9/25/68 10/10/68 10/21/68

3 <4 64 16 125 <4 <4 NT NT <4
24 <4 32 16 126 <4 NTc 16 16 16
31 <4 32 16 128 <4 8 16 16 8
58 <4 32 16 129 <4 NT 4 4 <4
62 <,~4 16 16 130 <4 32 <4 4 <4
91 <4 4 8 132 <4 8 8 4 4
104 <4 128 32 135 <4 NT 4 <4 <4
111 <4 128 64 138 <4 NT 8 4 4
112 <4 4 <4 139 <4 4 4 4 4
116 <4 32 8 140 <4 NT 4 <4 <4

143 <4 <4 <4 <4 <4
144 <4 16 8 8 <4
145 <4 8 16 32 16
146 <4 <4 8 16 16
147 <4 <4 16 NT NT
149 <4 <4 <4 8 4
151 <4 <4 NT NT <4

a See Table 1 for contact exposure.
bNo respiratory tract disease observed in calves.
cNot tested.
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to RSV. Titers ranged from 4 to 128 and had a
mode of 8.

Sixteen 1968 Piedmont native calves tested
had no indication of neutralizing antibody, at
serum dilutions of 1: 4 or above, or respiratory
tract disease. Serum neutralizing titers of the
other calves exposed to sale barns, or calves
obtained from sale barns are shown in Tables 2
to 8. Such calves have a high probability of
developing respiratory tract disease. In the 1968
Black Belt calves seroconversions occurred in
the absence of respiratory tract disease. In 1969,
1970, and 1971, most calves developed respira-
tory tract disease after the exposure described

TABLE 3. Serum neutralizing titers to RSV in 1969
Piedmont native calvesa.

Calf no. 8/28/69 f 9/11/69 [ 9/25/69

60
61
62
63
64
65
66
67
68
69
70
71
72
73
76
77
78
79
80
81
82
83
84
85
86
87
88
89
91
92
93
94
95
96
97
98

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

NTc
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
4

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

4
4
16
64
128
64
64
32
16
8
8
8
16
8
16
8
16
8
16
64
16

128
8
8
8

128
32
16

128
32
32
64
16
32
32
16

TABLE 4. Serum neutralizing titers to RSV in 1969
Piedmont sale barn calvesa b

Calf no. 8/29/69 9/11/69 9/25/69

11 <4 8 8
12 <4 <4 4
13 <4 <4 16
14 <4 <4 <4
15 <4 <4 16
.16 <4 <4 4
17 <4 4 8
.18 <4 <4 4
19 <4 <4 64
20 <4 <4 32
21 <4 <4 32
22 <4 <4 8
23 <4 <4 8
.24 <4 <4 16
25 <4 <4 16
27 <4 <4 4
28 <4 <4 32
29 <4 <4 8
30 <4 <4 16

a See Table 1 for contact exposure.
b Respiratory tract disease observed in most calves

after 8/29/69.

in Table 1. Seroconversions occurred in the
convalescent phase of respiratory tract disease,
suggesting an etiological relationship between
BRSV and disease.

DISCUSSION
Because of the close antigenic relationship

between RSV and BRSV, and the absence of
other cross-reacting viruses which might be
involved, antibody detected by RSV was con-
sidered to be induced by BRSV. The prevalence
of BRSV infection in Alabama cattle was found
to be 67%, as adjudged by serum neutralizing
antibody detected in healthy, adult cattle. Bo-
vine respiratory syncytial virus was found to
produce a subclinical infection in the two
groups of calves at the 1968 Black Belt herd,
and to be associated with respiratory tract
disease in the Piedmont 1969,- 1970, and 1971
herds. In the three outbreaks of respiratory tract
disease observed, RSV seroconversions also oc-
curred. By comparing the time at which sero-
conversion occurred in the sale barn calves and
the native calves for a given herd, the serocon-
versions started in a few of the sale barn calves.
Then the remainder of the sale barn and native
calves seroconverted.

Previous serological studies of the native
calves indicated that P13 virus was not in-
volved. In the respiratory tract disease outbreak

a See Table 1 for contact exposure.
Respiratory tract disease observed in most calves

after 8/28/69.
c Not tested.
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Calf no. 9/8/70 9/23/70 10/7/70

1

2
3
4
5
6
7
8
10
11
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

NTc
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

Calf. no 9/9/70 9/23/70 10/7/70

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

8
64
8
16
16
8
16
8
8

64
4
16
32
4

32
32
16
32
64
8
8

64
32
32
16
32
<4
64
64
32
8
4

64
16
64
32

a See Table 1 for contact exposure.
b Respiratory tract disease observed in most calves

after 9/8/70.
c Not tested.

in the 1969 Piedmont calves, virus seroconver-

sions occurred in the convalescent phase of the
disease. However, examination of earlier sera

showed that seroconversions had started to
develop in some calves before they contacted
outside cattle, but reached a maximum rate of
seroconversions during the convalescent phase
of disease. Consequently, the etiological role of
PI3 virus in that instance of respiratory tract

disease could not be evaluated (13). The data
presented here in conjunction with the known
virulence of BRSV are strong evidence for the
role of BRSV as a component of respiratory
tract disease of cattle in this country. The

77
78
79
80
81
82
83
84
85
86

87
88
89
90
91
92
93
94
95

8
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

8
<4
4
4
8

<4
<4
<4
<4
4

<4
<4
<4
<4
<4
<4
<4
<4
<4
8

16
8

<4
4
8
4

<4
<4
8
32
8
4

32
8

64
16
<4
128
16
4

9/11/70 9/23/70 10/7/70

<4 <4 <4
<4 <4 <4
<4 <4 16
<4 <4 4
<4 <4 4
<4 <4 16
<4 <4 <4
<4 8 16
<4 <4 8
<4 <4 16

9/16/70 9/23/70 10/7/70

<4
<4
<4
<4
<4
<4
<4
<4
<4

<4
<4
<4
<4
<4
<4
<4
<4
<4

8
16
8
8

<4
16
4
8
16

a See Table 1 for contact exposure.

bRespiratory tract disease observed in most calves
after 9/9/70.

frequency with which BRSV produces disease
and the severity of the disease remain to be
established.
These studies demonstrate the efficacy of

using RSV to identify antibody to BRSV.
Whereas BRSV has been reported to replicate to
relatively low titers in cell cultures, RSV repli-
cates to substantial titers and produces a cyto-
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TABLE 5. Serum neutralizing titers to RSV in 1970
Piedmont native calvesa b

TABLE 6. Serum neutralizing titers to RSV in 1970
Piedmont sale barn calvesa b
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TABLE 7. Serum neutralizing titers to RSVin 1971

Piedmont native calvesa b

Calf no. 9/8/71 f 9/22/71 I 10/6/71

24
25
26
28
29
30
33
35
36
37
39
41
43
44
45
46
47
48
49
50
51
52
53
54
55
56
58
59
60
61
63
64
65
66
67
68
69

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

<4
4

<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4
<4

> 256
32

>256
128
64
32
16
16
64
64
16

>256
128
32
16
64

'128
64
32
32
32
128
64
64
64
8

>256
16
32
128
64

> 256
32
32

>256
32
64

a See Table 1 for contact exposure.
° Respiratory tract disease observed in most calves

after 9/8/71.

TABLE 8. Serum neutralizing titers to RSV in 1971
Piedmont sale barn calvesa b

Calf no. 9/8/71 9/22/71 10/6/, 1

70 <4 <4 >256
71 <4 <4 8
72 <4 4 8
73 <4 8 16
75 <4 32 8
76 <4 <4 16
77 <4 <4 32
78 <4 <4 64
79 <4 <4 .32
81 <4 <4 32
82 <4 <4 8
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TABLE 8-continued

Calf rlo. 9/8/71 9/22/71 10/6/71

83 <4 <4 <4
84 <4 <4 64
85 <4 <4 16
86 <4 <4 64
87 <4 <4 <4
88 <4 4 32

a See Table 1 for contact exposure.
b Respiratory tract disease observed in most calves

after 9/8/71.

pathic effect. Therefore, micro-serum neutral-
ization tests can be conveniently performed
with RSV.

ACKNOWLEDGMENT
This investigation was supported by the Alabama Agricul-

tural Experiment Station.

LITERATURE CITED

1. Beem, M. 1967. Repeated infections with respiratory
syncytial virus. J. Immunol. 98:1115-1122.

2. Chanock, R. M., and R. H. Parrott. 1965. Acute respira-
tory disease in infancy and childhood: present under-
standing and prospects for prevention. Pediatrics
36:21-39.

3. Chanock, R. B. Roizman, and B. Myers. 1957. Recovery
from infants with respiratory illness of a virus related to
chimpanzee coryza agent (CCA). I. Isolation, proper-
ties and characterization. Amer. J. Hyg. 66:281-290.

4. Chanock, R. M., R. H. Parrott, A. J. Vargosko, A.
Kapikian, V. Knight, and K. M. Johnson. 1962. Respi-
ratory syncytial virus. Amer. J. Publ. Health 52:918-
925.

5. Doggett, J. E., D. Taylor-Robinson, and R. G. C. Gallop.
1968. A study of an inhibitor in bovine serum active
against respiratory syncytial virus. Arch. Gesamte
Virusforsch. 23:126-137.

6. Hoerlein, A. B. 1973. Preconditioning of beef cattle. J.
Amer. Vet. Med. Ass. 163:825-827.

7. Inaba, Y., Y. Tanaka, T. Omori, and M. Matumoto. 1970.
Isolation of bovine respiratory syncytial virus. Jap. J.
Exp. Med. 40:473-474.

8. Jackson, G. G., and R. L. Muldoon. 1973. Viruses causing
common respiratory infections in man. III. Respiratory
syncytial viruses and coronaviruses. J. Infect. Dis.
128:674-702.

9. Jacobs, J. W., and N. Edington. 1971. Isolation of
respiratory syncytial virus from cattle in Britain. Vet.
Rec. 88:694.

10. Kim, H. W., J. 0. Arrobio, C. D. Brandt, B. C. Jeffries,
G. Pyles, J. L. Reid, R. M. Chanock, and R. H. Parrott.
1973. Epidemiology of respiratory syncytial virus infec-
tion in Washington, D. C. I. Importance of the virus in
different respiratory tract disease syndromes and tem-
poral distribution of infection. Amer. J. Epidemiol.
98:216-225.

11. Morris, J. A., R. E. Blount, and R. E. Savage. 1956.
Recovery of cytopathogenic agent from chimpanzees
with coryza. Proc. Soc. Exp. Biol. Med. 92:544-549.

12. Paccaud, M. F., and C. Jacquier. 1970. A respiratory
syncytial virus of bovine origin. Arch. Gesamte Virus-

VOL. 10, 1974

-L



ROSSI AND KIESEL

forsch. 30:327-342.
13. Rossi, C. R., and G. K. Kiesel. 1972. Epizootiologic study

of parainfluenza-3 viral infection in calves in two Ala-
bama herds. Amer. J. Vet. Res. 33:2341-2349.

14. Rossi, C. R., and G. K. Kiesel. 1974. Antibody to viruses
affecting cattle in commercial tissue culture grade fetal
calf serum. Appl. Microbiol. 27:114-117.

INFECT. IMMUNITY

15. Scott, F. W., J. N. Shively, J. Gaskin, and J. H. Gillespie.
1973. Bovine syncytial virus isolations. Arch. Gesamte
Virusforsch. 43:43-54.

16. Wellemans, G., J. Leunen, and E. Luchsinger. 1970.
Isolement d'un virus (220/69) serologiquement sembl-
able au virus respiratoire syncytial (RS) humain. Ann.
Med. Vet. 114:89-93.

298


