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ABSTRACT

Martin, S.W., Darlington, G., Bateman, K. and Holt, J., 1988. Undifferentiated bovine respiratory
disease (shipping fever): is it communicable? Prev. Vet. Med., 6: 27-35.

A study was conducted on 6-8-month old calves entering 2 research facility feedlots in 1983-
1985, to examine if the occurrence of undifferentiated bovine respiratory disease (BRD) clustered
within pens. For the purposes of analysis, 12 different groups of cattle were formed based on the
source of cattle within year and/or year of arrival.

The morbidity rates of BRD ranged from 5.7 to 64% and varied significantly from group to
group (i.e., source to source) within year and from year to year. In all groups except one, the
secondary attack (morbidity) rates were lower than the morbidity rates.

An algorithm to examine for extra-binomial variation was used to formally examine for pen
effects (clustering of disease within pen). In all models, a simple binomial model was sufficient to
describe the data, i.e., the usual binomial parameter was estimated to describe the mean level of
BRD by group, no additional parameter estimates were required to describe pen effects within
group.

Thus, although BRD has important pathogens as part of its sufficient causes, there is no evi-
dence that clinical disease in one individual increases the risk of disease for other cattle in the
same pen.

INTRODUCTION

Undifferentiated bovine respiratory disease (BRD) (also called shipping
fever) is the most important syndrome affecting the health status of cattle in
North American feedlots. The frequency of BRD may vary widely, but on av-
erage ~ 30% of calves (6-8 months of age) will develop the syndrome (Martin
and Meek, 1986). Infectious organisms are important determinants of BRD.
The predominant agent of BRD is Pasteurella haemolytica; a number of viruses
and mycoplasmas are also determinants, primarily as co-determinants to P.
haemolytica (Yates, 1982). Most of these agents, including P. haemolytica, ap-
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pear to be insufficient, singly, to produce BRD except under contrived labo-
ratory conditions. Under field conditions, infection with multiple organisms,
particularly in association with “stress” (e.g., weaning, transportation and/or
inclement weather) appears to be associated with BRD more frequently than
any one of these factors (organisms) by themselves ( Yates, 1982; Martin, 1983;
Martin and Meek, 1986).

Within a defined group of cattle, the epidemic curve appears to peak at from
7 to 14 days post-arrival and then decline towards no morbidity by 21-28 days
post-arrival (Martin and Meek, 1986). From an epidemiologic perspective,
these epidemic curves for each defined group of cattle suggest that BRD is the
result of a point source cause; albeit with a variable incubation period (Martin
et al., 1987). On the other hand, the feedlot manager/veterinarian may, in a
large pen of cattle containing animals from a number of sources, see the build-
up and decline of cases as a propagated epidemic, suggesting animal-to-animal
transmission of the responsible organisms (Wilson et al., 1985). The latter
hypothesis has probably played a major role leading the industry to utilize
control methods aimed primarily at the microorganism, such as prophylactic
antimicrobials and/or vaccination. The extent to which these measures have
been successful in preventing BRD is unknown, however, they have been quite
imperfect at best (Martin and Meek, 1986).

Previous field studies have documented that management factors including
feeding regime, the use of prophylactic measures such as vaccination and water-
borne antimicrobials, mixing of cattle groups and surgical operations (castra-
tion and dehorning) have a significant impact on the level of BRD and related
mortality (Martin and Meek, 1986).

Doubt about the “propagative” nture of clinical BRD has been heightened
by the observation that different sub-groups of cattle in one large group can
have quite different levels of BRD morbidity/mortality, i.e., the larger group
(e.g., a pen of cattle) is not homogeneous with respect to BRD frequency,
rather, the sub-groups (often defined by source) appear to behave indepen-
dently of each other. In one report, it appears that the initial ration and per-
haps “source” of cattle, were important determinants of BRD in a pen of cattle
in a commercial feedlot (Wilson et al., 1985).

Although they are accepted “causes” of BRD, microorganisms are probably
necessary, but insufficient causes (Martin et al., 1987). “Stress”, in one form
or another, is a frequently incriminated factor that can render these organisms
sufficient causes of BRD. There is ample evidence to demonstrate that most
of the putative pathogens spread rapidly when cattle are assembled at sales
yards and feedlots (Martin and Bohac, 1986; S.W. Martin, personal commu-
nication, 19xx, from data further to that in Martin and Bohac, 1986), thus the
putative pathogens are usually, but not always, present. It is our belief that the
key determinant of the level of BRD morbidity/mortality that a group of cattle
will experience is their background with regard to “stressors” (such as wean-
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ing, feeding, transportation, weather). That researchers have not been able to
fully identify and quantify these “stressors” should not be taken to indicate
that they are not as important determinants of BRD as specific microorga-
nisms, rather it should challenge us to pursue these activities more vigorously.

The primary objective of this study was to evaluate if BRD tended to cluster
within housing groups (pens) of cattle in 2 feedlots over a 3-year period. Our
null hypothesis was that BRD did not cluster within pens of cattle; clustering
by pen would support, but not prove that clinical BRD was communicable. A
secondary objective was to examine for differences in BRD morbidity among
groups of cattle defined by “source” and/or year.

METHODS

The data used in the analyses are from an observational study designed to
investigate the role of specific microorganisms in the incidence of BRD in feed-
lot cattle (Martin and Bohac, 1986; Rosendal and Martin, 1986). The cattle
involved were 6-8 months of age and came from various sources in Western
Canada to one of two research station feedlots in Ontario. Because these were
research stations, the cattle were housed in the same barns in pens of from 3
to 8 animals per pen, each pen serving as a replicate of a feeding trial treatment.
For Feedlot 1, all animals within a pen usually were from the same source,
cattle from different sources were often in the same barn. For Feedlot 2, cattle
from different sources were placed in the same pens. Three years of data were
available for each feedlot. The response of interest was the number of cases of
BRD within the first 5 weeks after arrival in the feedlot. The respective feedlot
managers detected cases of BRD, only “atypical” or questionable cases were
referred to veterinarians for diagnosis. Although there was no agreed upon
written definition of BRD, both managers were, based on historical experience
in rechecking their diagnosis, quite competent to detect BRD. Details of pre-
vious sero-epidemiologic studies on these calves are available elsewhere (Mar-
tin, 1985; Martin and Bohac, 1986; Rosendal and Martin, 1986).

For the purposes of analysis, the data were partitioned into 4 data sets. The
first data set, denoted by E183, consisted of the observations on 3 sources of
cattle for Feedlot 1 in Year 1. The second data set, E184, contained the values
outcomes for 4 source groups in Feedlot 1 in Year 2. The third data set, E185,
utilized the observations on 2 source groups of cattle in Feedlot 1, Year 3. The
fourth and final group, RI, consisted of all observations from Feedlot 2 where
a year effect for each of the 3 study years was considered.

BRD morbidity and secondary attack rates were computed for each source
group. The secondary attack rate for each group was obtained by summation
over all pens with at least one case of BRD using the following formula:
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No. BRD —index case
No. in pen—index case

Secondary attack rate=

For all the data sets described above, it is important to consider the possi-
bility of a pen effect, where the individuals within a pen are more likely to
respond alike than individuals from different pens. If true, this would produce
secondary attack rates that were higher than the overall morbidity rates. In
order to formally examine for pen effects, an algorithm suggested by Williams
(1982) (Darlington, 1985) was utilized for the analysis of each data group.

In Williams’ algorithm, Model I, it is first assumed that the observations,
x;j, are binomial (n, p;), where x;; is the number of cases in pen j of treatment
group i; n; represents the number of animals within that pen and p, is the
proportion of BRD cases (> x;;/>n; — this is the maximum likelihood esti-
mate of p; in the binomial distribution) for treatment group i; i=1,...,t and
j=1,...,m;. Note that it is assumed that the proportion is constant for all pens
within a given source group.

If a pen effect exists (indicated by a failure of the binomial model to fit the
data) then there will be extra-binomial variation present which Model I does
not take into account. To allow for extra-binomial variation, it can further be
assumed that the p;s are independently distributed on (0,1) with E(p;) =u;
and Var(p;;) =ou; (1—u;). Thus, conditional on p;, x; is binomial. This corre-
sponds to Model IT in Williams (1982). It can be shown that the unconditional
mean and variance of x;; are nu; and nu; (1—u;) [1+6(n;—1)], respectively.

As suggested by Williams, Model I was first assumed and parameter esti-
mates were obtained by the method of maximum likelihood. A y* goodness-of-
fit test was performed to test for the suitability of the simple binomial model
(there does not appear to be a better method of assessing fit at this point). If
there was evidence that the binomial model was not adequate, then it was
necessary to estimate ¢ and re-estimate the parameters according to Model II.
Further details of this procedure can be found in Williams (1982).

RESULTS

The summary data are shown in Tables 1-4. The morbidity rates for BRD
varied considerably from group to group and year to year. In all cases, except
one (Source 3A), however, the secondary attack rates were lower than the
morbidity rates. (None of these differences approached significance, P>>0.05.)
In Feedlot 2, Year 1, two different groups of cattle were housed together; the
morbidity rates by source group were 64.4 and 18.4%. In Year 2, three groups
were housed together with morbidity rates by group of 16.6, 17.9 and 55.6%.
Only one source group was present in Year 3, in Feedlot 2. The overall mean
BRD morbidity rate, on a pen basis, was 36.5 +21.2% (SD).

The results of applying the Williams’ method to the 4 data sets are shown
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TABLE 1

Observed results for data set E183 reported as x/n, where x is the number of cases out of n in a
pen

Source 1A 0/4 1/4 0/4 1/4 0/4 1/4
0/4 1/4 2/4 0/4 0/4 0/4
0/3 1/4 1/4 0/4 0/4 0/4
0/4 1/4 1/4 1/4 0/4 1/3

Morbidity rate =12.8%
Secondary attack rate=3.1%

Source 2A 0/4 2/5 2/5 2/5 1/5 3/5
1/4 0/5 0/4 2/5 1/4 2/5
0/5 1/5 2/5 2/5 4/5 2/5

Morbidity rate=31.4%
Secondary attack rate=24.1%

Source 3A 0/5 2/2 2/4 3/4

Morbidity rate =46.7%
Secondary attack rate=57.1%

in Table 5. For the E183 data set, there were 3 treatment groups corresponding
to the 3 sources. The simple binomial model adequately described the data with
a x? goodness-of-fit statistic equal to 44.1405 with 43 degrees of freedom (p-
value=0.42). A likelihood ratio test (Williams, 1982; Darlington, 1985) was
performed to test for a difference between the sources, resulting in the conclu-
sion that there was indeed a significant difference between sources at the 0.001
level.

For the E184 data set with 4 source groups, the binomial model was found
to be adequate with a y? goodness-of-fit statistic of 49.8679 with 48 degrees of
freedom (p-value=0.40). The sources were found to differ significantly (p-
value <0.0005), in their respective morbidity rates.

For the E185 data set, the simple binomial model was appropriate with a x*
goodness-of-fit statistic of 20.8136 with 24 degrees of freedom (p-value=0.65).
The morbidity rates in the 2 source groups did not differ significantly (p-
value=0.2). For the E1 data sets, the parameter estimates correspond to the
morbidity rate by source group (Tables 1-4).

The simple binomial model was found to be adequate for the RI data set,
with a y? goodness-of-fit statistic of 56.6397 with 51 degrees of freedom (p-
value =0.28). For this data set, the treatment groups were made up of the 3
years and it is concluded that a significant year effect existed (p-value <0.0005).
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TABLE 2

Observed results for data set E184 reported as x/n, where x is the number of cases out of n in a

pen

Source 1B 0/4 0/5 1/4 1/5 2/4 0/5
0/3 3/5 1/4 1/5 0/4 2/5
2/4 1/5 0/4 3/5 1/4 2/5
1/4 1/5 3/4 3/5 0/4 1/3

Morbidity rate =27.6%

Secondary attack rate=20.3%

Source 2B 0/4 0/4 1/5 0/4 1/5 0/4
0/5 0/3 0/5 0/5 1/5 0/3

Morbidity rate =5.8%

Secondary attack rate=0.0%

Source 3B 1/4 4/5 4/4 3/5

Morbidity rate=66.7%

Secondary attack rate =57.1%

Source 4B 1/4 2/4 1/4 0/4 1/4 1/5
2/4 1/5 0/5 1/4 0/5 0/4

Morbidity rate=19.2%
Secondary attack rate="7.7%

TABLE 3

Observed results for data set E185 reported as x/n, where x is the number of cases out of n in a

pen

Source 1C 3/4 2/4 3/4 2/4 2/4 0/4
1/3 1/3 2/4 1/4 1/4 3/4
1/4 3/4 2/4 1/4 3/4 3/4

Morbidity rate =48.6%

Secondary attack rate=34.7%

Source 2C 2/4 2/3 1/3 1/3 2/3 3/3
2/3 3/3

Morbidity rate =64%
Secondary attack rate=47.1%
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Observed results for data set RI reported as x/n, where x is the number of cases out of n in a pen

Year 1 4/6
3/6
2/6

Morbidity rate =49.5%
Secondary attack rate=39.6%

Year 2 0/8
2/8
1/8

Morbidity rate =20.7%
Secondary attack rate=18.5%

Year 3 3/7
4/7
1/7

Morbidity rate="53.5%
Secondary attack rate=45.9%

3/6
2/6
1/6

1/8
5/8
2/8

3/7
3/7
4/7

3/6
4/6
3/6

5/8
3/9
2/8

4/7
3/7
3/7

3/7
4/6
1/6

2/8
2/8
0/8

5/7
4/7
4/7

2/6
5/6
3/6

1/8
3/8
0/8

4/7
4/17
4/7

3/6
5/6
3/6

0/8
1/8
0/8

6/7
4/7
5/8

TABLE 5

Results of fitting a simple binomial model for the occurrence of BRD to 4 data sets

Group Parameter Estimate Standard error

E183 Ua 0.1277 0.0344
Uga 0.3140 0.0500
Liga 0.4667 0.1288

E184 ug 0.2762 0.0436
Usg 0.0577 0.0323
Usp 0.6667 0.1111
UuB 0.1923 0.0547

E185 Ui 0.4857 0.0597
Use 0.6400 0.0960
u, (combined 0.5263 0.0512
groups)

RI up 0.4954 0.0479
Usp 0.2069 0.0336
Usp 0.5350 0.0443
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DISCUSSION

In this study, there was no evidence that a calf with BRD increased (altered)
the risk of BRD in its pen-mates. In fact, based on the secondary attack rates,
the risk to pen-mates of BRD cases appeared to be slightly, but not signifi-
cantly, decreased. Since none of the goodness-of-fit statistics were close to
significance (P<0.05), we are confident that the binomial model provides a
good fit to the data. It was obvious that the level of BRD varied widely, and
significantly, from source group to source group and/or from year to year. Thus,
although the factors which cause BRD may vary considerably and although
some of the individual component causes of BRD are communicable, there is
no evidence that the disease per se is communicable.

The results of any study are constrained by the study subjects and condi-
tions. Certainly, although the cattle in this study were “typical”’, neither of
these feedlots is representative of commercial feedlots in terms of housing and
management and this may constrain our ability to generalize the results. None-
theless, it was the small pen housing (a natural experiment) that provided a
practical way to evaluate our hypothesis about pen effects. Others have re-
ported data from commercial feedlots that support our observations of large
group-to-group within-pen variation in morbidity rates (Wilson et al., 1985).

Serologic results from these cattle indicate that most were actively infected
with P. haemolytica, mycoplasma, parainfluenza 3 virus, bovine respiratory
syncytial virus and bovine virus diarrhoea virus. Only a small proportion of
cattle (and cases) were actively infected with infectious bovine rhinotracheitis
virus {Martin and Bohac, 1986; Rosendal and Martin, 1986). Although they
are accepted as causes of BRD, the exact role of each of these agents is un-
known. In the presence of these agents, which in a “loose sense” could be deemed
necessary causes of BRD, whether or not BRD occurs is highly associated with
source group. It is likely that groups experiencing high BRD morbidity were
“highly stressed” and it may be feasible to control BRD by identifying and
preventing these stress factors. Certainly, it would seem logical to use a holistic
approach incorporating knowledge of management and other determinants with
knowledge about microbial agents in attempting to control BRD, rather than
relying on specific control measures aimed principally at the putative pathogens.
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