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Abstract 

Bovine respiratory disease is the most common 
illness in post-weaned beef calves, and numerous pre
conditioning programs have been designed to mitigate 
the impact of this disease syndrome. Preconditioning 
programs rely on proper implementation of tools, in
cluding vaccination and weaning, to prepare the calf to 
successfully overcome disease challenges. Our objec
tive was to determine whether backgrounding morbid
ity was associated with the timing of previous vaccina
tions and the number of days weaned prior to commin
gling of beef feeder calves. Data were procured over a 
six-year period from 85 producers that preconditioned 
calves and placed them in a commingled background
ing lot for approximately three months. Generalized 
linear mixed models were utilized to· assess the impact 
of the number of days between first and second viral 
vaccinations, number of days between the final viral 
vaccination and commingling and the number of days 
weaned prior to commingling. Hypothesis testing was 
performed using P<0.10 due to the relatively small 
sample size when year and origin farm were consid
ered. Morbidity during the backgrounding phase was 
significantly higher (P<0.10) when the time between 
initial and booster vaccination was less than 14 days. 
No morbidity differences were found based on weaning 
time or the proximity of the final vaccination to com
mingling. Our results illustrate that the timing of vac
cinations influences health outcomes of precondition
ing programs, and that further rese~rch is necessary to 
provide definitive recommendations regarding timing 
of vaccination and weaning. 
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Resume 

Les maladies respiratoires bovines sont parmi 
les plus courantes chez les veaux de boucherie apres 
le sevrage. Plusieurs programmes de pre-condi
tionnement ont ete developpes afin de reduire !'impact 
de ce syndrome de maladies. Les programmes de pre
conditionnement reposent sur !'implementation ade
quate d'outils, incluant la vaccination et le sevrage, 
qui preparent les v:eaux a relever le defi des maladies. 
Notre objectif etait de determiner si la morbidite en 
pre-engraissement etait associee au choix du moment 
des vaccinations precedentes et au nombre de jours 
sevres avant le regroupement des veaux de boucherie 
en engraissement. Les donnees ont ete recueillies sur 
une periode de six ans chez 85 producteurs qui pre
conditionnent leurs veaux et les regroupent en pre-en
graissement pendant approximativement trois mois. 
Des modeles lineaires mixtes ont ete utilises pour deter
miner !'impact du nombre de jours entre la premiere et 
la seconde vaccination virale, du nombre de jours entre 
la derniere vaccination virale et le regroupement et du 
nombre de jours sevres avant le regroupement. Le seuil 
alpha a ete fixe a 0.10 pour les tests d'hypotheses en 
raison de la petite taille d'echantillon lorsque l'annee et 
la ferme d'origine etaient prises en ligne de compte. La 
morbidite en pre-engraissement etait significativement 
plus elevee (p<0.l) lorsque l'intervalle entre le premier 
vaccin et le rappel etait de moins de 14 jours. La mor
bidite n'etait pas associee ni au temps du sevrage ni 
a l'intervalle de temps entre la derniere vaccination 
et le regroupement. Nos resultats demontrent que le 
choix du moment des vaccinations influence l'etat de 
sante des individus dans des programmes de pre-con
ditionnement. D'autres travaux sont necessaires avant 
de fournir des recommandations definitives concernant 
le choix du moment de la vaccination et du sevrage. 
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Introduction 

Bovine respiratory disease (BRD) is the most 
common and economically important disease complex 
in the post-weaned beef calf.6•16·21 The complex occurs 
in a relatively large percentage of feedlot cattle in the 
United States, with an average treatment cost of $12.59 
per head. 20 The total economic influence of this disease 
complex is even greater than the sum of treatment cost 
and death loss due to the impact on animal performance 
and carcass characteristics. The literature illustrates 
that BRD-affected calves have a lower rate of weight 
gain, 14•19·22 lower hot-carcass weights and decreased 
likelihood to grade USDA Choice.1·9 McNeill et al eval
uated Texas A & M Ranch to Rail health data (7,723 
head, 27.5% morbidity) to find a $92.26 per head differ
ence in net return between sick and healthy animals in 
the feedlot, 13 although the difference in net returns due 
to illness exhibited a wide variation over time, ranging 
from $49.55 in 199511 to $151.18 in 2001.12 

To avoid losses associated with BRD, significant 
efforts have focused on creating programs to prevent 
respiratory disease in cattle. Many preconditioning 
programs for feeder calves incorporate vaccinations to 
increase resistance to appropriate pathogens and at
tempt to reduce cattle stress by weaning prior to ship
ment.5•17 Research has illustrated that preconditioning 
programs can decrease morbidity and mortality. 4·18 Yet 
well-controlled, large scale, randomized trials evaluat
ing the effects of preconditioning in post-weaned calves 
are scarce, and the ability of preconditioning programs 
in general to consistently provide an advantage has 
been questioned. 3•15 One reason for this apparent dis
parity in the literature is the widely varied definition of 
preconditioning. Preconditioning guidelines can range 
from requiring castration and one viral immunization 
before sale to more complex management interventions. 
The most comprehensive programs include initial and 
booster immunizations, acclimation of calves to eating 
specific ration types from a bunk and weaning for 45 
days on farm of origin prior to sale. Merit of programs 
may be best assessed by differentiating between on the 
farm procedures included in the specific protocol. 

In addition to specific program requirements, the 
timing of specific procedures (vaccinations) or manage
ment events (weaning) relative to disease challenge 
may play a role in the overall effectiveness of the pro
gram to reduce disease risk. The impact of timing of 
specific disease prevention management interventions 
on subsequent morbidity rates has not been evaluated. 
The objective of our retrospective data analysis was to 
determine the health implications of timing of immuni
zations and weaning relative to disease challenge. 
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Materials and Methods 

A dataset of previously vaccinated and weaned 
calves monitored for BRD morbidity after shipment 
from the farm of origin for an 8O-day backgrounding 
phase was acquired for this study. Specific farm-level 
vaccination and weaning timing relative to shipment 
data were used to evaluate for potential differences in 
morbidity based on timing of procedures. All animals in 
the program were managed using a standardized pro
gram on all farms with appropriate documentation of 
procedures. This entailed vaccination and booster with 
the following antigens: infectious bovine rhinotracheitis, 
bovine viral diarrhea, parainfluenza-3, bovine respira
tory syncytial virus (IBR/BVD/PI3/BRSV); clostridial 
diseases; and Mannheimia haemolytica. Although the 
program guidelines required specific antigens and at 
least one modified-live respiratory viral vaccine, pro
ducers were allowed to select specific brands and types 
of vaccines utilized. Products were administered by ei
ther the producer or veterinarian on each farm. Calves 
were required to be weaned a minimum of 30 days prior 
to shipment for backgrounding between October and 
December of each year. Owners provided documenta
tion of dates of vaccination, products used and date of 
weaning on standardized forms used by the Missouri 
Stocker Feeder Quality Assurance Program. 

In each year, calves were transported to a dry-lot 
backgrounding facility in north-central Missouri where 
they were fed for a target rate of gain of 2.0 to 2.5 lb 
(0.9 to 1.1 kg) per head per day. Upon arrival, calves 
were sorted by weight and commingled between farms 
to create feed pens based on arrival weight and space 
allocations. Cattle were fed in a dry-lot and ration in
gredients varied by year, but included cracked corn, 
soybean hulls and corn gluten feed as primary compo
nents in most cases. Cattle were observed daily during 
the backgrounding phase for clinical signs of respira
tory disease by the same experienced personnel during 
each year of the project. The standard disease iden
tification and treatment program for the background
ing lot was applied. Animals were removed from the 
pen for evaluation when they presented one or more 
of the following signs: depression, anorexia, nasal dis
charge, or lack of rumen fill. Treatments were given if 
rectal temperature was greater than 104°F (4O°C) or 
the evaluator deemed the calf was severely ill based on 
calf attitude. All treatments and presumptive diagno
ses were recorded. Morbidity numbers were calculated 
based on the number of animals treated initially with 
a presumptive diagnosis of BRD. 

Descriptive statistics were generated using JMP 
software, and data were further analyzed using SAS 
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version 9 .1. Hypothesis testing was performed using 
P<0.10 to identify significant differences. The alpha 
level was selected due to relatively small sample size 
when year and farm of origin were considered. Pro
portions of animals treated for BRD from each set of 
calves from a farm in each year were analyzed using 
logistic regression models with PROC GLIMMDC in 
SAS. Least squares means were used to compare lev
els among significant fixed effects. The year and farm 
of origin were included as random effects in all models. 
Fixed effects evaluated included number of days be
tween initial and booster vaccination, number of days 
between final vaccination and arrival at background
ing lot, and the number of days between weaning and 
arrival at backgrounding lot. Each effect was evalu
ated as a categorical variable with divisions generated 
from common preconditioning program or vaccine label 
guidelines. The days between the first viral vaccina
tion and the booster were divided into three categories 
( < 14 days; equal to 14 and up to 28 days; and > or 
equal to 28 days). These days were selected based on 
the common label recommendation for boostering vac
cines between 14 and 28 days and the two categories 
outside of that range. The number of days between the 
final viral vaccinations and arrival at the background
ing lot was divided into less than and equal to 14 days 
or greater than 14 days. This division is based on the 
premise that effective humoral immunity is generated 
and measurable two weeks after vaccination. 2 The 
number of days between weaning and backgrounding 
arrival was divided into less than 45 days or greater 
than and equal to 45 days based on common precondi
tioning program guidelines. 

Results 

Data were collected from 85 sets of calves from 
46 farms that enrolled in a cooperative calf marketing 
program between 2000 and 2005. The data represented 
1,354 head of fall-weaned (born in spring of same year) 
cattle. Producers utilized a variety of viral products on 
calves prior to entrance at the backgrounder (Table 1). 
Calves enrolled in the backgrounding phase entered at 

a mean arrival weight of 563 lb (256 kg) and were fed 
for an average of 86 days with a mean ADG of 2.1 lb 
(0.95 kg)/head/day. Morbidity during the background
ing phase varied by year. Overall, 239 of the 1,354 
animals (17.6%) received an initial treatment for BRD 
during the backgrounding phase (Table 2). Morbidity 
by farm of origin ranged from O (26 farms) to 100% (one 
farm with 10 head enrolled). 

The number of days between first and second vac
cination was known on 73 sets of calves, with each set 
representing a consignment from an owner in a single 
year. There were four sets of calves (67 head) with less 
than 14 days between vaccinations, 47 sets of calves 
(734 head) with equal to 14 and up to 28 days separat
ing the vaccinations and 22 sets of calves (331 head) 
with greater than or equal to 28 days between vaccina
tions. After controlling for year and farm of origin, pens 
of calves with less than 14 days between vaccinations 
had a significantly higher (29.8%) level of morbidity 
than cattle in the 14-28 range (10.6%, P=0.03) and the 
greater than 28 day group (12.3%, P=0.08) (Figure 1). 

The days between the final vaccination and ar
rival at the backgrounding lot was known on 73 sets of 
calves. There were five sets of calves (121 head) with 
less than or equal to 14 days between the last vacci
nation and backgrounding arrival. The remainder of 
animals (68 sets of calves, 1,024 head) arrived at the 
backgrounding lot greater than 14 days after their fi
nal vaccination. There was no significant difference 
in morbidity between groups of calves with less than 
or equal to 14 days (13.9%) or greater than 14 days 
(12.2%) between last vaccination and backgrounding 
arrival (Figure 2). 

The number of days between weaning and back
grounding arrival was known on 46 groups of calves 
(820 head). Twenty-two groups of calves (452 head) 
were weaned less than 45 days prior to arrival, and 
24 groups of calves (368 head) were weaned more than 
or equal to 45 days prior to arrival at the background
ing lot. There was no significant difference in morbid
ity between groups of calves weaned less than 45 days 
(11.7%) when compared to morbidity in groups of calves 
weaned more than 45 days (7.6%) (Figure 3). 

Table 1. Distribution of respiratory viral vaccine types utilized by producers at each vaccination time point. 

Initial viral vaccination Booster viral vaccination 

Product Number Number Product Number Number 
type products farms type products farms 

Modified-Ii ve 7 53 Modified-live 9 69 
Killed 5 20 Killed 3 4 
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Table 2. Number of farms, cattle, initial cases of BRD 
and associated mortality by year.a 

BRD BRD 
morbidity mortality 

Farms Head hd % hd % 

2000 Fall 8 103 8 7.8% 0 
2001 Fall 18 224 20 8.9% 1 0.4% 
2002 Fall 23 332 78 23.5% 1 0.3% 
2003 Fall 20 370 108 29.2% 0 
2004 Fall 7 139 8 5.8% 0 
2005 Fall 9 186 17 9.1% 0 

Total: 85 1354 239 2 

aMorbidity and mortality percentages are presented on an annual 
basis with each percentage representing the number of head diagnosed 
with BRD or died due to BRD within each year's enrollments. 
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Figure 1. Risk of clinical respiratory disease during 
the backgrounding phase based on the number of days 
between first and booster viral vaccination. c 

a,bColumns with different letters were statistically (P<0.10) differ
ent. 
cBased on least squares means and standard errors from a logistic 
regression model accounting for the year and herd of origin. 

Discussion 

Preconditioning programs are utilized in the beef 
industry with a variety of options related to weaning 
and timing of vaccines. Our research was performed 
on a fairly limited set of calves in a specific region of 
the country, and the effectiveness of specific program 
components needs to be further evaluated. However, 
even in this relatively small study there was evidence 
that implementation of vaccination and management 
programs may play a role in the health outcome of the 
animals. 
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Figure 2. Risk of clinical respiratory disease during 
the backgrounding phase based on the number of days 
between the final viral vaccination and arrival at the 
backgrounding lot. b 

aResults did not differ (P>0.10). 
hBased on least squares means and standard errors from a logistic 
regression model accounting for the year and herd of origin. 
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Figure 3. Risk of clinical respiratory disease during 
the backgrounding phase based on the number of days 
between weaning and arrival at the backgrounding lot. b 

aResults did not differ (P>0.10). 
hBased on least squares means and standard errors from a logistic 
regression model accounting for the year and herd of origin. 

Vaccination is included in most preconditioning 
programs. In evaluation of the timing between vac
cinations, only four groups of calves had less than 14 
days between vaccinations, but these groups had high
er morbidity (29.8%) than calves boostered between 14 
and 28 days (10.6%) or greater than 28 days (12.3%). 
Many commonly used respiratory viral vaccines have 

. label recommendations for booster vaccinations to be 
given within two to four weeks after administration of 
initial vaccination. Common recommendations include 
vaccinating calves either at pre-weaning or at wean
ing and boostering 14 to 21 days later.5 In our data, 
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the timing between vaccinations was an important fac
tor in overall morbidity. Disease risks in cattle with 
a short time between initial and booster vaccinations 
could be higher due to a lack of time to generate a pri
mary immune response. 

The number of days between the last vaccination 
and arrival at the backgrounding lot is considered an 
important component of the preconditioning program 
as the goal is to build adequate immunity prior to dis
ease challenge. For vaccinations to effectively mitigate 
the disease risk, they should be administered in a time 
frame to allow adequate building of immunity prior to 
disease challenge. 2 The time necessary to stimulate an 
immune response after vaccination varies based on an
tigen, previous level of exposure, type of vaccine and 
component of the immune response measured. Previ
ous research with multivalent respiratory viral vac
cines illustrates that cattle may respond by production 
of interferon gamma by five days post-vaccination,23 yet 
increased antibody titers may take up to 14 days. 7 To 
allow management flexibility and accommodate mul
tiple logistic scenarios, preconditioning programs often 
specify a range of times when the vaccines can be given 
relative to potential disease exposure. In our data, 
there was no difference in morbidity based on whether 
the last vaccination was greater or less than 14 days 
from arrival at the backgrounding lot. However, the 
power to detect a difference was limited by the fact that 
there were relatively few groups of cattle with fewer 
than 14 days between vaccination and arrival at the 
backgrounding facility. 

In previous work, Fulton et al evaluated health 
status in 417 calves from 24 herds from feedlot arrival 
through harvest relative to individual farm vaccina
tion schedules prior to arrival.8 They described that 
the three herds with highest morbidity received viral . 
vaccines without a booster or with a second dose given 
immediately prior to shipment, while herds with low
est morbidity gave the second dose three weeks prior 
to arrival. Our study differed from their work in that 
cattle groups were listed as less than 14 days prior to 
arrival, yet all animals were vaccinated a minimum of 
10 days prior to arrival at the backgrounding lot. Thus, 
our research did not evaluate the impact of vaccinating 
within 10 days of commingling and arrival. In order 
for the immunization to decrease risk of disease, the 
appropriate immune response must be reached prior to 
the disease challenge. 

The final parameter evaluated was the number of 
days calves were weaned prior to arrival at the back
grounding lot. Weaning on the cow-calf farm of origin 
ranging from a minimum of 21 to greater than 45 days 
is a component of many preconditioning programs.17 
The length.of the weaning period changes feed cost, la
bor expenses and number of days at risk at the farm 
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of origin. Although length of weaning has definite eco
nomic costs, the morbidity implications of the number 
of days weaned prior to disease exposure has not been 
well documented. 

There were no statistical differences in morbidity 
based on the length of time calves were weaned when 
categorized by greater or less than 45 days. The mini
mum time calves were weaned in this data set was 30 
days. Although categorizing the data into two groups 
based on a 45-day cutoff could reduce statistical power 
as compared to utilizing the actual days, our goal was 
to compare morbidity between groups that did or did 
not follow typical preconditioning program require
ments. The variability between years and farm of ori
gin also could impact the statistical power of the anal
ysis. Although we did not find a difference in health 
outcomes based on number of days weaned, we would 
point out that a small increase in morbidity based on 
shorter days weaned may not offset increased costs as
sociated with maintaining the calves for an additional 
time period. 

Preconditioning is an important tool to prevent 
post-weaning BRD morbidity in beef feeder calves. Re
cent research focused on one large market illustrates 
that in the last 10 years, the percentage of non-viral 
vaccinated calves has decreased relative to calves with 
some value-added' procedure (viral vaccination and/ 
or weaning). 10 Yet, program guidelines vary between 
preconditioning programs and our research indicates 
that the specific timing of vaccine administration may 
impact expected morbidity levels in · calves. Variable 
health outcomes related to timing of procedures may 
influence price paid for the calves due to uncertainty 
surrounding health outcomes. 

Conclusion/Clinical Relevance 

Pre-arrival health programs target prevention of 
disease at the feedlot by employing specific practices 
to enhance calf immunity prior to disease challenge 
(commingling). In most programs, the timing of vac
cinations is based on an acceptable range, and our re
search illustrates that the timing may be an important 
influence on the health outcome. Our research did not 
find a difference in the morbidity rate between calves 
weaned 30-45 days and calves weaned greater than 
45 days. However, statistical power to detect differ
ences was likely limited due to relatively small sample 
size and variation between farms of origin and the six 
years included in the study. The goal of precondition
ing programs is to reduce disease risk at arrival, and 
our research indicates that the implementation (tim
ing) of vaccinations may influence that outcome. More 
research needs to be performed to evaluate precondi
tioning health and performance impacts and to more 
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specifically define costs and benefits of specific precon
ditioning management procedures. 
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