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Abstract
Our objective was to determine the effect of vaccina
tion and deworming at arrival (d 0) on bovine respiratory
disease (BRD) incidence, mortality, and growth of Stocker
calves. Calves (n=80) were stratified by d -3 weight and fecal
egg count (FEC) into 20 pens of 4 calves. Pens were randomly
assigned to treatments in a 2x2 factorial design, testing d 0
vaccination (modified-live respiratory virus and clostridial
vaccine, or not) and deworming (oral fenbendazole and
levamisole, or not). Body weights were measured on days 0,
1 4 ,2 8 ,4 2 , 56, 70, and 85, and FEC were measured on days -3,
28, 56, and 85. Incidence of BRD was greater for d 0 vaccina
tion (RR=3.2), high fever (>104°F, >40°C) at d 0 (RR=6), and
higher d -3 FEC (RR=1.2 per 100 epg). Mortality was greater
for d 0 vaccination (OR=8.3) and high fever (OR=41.6).
Growth was 10.3 lb (4.7 kg) lower for d 0 vaccination, 24
lb (11 kg) and 16 lb (7.3 kg) lower for moderate (103°F to
103.9°F; 39.4°C to 39.9°C) and high fever, respectively, and
17.6 lb (8 kg) lower for each additional BRD treatment a calf
received. Deworming was neither beneficial nor detrimental
to any health or performance factors. Health and growth
performance of Stocker calves may be adversely affected by
vaccination at arrival, higher arrival FEC, and fever at arrival.

places dans 20 enclos avec chacun quatre veaux. Les enclos
etaient assignes aleatoirement aux traitements selon un plan
factoriel 2x2 avec la vaccination a jO (avec ou sans vaccin
anti-clostridial avec virus respiratoires vivants modifies) et la
vermifugation (avec ou sans injection orale de fenbendazole
et de levamisole) comme facteurs. Le poids corporel a ete
mesure aux jours 0, 14, 28, 42, 56, 70 et 85 et le COF a ete
fait aux jours -3, 28, 56 et 85. L'incidence du CRB etait plus
elevee suivant la vaccination a jO (RR=3.2), lorsque la fievre
etait elevee a jO (>104°F, >40°C) (RR=6) et lorsque le COF etait
plus eleve a j-3 (RR=1.2 par 100 oeufs par gramme). La mor
talite etait plus elevee suivant la vaccination a jO (RC=8.3) et
lorsque la fievre etait elevee (RC=41.6). II y a eu une perte de
croissance de 10.3 lb (4.6 kg) suivant la vaccination a jO, une
perte de 24.1 lb (11 kg) lorsque la fievre etait moderee (103103.9°F), une perte de 16 lb (7.3 kg) lorsque la fievre etait
elevee et une perte de 17.5 lb (8 kg) pour chaque traitement
additionnel contre le CRB ref u par un veau. La vermifugation
n’a pas eu d’effet benefique ou nefaste sur tous les facteurs
relies a la sante ou a la performance. La sante et la croissance
des veaux d’elevage peuvent etre affectees negativement par
la vaccination a l’arrivee, par un COF initialement eleve et par
la fievre a l’arrivee.
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Resume
Notre objectif etait de determiner 1'effet de la vaccina
tion et de la vermifugation a l'arrivee (jO) sur l’incidence du
complexe respiratoire bovin (CRB), la mortalite et la croissance des veaux d’elevage. Les veaux (n=80) ont ete strati
fies selon le poids et le compte d’oeufs fecaux (COF) a j-3 et
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Bovine respiratory disease (BRD) is the most com
mon illness among post-weaning calves arriving in feedlots
or stocker operations.8 Ninety-seven percent of US feedlots
report having cattle with BRD, and an estimated 16.2% of
cattle placed in feedlots are affected with BRD.8 Cattle moving
through market channels are at risk for BRD because they are
potentially exposed to multiple pathogens due to commingling
cattle from many sources, in addition to environmental stress
ors such as weaning, transportation, poor nutrient intake,
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A randomized controlled trial to test the effect of onarrival vaccination and deworming on Stocker cattle
health and growth performance

Materials and Methods
Experim ental design
The study design was approved by the Mississippi
State University Institutional Animal Care and Use Commit
tee (IACUC # 15-003). A randomized controlled trial in a 2x2
factorial design was conducted to test 2 levels of vaccination
(vaccination or not) and 2 levels of deworming (dewormed or
not) on the health and growth performance of Stocker calves
maintained in grass paddocks.
Sam ple size calculation
The sample size of 10 pens per main effect with 4 calves
per pen was calculated to provide 80% power to detect a dif
ference between 50% and 20% morbidity (relative risk=2.5)
at alpha=0.05 and assuming a mild clustering effect of pen.
Also, that number of pens was sufficient to provide 80%
power to detect a difference between 456 and 484 lb (206.8
and 219.5 kg) of body weight (e.g. at d 56), assuming a stan
dard deviation of 20 lb (9.1 kg) at alpha=0.05.
T reatm ent allocation
Prior to receiving, all cattle were ear notched to de
term ine bovine viral diarrhea virus persistent infection
(BVDV-PI) status, and bulls (n=64) were castrated by the
order buyer prior to arrival at the research facility. Eighty
multi-source, auction-market derived steers were received
into the Leveck Animal Research facility at Mississippi State
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University on February 27, 2015 (d -3). On d -3 steers were
weighed, rectal temperatures were recorded, and fecal sam
ples were collected via manual rectal evacuation. Fecal egg
counts (FEC) were quantified using a 1 egg per gram (EPG)
sensitivity modified-Wisconsin procedure.
On March 2, 2015 (d 0), cattle were assigned to 20
pens of 4 animals each, stratified by d -3 weight and FEC.
Five pens were randomly assigned to each treatment com
bination in balanced fashion using spreadsheet software.3
Different colored ear tags were assigned to cattle in each of
the 4 treatment combinations (vaccinated and dewormed,
vaccinated and not dewormed, not vaccinated and dewormed,
not vaccinated and not dewormed) to help caretakers prevent
contact between treatment groups during processing. Pens
were arranged such that cattle in different pens did not have
nose-to-nose contact. Each pen was a 2.5 acre grass paddock.
Grass was sufficiently abundant so that no supplementary
sources of protein or energy were provided. A mineral mix
with salt and monensin was provided free-choice.
At d 0 calves in the vaccinated treatment pens received
a modified-live respiratory virus vaccine labeled to aid in pre
vention of respiratory disease caused by bovine viral diarrhea
virus (BVDV) types 1 and 2, infectious bovine rhinotracheitis
(BHV1), and bovine respiratory syncytial virus (BRSV) and
to aid in the reduction of respiratory disease caused by
parainfluenza 3 (PI3) virus.6 Vaccinated calves also received
a clostridial bacterin-toxoid labeled to aid in the prevention
of disease caused by Clostridium chauvoei, septicum , novyi,
sordelli, and perfringens Types C and D.c Also at d 0, calves in
the deworming treatment pens received fenbendazoledat 2.3
mg/lb (5 mg/kg PO) and levamisole6 at 3.6 mg/lb (8 mg/kg
PO). At day 56, cattle in all treatment groups were vaccinated
using the same vaccine products.
Cattle were on trial for 85 days, and monitored daily in
their paddocks for clinical signs associated with BRD by farm
personnel trained to identify the signs, including depression,
anorexia, rapid respiratory rate, cough, nasal discharge, and
rectal temperature > 104°F (40°C). Individual animal body
weights and blood samples from the jugular vein were col
lected on days 0 ,1 4 ,2 8 ,5 6 ,7 0 , and 85, and fecal samples were
collected per rectum on days -3,28,56, and 85. Serum samples
were submitted to the University of Nebraska Veterinary Diag
nostic Laboratory, an AAVLD accredited laboratory, for quan
tification of serum neutralizing (SN) antibodies against BHV1
and BVDV1 using standard methods. Briefly, heat-inactivated
serum was diluted in a series of 1:2 in minimum essential
medium (MEM) and incubated in the presence of 300 TCID50
of cytopathic stock assay virus (BVDV1 or BHV1) for 1 hour at
98.6°F (37°C) in a 5% C02 atmosphere. Following incubation,
diluted and incubated serum samples were mixed with 4000
washed Bos taurus turbinate cells (BT) per well. Cells were
incubated for 4 (BHV-1) or 5 (BVDV1) days at 98.6°F (37°C) in
5% C02 atmosphere and evaluated for the presence of cyto
pathic effect by inverted light microscopy. Control serums that
have been externally validated were included on each assay
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and dehydration. In an attempt to reduce BRD morbidity and
mortality calves are often vaccinated against BRD pathogens
at arrival into the Stocker or feedlot operation.18 However,
vaccinating against viral and bacterial pathogens may be less
effective if administered during a period of stress-induced
immunosuppression.13 The data supporting vaccination at
arrival in North American feedlots are equivocal at best, and
some studies of arrival vaccination suggest it does not benefit
or may even decrease health performance.69,13
Gastrointestinal parasitism is a leading cause of dimin
ished health and productivity of calves arriving into Stocker
or feedlot operations. Weaned beef calves maintained on
pasture are exposed to residual populations of infective
larvae leading to new infections on top of existing nema
tode burdens.2 Parasitic infections may affect feed intake,
feed digestibility, and a variety of physiological processes
that lead to a decline in herd productivity, and ultimately a
decrease in value.10Anthelmintic treatment of Stocker cattle
has been recommended to decrease parasitic loads with the
goal of improving overall health and growth performance.1,3
However, there is little published research that allows us to
quantify the health and performance benefits from deworming stacker cattle at arrival.1,7
Thus, the objective of this study was to determine the
effect of on-arrival vaccination and deworming on Stocker
cattle health and growth performance.

run and assay viruses were back titered onto cells to ensure
infectivity at appropriate dilutions.
Farm personnel were aware of which pens had received
the same treatment because of the ear tag colors, but were
blinded to the treatment group associated with ear tag color.
Laboratory personnel performing FEC and serology were
blinded to treatm ent group.
Treatm ent protocol
Cattle with clinical signs of BRD were treated with a
3-drug regimen. Those exhibiting clinical signs for the first time
were administered ceftiofur crystalline free acidf at a dosage
of 3 mg/lb (6.6 mg/kg) subcutaneously at the base of the ear.
Those exhibiting clinical signs 7 days or more after administra
tion of ceftiofur crystalline free acid received retreatment with
florfenicoP at a dosage of 18 mg/lb (40 mg/kg) subcutaneously
in the neck. Cattle with clinical signs of BRD 3 days or more after
treatment with florfenicol were treated with oxytetracycline
hydrochloride11at a dosage of 9 mg/lb (19.8 mg/kg) subcutane
ously in the neck. Cattle treated for BRD remained in assigned
pens for the duration of the treatment period, and cattle that
died underwent a field necropsy performed by a veterinarian.
Fecal egg counts
Five grams of feces were weighed in a small beaker and
tap water was added to a total volume of 50 ml. The water and
feces were thoroughly mixed before being strained through
cheesecloth. The strained mixture was stirred once more and
10 ml were immediately added to a 15 ml tube, topped with
water, and centrifuged for 10 minutes at 1500 rpm (250 g).
The supernatant was drawn off, being careful not to disturb the
fecal pellet, and 10 ml of Sheather’s sugar solution (1000 gm of
table sugar in 726 ml of tap water, specific gravity 1.26 ± 0.3)
was added and mixed thoroughly with applicator sticks. The
mixture was topped off with Sheather's solution to a positive
meniscus and a coverslip was added before it was centrifuged
again at 1500 rpm for 10 minutes. The cover slip was carefully
removed and a few drops of additional Sheather’s were again
added to produce a positive meniscus, and a second cover slip
was placed to catch any remaining eggs. The second cover slip
was left for 10 minutes, and then both cover slips were exam
ined under lOx objective. All trichostrongyle/strongyle-type
eggs on the coverslip were counted to obtain EPG.
Statistical analysis
Rectal body temperature measured on d 0 was catego
rized as normal (<103°F; <39.4°C), moderate fever (103°F to
103.9°F; 39.4°C to 39.9°C), and high fever (>104°F; >40°C).
Antibody titers were log (2) transformed prior to analysis.
Fecal egg counts, plus 1 to account for 0 counts, were natural
logarithm transformed prior to analysis as an outcome vari
able. Days at risk for BRD were calculated as the number of
days elapsing from the day of vaccination (d 0) until 1) a di
agnosis of BRD; 2) removal from the study for other reasons;
or 3) completion of the 85-day observation period.
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The effects of vaccination and deworming treatments on
the incidence density of BRD, BRD mortality, and growth per
formance were measured using a Poisson, logistic, and linear
regression, respectively, using commercial statistical software.1
Poisson regression was used to test factors associated with
BRD incidence using a generalized linear mixed model (GLMM,
PROC GLIMMIX, SAS 9.4) with a Poisson distribution, log link,
offset of natural log transformed days at risk, and a random
effect of pen. The BRD cases that occurred within the 85-day
observation period were included in the analysis. The main
treatments of vaccination and deworming were retained in
the model. The process of manual forward variable selection
was utilized to evaluate several potential effect modifications
(vaccination x deworming, vaccination x fever, vaccination x
FEC) and the covariates fever, FEC at d -3, and d 0 BW.
Factors associated with mortality were tested in a mul
tilevel logistic regression GLMM model (PROC GLIMMIX) with
binary distribution and logit link. Pen was a random effect.
Main effects were vaccination and deworming which remained
in the model. Covariates of castration status, FEC at d -3, d 0
BW, and fever at d 0 were tested by manual forward selection.
Growth performance was evaluated in a multilevel
GLMM linear regression model (PROC MIXED, SAS 9.4) to test
for factors associated with the outcome of calf body weight
measured every 2 weeks. The model included the random
effect of pen and repeated measures of weigh day as fixed
effects. Main effects of vaccination and deworming were
retained in the model and covariates of castration status,
FEC at d -3, BW at d 0, fever at d 0, and a time by treatment
interaction were tested using manual forward selection.
Log titers and change in log titers from d 0 to d 28, d
28 to d 56, and d 56 to d 85 were analyzed using multilevel
GLMM linear regression model (PROC MIXED, SAS 9.4). Main
effects were vaccination and deworming with random effect
of pen and covariates of castration status, FEC at d -3, BW at
d 0, and fever at d 0 were tested by manual forward selection.
The effect of deworming and vaccination on natural
logarithm-transformed FEC was tested using multi-level
linear GLMM regression model (PROC MIXED) with random
effect of pen and repeated measures of days as a fixed effect.
Main effects were vaccination and deworming with random
effect of pen. Covariates of castration status, BW at d 0, and
fever at d 0 were tested using manual forward selection.
Statistical models were evaluated by model fit (QIC)
and score statistic type III P-value. Significance was defined
at alpha=0.05.

Results
Eighty market-derived calves weighing between 375
lb (170 kg) and 575 lb (260.8 kg) with an average of 452 lb
(205 kg), and confirmed to have a negative BVDV PI status,
were enrolled in the study. Sixty-six of the 80 calves (82.5% )
completed the 85-day observation period. Thirteen calves
(16% ) died during the study, and 1 calf was removed from
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the study due to behavioral issues on d 28.
A greater proportion of non-vaccinated cattle had fever
at d 0 than vaccinated, whereas the proportion of fever among
dewormed and non-dewormed cattle was more nearly equal.
Of the 20 cattle in each treatm ent combination, moderate or
high fever, respectively, were found in: 11 and 4 cattle receiv
ing vaccination and deworming; 14 and 4 cattle receiving
vaccination but not dewormed; 16 and 12 cattle receiving no
vaccine, but dewormed; and 16 and 10 cattle receiving nei
ther vaccine nor deworming treatment. Therefore, on d 0, 2 5
of 40 (62.5% ) vaccinated and 32 of 40 (80% ) non-vaccinated
cattle had moderate fevers. Also, 8 of 40 (20% ) vaccinated,
and 22 of 40 (55% ) of non-vaccinated cattle had high fevers.
BRD m orbidity
Thirty-seven of the 80 calves (46.25% ) were diagnosed
with BRD. There were 4,055 total days at risk and overall in
cidence density was 9.1 cases per 1,000 calf-days. Adjusting
for the other variables in the model, calves vaccinated with
a modified-live respiratory virus vaccine and a clostridial
bacterin-toxoid at d 0 were 3.2 times more likely to be treated
for BRD at any point during the 85-day observation period
(P=0.02; Figure 1). Calves that presented with a high (>104°F
or 40°C) fever at d 0 were 6 times more likely than calves with
no fever to be treated for BRD during the 85-day observation
period (P<0.0001; Figure 2). Calves were 1.2 times more
likely to be treated for BRD for every additional 100 EPG at d
0 (P<0.0001). Deworming at arrival was not associated with
BRD morbidity (P=0.71).
BRD m ortality
All 13 (16% ) deaths were attributed to BRD based on
gross postmortem findings of severe bronchopneumonia
with cranioventral distribution. The BRD case fatality rate
was 35%. Adjusting for other variables in the model, calves
vaccinated with a modified-live respiratory virus vaccine and
a clostridial bacterin-toxoid at d 0 were at 8.3 times greater
odds of death (P=0.03; Figure 3). Calves that presented with
a high temperature (>104°F or 40°C) at d 0 were at 41.6
times greater odds of death compared to calves with no fever
(P=0.01; Figure 4). Deworming at arrival was not associated
with BRD mortality (P=0.55).
Growth p erform an ce
Surviving calves gained a total of 22,484 lb (10,199 kg)
over the 85-day study period. Adjusting for other variables in
the model, weights on d 28 to d 85 were significantly greater
than d 0 weights (P<0.0001). Over the 85-day study period,
calves vaccinated at d 0 with a modified-live respiratory virus
vaccine and a clostridial bacterin-toxoid averaged 10.3 lb
(4.7 kg) less than non-vaccinated calves (P=0.01; Figure 5).
Surviving calves that presented with moderate fever (103 to
103.9°F or 39.44 to 39.95°C) and high fever (>104°F or 40°C)
at d 0 averaged 24 lb (10.9 kg) (P<0.0001) and 16 lb (7.3 kg)
(P=0.002) less than normal-temperature calves, respectively
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Figure 1. Model-adjusted BRD incidence density for calves vaccinated
at arrival (n=40 calves, 10 pens) and calves not vaccinated (n=40
calves, 10 pens) from a Poisson regression model. Calves vaccinated
with a modified-live respiratory virus vaccine and a clostridial bacterintoxoid at d 0 were 3.2 times more likely to be treated for BRD at any
point during the 85-day observation period. Error bars represent one
standard error.

None

Moderate
Fever classification

High

Figure 2. M o d e l-ad ju sted BRD in cid e n ce d e n sity a cco rd in g to
classification of rectal tem perature at arrival (n=80 calves) from a
Poisson regression model. Calves that presented with a high (>104°F
or 40°C) fever at d 0 were 6 times more likely than calves with no fever
to be treated for BRD during the 85-day observation period. Error bars
represent 1 standard error. Different superscripts indicate a statistically
significant difference between variables (a=0.05).

(Figure 6). Calves lost 17.6 lb (8 kg) for each time they were
treated for BRD (P<0.0001). Deworming at arrival was not
significantly associated with growth performance (P=0.17).
Fecal egg counts
The geometric mean FEC at d -3 was 211 EPG, ranging
from 25 to 1,703. There was no difference in log-transformed
FEC between dewormed and non-dewormed (P=0.73) or vac-
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Figure 3. Model-adjusted BRD mortality for calves vaccinated at arrival
(n=40 calves, 10 pens) and calves not vaccinated at arrival (n=40 calves,
10 pens) from a logistic regression model. Calves vaccinated with a
modified-live respiratory virus vaccine and a clostridial bacterin-toxoid
at d 0 had 8.3 times greater odds of death. Error bars represent 1
standard error.

Non-vaccinated
Treatment group

Figure 5. Model-adjusted final weights for calves vaccinated at arrival
(n=40 calves, 10 pens) and calves not vaccinated at arrival (n=40 calves,
10 pens) from a linear regression model. O verthe 85-day study period,
calves vaccinated at d 0 with a modified-live respiratory virus vaccine
and a clostridial bacterin-toxoid averaged 10.3 lb (4.7 kg) less than nonvaccinated calves. Error bars represent 1 standard error.
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Figure 4. M odel-adjusted BRD m ortality according to classification
of rectal temperature at arrival (n=80 calves, 20 pens) from a logistic
regression model. Calves that presented with a high tem perature
(>104°F or40°C) at d 0 had 41.6 times greater odds of death compared
to calves with no fever. Error bars represent 1 standard error. Different
superscripts indicate a statistically significant difference between
variables (a=0.05).

cinated or non-vaccinated (P= 0.15) cattle at arrival. However,
calves purchased as bulls, compared to steers (P=0.01], and
as lighter weight calves (P=0.05), had higher geometric mean
FEC at arrival.
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Figure 6. M o d e l-ad ju sted fin al w e igh ts of calves acco rd in g to
classification of rectal temperature at arrival (n=80 calves, 20 pens)
from a linear regression model. Surviving calves that presented with
moderately elevated (103 to 103.9°F or 39.44 to 39.95°C) and high
(>104°F or 40°C) temperatures at d 0 averaged 24 lb (10.9 kg) and 16 lb
(7.3 kg) less than calves with no fever, respectively. Error bars represent
1 standard error. Different superscripts indicate a statistically significant
difference between variables (a=0.05).
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Vaccinated

The effect of deworming on log-transform ed FEC
was modified by days on study. Calves dewormed at ar
rival had lower FEC compared to untreated controls at d 28
(F’<0.0001). However, calves not dewormed also decreased
in FEC over the first 56 days, and FECs were not statistically
different between dewormed and non-dewormed calves at
d 56 (P=0.33) or d 85 (P=0.99; Figure 7). Neither vaccine
treatment (P=0.84), castration status (P=0.88), nor d 0 BW
(P=0.85) were associated with FEC from d 28 - d 85.
Serology
At d 0 there was no significant difference between
treatment groups in SN titers for either BVDV1 (P=0.99) or
BHV1 (P=0.99J. There were no measured factors associated
with arrival BVDV1 or BHV1 SN titers. The BVDV1 SN titers
increased for both treatment groups at d 14. Vaccinated calves
averaged 4.5 2-fold dilutions higher BVDV1 SN titers at d 28
(P<0.0001) and 5.1 2-fold dilutions higher BVDV1 SN titers at
d 56 (P<0.0001) compared to non-vaccinated calves. Calves
receiving their first dose of vaccine on d 56 had an increase
in BVDV1 titers at d 70 and d 85 to levels comparable to pre
viously vaccinated calves (Figure 8). Vaccinated calves aver
aged 1.9, 1.8, and 1.9 2-fold dilutions higher BHV1 SN titers
at d 14 (P=0.0001), d 28 (P=0.0007), and d 56 (P=0.0004),
respectively, compared to non-vaccinated calves. Both treat
ment groups experienced an increase in BHV1 titers by the
same magnitude following vaccination at d 56 (Figure 9).
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Figure 8. M odel adjusted BVDV1 tite r con cen tratio n s in calves
vaccinated (n=40, 10 pens) and not vaccinated (n=40, 10 pens) at
arrival (d 0) from a linear regression model. All calves received vaccine
on d 56. The BVDV1 SN titers increased for both treatment groups at
d 14. Vaccinated calves averaged 4.5 2-fold dilutions higher BVDV1 SN
titers at d 28 and 5.1 2-fold dilutions higher BVDV1 SN titers at d 56
compared to non-vaccinated calves. Calves receiving their first dose
of vaccine on d 56 had an increase in BVDV1 titers at d 70 and d 85 to
levels comparable to previously vaccinated calves. Error bars represent
1 standard error. Different superscripts indicate a statistically significant
difference between variables (a=0.05).
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Figure 9. Model adjusted BFIV1 titer concentrations in calves vaccinated
(n =40,10 pens) and not vaccinated (n =40,10 pens) at arrival (d 0) from a
linear regression model. All calves received vaccine on d 56. Vaccinated
calves averaged 1.9,1.8, and 1.9 2-fold dilutions higher BFIV1 SN titers
at d 14, d 28, and d 56, respectively, compared to non-vaccinated calves.
Both treatment groups experienced an increase in BFIV1 titers by the
same magnitude following vaccination at d 56. Error bars represent 1
standard error. Different superscripts indicate a statistically significant
difference between variables (a=0.05).
d 28
■ Not dewormed

d 56

d 85

Dewormed

Figure 7. M odel-adjusted natural log transform ed FEC for calves
deworm ed (n=40, 10 pens) and not dewormed (n=40, 10 pens) at
arrival from a linear regression model. Calves dewormed at arrival had
lower FEC compared to untreated controls at d 28. Flowever, calves
not dewormed also decreased in FEC over the first 56 days and FECs
were not statistically different between dewormed and non-dewormed
calves at d 56 and d 85. Error bars represent 1 standard error. Different
superscripts indicate a statistically significant difference between
variables (a=0.05).
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Discussion
The most important findings in this study were that: 1)
vaccinating these calves on arrival adversely affected their
health and growth performance; 2) deworming these calves
did not affect health or growth performance; and 3) certain
characteristics of these calves measured at arrival, such as
FEC and body temperature, were predictive of future health
and growth performance. Calves enrolled in this study typi-
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fied calves entering the southeastern US market system. Al
though the pasture stocking rate was similar, the number of
calves per paddock in this study was much less than typical
grass-based Stocker systems. Large populations of cattle may
have rates of effective contact or social stressors that affect
disease risk differently than in small populations. Therefore,
future large pen studies would provide greater external valid
ity for commercial settings.
In this study, vaccinating calves at arrival was associ
ated with increased BRD morbidity, mortality, and lower final
weights. These findings support the concept that vaccination
of calves that may have been recently exposed to various
stressors and are potentially incubating BRD, can increase
their risk for illness. This relationship may be due in part to
vaccine-induced inflammation. Vaccinating high-risk calves
at arrival is a common practice, but there is limited research
supporting its efficacy.9'13'16'17 In a recent study, calves vac
cinated at arrival had lower average daily gain (ADG) than
calves with delayed vaccination at d 14 with no difference in
the incidence of respiratory disease.11A similar study showed
no difference in ADG or BRD morbidity between calves vac
cinated at arrival and calves with delayed vaccination at d
14.13 Another study performed on high-risk heifer calves
found that delaying administration of viral vaccine resulted
in a decreased percentage of calves treated twice for BRD.14 In
the study presented here, we are unable to determine which
component of the vaccine products was responsible for the
treatm ent effects. In a 1982 study, performed to measure
factors associated with m ortality and treatm ent costs in
feedlot calves, the use of respiratory vaccines within 2 weeks
of arrival was associated with increased mortality rates and
greater treatm ent costs.6
The immunosuppressive effects of commingling and en
vironmental stressors such as transportation, poor nutrition,
and dehydration on Stocker cattle are well documented.4'5'13
However, serology results demonstrated that the calves
vaccinated on arrival were able to respond to vaccination.
The vaccinated calves had a measurable humoral immune
response to 2 of the vaccine components, even though this
response did not protect them from BRD morbidity or mor
tality. Those calves unvaccinated at arrival also exhibited an
increase in SN titers following vaccination at d 56.
We chose a relatively simple vaccine regimen to avoid
administering an overwhelming amount of antigen or endo
toxins, but even so we observed detrimental effects. Calves in
this study may have developed BRD in spite of being vaccinat
ed against 5 viral pathogens because the agents responsible
for the BRD were not included in the vaccine administered.
For example, we did not vaccinate against common bacterial
BRD pathogens or their leukotoxins. However, this does not
explain why vaccinated calves had an increased incidence of
morbidity or mortality compared to non-vaccinates. There
was no evidence of an immune response among non-vaccinated calves to BHV1 before they were vaccinated on d 56.
There was a small rise in titer of antibodies against BVDV1
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among non-vaccinates, but the BVDV1 titer remained lower
than that of vaccinated calves. These results suggest that
wild-type BHV1 or BVDV1 were not circulating in this group
of cattle. We cannot know if these cattle were exposed to other
pathogens that may or may not have been components of the
vaccine. Regardless, it is possible that the results may have
differed under circumstances when the vaccine products of
fered specific protection against the pathogens responsible
for BRD among a given group of cattle. Therefore, we cannot
conclude that vaccination at arrival is always detrimental
to health and growth performance, although it was in this
particular study.
It was interesting to note that uncastrated and lighterweight calves had higher FEC at arrival. We speculate that
this may reflect better parasite management in herds that
castrate calves prior to weaning or that wean heavier calves.
Regardless, deworming calves at arrival was not associated
with any measured beneficial or adverse effect on health or
growth performance. Calves dewormed at arrival did have
lower fecal egg counts than untreated calves at d 28, but the
effect was short-lived. Even though FEC at d 28 were greatly
decreased by deworming at arrival, this was not reflected by
improved growth performance. It is possible that this study
lacked the power to detect small differences in health and
growth performance following deworming. However, numeri
cally, the calves not dewormed weighed more than the calves
that were dewormed throughout the course of the 85-day
study. This finding was unexpected given that many studies2'15'19
have shown that anthelmintic treatment offers a weight gain
advantage, at least in the short term. It is unclear why this was
the case, but might be due in part to the fact that the EPG of
calves not dewormed at arrival also decreased over the first 56
days. We speculate that this natural decrease in EPG was due to
improved immunity to helminths as a result of improved nutri
tion and decreased stress as compared to the time of arrival.
In this study, calves arriving with high FEC were at
greater risk for BRD, but deworming failed to mitigate that
risk. This supports the concept that gastrointestinal parasit
ism of stocker calves is an important constraint to animal
health and productivity1that may not be resolved by deworm
ing at arrival. Also, because FEC at arrival was an important
predictor of health and growth performance, FEC at arrival
may be an important parameter to measure in studies of
stocker cattle health and performance.
High fever at arrival was found to be associated with
increased BRD morbidity and m ortality and lower final
weights. Calves arriving with high fevers were likely already
incubating respiratory disease, and vaccinating at arrival
may have simply been too late to reverse the pathogenesis of
BRD; it may even have amplified an established inflammatory
response. In this study fever was an important confounder,
and had we failed to account for it we might have missed the
detrimental effect of vaccination. Therefore, measuring body
temperature at arrival may be helpful when performing field
studies of BRD.
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Calves of this body weight, procured through the auc
tion market system, from multiple auction barns and many
different farm sources, are often considered high-risk for
BRD and mass medicated with antibiotics as they arrive into
the stacker operation. However, we chose not to treat these
calves until we observed clinical signs because the primary
objective of the study was to test the effect of vaccination or
deworming on incidence of BRD. Metaphylactic treatment
may have prevented our observation of clinical signs and
masked the effect of the treatments on our primary outcomes
of BRD morbidity, mortality, and growth performance.
Our choice of vaccine products was based on the use of
similar products in other studies.1113 We did not specifically
hypothesize that these products would cause adverse effects.
In fact, it seems unlikely these results are a product-specific
effect and one would need to evaluate multiple vaccines
contemporaneously to test that hypothesis.

Conclusions
Vaccinating some groups of Stocker calves at arrival
may adversely affect their health and growth performance.
Greater FEC and fever at arrival were important predictors
of subsequent BRD-related health events and reduced per
formance. In spite of the importance of FEC on health and
performance, deworming calves at arrival did not mitigate
losses in health or performance.

Endnotes
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gNuflor, Intervet/Merck Animal Health, Madison, NJ
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‘SAS, Version 9.4, SAS Institute Inc., Cary, NC
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