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Abstract 

A total of 1,017 southeastern crossbred heifer 
calves (average weight 572 lb; 260 kg) were utilized to 
determine the effect of administering Pyramid® 5 and 
Presponse® SQ (Fort Dodge Animal Health, Overland 
Park, KS) as two separate injections (SEP), or as a com
bination product (COMB) on health and performance in 
a commercial feedlot setting. There were no significant 
differences (P >0.05) between the two vaccine treatments 
for morbidity, mortality, or realizers. The SEP group had 
significantly greater weight gain (P=0.05) and average 
daily gain (P<0.01) at reprocessing (day 119). These 
differences subsided by harvest. Hot carcass weights, 
estimated live-weights, and average daily gains at the 
end of the feeding period were similar between the vac
cination groups (P>0.05). 
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Resume 

Un total de 1017 taures du sud-est et de race me
langee (poids moyen 572 lb; 260 kg) ont ete utilisees afin 
de determiner l'effet de !'administration de Pyramid® 5 et 
de Presponse® SQ (Fort Dodge Animal Health, Overland 
Park, KS) en deux injections separees (SEP) ou en com
binaison (COMB) sur la sante et la performance dans le 
contexte d'un pare d'engraissement commercial. II n'y 
avait pas de difference significative (P>0.05) entre les 
deux groupes d'injection sur la morbidite, la mortalite et 
la performance des animaux. Le gain de poids (P=0.05) 
et le gain moyen quotidien (P<0.01) etait plus eleve 
dans le groupe SEP au retraitement (jour 119). Ces dif
ferences s'amenuisaient a la recolte. II n'y avait pas de 
difference entre les deux groupes en ce qui concerne le 
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poids de la carcasse chaude, le poids vif estime et le gain 
moyen quotidien a la fin de la periode d'engraissement 
(P>0.05). 

Introduction 

Bovine respiratory disease (BRD) is the greatest 
contributor to morbidity and mortality of feedlot cattle 
in North America.9 Mannheimia haemolytica serotype 
Al has been identified as the most common pathogen 
involved in BRD during the receiving period, 2,5,6,8,15 

with prevalence ranging from 65 to 75%.5 Rarely does 
BRD stem from a single pathogen, but rather it has a 
multifactorial origin that relies on interaction between 
host susceptibility, pathogens, and the environment. A 
commensal organism of the nasopharynx and tonsil
lar crypts, M. haemolytica is an opportunist, gaining 
access to the lungs when host defenses are compro
mised by stress or infection with respiratory viruses or 
mycoplasma. 14 In several studies, aerosol exposure to 
bovine herpesvirus (BHV-1) facilitated lung infection 
by a usually non-infectious dose of M. haemolytica, thus 
demonstrating the immunosuppressive effect that other 
pathogens can impart. 15•18 Research efforts have identi
fied a ruminant-specific leukotoxin produced by rapidly 
growing M. haemolytica organisms. 3•12•16 Leukotoxin is 
indirectly responsible for pneumonia and the subsequent 
tissue damage because it functionally impairs and 
lyses alveolar macrophages and neutrophils. 17 Dying 
neutrophils release proteolytic and other enzymes that 
contribute to lung lesions. The classic lung lesion as
sociated with M. haemolytica infection is acute fibrinous 
pleuropneumonia. 2•5 

Production of antibodies to leukotoxin can prevent 
or reduce the occurrence of fibrinous pneumonia in ex
perimentally challenged calves.17 Various strategies have 
been employed to combat and mitigate BRD in stocker 
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and feedlot operations. A recent study in a commercial 
feedlot demonstrated a possible synergism when tilmi
cosin was used concurrently with M. haemolytica toxoid 
at arrival. As a result of the reduced morbidity and 
mortality, a $14. 77 advantage was reported compared 
to using tilmicosin alone.4 

Vaccination on arrival to prevent disease from 
both bacterial and viral BRD pathogens remains a 
commonly utilized practice in feedlots. One report, 
however, suggests a possible antagonistic interaction 
of modified-live virus (MLV) vaccine administered at 
the same time as M. haemolytica vaccine in stressed 
cattle. 7 Thus, scientists have questioned the practice of 
administering MLV vaccine and M. haemolytica toxoid 
on the same side of the neck, postulating interference 
with the immune response if both products drained to 
common lymph nodes. The purpose of this study was to 
compare the effect on animal health and performance of 
high-risk feedlot calves when M. haemolytica toxoid and 
MLV vaccine are administered as separate injections on 
opposite sides of the neck, or as a combination product 
given on one side of the neck. Outcomes of interest 
included morbidity, mortality, treatment cost, realizers, 
and average daily gain (ADG). 

Materials and Methods 

Cattle 
A total of 1,017 English and Continental crossbred 

heifer calves .were procured from auction-markets by 
an order-buyer in Montgomery, Alabama, and delivered 
to Ward Feed Yard in Larned, Kansas from May 24 to 
June 2, 2007. Cattle were then randomized to one of 
two vaccination treatments until each pen replicate was 
complete. As a result, calves were equally represented 
in both treatment groups and commingled within a pen. 
A total of 12 pen replicates were placed on trial, with an 
average of 85 calves per pen (range 72-93). Across all 
pens, average weight of the calves at processing was 572 
lb (260 kg), and ranged from 414-742 lb (188-337 kg). 

Processing 
After arrival at the feedlot, cattle remained sepa

rated by truckload and were placed in receiving pens 
where hay and water were provided ad libitum. Calves 
were processed within 36 hours of arrival. Randomiza
tion of animals to a processing group was accomplished 
by sorting cattle within each truckload in a feedlot 
sorting alley, three at a time, into one of two treat
ments. Cattle were brought to the processing facility 

. by replicate with their respective treatment group and 
temporarily staged in holding pens without feed or 
water. Treatment processing order alternated between 
each truckload of calves to neutralize any differences in 
shrink from standing prior to processing when initial 
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weights were collected. An entire treatment group was 
processed prior to the start of the next group to ensure 
proper vaccines were administered. Initial processing 
included the following: 

• Serially numbered lot ear tag 
• Radio-frequency identification (RFID) tag 
• Based upon randomization outcome: 

o Modified-live infectious bovine rhinotra
cheitis (IBR) virus, parainfluenza-3 (PI

3
) 

virus, bovine viral diarrhea (BVD) virus 
(types 1 and 2), and bovine respiratory 
syncytial (BRS) virus combination vaccine 
+ Mannheimia haemolytica toxoida (2 mL) 
administered subcutaneously (SC) in right 
neck (COMB group) 

OR 
o Modified-live IBR virus, PI

3 
virus, BVD 

virus (types 1 and 2), and BRS virus com
bination vaccineb (2 mL) administered SC 
in right neck and Mannheimia haemolytica 
toxoidc (2 mL) administered separately SC 
in left neck (SEP group) 

• Tilmicosind administered SC in the left neck at 
4.54 mg/lb (10 mg/kg) of body weight 

• Growth promoting implante 
• Doramectinr (6 mL) administered SC in the right 

neck 
• Gender was assessed and all heifers were preg

nancy checked 
Four short-bred heifers ( < 90 days of gestation) 

were confirmed and aborted at the time of processing; 
however, these were not included in the final headcount 
or study analysis. Cattle were individually weighed once 
at initial processing and again when they received their 
terminal implant,g ranging from 102 to 146 (average 119) 
days-on-feed (DOF). All calves were revaccinated with 
MLV IBR-BVDh vaccine when they were reimplanted. 

Feed 
Cattle were fed three times daily, and diet and 

bunk management were similar for all pens on trial. 
The ration consisted of steam-flaked corn, wet distillers 
grain, mixed silage, alfalfa hay, and liquid supplement. 
Monensini and tylosinj were included in the diet for the 
entire feeding period. 

Animal Health 
Pen riders and treatment personnel were masked 

(blinded) to experimental treatment assignment. Cattle 
with signs of illness were removed from the home pen 
and evaluated by hospital personnel. A diagnosis of 
BRD was made when a calf demonstrated clinical signs 
of depression (e.g., unresponsive to activity in the pen, 
lowered head, drooped ears, inappetance), absence of 
signs ascribed to other body systems, and a rectal tern-
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perature of 104 °F ( 40°C) or higher. Treatment of cattle 
followed the standard protocol established at the feed
lot. Cattle were allowed to recover in the hospital pens 
following treatment, and were then returned to their 
home pen. Health records for all treated cattle were 
maintained throughout the trial.k Cattle not expected 
to reach market weight at the same time as their pen 
mates due to illness (i.e., chronic respiratory disease, 
lameness, or failure to thrive due to an undiagnosed 
condition) were · removed from the pen and marketed 
via alternate channels (culls or realizers). These ani
mals were removed from the final growth performance 
analysis. All animals that died during the trial were 
necropsied by either a veterinarian or feedlot person
nel. Digital images were recorded to aid in diagnostic 
description of gross lesions. 

Marketing 
The heifers were harvested when they were visu

ally estimated to have adequate finish for market; DOF 
ranged from 181-224 (average 203). There were a total 
of seven slaughter dates, and all heifers from a pen 
(replicate) were harvested on the same day. All heifers 
were harvested at the Tyson plant in Emporia, Kansas. 
Kansas State University personnel collected individual 
identification and hot carcass weights (HCW) for final 
weight calculations. Live weight was estimated by divid
ing HCW by a standard dressing percentage of 63.5%. 

Statistical Analyses 
Individual animal was the experimental unit. 

Descriptive statistics including frequency counts and 
percentages were calculated to characterize the data and 
to check for any data entry errors prior to data analysis. 
Descriptive statistics including mean, median, standard 
deviation, and percentiles were also calculated for analy
ses based upon interval data. Evaluations of morbidity 
and mortality, including heifers that were removed from 
the feedlot and not marketed with their pen group (real
izers), were conducted. Additionally, a subset of cattle 
in the study with respiratory diagnoses was analyzed. 
Chi-square statistics were used to evaluate the tabular 
data for significance. Cattle performance measures, in
cluding weight gain to reprocessing, treatment cost, and 
feedlot performance (weight gain,ADG, and HCW), were 
evaluated with an independent samples t-test. Statisti
cal calculations were performed by using commercially 
available statistical software,1 and a P-value of~ 0.05 
was used to determine significance of results. 

Results 

No significant differences in morbidity between 
the two vaccine treatments were determined during 
the course of the trial (P=0.25). Morbidity rates were so 
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nearly idep.tical for the two experimental groups that the 
corresponding morbidity curves appear superimposed 
until approximately 28 DOF (Figure 1). The morbidity 
rate in the COMB group increased more rapidly than 
the SEP group during the second wave of BRD. The 
separation in curves was maintained throughout the 
remainder of the feeding period. 

The death rate and realizer rate did not differ 
between groups (P>0.05; Table 1). The distribution 
within respiratory categories (i.e. fibrinous, chronic, and 
hematogenous pneumonia, data not shown) was not dif
ferent for either mortality (P>0.05) or animals realized 
(P>0.05) between the two vaccine treatments. 

Body weight andADG were significantly higher in 
the SEP treatment group compared to the COMB group 
(P=0.05 and >0.01, respectively) at 119 DOF when calves 
were reimplanted. However, animal weight and ADG 

Table 1. Morbidity, mortality, and realizer rates for each 
treatment group of high-risk heifer calves. 

Item SEPa 

No. animalsc 511 
BRD morbidity, %d 

Total 44.42 
First relapse 43.17 
Second relapse 27.55 
Treatment cost, $Ihde 20.86 

Final disposition,% 
Normal harvestr 93.35 
Realizer? 3.13 
Mortalityh 3.52 

COMBh 

506 

48.02 
44.03 
24.30 
20.85 

92.89 
2.77 
4.35 

P-value 

0.25 
0.92 
0.71 
0.99 

0.76 
0.85 
0.52 

aSEP is Pyramid®5 and Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as two separate 
injections. 
hCOMB is Pyramid®5 + Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as a combination 
product. 
c Calves were commingled among 12 study pens with an 
average of 85 head/pen. 
dAll calves received tilmicosin at initial processing. Total 
bovine respiratory disease (BRD) is the number of calves 
initially treated for BRD divided by the number of animals 
in the experimental group x 100. First relapse rate is the 
number of first relapses divided by the number of calves 
originally treated for BRD x 100. Second relapse rate is the 
number of second relapses divided by the number of first 
relapses x 100. 
eTreatment cost includes costs associated with therapy plus 
$1.25 chute charge. 
Percentage of heifer calves harvested at study completion. 
gCattle that were culled because of respiratory disease 
or other conditions due to unsatisfactory response to 
treatment. 
hDeaths due to all causes. 
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Figure 1. Cumulative morbidity(%) due to bovine re
spiratory disease (BRD) (first treatment only) in heifer 
calves comparing two Mannheimia haemolytica vaccina
tion programs (P=0.25). 
aSEP is Pyramid®5 and Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as two separate 
injections. 
hCOMB is Pyramid®5 + Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as a combination 
product. 

were similar between the two experimental groups at 
time of harvest (P>0.05). 

Discussion 

Numerous studies have documented the benefits 
of vaccination with M. haemolytica toxoid at feedlot 
arrival, citing reduced risk of morbidity, relapse, and 
mortality. 1•8•10•11 Modern vaccines labeled for preven
tion of M. haemolytica infection are approximately 
50-70% efficacious.14 Optimal timing and frequency of 
administration remains debatable since varying results 
have been reported. 13 The potential negative interac
tion between MLV vaccine and M. haemolytica toxoid 
may explain some of the inconsistency seen between 
M. haemolytica vaccine trials. 7 However, the use of one 
dose of M. haemolytica at arrival in conjunction with a 
viral vaccine has generally been accepted as an industry 
standard. In the present study, there was no negative 
control (treatment withoutM. haemolytica toxoid); thus, 
these results are not comparable with other trials. 

No significant differences in morbidity, mortality 
or realizers between treatments were detected (Table 1). 
For the purposes of this study, a chronic was defined as 
a calf that failed to respond to two treatments following 
metaphylactic treatment with tilmicosin. When animals 
realized exclusively for respiratory disease (chronics) 
were compared, no significant differences between vac
cine treatments existed (P>0.05). Likewise, mortality 
due to type of respiratory disease (i.e., fibrinous pneumo-
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nia or chronic bronchopneumonia) did not differ between 
treatments (P>0.05). 

Dry matter intake and feed conversion for calves 
within each treatment group could not be measured 
because of commingling. This information may have pro
vided more insight into the differences in gain noted at 
reprocessing (Table 2). The second episode of morbidity 
that occurred at approximately 28 DOF likely resulted 
from stress associated with ration transition (Figure 
1). Calves in each treatment group were commingled, 
resulting in identical feeding conditions; however, more 
calves required treatment for BRD in the COMB group 
than in the SEP group during the second outbreak that 
began at about 28 DOF (Figure 1). It is unknown why 
this divergence may have occurred. The increased 
incidence in respiratory disease may have temporarily 
impacted performance in the COMB group, but no dif
ferences were detected at closeout. 

Table 2. Comparison of animal weight and average dai-
ly gain at various times during the course of the study. 

Item SEPa COMBb P-value 

Animal weights, lb 
Initial processing (day 0) 569 574 0.18 
Reprocessing (day 119) 940 928 0.05 
Harvest ( day 203) c,d 1139 1141 0.82 
Hot carcass 724 725 0.82 

Average daily gain, lb/day 
Reprocessing (day 0-119) 3.09 2.93 <0.01 
Harvest (day 0-203)c 2.82 2.81 0.68 

asEP is Pyramid®5 and Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as two separate 
injections. 
hCOMB is Pyramid®5 + Presponse®SQ (Fort Dodge Animal 
Health, Overland Park, KS) administered as a combination 
product. 
ccalves were fed for an average of 203 days. 
dLive-weight estimated by dividing hot carcass weight by a 
dressing percentage of 63.5%. 

Conclusions 

The primary objective of this trial was to determine 
if there was a negative impact on health or performance 
when Mannheimia haemolytica was administered on 
the same side of the neck and in combination with a 
MLV vaccine. Under the conditions of this study, no 
differences in animal health or performance at study 
completion were observed between the two treatment 
regimens. Since the study design did not incorporate a 
negative control (no treatment without a modified-live 
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IBR fraction), it is unknown whether interference and 
subsequent loss of efficacy of the M. haemolytica toxoid 
may have occurred. Previously published reports sup
port the use of M. haemolytica toxoid to combat BRD 
in high-risk cattle at arrival. However, more research 
is needed to elucidate optimal timing of administration 
such that possible antigen interference is minimized 
and ultimate protection achieved. 
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Endnotes 

aPyramid®5 + Presponse®SQ, Fort Dodge Animal Health, 
Overland Park, KS 
hPyramid®5, Fort Dodge Animal Health, Overland Park, 
KS 
cPresponse®SQ, Fort Dodge Animal Health, Overland 
Park, KS 
dMicotil®, Elanco Animal Health, Indianapolis, IN 
eSynovex®C, Fort Dodge Animal Health, Overland Park, 
KS 
£Dectomax®, Pfizer Animal Health, Exton, PA 
gSynovex®Plus, Fort Dodge Animal Health, Overland 
Park, KS 
hPyramid®2 + Type II BVD, Fort Dodge Animal Health, 
Overland Park, KS 
iRumensin®, Elanco Animal Health, Indianapolis, IN 
iTylan®, Elanco Animal Health, Indianapolis, IN 
kTurnkey, Amarillo, TX 
1SPSS 15.0 Statistics; SPSS Inc., Chicago, IL 
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