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CHAPTER |

INTRODUCTION

Economically, bovine respiratory diseaB&D) is the most important disease
affecting feedlot cattle (Martin et al., 1989; Edwards, 1996). Annual economic losses
due to death, decreased feed efficiency, and medicine costs associated witteBRD a
estimated at $800-900 million (Chirase and Greene, 2001). Bovine respiratory disease
accounts for approximately 75% of feedlot morbidity and from 50 to 80% of mortality
(Edwards, 1996; Chirase and Greene, 2001). Although the medical costs attributable to
the treatment of BRD are substantial (Martin et al., 1982; Perino, 1992), the economic
impact of BRD on animal performance, carcass merit, and meat qualityedyeclven
more devastating. McNeill et al. (1996) reported that “healthy” steersrbategdaily
gains and 12% more U.S. Choice carcasses than cattle identified as t'sickieapoint
during the finishing period. Gardner et al. (1999) showed that steers with lung lesions
plus active lymph nodes had $73.78 less net return, of which 21% was due to medicine
costs and 79% due to lower carcass weight (8.4% less) and lower quality grade (24.7%
more U.S. Standards). This negative impact on carcass traits 200 d after rebeiving
cattle illustrates the importance of preventing BRD.
With demand for higher quality products and an increase in value-based markeding, be
producers are becoming more in-tune to health management practices titaehave

potential to increase profitability and beef product quality. Effects of BRBtriate the



importance of pre-weaning health management to producers because of the dssociate
economic risk (Speer et al., 2001). If feedlots were able to purchase cal\e tmatre
likely to remain healthy during the feeding period, their profits would asg¢hrough
reduced costs and higher revenues. Previous studies have indicated that calves
preconditioned prior to being placed in the feedlot remain healthier and perform better
(Step et al., 2008); however, few studies have documented the value of preconditioning
programs to the feedlot operator, cow-calf producer, or the public in general.

One of the greatest challenges with implementing programs and mamageme
strategies to prevent BRD is our lack of understanding of the multi-factbalalgy and
predisposing factors involved with the disease (Duff and Galyean, 2007). Despite the
availability of new generation vaccines and antimicrobials, mortasispciated with
BRD has increased in the last decade (Babcock et al., 2006). Booker et al. (2008)
reported a wide variety of bacterial and viral pathogens in animals thansoed to
BRD. Thus, a better understanding of the impact that stress and viral and bacteria
pathogens alone or in combination have on animal health and growth is essential to
improving production efficiency, meat quality, and food safety in beef cattle. In non-
ruminant species, recent research has implicated the fat cell as aacentetween
energy status of the animal and immune function, which may regulate muscle fiber
growth through a variety of signals which influence fatty acid oxidation, gluquisdée,

and insulin sensitivity (Jacobi et al., 2006). Intramuscular fat cells ategstaly



positioned to act as immunological sensors to regulate direct and indirect resgonses
muscle cells to inflammatory signals. During an infectious process, imreliaeatease
soluble proteins (i.e., “inflammatory signals”) called cytokines (Bannerman,.2008)
Cytokines have been demonstrated to redirect nutrient utilization from groatipport
of an immune response (Humphrey and Klasing, 2004). Therefore, an acute phase
response has the potential to have long-term effects on animal growth and development;
however; little information is available in the bovine.
Objectives

Basic information regarding the underlying mechanisms of how stressatisdoc
with current cattle marketing strategies and BRD influence growth andogevenht of
beef cattle are largely lacking. Information in this regard is critccahproving
livestock productivity and end product quality. The overall goal of the work presented
herein was to identify biological links that exist between the BRD complex aneaded
animal performance and carcass quality. Our objectives were to evaluetietie of
BRD challenge models on immune response, cattle performance, carcastechbticac
visceral organ mass, apparent nutrient digestibility, nutrient retention, afidxet

nutrients across the portal-drained visc&a\) and liver.
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CHAPTER Il

LITERATURE REVIEW
Pathogensinvolved in Bovine Respiratory Disease (BRD)

Bovineviral diarrhea virus (BVDV) and its relationship with BRD. The
presence of animals persistently infected (PI) with BVDV in feedlot pasdéen
associated with increased BRD morbidity and mortality during the finishingdper
(Loneragan et al., 2005). Bovine viral diarrhea viruses involved in BRD can cause
clinical infections on their own (Potgieter et al., 1984), but have also been reported to
make cattle more susceptible to secondary bacterial infections that armoeom
inhabitants of the respiratory tract of healthy animals (Barbour et al., 199 @efdree
increasing our understanding of the impact of BVDV and it's interaction wilh &R
animal health is important.

Ganheim et al. (2003; 2005) evaluated the effects of BVDWarttaemolytica

challenge on immune response of calves. In their study calves ranged from 9 to 18 wk of
age and the virus of interest was directly inoculated into the nostril. Claiged were

more severe in animals challenged with both BVDV Ehdhaemolyticdollowed by the

BVDV only group. Calves receiving only the bacterial challenge had very fimidat

signs. Rectal temperature and serum concentrations of serum amyloid A, ébriaad



haptoglobin were increased in all experimental treatments. In addition, BVDV
inoculation induced a significant decrease in total white blood cell counts and absolute
counts of neutrophils and lymphocytes, whetdatiaemolyticanoculation increased

total white blood cell counts and neutrophils, while decreasing the lymphocyte count.
Fulton et al. (2006a) suggested that in order to study the pathogenesis and efficacy of
vaccines the use of a challenge model that simulates natural disease expoiifeew
beneficial. Niskanen and Lindberg et al. (2003) demonstrated that the route of
transmission of BVDV from a PI calf could occur by direct contact, ambigerdraby
sharing the feed-bunk. Therefore, it appears a potential model to study tie affec

BRD on animal growth and health could include exposure of naive animals to animals Pl
with BVDV.

Mannheimia haemolytica and itsrelationship in BRD. Despite the development
of new vaccines and antibiotiddannheimia haemolytichas been reported to be the
most common pathogen isolated in animal’s succumbing from BRD (Booker et al.,
2008). The difficulty of implementing prevention strategies against this mabtes been
associated with its high virulence due to different pathogenic factors thatespess
including outer membrane proteins (Pandher et al., 1999) and leukotoxin (Rice et al.,
2007). Leukotoxin is secreted during the logarithmic growth phask bédemolytica
(Czuprynski et al., 2004) and is considered to be one of componévithatmolytica
with detrimental effects on health of the host animal. Previous challardjesstvithM.
haemolyticahave shown that iron-regulated outer membrane protein and leukotoxin are
produced in vivo by. haemolyticaduring pathogenesis associated with this bacteria

(Confer et al. 1995). Therefore, increased serum antibody concentration against these



proteins in non-vaccinated and sero-negative animals is associated vidtl din
subclinical disease.
Effects of BRD on white blood cell counts

When correlated with a clinical evaluation, leukograms can provide informative
and low cost evaluation of disease processes (Cole et al., 1997). Ganheim et al. (2005)
and Corrigan et al. (2007) reported that an intratradiebbemolyticachallenge can
produce an acute immune response during the first 24 h after the challenygseln t
studies, the long-term effects Mt haemolyticachallenge were not addressed due to the
relatively short duration of the experiments (138 h, Corrigan et al., 2007; and 23 d,
Ganheim et al., 2003). However, their experiments have provided valuable information
in respect to the cellular immune response and describing physiological whéestis
occur during the acute phase response to BRD. In both studies, animals chaliémged w
M. haemolyticadeveloped an increased concentration of circulating neutrophils, which
have been recognized as the first line of defense of the immune system dumniglbact
infection. The type of cells of the immune system that respond to an immune ghallen
depends on the type of antigen involved. In general, viruses require the cellular
machinery of the host animal to replicate (Janeway et al., 2005), and it haspwetadre
that BVDV increased affinity for lymphocytes in order to replicate. Thezeone might
speculate that an infection with BVDV would cause a decrease in cingulati
lymphocytes (Lambot et al., 1998). Potgieter et al. (1995) reported lymphocyteateplet
and decreased capacity for phagocytosis in calves infected with BVDV. Qoetiga
(2007) performed an intratrach@al haemolyticachallenge in a group of “market age”

heifers of unknown history and reported a decrease in lymphocyte counts during the 138



h post inoculation wittM. haemolytica In addition, Ganheim et al. (2005) reported
decreased lymphocyte counts when animals were challengewithemolyticalone.
It is evident that BVDV or bacterial challenges can elicit an immune msspand that
responses could be attributed to the type of challenge utilized. Howeverl limite
information has evaluated the effects a natural exposure to BVDV by contact Rt
BVDV animal alone or in combination with a bacterial challenge on cellular, humoral
and performance of beef steers.
Cytokines as immune modulators during a BRD event

Cytokines are soluble proteins synthesized by a variety of cells and fisshes
body and are involved in a wide variety of biological processes (Bannerman, 2008)
influencing energy (Jacobi et al., 2006) and protein (Webel et al., 1997) metabolism.
Increased cytokine concentrations are thought to result in repartitioningrg¥ emel
amino acids away from adipose and skeletal muscle growth by providing suldsirates
higher priority immunological functions (Jacobi et al., 2006; Waggoner et al., 2008).
Although previous experiments have reported the concentration of cytokines in beef
cattle (Reuter et al., 2008; Waggoner et al., 2008), these studies were condacgted usi
intravenous infusion of lipopolysaccharideRS). Varied concentrations and length of
infusion of LPS can result in different responses from the immune system (g¢albel
1997). Gouwy et al. (2005) reported that the primary mechanism of action of cytokines is
by up or down-regulation of genes involved in specific intracellular transduction
pathways. A greater understanding of cytokine response to the most common pathogens

could provide valuable information of the implications of these proteins for degeasin
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performance and carcass characteristics in animals that suffer R@nd&ring the
growing and finishing period (Larson, 2005).

I nterferon gamma (IFNy). Interferon gamma has been reported as the link
between the innate and adaptive immune systems and is critical for antadegpanse
to intracellular pathogens (Bannerman, 2008). Schroder et al. (2004) suggested that the
main source of IFNis lymphocytes. Ellis and Baeman (2004) and Schroder et al. (2004)
have reported that the effect of lf-iesults from macrophages and neutrophils enhancing
phagocytosis of extracellular pathogens (bacteria) and inducing aatespivurst and
nitric oxide production which has microbiocidal effects. Tatsufumi et al. (2007)
concluded that increased concentration ofyli§\a strong indicator of a cellular immune
response.

Interleukin-1 (IL-1). Dinarello (1998) described IL-1 as one of the most potent
endogenous inducers of fever and the induction of this cytokine has been associated with
viral, bacterial, fungal and parasitic infections. In addition, Pruitt ¢1805) reported
that IL-1 is one of the principal inducers of acute phase protein synthesis. Althoelig
is expressed as both lleland IL-18, Bannerman (2008) differentiated the proteins as
either intracellular (IL-&) or secreted by the cells (extracellular; Ik}1 Godson et al.

(1995) administered different doses of recombinantfltelbeef calves and reported that
the effect of IL-B on rectal temperature was dose dependant. Only animals dosed with
333 and 1,000 ng/kg of ILRlhad a mean rectal temperature greater thart@0.0

compared with animals dosed with 10, 33 and 100 ng/kg. Maximum rectal temperature
was observed at 6 h for all treatments and returned to baseline by 24 h post IL-1

injection. In addition, the acute phase protein haptoglobin concentration was idcrease
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above 0.50 mg/mL in animals receiving 1,000 ng/kg of recombinanp Kt&kting at 24
h post injection, and haptoglobin concentration remained elevated for 72 h. Serum
concentrations of IL{1 were not reported (Godson et al., 1995). These results suggest
that the pyrogenic and acute phase induction offllisdose dependant.

Interleukin-4 (1L-4). Limited information exists regarding the role of IL-4 in
beef cattle. Elkenov et al. (2005) and Carroll and Forsberg (2007) described IL-4 as an
anti-inflammatory cytokine which inhibits the production of pro-inflammatorglapes
(IL-1pB, IL-6 and TNFe). Reuter et al. (2008) reported decreased concentrations of IL-4
in animals fed a 30% concentrate diet compared with animals fed 70% concenéate wh
challenged with LPS and provided an antimicrobial injection. Reuter et al. (2008)
observed higher concentrations of lsNNFo. and IL-6 and concluded that the increased
concentrations of these pro-inflammatory cytokines could be associatethevith t
decreased concentrations of IL-4. An additional mechanism of action of IL-4 in the
immune response has been described by Salak-Johnson and McGlone (2007), who
proposed that the main effect of IL-4 is to disrupt T-helper cell 1 and 2 (TH1 and TH2)
homeostasis. Bot et al. (2004) reported that when IL-4 is over expressed it can have
detrimental effects on the immune system by decreasing the recruitrgarmsen or
activity of TH1 cells, resulting in a strong TH2 bias. The resulting increfate2
relative to TH1 might interfere with viral clearance by the host and suppeegmate
immune response predisposing the host to secondary infections (Salak-Johnosn and
McGlone, 2007). Therefore, increased IL-4 may decrease viral clearancesdisp@se
animals to secondary infections resulting in increased morbidity and movtbgty

feedlot cattle are exposed to BVDV.
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Tumor necrosisfactor-a (TNFa). TNFa is a proinflammatory cytokine produced
by different immune cells and presents a wide variety of activitiesa@etal., 2006).
Sordillo and Peel (1992) reported increased concentrations af TiNfilk and serum of
cows suffering from mastitis, and the increased concentration oft TS associated
with the severity of the clinical manifestation of the disease. In additiom ddgs and
cats were infused with recombinant human &N& similar endotoxic response was
observed (Tracey et al., 1986). Interestingly, recombinant anti-TNF monoclonal
antibodies prevented the induction of septic shock during acute bacteremia in baboons
(Tracey et al., 1987). Therefore, increasing concentrations oft Thight be associated
with severity of disease and decreased growth rates (Levine et al., 2005).
I mplications of BRD on antibody production

One factor which can influence antibody production to a pathogen is antigen load
(Katare et al., 2005). In addition, higher antibody production to BVDV has been reported
as an indicator of better protection induced by vaccines (Kelling et al., 2007%)g ha
al. (1997) suggested that exposure of healthy animals to a virus that produces an
immunosuppression might not only predispose animals to secondary infections, but could
also have a detrimental effect on antibody production to other pathogens (i.e., yaccines
which could subsequently have a negative effect on animal health and performance.
Rectal Temperature and itsrelationship with BRD

During a BRD event, animals exhibit distinct behavioral patterns caugeditin
by changes in body temperature (Johnson et al., 1998; Johnson, 2002). Confer et al.
(2008) reported an increased rectal temperature in animals challengéd. with

haemolyticavhen compared with control animals. Similarly, Corrigan et al. (2007)
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reported that animals that were challenged Witthaemolyticehad increased rectal
temperature (>4C) during the time elapsed between 0 to 12 h and returned to normal by
24 h. Reuter et al. (2008) reported rectal temperatures abt@dotQ to 2 h, 3to 6 h
post LPS challenge depending on the dietary treatment, whereas Gilliar§f2@08) and
Waggoner et al. (2008) reported the highest rectal temperature to be ~39.5 af@ a89.2
2 and 4 h post LPS challenge, respectively, and returned to pre-challenge tempenatur
post-challenge
Kelling et al. (2007) reported that non-vaccinated animals that wererajedle
with BVDV type 2 had higher rectal temperature from d 9 to 11 after intraclasiéénge
compared with a vaccinated group. In addition, Ganheim et al. (2005) reported that
animals that were challenged with non-cytopathic type 1 BVDV had a evié f
(>39.5C) from d 1 through 5 after viral inoculation. These results suggest that intrease
rectal temperature can result from either direct inoculation of known amouBt&f
virus into nostrils of calves or exposure of healthy calves to animals Pl with BVDV
Increased body temperature during a febrile process in humans and raterDantz
2002) has been reported to increase metabolic rate by 13% for égdncfease in body
temperature. The length and amount of increased rectal temperature camteate a
impact on nutrient requirements of sick animals due to the increased energdtc cos
this metabolic process that should be accounted for when formulating dietariaisani
suffering from BRD.
Haptoglobin production during a BRD event
Haptoglobin is an acute phase protein produced mainly by the liver in response to

pro-inflammatory cytokines including TNE-IL-1 and IL-6 secreted by bronchoalveolar
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macrophages in response to bacterial infection (Yoo et al., 1995; Morsey et al., 1999).
Haptoglobin has been reported to have antibacterial and anti-inflammatory functions
during immunological stress (Wassel, 2000). In cattle, haptoglobin has been evaduated
a predictor of BRD (Burciaga-Robles et al., 2009a) and correlated with the number of
antimicrobial treatments for BRD (Carter et al., 2002; Berry et al., 2Z0@4; et al.,

2008). Increased haptoglobin concentrations was associated with clinicabt 88D

and number of antimicrobial treatments required for animals during the diSzaser et

al., 2002; Berry et al., 2004). In addition to bacterial infections, Ganheim et al. (2002)
reported that animals that were challenged directly into the nosttiisawion-cytopathic
type 1 BVDV had higher concentrations of haptoglobin than control animals.

Klasing (1998a) suggested a switch in amino acid utilization from growth to
production of acute phase proteins occurs following an immune challenge in chicks. The
synthesis of acute proteins by the liver in response to an immune challengehamgd c
the amino acid requirements as well as energy required for maintenance irt etiipor
acute phase response. In the absence of stress or infections, animatsmilthigs
nutrients into tissues according to their genetic potential and accordingdocgtage
of production (Klassing et al., 1987; Elsasser, 1993). However, during infection, there is
an increase in protein turnover (Jepson et al., 1986) due to anorexia induced by cytokine
production in response to the pathogen (Klassing, 1998b; Johnson, 1997), increased
amino acid requirements for acute phase protein synthesis by the livds @weeJahoor,
2001), and increased mobilization of protein stores from muscle either by ddcrease
synthesis or increased catabolism (Ling et al, 1997) providing energy [omescions

gluconeogenesis or amino acids for protein synthesis by the liver (Espatl®94).
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Effects of BRD on dry matter intake (DMI)

Pro-inflammatory cytokines secreted by activated cells of the immutensys
have been reported to decrease feed intake (Johnson, 1997; Klasing, 1988). According to
Hutcheson and Cole (1986), when expressed as a percentage of BW, DMI may be
decreased during the first wk after arrival to the feedlot and that deprés$d)MI can
last up to 28 d post arrival. To account for potential differences that intake has omtnutrie
digestibility and metabolism, pair feeding has been suggested for use imexye
comparing animals challenged with a pathogen vs. control animals (Sandberg et al.,
2007). In addition, because pathogens induce anorexia in host animals, potentgal effect
of decreased intake should be accounted for in order to develop feeding strategies for
morbid animals in production settings (Kyriazakis et al., 1998). In fact, according to
most recent Beef Cattle NRC (1996), when formulating diets for high-strealsed c
entering the feedlot, the principal consideration to account for is decregsadttir
intake (DMI; Hutchenson and Cole, 1986). This is due to decreased DMI in sickistresse
calves (0.90 + 0.70% of BW) compared to healthy animals (1.55 = 0.51% of BW) during
the first week after arrival to a feedlot. Differences in DMI canaie for two wk, and
therefore nutrient intake during this period might be limiting to achieve adequatme
function and/or maximum growth potential (Chirase et al., 1991)
Blood flow across total splanchnic tissues (TST)

Several studies exist that have addressed changes in blood flow and net PDV flux
of amino acids in cattle due to different dietary protein sources and feedingemsamg
strategies (Lomax and Baird, 1983). In growing and lactating animals, #relspic

bed provides the majority of nutrients required for growth and milk synthesis,
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respectively (Lomax and Baird. 1983). Therefore, any change in the metahiniecait
the animal that affects DMI or alterations in splanchnic metabolism can have a
detrimental effect on growth and lactation in food producing animals. In Hotstkies,
feed deprivation decreased portal blood flow when animals were fasted for 36 ¢Koe
al., 1993). In addition, Lomax and Baird (1983) reported that in lactating and non-
lactating cows, portal blood flow was lower in feed deprived animals 2 d after feed
deprivation occurred, and continued to decrease being lowest at the end of the fasting
period (6 d). Hepatic blood flow decreased 2 d after feed deprivation occurred in
lactating animals but remained unchanged in non-lactating cows (Lomax add Bair
1983). Therefore, when animals are deprived of feed during transit or DMI isskedre
due to morbidity, changes in blood flow and net nutrient flux through splanchnic tissues
and might be expected.
Effect of BRD on N Balance

Cole et al. (1986) conducted a series of experiments to evaluate N metabolism in
calves challenged with either bovine adenovirus-3 (PI-3) or infectious bovine
rhinotracheitis (IBR) and reported that during the first 7 d after inoculatitnIBR,
calves that developed a febrile response had lower N digestion and N balance that non-
febrile calves that were also challenged. Recently, Gilliam et al. (2008)aepor
balance of steers with or without supplementation of branched-chain amiso aci
following (d 2 to 7) a bacterial LPi&travenous challenge. In their study, there was
lower N retention by steers when LPS was administered, and these diffenesreedue
to lower N intake and increased urinary N excretion. In addition, Waggoner29G8) (

reported a decrease in DMI and fecal N output during the first 6 d after LR&hglea
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As a result of these changes in protein metabolism and/or turnover, animals can
experience a negative N balance (Ling et al., 1997) reflected in detggaséh (Le
Floc’h et al., 2004).

Effect of BRD on short and long term performance in finishing cattle

In previous experiments, the number of antimicrobial treatments required for
BRD has been associated with decreased performance during the feedlot pindiser(G
et al., 1999; Roeber et al., 2001). Roeber et al. (2001) showed that calves that required
two or more antimicrobial treatments for BRD had lower ADG during theS&<l on
feed than calves that did not require an antimicrobial treatment, but then®was
difference between animals that required one antimicrobial treatmmaced with
animals that did not require an antimicrobial treatment. This might suggestltres c
receiving a single antimicrobial treatment were misdiagnosed oselatity or number
of times a BRD event occurs plays a role in how the disease affects ovdaatinperce
of beef cattle.

Hesseman (2006) concluded that the incidence of calves Pl with BVDV arriving
at the feedlot is approximately 0.3% of total cattle, and that Pl and acuteliethtattle
are the main sources of transmission of this disease to susceptible anima¢veH thve
negative effects that Pl calves have on health and performance has beeh debate
O’Connor et al. (2005) reported that in a population of 5,041 calves (40 pens), the
presence of a Pl calf had no negative effects on overall health of cattle imghelpe
contrast, Loneragan et al. (2005) attributed an increased risk of developintpBRD
animals Pl with BVDV present in pens of feedlot cattle. Stevens et al. (2fjed

that the presence of PI calves in a pen increased morbidity (18.8 vs. 29.6%) compared
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with non-exposed cattle. In addition, these authors evaluated the epidemiologieal ¢

of BRD when a PI calf was present in a pen, and reported a twofold increase (15.3 vs.
31.7%) in the number of animals requiring an antimicrobial treatment duringgstheé @r

on feed. Booker et al. (2008a) evaluated the effects of the presence of a Phadima

also the type of BVDV involved on health and performance of non-exposed cattle. They
concluded that the presence of a PI BVDV type 1 animal in a pen resulted in areihcreas
number of BRD treatments and mortalities compared with non-exposed pens, but a Pl
BVDV type 2 animal had no negative effects on health of finishing cattle. Elam e

(2008) reported that short-term (60 d) or long-term (215 d) exposure to calves Pl with
BVDV did not affect DMI or final BW at the end of the finishing period; however, they
did observe a tendency for decreased ADG during the first 28 d in exposed cattle, which
they attributed to the cost of developing immunity to the wild type strain of BViS.
important to mention that in the study conducted by Elam et al. (2008), all animals had
been vaccinated at least twice against BVDV before entering the fesutiioat the time

of entry to the feedlot received a metaphylactic antimicrobial treatreéating the

possibility of sickness not only to BVDV, but alsoMb haemolyticaand other
microorganisms associated with BRD.

Olchowy et al. (2000) and Corrigan et al. (2007) have reported effelets of
haemolytican challenge studies on animal performance; although the length of their
experiments was relatively short (16 d and 136 h, respectively). Olchowy et al. (2000)
reported decreased ADG of calves challenged Miithaemolyticavhich did not receive
an antimicrobial treatment. In addition, Ganheim et al. (2003, 2005) reported the effects

of an aerosolized challenge with BVDV with or without a subsegueiaemolytica
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challenge. In these studies authors characterized the production of acute please pr
(Ganheim et al., 2003) and changes in white blood cell counts (Ganheim et al., 2005) due
to the bacterial and/or viral challenges, and the length of the experimenetemy 23 d.
To our knowledge, no long-term effects of adMtehaemolyticachallenge on
performance and carcass characteristics in cattle have been reported.
Visceral Organ Mass

Reports in the literature exist showing effects that anabolic implantsi{ékdn
et al., 1997), postruminal carbohydrate load (McLeod et al., 2007), different winter
grazing strategies (Hersom et al., 2004), protein levels (Baldwin et al., 2000hi@eral
content of the diet (Soto-Navarro et al., 2004). Hersom et al. (2004) observed difference
in several components of the GIT due to different grazing strategies dugiggotwing
phase. In addition, Sainz and Bentley (1997) reported differences in visceral organ mas
attributed to the utilization of different levels of concentrate or fonagkeits. However,
there are no previous reports that have addressed any possible changesalroviger

mass due to BRD.
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CHAPTER IlI

EXPOSURE BY PERSISTENTLY INFECTED CALVESWITH BVDV1B AND
SUBSEQUENT INFECTION WITH MANNHEIMA HAEMOLYTICA
DEMONSTRATING EFFECTSON CLINICAL SIGNSAND IMMUNE

PARAMETERS: MODEL FOR BOVINE RESPIRATORY DISEASE VIA VIRAL
AND BACTERIAL INTERACTION
ABSTRACT:
Objectives - The objective of this study was to determine effects of an intratracheal
Mannheimia haemolyticahallenge following short-term exposure (72 hours) to bovine
viral diarrhea virus type 1b (BVDV1b) persistently infected (PIl) calvesams
antibody production, total and differential white blood cell count (WBC), cytokine
concentrations, and blood gases in feedlot steers.
Animals, Procedures and Experimental Design - Twenty-four steers (initial BW = 314
+ 31 kg) were randomly allocated to one of four treatments (six animalsi&egt
arranged as a 2 x 2 factorial. Treatments were: 1) steers not exposed tanBVDV
challenged withM. haemolyticgControl); 2) steers exposed to two calves Pl with
BVDV1b for 72 hours (BVD); 3) steers intratracheally challenged Mitlhaemolytica
on day 0 (MH); and 4) steers with 72 hour exposure to calves Pl with BVDV1b and

intratracheally challenged witfi. haemolyticaon day 0 (BVD+MH).
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Results - Changes were observed in serum antibody production, total and differential
white blood cell count, cytokine concentrations, and blood gases consistent with an
immune challenge in beef cattle.

Conclusions - Our results suggest that development of a successful immune challenge
model using exposure of naive steers to steers Pl with BVDV1b, intratratiadiehge
with M. haemolyticaor their combination which will allow researchers to further
characterize the detrimental effects that BRD pathogens have on food pgoduicnals.
Clinical Relevance - Understanding the physiological changes in morbid animals will
lead to improved strategies for decreasing severity and economic losseatedseith
BRD.

Key Words - Bovine respiratory tract disease, Bovine viral diarrhea virus, Immumity t

bacteria, Cytokines
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INTRODUCTION

Bovine viral diarrhea virus (BVDV) has been isolated alone or in combination
with other viral and bacterial pathogens in animals diagnosed with bovine respiratory
disease (BRD). Cattle persistently infected (PI) with BVDV have beggested to be
the main source of transmission of this disease in feedlot se't@mgsthe presence of an
animal Pl with BVDV in a feedlot pen has been reported to increase the risk of
antimicrobial treatment for BRD by 43% compared with non-exposed t&deause
the economic losses associated with BRD are not just the direct cosasbagih
treatments, but also decreased performance and carcass adiiiter understanding of
the physiological changes associated with BRD are needed to improveamsam
strategies for the prevention and treatment of the disease.
Based on BVDV studies to determine prevalence of BVDV subtypes in cagtle, t
BVDV1b subtype is more commonly identified than BVDV1a and BVDV2a based on a
survey of BVDV isolates from diagnostic laboratory accessions and R eatéring a
feedlot*® In addition, over the last 20 yeavannheimia haemolyticserotype 1 has
been the most common bacterial pathogen isolated in calves suffering frorfi BRD.
objective of the present experiment was to develop a model that would allow us to study
immune and metabolic changes associated with the acute response to BRD and the
possible implications of this response on subsequent performance and carcass
characteristics in feedlot cattle. The effects of exposure to steerhBWDV1b and
intratracheal challenge wittd. haemolyticeserotype 1 on serum antibody production,
total and differential white blood cell count (WBC), cytokine concentrations, and blood

gas analysis in feedlot steers were determined.
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MATERIALSAND METHODS
Animals
All procedures for the present experiment were approved by the Oklahoma State
University Institutional Animal Care and Use Committee (Protocol# AG-06-16ntah
of 24 Angus crossbred steers (initial body weight = 313 + 31 kg) were housed at the
Nutrition Physiology Research Center, Oklahoma State Universityy&eif to
determine the effects of viral exposure and/or bacterial challenge withgpaththat
have been associated with BRD on immune response of feedlot cattle. All anerals w
considered clinically healthy and were seronegative to all pathogens invol\iedsiudy
as determined with paired serum samples collected 14 days apart prior tot thietlséa
experiment.
Treatments
The 24 steers were randomly allocated to one of four treatments (six atnga#isént)
arranged as a 2 x 2 factorial. Treatments were: 1) steers not exposed tonB¥DV
challenged witiM. haemolyticgControl); 2) steers exposed to two calves Pl with
BVDV1b for 72 hours (BVD); 3) steers intratracheally challenged Mitlhaemolytica
on day 0 (MH); and 4) steers with 72 hour exposure to calves Pl with BVDV1b and
intratracheally challenged witd. haemolyticaon day 0 (BVD+MH). Steers exposed to
the calves PI with BVDV1b were transported approximately 3.2 km to the Willar#sSpa
Beef Research Center, Stillwater, OK where they were commingle@ y10.8 m pen
with two steers previously confirmed as being Pl with BVDV1b via
immunohistochemistry and genotyping. The two Pl with BVDV 1b calves were igentif

at 2575 and 3604. The PI subtype was determined by sequencing a region of the 5'-
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UTR.® For both the BVD and BVD+MH groups, the length of exposure to the Pl calves
was 72 hours. After the time of BVDV exposure, calves were returned to the Nutrition
Physiology Research Center where they remained for the remainder ppénenent.
Steers challenged witl. haemolyticaeceived 10 mL of a solution containing 6 X 10
CFU of M. haemolyticaserotype 1 that was reconstituted and grown prior to the
challenge following a previously published proceduggeers not challenged wikh.
haemolyticavere intratracheally dosed with 10 mL of a phosphate—buffered%aline
(PBS) as describ&avith some modifications. Briefly, steers were restrained and a
broncheoalveolar lavage (BAL) tubmas inserted into the ventral meatus of a nostril,
passed on into the trachea, and advanced to the tracheal bifurcation. At the tracheal
bifurcation, the tube was removed approximately 2-3cm. The challengeainartes

then delivered such that material would be allowed to enter both lung fields. @ahees
observed for any adverse effects of the challenge procedure itselfroftobdoalveolar
lavage tube was sanitized with weak chlorhexidine diacetabetion, rinsed with saline,
and was re-used for animals on the same treatment only. Challendé.\mdlemolytica
occurred on the same day for all appropriate treatment groups beginning at 0800. To
facilitate sample collection, steers were blocked by body weight intoupgrof twelve,

and the challenge procedures and sample collections for each weight block were
staggered by a 2 week interval.

The experiment proceeded 28 days during which the animals were kept in individual pens
(3.7 x 3.7 m) with the exception of days 0 to 4, 7 to 11 and 14 to 18. During those days,
animals were placed in individual metabolic stanchions to allow for the cotieattitotal

urine and feces. During the experiment, steers were offered feed for @ah libiake

37



with feed delivered twice daily. The diet contained 46% dry rolled corn, 9% corn dried
distiller’s grains, 40% alfalfa hay, 1% liquid supplement and 4% dry supplement, and
was formulated to meet or exceed nutrient requirenfents.

Data Collection

Rectal Temperature, Respiration Rate, and Subjective Clinical S&aetal

temperatures were recorded using a digital veterinary thermdraaterespiration rates
were measured by counting flank movements for 1 minute with a stoptfatch.

addition, all steers were monitored by trained personnel throughout the length of the
experiment for clinical signs consistent with BRD. The visual evaluatioaadiin this
experiment was performed using the standard protocol for our research fadtisfly,

the subjective criteria included depression (e.g., hanging head, sunken eyes, aiched ba
and difficulty getting up from lying down), abnormal appetite, and respiratgng $e.g.,
labored breathing, head and neck extended). Based on the severity of the signs, the
evaluator assigned a numeric score ranging from 1 to 4, where 1 was assigngd, r

for moderate, 3 for severe, and 4 for moribund (steer would not rise from recumbency or
assistance was needed). Rectal temperature, respiration rate, acthaubljinical score
were recorded prior to BVDV exposure addhaemolyticachallenge and at 4, 6, 12, 18,
24, 36, 48, 72 and 96 hours following the intratracheal bacterial challenge.

Serum HaptoglobinBlood samples were collected via jugular venipuncture with an 18
gauge x 1 inch needle into an evacuated tube for serum Ramektys -3, O (prior to

and 2, 4, 6, 12, 18, 24, 36, 48, 72 and 96 hours following the 0 hour challenge), 7, 17 and
28. Samples collected were allowed to clot for 24 H@t After the clotting time,

chilled blood samples were centrifuged at 3,000 x g & 46r 20 min. Serum was
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harvested in 2 mL centrifuge tubes and stored &C-2@til further analyses were
performed. Once all the serum samples were collected, a bovine haptoglobintE&iSA
was used to determine the haptoglobin concentration of each serum sample. Prior to the
analysis, serum samples were diluted 1:10,000 in Tris-buffered 8alihe.intra- and
inter-assay coefficients of variation were below 5%.

Cytokines Before cytokine analysis, all serum samples were diluted 1:1 in Tris-duiffer
saline? After samples were diluted, cytokine [interferoiFNy), interleukin B (IL-1p),
interleukin 4 (IL-4), interleukin 6 (IL-6), and tumor necrosis factdi NFa)]

concentrations in serum were measured in duplicate with commerciallgtdeddLISA

kits (IFNy", IL-1p', IL-4), IL-6*, and TNFe') with reagents provided by the manufacturer
unless otherwise specified. Briefly, 96 well pldtegere coated overnight at room
temperature with the appropriate bovine specific coating antibody diluted tbufffesed
salined After the incubation, the coating solution was aspirated followed by the addition
of 300uL of ELISA ultra block solutiohto each well, and incubated at room
temperature for 1 hour. This step was followed by aspiration of the blocking solution,
addition of 10QuL of samples or standards to wells, and incubation at room temperature
for 1 hour. Following sample incubation, standards and samples were aspirated and a
three-step wash was performed using a manual plate watheze hundred microliters

of ELISA wash buffet were added during each wash followed by aspiration. Following
the initial three-step wash, the appropriate detection antibody was added to kactl we
incubated for 1 hour at room temperature, followed by the three-step washrasedesc

before. Following the washing step, Ld0of horse radish peroxidase-labeled streptavid
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in Tris-buffered salintwere added to each well and incubated at room temperature for
30 min, followed by a final three-step wash.

For the colorimetric determination of cytokines, 1Q0of 3,3',5,5'-tetramethylbenzidine
substrate solutidhwere added to each well and incubated for 20 min at room temperature
followed by the addition of 100L of stop solutiohand optical density was measured at
450 and 550 nm using a plate reatieetection limits for the cytokine procedures were:
2,000 to 31 pg/mL for IFiNand IL-18; 1,000 to 17 pg/mL for IL-4; 5,000 to 78 pg/mL

for IL-6; and 8,500 to 133 pg/mL for TNFbased on maximum and minimum
concentrations of the recombinant bovine cytokine standards, respectively.
Concentrations of cytokines in serum samples were calculated by subtractdag the
absorbance from the 550 nm absorbance to account for any optical imperfections in the
plates. Subsequently readings were subtracted from the blank and a 4-point parameter
logistic method standard curve was developed for each plate to calculate the
concentrations of the cytokine in each sample. All intra-assay coefficémériation

were lower than 5% and inter-assay coefficient of variation below 7.5%.

Hemogram Blood samples were collected via jugular venipuncture with an 18 gauge x 1
inch needle into an evacuated tube containing ERAdays -3 and at 0, 6, 18, 36, 96

and 168 hours following thé. haemolyticachallenge. Samples were immediately
submitted to a commercial laboratbfgr total and differential white blood cell count
determination, total red blood cells, total platelets, hemoglobin, hematocnit, mea
corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH) concentration.
Blood gas, pH, Glucose and LactaBlood samples were collected via jugular

venipuncture with an 18 gauge x 1 inch needle into an evacuated tube containing lithium
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heparirf on days -3, 0 (prior to and 2, 4, 6, 12, 18, 24, 36, 48, 72 and 96 hours following
the 0 hour challenge), 7, 17, and 28. These samples were immediately analyzed using a
blood gas analyz&r Response variables for blood gas analysis included partial pressure
of carbon dioxide, sodium, potassium, calcium, glucose, lactate, hematocrit, bicarbonate
ion, carbonic acid, carbon dioxide, sulfur dioxide, hemoglobin, and base excess of
extracellular fluid. After the analysis, samples were centrifuged at 3,500 x Wefo#

30 min and 1.5 mL of plasma were harvested and stored in plastic tube¥Cat -20
Mannheimia haemolyticaSerum samples from days -3, 0, 4, 7, 14 and 28 were used to
determine antibodies to whole bacterial cell and leukotoxin for a formalin killed
haemolyticaS1 by an ELISA test as described in previous studié$Antibody

responses were expressed as nanograms of immunoglobulin binding based on a set of
IgG standards on each plate. The intra- and inter-assay coefficients abaasiate

below 5%.

Bovine viral diarrhea virus antibodieSerum samples from days -3, 0, 4, 7, 17 and 28
were submitted to a commercial veterinary diagnostic laboraimrVDV serology

using a virus neutralization test (VNT) in Madin-Darby bovine kidney cell moacdaw
96-well microtiter plates. The viruses used as challenge viruses in the iIdTCRe
BVDV1a (Singer strain), CP BVDV1b (TGAC 8HB), and CP BVDV2a (125-C). A 1:4
dilution was the lowest tested, and titers of less than 1:4 were consideredenegati
Statistical Analyses

The experiment was designed as a randomized complete block with a 2 x 2Ifactoria
arrangement of treatments; animal served as the experimental unittoDBWDV

antibody titersMannheimia haemolyticahole cell and leukotoxin antibody titers, rectal
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temperatures, haptoglobin, cytokines, hemogram, blood gas, pH, glucose and kxaate w
analyzed using repeated measures analysis of the MIXED procedure ofvAS non-
structured covariance structure and slice output option. The model for all v&riable
included the main effects of BVD, MH, BVD x MH, and all possible interactions with
time. When a BVD or MH x time interaction was significaP&(0.05), the slice output
option was used to determine the time points at which the time effect wasndiéferess
treatments. In addition, when a BVD x MH interaction was signifidart@.05), Least
squares means were separated using the pdiff statement of SAS.

RESULTS
There was a BVD x time interactioR € 0.0001) for BVDV1b antibody titers (Figure
la). Antibody titers increased across time for steers exposed to stegis BVDV,
and on day 28, BVDV1b antibody titers were grea®ex 0.05) for steers exposed to
BVDV compared with steers not exposed to BVDV. In addition, there was a MH x time
interaction P < 0.0001) foiM. haemolyticavhole cell antibodies (Figure 2a). Antibody
titers forM. haemolyticavhole cells increased across time for steers challengedivith
haemolyticaand were greateP(< 0.05) on days 7, 17, and 28 followikly haemolytica
challenge compared with steers not challenged Mithaemolytica Antibodies forM.
haemolyticdeukotoxin responded with a BVD x MH x time interactiénh=0.001;
Figure 2b). Mannheimia haemolytickeukotoxin antibodies increased over time, and on
days 7, 14, and 28 were greatés&(0.05) for MH steers, lowest for steers not
challenged withM. haemolyticaand intermediate for BVD+MH steers.
Rectal temperatures of steers in response to exposure to BVDM. dramolytica

challenge are shown in Figures 3a and 3b, respectively. Rectal temgeradue greater
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for steers challenged with. haemolyticdrom 2 to 24 hours following the challenge
(MH x time interactionP < 0.0001). In addition, there was a BVD x time interacti®n (
=0.02). Rectal temperature was grea®ex 0.05) for steers exposed to steers Pl with
BVDV at 36, 48, and 72 hours after BVDV exposure compared with steers not exposed
to BVDV.

Haptoglobin concentrations responded with a MH x time interadden(.0007; Figure
4a). Haptoglobin concentrations were gredfex 0.05) for steers challenged with
haemolyticafrom 18 to 96 hours following the challenge. There was no BVD x time
interaction P = 0.93) for serum haptoglobin concentrations (Figure 4b).

Total and differential white blood cell coutéita are shown in Table 1. There was a
BVD x MH interaction P = 0.002) for total white blood cells. This resulted from a
decrease in total white blood cells for steers exposed to steers Pl with BVDwtbut
challenged withM. haemolytica Exposure to steers Pl with BVDY & 0.0001) and not
challenged witiM. haemolyticgP = 0.003) decreased total white blood cells. In
addition, there was a MH x time interactidh< 0.0001; Figure 5a) for total white blood
cells. Steers challenged with haemolyticahad greaterq < 0.05) total white blood
cells at 18 and 36 hours followilg. haemolyticechallenge. There was a BVD x MH
interaction P = 0.01) for neutrophils. Similar to total white blood cells, this resulted from
a decrease in neutrophils (Table 1) for steers exposed to steers Pl with RN D®t
challenged withM. haemolytica Neutrophils were increased € 0.0001) when steers
were challenged witM. haemolyticacompared to control and BVE&teers. In addition,
neutrophils were greatelP & 0.05) for steers challenged whih haemolyticacompared

with steers not challenged wikh. haemolyticaat 18, 36, and 168 hours after e

43



haemolyticachallenge (MH x time interactio, < 0.0001; Figure 5b). Both exposure to
steers Pl with BVDV P = 0.002) andM. haemolyticachallenge P < 0.0001) decreased
lymphocytes (Table 1). Lymphocytes were lowek(0.05) for steers challenged with

M. haemolyticacompared with steers not challenged Wwithhaemolyticaat 18, 36, and

96 hours after th#. haemolyticachallenge (MH x time interactioR, < 0.05; Figure 5c).
Monocytes were not affecte® & 0.50) by exposure to BVDV dvl. haemolyticgTable

1). However, exposure to steers Pl with BVDV decreaBed.03) and challenge with
M. haemolyticancreasedF = 0.01) eosinophils. Similarly, basophils were decreaBed (
= 0.0007) by exposure to BVDV, but were increased 0.001) byM. haemolytica
Hematocrits tendedP(= 0.08) to be decreased by challenge MtthaemolyticgTable

1), whereas hemoglobin was decreased 0.0001) byM. haemolytica A BVD x MH
interaction P = 0.02) resulted from a greater decrease in hemoglobin concentration when
steers challenged wittd. haemolyticavere not exposed to steers Pl with BVDV than
when steers challenged with haemolyticavere exposed to BVDV. Mean corpuscular
volume and hemoglobin concentration were decreded)(05) by challenge witM.
haemolytica Similar to hemoglobin, a BVD x MH interactioR € 0.03) resulted from a
greater decrease in mean corpuscular hemoglobin concentration when stleargetha
with M. haemolyticavere not exposed to steers Pl with BVDV than when steers
challenged withM. haemolyticavere exposed to BVDV. Concentration of platelets were
not affected P > 0.28) by exposure to steers Pl with BVDV or challenge With
haemolytica However, red cells were decreasd=(0.04) byM. haemolytica
Cytokinedata are shown in Table 2. There was a BVD x MH interacBon@.02) for

IFNy. This resulted from an approximately twofold increase inylEdhcentration for
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BVD+MH steers compared with steers on the remaining treatments. Exposteersf

to steers Pl with BVDV tendedP (= 0.06) to increase IFNand challenge witM.
haemolyticancreasedR = 0.02) IFN. Interleukin-B was increased by exposure to
steers Pl with BVDV P = 0.04) and challenge wittd. haemolyticgP = 0.0006). In
addition, IL-4 tendedR = 0.08) to be increased by exposure to steers Pl with BVDV.
There was a BVD x MH interactio® = 0.01) for IL-6. Interleukin-6 was greateBt<
0.05) for BVD steers, lowest for control steers, and intermediate for stedienged

with M. haemolytica In addition, IL-6 was increaseB € 0.04) by exposure to steers PI
with BVDV. Both exposure of steers to steers Pl with BVIP\=(0.0005) and challenge
with M. haemolyticgP = 0.0009) increased serum concentrations of . Ni-addition,
TNFa concentration was greatebt€ 0.05) for BVD+MH steers, lowest for control
steers, and intermediate for BVD and MH steers (BVD x MH interadden(.01).
Clinical score, blood gas and metabolite data are shown in Table 3. Exposure to BVDV
or M. haemolyticalid not affect P > 0.18) blood pH, calcium, potassium, glucose, and
sulfur dioxide concentrations, or base excess in blood. Subjective clinical score was
greater P < 0.0001) in steers challenged with haemolyticahan in steers not
challenged withM. haemolytica There was a BVD x MH interactioR & 0.01) for
respiration rate. Challenge with. haemolyticadecreased respiration rate when steers
were not exposed to steers Pl with BVDV and increased respiration rate tetesvgere
exposed to steers Pl with BVDV. In addition, there was a BVD x MH intera@i=
0.005) for plasma sodium concentration. Challenge Mithaemolyticalecreased
sodium to a greater extent when steers were not exposed to steers Pl ith BV

compared with steers exposed to BVDV. Plasma lactate concentration nessdd®
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= 0.02) when steers were exposed to steers Pl with BVDV. Base excesacelerar

fluid was increased?(= 0.01) by exposure to BVDV, and was decreafed (.0002) by
challenge withM. haemolytica There were BVD x MH interaction® & 0.04) for

plasma carbon dioxide, carbonic acid, and sodium bicarbonate concentrations. Challenge
with M. haemolyticalecreased carbon dioxide, carbonic acid, and sodium bicarbonate
concentrations to a greater extent when steers were not exposed to stegr8FDV
compared with steers exposed to BVDV. Carbon dioxide and sodium bicarbonate
concentrations acid were decreadea (0.04) by exposure to steers Pl with BVDV,
whereas carbonic acid concentration was increded)02). Challenge witM.
haemolyticaresulted in MH X time interaction® £ 0.03) for carbon dioxide (Figure 6a),
carbonic acid (Figure 6b), and sodium bicarbonate (Figure 6c¢), generallyng $in
decreasedr < 0.05) concentrations from 4 to 48 h after the challenge. There was a BVD
x MH interaction P = 0.0006) for partial pressure of carbon dioxide. ChallengeM:ith
haemolyticadecreased partial pressure of carbon dioxide to a greater extent when steers

were not exposed to steers Pl with BVDV compared with steers exposed to BVDV.

DISCUSSION
Although previous research has evaluated the effects of BVDWahdemolytica
challenge on immune response of caft’esjn those studies calves ranged from 9 to 18
weeks of age and the virus of interest was directly inoculated into the nrstiiider to
better understand BVDV pathogenesis and to study efficacy of BVDV vaccinesyal nat
exposure model has been recommended as opposed to direct virus inoculation to the

animals:® Therefore, in the present experiment, time exposure of healthy animals to
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steers P1 with BVDV was an attempt to simulate a commercial feedlottiopendnere
animals from different sources might be commingled and then tested for BYDV
arrival. Generally, if an animal tests positive for being Pl with BVDI¢ removed after
a 48-hour assay result time and potentially an additional 24 hours from receiving the
results to removing the PI calf from the pen. In the present experimentseatissrum
BVDV antibody concentrations 28 days after exposure to animals Pl with BVDV
compared with non-exposed animals confirmed that animals became infected with
BVDV without direct inoculation of the virus. This BVDV infection in the presentystud
could be either by direct contact with body fluids of a Pl steer, ambient ay ,stiabing
the feedbunR!

Mannheimia haemolytichas been shown to have several pathogenic factors including
outer membrane proteitfsand leukotoxirt? In the present experiment, total antibody
production toM. haemolyticavhole cell increased across time in challenged steers
compared with steers that received the PBS solution only (Figure 1b). It imas bee
previously reported that antigen load can influence antibody proddéfidrerefore, the
lack of a BVD x MH interaction in the present experiment might suggesaltrséers
challenged withM. haemolyticaeceived the same amount of bacteria during the
challenge. Leukotoxin is secreted during the logarithmic growth phdde of
haemolytica* In the present experiment, the BVD x MH x time interactiorior
haemolyticdeukotoxin (Figure 1c) suggests that animals exposed to steers Pl with
BVDV had decreased antibody productiorMohaemolyticdeukotoxin. Our results are
in agreement with a previous stdtlin which animals that were challenged with bovine

immunodeficiency virus had a decreased and delayed post-vaccinal antibodyiproduct
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to BVDV and bovine herpes virus-1. Higher antibody production has been reported as an
indication of better protection induced by vaccifitshe present and previously

published daf&*suggests that exposure of healthy animals to a virus that produces an
immunosuppression might predispose animals to secondary bacterial infections due t
decreased antibody production. Decreased antibody production may also have a
detrimental effect on the efficacy of vaccines, which could subsequently hagatvee
effect on animal health and performarte.

Morbid animals exhibit distinct behavioral patterns caused in part by changedy
temperaturé>® In the present experiment, animals challenged Mithaemolytica
developed an acute increase in rectal temperature during the first 24 hols post
haemolyticachallenge compared with animals that were not challenged. Rectal
temperature (Figure 2a) was significant reaching a maximum diGt6.5ours after the
challenge. Our results are in agreement with previous résaltghich animals that

were challenged witM. haemolyticahad an increased rectal temperature compared with
control animals. Similarly, it was reported that animals challengddvivihaemolytica

had increased rectal temperature (€)0during the time elapsed between 0 to 12 hours
and returned to normal by 24 hodfsin the present experiment, there was no effect of
exposure to steers Pl with BVDV on rectal temperature during the fifsh @4

following the intratracheal challenge. However, from 36 to 72 hours animalsathat h
been exposed to steers Pl with BVDV had a higher rectal temperature (Figure 2b)
compared with animals that were not exposed. The rectal temperature durpeyitids
ranged from 39.3 to 396 for the steers exposed to BVDV. In a previous study, a

higher rectal temperature was reported in non-vaccinated animalsgeall&ith BVDV
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type 2 from days 9 to 11 after intranasal challenge compared with a vadajnaae®

In addition, animals challenged with non-cytopathic type 1 BVDV had a mild fever
(>39.5C) from days 1 to 5 after viral inoculation when compared to non-challenged
animals™ These results suggest that increased rectal temperature can resaltifesm
direct inoculation of known amounts of BVDV virus into nostrils of calves or from
exposure of healthy calves to animals Pl with BVDV.

Haptoglobin is an acute phase protein produced mainly by the liver in response to pro-
inflammatory cytokines including TN IL-1 and IL-6 secreted by bronchoalveolar
macrophages in response to bacterial infecfighin the present experiment,

haptoglobin concentrations in animals that were exposed to Pl steers weffenentdif
when compared with animals that were not exposed. In a previous study, calves that
were challenged directly into the nostrils with a non-cytopathic typ€D\Bhad higher
haptoglobin concentrations than control aninfalBhese conflicting results could be
attributed to differences in the challenge model used in the previous exp&timent
compared with the natural exposure model used for the present experiment. F® animal
that were challenged witd. haemolytican the present study, the increase in
haptoglobin concentration was acute starting at 18 hours post challenge and ddotinue
be greater until returning to baseline concentrations after 96 hours of théabacter
inoculation. These results are in agreement with haptoglobin concentratiosiganse

to M. haemolyticachallenge in cattl&?’ Increased haptoglobin concentrations have been
associated with clinical cases of BRD and number of antimicrobial treatmesptired

for animals during the disea®e>!
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The presence of PI BVDV animals in feedlot pens has been associated vagsautr
BRD morbidity and mortality during the finishing peridBovine viral diarrhea viruses
involved in BRD can cause clinical infections by themsef¢ésit also have been
reported to increase cattle’s susceptibility to secondary bacteriefiamfe from common
inhabitants of the respiratory tract of healthy animiahen correlated with a clinical
evaluation, leukograms can provide informative evaluation of disease protdsste
present study, animals exposed to steers Pl with BVDV had decreased totalobw@€ c
compared with non-exposed animals. Afterfthehaemolyticachallenge, animals that
had been exposed to Pl steers had a decreased total WBC count at 18, 36 and 96 hours
post challenge compared with steers that were not exposed to Pl animals but were
challenged witiM. haemolytica.In addition, steers that were challenged With
haemolyticehad a marked increase in neutrophil counts during the first 36 h post
inoculation compared with animals that were not challenged. These results are in
agreement with previous observatibh§’ and show that an intratrachdal haemolytica
challenge can produce an acute immune response during the first 24 houre after t
challenge.

Both exposure to BVDV anill. haemolyticachallenge resulted in steers having
decreased lymphocytes. These results are in contrast with a previou€ iepueinich
decreased lymphocyte counts during 138 hours post inoculatiomwithemolytica
were observed. However, decreased lymphocyte counts have been reported when
animals were challenged with. haemolyticaalone™® Bovine viral diarrhea viruses have
been reported to have high affinity to cells of the immune sy3terd a transient

decrease in the total number of lymphocytes has been reported in animals with BVD
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infection®*" This decrease in lymphocyte counts could be an explanation for the
decreasedll. haemolyticdeukotoxin antibody concentrations observed in our experiment
when animals were exposed to Pl steers befor®thmemolyticachallenge compared
with animals not exposed to BVDV. Eosinophils and basophils were affected by
exposure to steers Pl with BVDV and challenge Witthaemolytica These results are

in agreement with a previous studyhowever, the clinical relevance of the response is
unknown.

Cytokines are soluble proteins involved in a wide variety of biological pro¢&sses
influencing energy and protein metabolidmincreased cytokine concentrations are
thought to result in repartitioning of energy and amino acids away from adipose and
skeletal muscle growth by providing substrates for higher priority imnogrezll
functions®***° The primary mechanism of action of cytokines appears to be up or down-
regulation of genes involved in specific intracellular transduction pathivdygreater
understanding of cytokine response to the most common pathogens could provide
valuable information of the implications of these proteins for decreasing parfoenand
carcass characteristics in animals that suffer from BRD duringrtiveing and finishing
period?*** Interferon gamma has been reported as the link between the innate and
adaptive immune systems and is critical for an adequate response to ulaacell
pathogens® The main source of IFNis thought to be lymphocytéSin the present
experiment, serum concentrations of {RiEnded to increase in response to exposure to
steers Pl with BVDV, although the total number of lymphocytes decreased cheing t
first 18 hours afteM. haemolyticachallenge. Although unknown, the lower lymphocyte

count might have affected the absolute concentration of tiXing the length of the

51



experiment. Challenge wittd. haemolyticancreased serum concentrations of YA

the present experiment. It has been suggested that the effectyobBtis from
macrophages and neutrophils enhancing phagocytosis of extracellular pathogens
(bacteria) and inducing a respiratory burst and nitric oxide production which has
microbiocidal effectd?** Therefore, the increased concentration ofyliiNtheM.
haemolyticareatment group might have been due to the increased number of circulating
neutrophils in response to the bacterial infection 6 hoursMfteaemolyticachallenge

in the present experiment. The greaterjieNncentration for the BVD+MH group

might be explained as an additive effect of increaseq Be&dretion from major cells
affected in response to the BVDV alld haemolyticachallenge.

Interleukin-1 is one of the most potent endogenous inducers of fever and the induction of
this cytokine has been associated with viral, bacterial, fungal and pairssitiions® In
addition, IL-1 has been reported as one of the principal inducers of acute phase protei
synthesi$’ Although IL-1 is expressed as both Iu-&nd IL-1B, they have been
differentiated as either intracellular (lletflor secreted by the cells (extracellular; IL-
1[5).38 Therefore, IL-B was measured in the present experiment. In the present
experiment, steers that were exposed to Pl calves for 72 hours had increased
concentrations of serum ILBlcompared with non-exposed animals. However, in
contrast to previous repofts;*’the increased concentration of serum fL-ih BVD

steers was not associated with rectal temperatures greater th¥h @éOgdeater
concentrations of haptoglobff*’ These conflicting results could be explained by
different concentrations of circulating Il31Recombinant IL-g administered to beef

calves suggested that the effect of Ldh rectal temperature was dose depentfant.
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Only animals dosed with 333 and 1,000 ng/kg of BLhaAd a mean rectal temperature
greater than 40°C compared with animals dosed with 10, 33 and 100 ng/kg. Maximum
rectal temperature was observed at 6 hours for all treatments and returnselitee ey

24 hours post ILf injection. In addition, haptoglobin concentration was increased
above 0.50 mg/mL in animals receiving 1,000 ng/kg of recombinanp Ht&kting at 24
hours post injection, and haptoglobin concentration remained elevated for 72 hours.
Serum concentrations of ILwere not reported in that stutf/Results suggest that the
pyrogenic and acute phase induction of iLid dose dependant. In the present
experiment, although animals experiencing infection with BVDV due to exposure to Pl
calves had increased rectal temperature when compared with non-exposed #mmals
increase in IL-f may not have been enough to result in an increase in rectal temperature
above 40.2C or to stimulate hepatocytes to increase haptoglobin synthesis. Challenge
with M. haemolyticancreased IL-f, haptoglobin, and rectal temperature in the present
experiment. Interestingly, the tendency for an interaction between@dMH may
indicate the possibility of an additive effect in the intensity of the immune respdren
both pathogens were utilized in the challenge.

Limited information exists regarding the role of IL-4 in beef cdftfehis cytokine has

been described as an anti-inflammatory cytokine which inhibits the production of pro-
inflammatory cytokines (IL-f, IL-6 and TNF).>*>*In a recent repoft decreased
concentrations of IL-4 were detected in animals fed a 30% concentrate diet@edmpar
with animals fed 70% concentrate when challenged with LPS and provided an
antimicrobial injection. The same stddipbserved higher concentrations of iFNNFo.

and IL-6 and concluded that the increased concentrations of these pro-inflammatory
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cytokines could be associated with the decreased concentrations of IL-4. Irste pre
experiment, serum concentrations of IL-4 tended to be increased along with pro-
inflammatory cytokines in steers exposed to BVDV compared with contro steleich

is in contrast to previous reports. It has also been suggested that when IL-4 is over
expressed it can have detrimental effects on the immune system by dertieasi
recruitment, expansion or activity of TH1 cells, resulting in a strong THZbid@kis
increased TH2 relative to TH1 might interfere with viral clearancééyost and
suppress the innate immune response predisposing the host to secondary iffections.
Therefore, increased IL-4 may decrease viral clearance and predispoats &o
secondary infections resulting in increased morbidity and mortality whdiofemttle

are exposed to BVDV.

In pre- and post-partum dairy cows, an increase in IL-6 has been assodited w
increase in the TH2 populatiGhSteers exposed to BVDV or challenged with
haemolytican the present experimenad greater IL-6 concentrations than control
animals, although the greatest IL-6 concentration occurred for animals éxpd¢DV
but not challenged witM. haemolyticaOur data is in agreement with results showing
increased concentrations of IL-6 when steers were challenged witktaRiSg at 2

hours post LPS infusion and returning to baseline within the first 24 hours of the LPS
challenge® Interleukin-6 has been reported to induce fever and stimulate hepatocytes to
synthesize acute phase proteth®.In the present experiment, haptoglobin
concentrations were increased for steers challengedWitaiemolyticabut not for

steers exposed to BVDV. Therefore, additional mechanisms that induce fever and

synthesis of acute phase proteins likely exist. For example, it has bedrddpat the
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injection of IL-6 in IL-6 knockout mice had no or a very mild pyrogenic effect coeapa
with injecting the same mice with ILBlsuggesting that other neuromodulators (e.g.,
prostaglandin E2) are involved in modulating fever.

Increased concentrations of T milk and serum of cows suffering from mastitis has
been reported, and the increased concentration ottMHs associated with the severity
of the clinical manifestation of the dise@5én the present experiment, TNF
concentrations in serum were greatest in animals exposed to BVDV and challaéihged w
M. haemolyticaalthough subjective clinical scores did not respond with the same
interaction and were higher in steers challenged Mithaemolyticaegardless of
exposure to BVDV. During LPS challenge, septic shock has been associated wit
endotoxemid which has resulted in death of challenged anifftdis addition, when

dogs and cats were infused with recombinant humanoT BSimilar endotoxic response
was observed; however, recombinant anti-TNF monoclonal antibodies prevented the
induction of septic shock during acute bacteremia in babdnsreased concentrations
of TNFa might partially explain the increased mortality in calves with m@tgiRD
pathogens isolated from lungsin addition, due to the systemic effects of TR¥
detrimental effects on meat quality could be observed with increased sev&Ryof
Decreasing the number or severity of pro-inflammatory cytokine respongbtbe

helpful for decreasing economic losses associated with decreased qasdagsn

feedlot cattle treated for BRD.

In contrast to a previous report where increased plasma lactate concesinaie
correlated with BRD morbidit§* plasma lactate was decreased in animals that were

exposed to steers Pl with BVDV in the present experiment. In the eautig®sno
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changes in plasma lactate in animals receiving one treatment for BrRDeperted, but
increased plasma lactate was measured in animals suffering from BiRiZ4prior to
death. The rationale for these results was an increased anaerobic metapalismals
during a BRD event due to decreased lung capacity, and the decred3@gd &xchange
changing the metabolism of glucose at the muscle level toward lactate tpyodciscthe
end product of glycolysis in the absence ef @ additionM. haemolyticachallenge

was reported to decrease plasma lactate for 72 hourMpbsemolyticachallengé’’
whereas in the present studl§, haemolyticachallenge had no effect on plasma lactate
concentrations. To our knowledge, there are no previous studies in the literature that
provide greater insight into the possible effects of BVDWlohaemolyticaon plasma
lactate concentrations in feeder calves. However, it was reported tinalsthat

received at least one antimicrobial treatment against BRD during ay36-da
preconditioning program had lower plasma lactate concentrations at.&rrRathogens
involved in BRD cases were not identified and no direct comparisons with our results ¢
be made. Plasma lactate can be increased during cases of ruminal &titutsis.

ruminal acidosis and BRD have been associated with decreased or alterdougNt.
similar clinical signs, ruminal acidosis should be considered in the list efefitial
diagnosis of BRD in field conditiorfé.However, ruminal pH measured in calves pulled
or pulled and treated against BRD showed no differences between experimentaf3roups.
Increased respiration rate is an important thermoregulatory mechaniprefenting

heat overload in cattle via evaporative coofifdn the present experiment, respiration
rate of control steers was greatest compared with steers on the rertraaingents. In

cattle exposed to heat stress, the initial response was an increaseadioasjgite, which
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changed to panting midway through the heat stress period followed by a deep open mouth
respiration at a reduced ré&fdnterestingly, decreased respiration rate in our challenge
model was present for steers on all experimental treatments that had aseithcestal
temperature compared with control steers. Changes in frequency and dynamics of
respiration in exposed and/or challenged steers also corresponded with charmss in bl
gases for steers in the present experiment. Respiratory alkalosis hasdmded as
increased alveolar ventilation resulting in excretion of carbon dioxide at axcateding
production®® which results in decreased partial pressure of carbon dioxide, increased
blood pH, and decreased concentration of bicarbonate. Cattle exposed to heat ®tress hav
been reported to have an increased respiration rate, decreased partiad pfessrbon
dioxideand bicarbonate concentration, with no change in bloo® pH.the present
experimentM. haemolyticachallenge decreased partial pressure of carbon dioxide and
carbon dioxide and bicarbonai@ncentrations during the first 48 hours pdst
haemolyticachallenge. The lack of an effect on blood gases due to BVDV exposure
might be due to the lack of a direct effect of this virus on the host animal’s tespira
capacity and gas exchange, especially when compared to other viral alabacter
infections associated with BRD. Interestingly, despite changes in bloesl th&se was

no effect of our infectious challenge or heat sffess blood pH, reflecting the host
animals’ capacity to maintain homeostasis.

In conclusion, we observed changes in serum antibody production, total and differential
white blood cell count, cytokine concentrations, and blood gases consistent with an
immune challenge in beef cattle. Our results suggest that we were ablesssaulc

develop an immune challenge model using exposure of naive steers to steers Pl with
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BVDV, intratracheal challenge witkl. haemolyticaor their combination which will
allow us to further characterize the detrimental effects that BRD gatischave on food
producing animals. In addition, exposure to calves Pl with BVDV and intratracheal
challenge withM. haemolyticaesulted in decreased antibody productioMto
haemolyticdeukotoxin and increased serum concentrations of IAN1p and TNFe.,
suggesting that exposure of naive calves to Pl calves increases patestabindary

infections and detriment to animal health and performance.
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Table 1. Effect of 72 h exposure to a PI BVDV calf with or without an intratrachaliénge withM. haemolyticaon hemogram of

steers
No BVD BVD P-value

ltem No MH MH No MH MH SEM BVD MH BVDxMH
Total white blood cells, TuL 9.86 9.83 7.93 9.48 0.60 <0.0001 0.003 0.002
Neutrophils/pL 2941 3,977 2,086 4,048 306 0.03 <0.0001 0.01
Lymphocytes/pL 6,341 5,215 5,340 4,827 338 0.002 <0.0001 0.09
Monocytes/pL 354 362 342 401 51.1 0.78 0.50 0.61
Eosionphils/uL 139 185 119 146 14.1 0.03 0.01 0.50
Basophils/puL 91 124 66 88 8.9 0.0007 0.001 0.53
Hematocrit, % 30.5 28.4 29.9 29.8 0.79 0.50 0.08 0.10
Hemoglobin, g/100 mL 11%4 10.4 11.1%* 10.7¢  0.12 0.55 <0.0001 0.02
Mean corpuscular volume, fL 38.7 36.7 38.2 37.6 0.51 0.67 0.01 0.20
Mean corpuscular hemoglobin, 14.3 13.8 14.3 14.7 0.16 0.09 0.05 0.03
%
Platlets, 16/uL 487 506 517 524 33.1 0.28 0.56 0.78
Red cells, 10uL 7.97 7.74 7.87 7.60 0.12 0.33 0.04 0.86

aDQyithin a row means with different superscripts are differBrit 0.05).
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Table 2. Effect of 72 h exposure to a PI BVDV calf with or without an intratrachefiénge withM. haemolyticaon serum cytokine

concentrations of steers

No BVD BVD P-value
Item No MH MH No MH MH SEM BVD MH BVDxMH
Interferony, pg/mL 9d 86" 78 187 54.6 0.06 0.02 0.02
Interleukin B, pg/mL 75 157 90 329 89.2 0.04 0.0006 0.11
Interleukin 4, pg/mL 67 75 119 139 34.3 0.08 0.68 0.86
Interleukin 6, pg/mL 1,442 1,968 2,50f 2,003 645 0.04 0.87 0.01
Tumor necrosis factoy; pg/mL 367 540 583 1,984 319 0.0005 0.0009 0.01

aD4y/ithin a row means with different superscripts are differBri 0.05).
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Table 3. Effect of 72 h exposure to a PI BVDV calf with or without an intratrachaliénge withM. haemolyticaon clinical score,

respiration rate, blood pH and gas and metabolite concentrations in steers

No BVD BVD P-value

ltem No MH MH No MH MH SEM BVD MH BVDxMH
Subjective clinical score 0.00 0.34 0.05 0.45 0.04 0.99 <0.0001 0.57
Respirations per minute 580 55.8 54.8 56.0  3.50 0.16 0.02 0.01
pH 7.46 7.44 7.44 7.44 0.02 0.59 0.70 0.46
Calcium, nM 1.24 1.23 2.97 1.23 0.87 0.32 0.31 0.32
Potassium, il 4.09 4.02 4.22 4.10 0.11 0.35 0.38 0.80
Sodium, nM 147 139 147 140  0.70 0.002 <0.0001 0.005
Glucose, mg/100 mL 71.1 69.9 72.3 71.2 1.11 0.18 0.25 0.93
Lactate, nv 1.25 1.25 0.81 1.04 0.10 0.02 0.29 0.29
Sulfur dioxide, nM 69.9 71.8 70.7 70.5 1.90 0.74 0.36 0.30
Base excess in extracellular fluid, 6.51 4.88 6.98 6.10 0.48 0.01 0.0002 0.25
mM
Carbon dioxide, 32.7 30.2 31.8 31.4* 0.30 0.04 <0.0001 0.001
Carbonic acid, 28.9 27.9 29.0 28.7 0.26 0.02 0.0007 0.04
Sodium bicarbonate, 30.7 28.9 30.6 30.F 0.29 0.01 <0.0001 0.003
Partial pressure of carbon dioxide, 45.9 42.7 44.6¢ 43.6  0.41 0.77 <0.0001 0.0006
mm/Hg
Base excess in blood,Nh 5.78 5.44 5.85 5.50 0.52 0.90 0.50 0.99

A BVD x MH x time interaction was detecteld € 0.05).
ab8yithin a row means with different superscripts are differrt 0.05).
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Figures

Figure 1. Serum concentration of bovine viral diarrhea virus 1b (BVDV1b)
neutralization antibody titers in calves exposed during 72 hours to two steerk PI wit
BVDV (BVD) compared with non-exposed controls (No BVD). There was a BVD x
time interaction < 0.0001; SEM = 275). Values plotted represent Least squares means
+ standard error of the mean, calculated for 12 animals per experimental®dWithin
day, Least squares means with different letters are diffédPen0(05).

Figure 2. Serum concentration M. haemolyticavhole cell antibodies (Figure
2a) andM. haemolyticdeukotoxin antibodies (Figure 2b) in calves challenged
intratracheally on d 0 with 6 x 1@FU of M. haemolyticaserotye 1 (MH) compared
with non-challenged controls (No MH). There was a MH x time interaclBen@.0001,
SEM = 0.36; Figure 2a) favl. haemolyticavhole cell antibodies, and a BVD x MH x
time interactionP < 0.0001; SEM = 0.15; Figure 2b) fit. haemolyticdeukotoxin
antibodies. Values plotted represent Least squares means + standard beronexir,
calculated for 12 animals per experimental grougMfiohaemolyticavhole cell
antibodies, and 6 animals per experimental groupfdraemolyticdeukotoxin
antibodies®*Within day, Least squares means with different letters are difféPent
0.05).

Figure 3. Rectal temperature of calves challenged intratracheally with 8 x 10
CFU of M. haemolyticaserotye 1 (MH) compared with non-challenged controls (No MH;

Figure 3a) or exposed during 72 hours to two steers Pl with BVDV 1b (BVD) compared
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with non-exposed controls (No BVD; Figure 3b). There was a MH x time intarget
< 0.0001; SEM = 0.11; Figure 3a) and a BVD x time interactton 0.02; SEM 0.11;
Figure 3b). Values plotted represent Least squares means * standardtbeoneén,
calculated for 12 animals per experimental grélithin a day, Least squares means
with different letters are differenP(< 0.05).

Figure 4. Serum haptoglobin concentrations of calves challenged intratracheally
with 6 x 10 CFU of M. haemolyticaserotye 1 (MH) compared with non-challenged
controls (No MH; Figure 4a) or exposed during 72 hours to two steers Pl with BVDV 1b
(BVD) compared with non-exposed controls (No BVD; Figure 4b). There was a MH
time interaction® < 0.0007; SEM = 0.32; Figure 4a), and the BVD x time interaction
was not significant = 0.93; SEM = 0.32; Figure 4b). Values plotted represent Least
squares meansstandard error of the mean, calculated for 12 animals per experimental
group.®™Within a day, Least squares means with different letters are difféen® 05).

Figure5. Total white blood cell (Figure 5a), neutrophil (Figure 5b) and
lymphocyte (Figure 5c) counts of calves challenged intratracheatiyéwi 16 CFU of
M. haemolyticaserotye 1 (MH) compared with non-challenged controls (No MH; Figures
5a and 5b) or exposed during 72 hours to two steers Pl with BVDV (BVD) compared
with non-exposed controls (No BVD; Figure 5c). There were MH x time intenscf
<0.0001, SEM =0.71, Figure 3a;< 0.0001, SEM = 417, Figures 5b) and a BVD x time

interaction P < 0.01; SEM = 445; Figure 5c). Values plotted represent Least squares
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means istandard error of the mean, calculated for 12 animals per experimental group.
aRyithin a day, Least squares means with different letters are difigen®.05).

Figure 6. Carbon dioxide (Figure 6a), carbonic acid (Figure 6b), and sodium
bicarbonate (Figure 6c) concentrations in whole blood of calves challenged
intratracheally with 6 x 10CFU of M. haemolyticaserotye 1 (MH) compared with non-
challenged controls (No MH). There were MH x time interactiés (0.005, SEM =
0.60, Figure 6aP =0.03, SEM = 0.50, Figure 6B;< 0.002; SEM = 0.60, Figure 6c).
Values plotted represent Least squares meaantlard error of the mean, calculated for
12 animals per experimental gro@Bwithin a day, Least squares means with different

letters are differentq < 0.05).
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BVD serum neutralization antibody titers
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CHAPTER IV

EFFECTS OF EXPOSURE TO CALVESPERSISTENTLY INFECTED WITH
BOVINE VIRAL DIARRHEA VIRUSTYPE 1B AND MANNHEIMIA
HAEMOLYTICA CHALLENGE ON ANIMAL PERFORMANCE, N BALANCE,

AND VISCERAL ORGAN MASSIN BEEF STEERS

ABSTRACT: Bovine Viral Diarrhea viruses (BVDV) have been isolated alone or in
combination with other viral and bacterial pathogens in animals diagnosed with Bovine
Respiratory Disease (BRD), a disease causing major economic loss tedlioé fe
industry. The objective of this experiment was to determine the effektaroftheimia
haemolyticaollowing short-term (72 h) exposure to BVDV persistently infected (PI)
calves on performance, N balance and organ mass in finishing cattle. Treatments
included: 1) steers not challenged with BVDVMrhaemolyticgdControl); 2) steers
challenged with 72 h exposure to steers Pl with BVDV (BVD); 3) steeedriatheally
challenged witiM. haemolyticaon d 0 (MH); and 4) steers challenged with 72 h
exposure to steers Pl with BVDV and intratracheally Wwitthaemolyticaon d 0
(BVD+MH). Six steers/treatment (initial BW = 314 + 31 kg) were used for the
experiment. Steers were weighed every 28 d and were housed in metabobsm crat
during the first 5 d following th&1. haemolyticechallenge, the 2nd wk after tive

haemolyticachallenge, and on d 28 to 32, d 56 to 60, and 7 to 10 d prior to slaughter
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to determine N balance. At slaughter, carcass and organ mass datalwetedcoData
were analyzed as a randomized complete block design with a 2 x 2 factangieanent

of treatments and steer as the experimental unit. From d -3 to 4, steers chaliémged w
M. haemolyticehad lower P = 0.04) ADG than steers not challenged viith

haemolytica In addition, across the entire finishing period, steers exposed to steers Pl
with BVDV tended P = 0.09) to have lower ADG and G:F than steers not exposed to
BVDV. Prior to slaughter, retained N expressed asRA&l Q.03) and as a % of N intake
(P = 0.04) was lower in BVD steers compared with steers not exposed to steets Pl wit
BVDV. There were no effect®(> 0.10) of BVDV exposure dvl. haemolytica

challenge on carcass characteristics or empty BW (EBW). Expressa percent of

EBW, HCW was lowerR = 0.02) and blood plus total offal weight was greaf®er (

0.02) for steers challenged with haemolyticacompared with steers not challenged.
Results are in agreement with those reported in larger scale finishingssandi suggest
that acute exposure to BRD-related pathogens can have long-term effectsan ani

performance.

Key words: bovine, bovine respiratory disease, bovine viral diarrhea, carcass merit,

growth, nitrogen balance
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INTRODUCTION

Bovine respiratory diseasBRD) involves the complex interaction between
stress, bacteria, viruses and the environment (Duff and Galyean, 2007). Booker et al.
(2008a) reported th&tannheimia haemolyticavas the most common pathogen isolated
at necropsy from animals that died from BRD. In addition, Haines et al. (2001, 2004)
and Shabhriar et al. (2002) reported a high incidence of bovine viral diarrhea viruses
(BVDV) in animals that died due to BRD. These studies were conducted on individual
animals, and indicated a negative effect of these pathogens on the economics of cattle
production due to mortalities. However, in experiments using feedlot pens, contsadictor
information regarding the effects of animals persistently infe@Edwith BVDV on
animal health, performance and carcass quality have been reported (Lom¢ragan
2005; O’Connor et al., 2005; Booker et al., 2008a, 2008b). Loneragan et al. (2005)
reported a negative effect on health and performance of cattle when a Alvaasma
present in a pen or adjacent pens. O’Connor et al. (2005) and Booker et al. (2008b)
reported no difference in performance but observed an increased morbidity in pens
containing a Pl animal. Despite differences in animal health and perfeerohfexdlot
cattle in response to individual pathogens, strong evidence exists (Gardner et al 1999;
Thompson et al., 2006) which indicates that animals treated against BRD have decreased
performance and lower carcass quality compared with animals neateidtegainst BRD
during the finishing period. An improved understanding of the etiologic agents involved
in BRD and their relationship with animal performance and carcass qualggestial
for the development of preventive and therapeutic strategies.objective of this

experiment was to evaluate the effects of short-term (72 h) exposure tdP$teis
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BVDV with or without an intratrachedll. haemolyticachallenge on performance, N
balance, organ mass and carcass characteristics of beef steers.
MATERIALSAND METHODS

Twenty-four Angus crossbred steers (initial BW = 313 + 31 kg) were individually
housed at the Nutrition Physiology Research Center (NPRC), Oklahoma Statesiyi
Stillwater during the experiment. All steers were considered diyicaalthy and were
seronegative to all pathogens involved in the study as determined by pairad ser
samples collected 14 d apart prior to the start of the experiment. Steerandenealy
allocated to 1 of 4 treatments (6 animals/treatment) arranged as a 2terialfac
Treatments were: 1) steers not challenged with BVDM ohaemolyticgControl); 2)
steers exposed for 72 h to two steers Pl with BVBVD); 3) steers intratracheally
challenged witiM. haemolyticaon d 0 MH); and 4) steers exposed for 72 h to two
steers P1 with BVDV immediately followed by intratracheal ctradie withM.
haemolyticon d 0 BVD+MH). Steers exposed to calves Pl with BVDV were
transported 3.22 km to the Willard Sparks Beef Research Center, StillwatendQeee
commingled in a 6 x 10.8 m pen with 2 steers previously diagnosed via
immunohistochemistry as being P1 with BVDV Type 1b (Fulton et al., 2006). Folipwin
exposure to BVDV Type 1b, steers were returned to the NPRC for the remainder of the
experiment. Steers challenged with haemolyticaeceived 10 mL of a solution
containing 6 x 1DCFU of M. haemolyticaserotye A-1 which was reconstituted and
grown prior to the challenge as described by Mosier et al. (1998). Challeéhdd.w
haemolyticaoccurred immediately following return of the BVDV-exposed steers to the

NPRC and on the same d for all treatment groups beginning at 0800. Steers not
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challenged withM. haemolyticavere intratracheally dosed with 10 mL of a sterile
phosphate-buffered salinBBS) solution. Inoculation of the PBS solution for Control
and BVD groups and the solution containing Mhehaemolyticaculture for the MH and
BVD+MH groups was performed as described by Burciaga-Robles et al. (2009).

During the length of the experiment, steers were offered feed for adribit
consumption. Feed was delivered twice daily based on the previous day’s intake. Feed
refusals were collected daily and any feed remaining was dried@f@&0determination
of DMI. Steers were adapted to a high-concentrate finishing diet using aulagiats
shown in Table 1. Steers were fed Diet 1 for 2 wk prior to the beginning of the
experiment and remained on this diet during the first 15 d folloMingaemolytica
challenge. Beginning on d 16, animals were fed Diet 2 for 3 consecutive d; on d 19,
animals were fed Diet 3 for an additional 3 d (d 19 to 22 ldostaemolyticachallenge).

On d 23 steers were fed the finisher diet and remained on this diet until harvestlsAnima
were weighed on d -3, 0, 7, 14, 28, 56, 84 and 112 (heavy block) or 126 (light block).
Average daily gain was calculated using BW and days on feed and G:Flevdated

using DMI for the corresponding periods.

Nitrogen Balance

To facilitate sample collection, steers were blocked by BW into 2 groups of
twelve, and the challenge procedures and sample collections were stagge@aby
interval between periods to allow for total urine and fecal collections inbwietan
stanchions. Steers were housed in individual 3.7 x 3.7 m pens with the exception of d 0
to4,7to 11, 28 to 32, and on d 101 to 105 for the heavy block and d 111 to 116 for the

light block (prior to slaughter), when animals were placed in metabolic stanébrons
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collection of total feces and urine. Fecal and urinary excreta weretedllier each steer
and weighed to determine total daily output. Representative sub-samples @cietal f
(10%) and total urine (1%) were collected, composited by period, and frozen (-20°C) for
later analyses. To prevent the loss ofsNdtily urine output was collected into buckets
containing 400 mL of & HCI to decrease pH to < 3.0. Composite samples of diet and
feces were analyzed for DM and OM (AOAC, 1990) to calculate total traestehgity.
In addition, diet, feces, and urine were analyzed for total N (Leco® FP-528, Leco
Corporation, St. Joseph, MI) to calculate N digestibility and retention.
Carcass and Organ Mass Collection

Approximately 16 h prior to harvest (d 112 and 126 for heavy and light block,
respectively) steers were transported to the Oklahoma Food and Agriculadat®r
Research and Technology Center abattoir. On the morning of harvest, steers were
stunned with a captive bolt and exsanguinated. Weight of blood, feet and ears, hide,
head, heart, lungs, kidneys, emptied gastrointestinal &dt, (eticulorumen, omasum,
abomasum, small and large intestine, and cecum), mesenteric fat trinome@ F
organs, omental fat, pancreas, spleen, liver, and hot carcass were recordexfal otal
mass was calculated as the sum of blood, feet and ears, hide, trim (tail, sgnahd
carcass trim), all organs, and mesenteric and omental fat. The reticuipmasum,
and abomasum were cut open, contents removed, and organs were rinsed free of
remaining feed particles before weighing. Intestinal contents wereved by gently
squeezing contents through the length of the organ. Empty-body weight was edleslat
hot carcass mass plus total offal mass, and total splanchnic isSDenass was

calculated as GIT plus liver, spleen, pancreas, and mesenteric/omentaldddition,
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carcasses were evaluated for marbling score, fat thickness at theb1athjusted
preliminary yield grade, LM area, and percentage of kidney, pelvic, andféie¢ PH;
USDA, 1997). Dressing percent and yield grades were calculated.
Statistical Analyses

The experiment was designed as a randomized complete block with a 2 x 2
factorial arrangement of treatments and animal served as the exgatiomet. Animal
performance (BW, ADG, DMI and G:F), total tract digestibility, N bakrorgan mass,
and carcass quality were analyzed with the MIXED procedure of SAS (&AS/kersion
9.1, Inc., Cary, NC). The model for all variables included the main effects of B¥D, M
and the possible interaction between BVD and MH. Weight block (heavy or light) was
included as a random effect in the model. Results are discussed as beinasighifi<

0.05 and as a tendencyAf> 0.05 toP < 0.10.

RESULTS

Effects ofM. haemolyticachallenge following short-term (72 h) exposure to
steers Pl with BVDV on animal performance is shown in Table 2. Body weightatas
affected P > 0.35) by BVD, MH, or the BVD x MH interaction. From d -3 to 4, steers
challenged witiM. haemolyticehad lower P = 0.04) ADG than steers not challenged
with M. haemolytica In addition, across the entire finishing period, steers exposed to
steers P1 with BVDV tended(= 0.09) to have lower ADG than steers not exposed to
BVDV. There was a tendenck € 0.10) for a BVD x MH interaction for DMI from d -3
to 4. This resulted from steers with exposure to steers Pl with BVDV andngelle

with M. haemolyticahaving the lowest DMI, whereas steers with exposure to steers Pl
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with BVDV but not challenged witM. haemolyticahad DMI similar to controls. This
trend occurred throughout the entire finishing period (d -3 to filsh0.10). In
addition, from d -3 to 4, steers exposed to steers Pl with BVDV tefded (08) to have
lower DMI than steers not exposed to BVDV, and from d 84 to finish, steers challenged
with M. haemolyticéhad lower DMI than steers not challenged wWwithhaemolytica
Exposure to steers Pl with BVDV for 72 h decreased (0.05) DMI as a percent of BW
from d -3 to 4, and tende® & 0.08) to result in a BVD x MH interaction, similar to
DMI (kg/d). From d -3 to 4, G:F tendel € 0.08) to be lower for steers exposed to
steers P1 with BVDV, and was lowd? € 0.04) for steers challenged with
haemolytica Across the entire finishing period, steers exposed to steers Pl with BVDV
had lower P = 0.04) G:F than steers not exposed to animals Pl with BVDV.

From d 1 to 4, DMI tended(= 0.09) to be lower and fecal DM output was lower
(P = 0.04) for steers challenged with haemolyticgTable 3). Apparent DM
digestibility was lowerR = 0.004) for steers exposed to steers Pl with BVDV compared
with steers not exposed to BVDV. Similar to DMI, N intake tendred 0.09) to be
lower and fecal N output was lowd? € 0.04) for steers challenged with haemolytica
and apparent N digestibility was lowét € 0.01) for steers exposed to steers Pl with
BVDV compared with steers not exposed to Pl steers. Urinary N output téhded (
0.09) to be greater for steers challenged Witthaemolytica Nitrogen retained
expressed as g/d tenddtl< 0.09) for steers challenged with haemolyticaln addition,
Nitrogen retained as a % of N intake tend@d (0.07) to be lower for steers exposed to

steers P1 with BVDV compared with steers not exposed to steers Pl wid BNMereas

88



steers challenged wittd. haemolyticahad lower P = 0.01) Nitrogen retained as a % of
N intake compared with non-challenged animals.

Fromd 7 to 11 and d 28 to 32, there were no effé&ts(.12) of BVDV
exposure oM. haemolyticachallenge on DM or N intake or apparent total tract
digestibility (Table 3). Steers challenged with haemolyticehad lower P = 0.03)
urinary N output on d 7 to 11 than steers not challengedMvitimemolytica In
addition, there was a tendency for a BVD x MH interaction on d 7 t& £10(07) and d
28 to 32 P =0.06). This resulted from the steers exposed to steers Pl with BVDV and
challenged withM. haemolyticehaving lower urinary N output than steers exposed to
steers P1 with BVDV but not challenged with haemolyticawhereas urinary N output
for treatments with steers not exposed to BVDV was similar. Although urinary output
tended to be different among treatments, there was no d¥ed.(2) of BVDV
exposure oM. haemolyticachallenge on N retention on d 7 to 11 or d 28 to 32.

Prior to slaughter, there was a BVD x MH interactiBr=(0.02) for DM and N
intake (Table 3). For steers not exposed to steers Pl with BVDV, DM andKe intae
lower for control steers than for steers challenged Mithaemolytica In contrast, for
BVD steers, DM and N intake were lower for steers challengedviteemolyticahan
for steers not challenged wih. haemolytica Retained N expressed as g/d was lower (
= 0.05) and as a percent of N intake tended (0.09) to be lower lower in BVD steers
compared with steers not exposed to steers Pl with BVDV.

There were no effects of BVDV exposureMrhaemolyticachallenge on carcass
characteristics (Table 4) or empty B®BW,; Table 5). Expressed as a percent of EBW,

HCW was lower P = 0.02) and total offal weight was greater=0.02) in steers
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challenged witiM. haemolyticccompared with steers not challenged (Table 5). There
was BVD x MH interaction® = 0.05) for total offal weight. For steers not exposed to
steers P1 with BVDV, total offal weight was lower for control steers thastéers
challenged withM. haemolytica In contrast, for BVD steers, total offal weight was
similar for steers challenged wikh. haemolytica Blood weight expressed as K%

0.06) and as % of EBWP(= 0.05) was greater for steers challenged Witlhaemolytica
than for steers not challenged with haemolytica Weight of the head tendel € 0.06)

to be lower for BVD steers compared with steers not exposed to steers BMEV. In
addition, weight of the feet, forelegs, and tail were lowex 0.03) for BVD steers than
for steers not exposed to steers Pl with BVDV. Weight of the feet, foreledysaia
expressed as a percent of EBW tended 0.08) to be greater for steers challenged with
M. haemolyticahan for steers not challenged with haemolytica Kidney weight (kg)
tended P = 0.10) to respond with a BVD x MH interaction. For steers not exposed to
steers P1 with BVDV, kidney weight was lower for control steers than éerst
challenged withM. haemolytica In contrast, for BVD steers, kidney weight was lower
for steers challenged witfl. haemolyticahan for steers not challenged with
haemolytica No other difference?(> 0.12) in organ mass due to exposure to steers PI

with BVDV or M. haemolyticavere observed.

DISCUSSION
Immune response by steers used in the present experiment to exposure to steers Pl
with BVDV andM. haemolyticachallenge has been reported (Burciaga-Robles et al.,

2009). Briefly, BVDV antibody production was increased across time for stqmysexk
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for 72 h to steers Pl with BVDV compared with non-exposed animals, and whalé. cell
haemolyticaantibody concentrations were greater and increased over time in steers
challenged witiM. haemolytica Rectal temperature increased over time in BVD and
MH steers, but the extent and time of the increase depended on the pathogen involved in
the challenge. We observed changes in total and differential white blood cell count
(WBC), cytokine concentrations, and blood gases consistent with an immune challenge i
feedlot cattle (Burciaga-Robles et al., 2009).

In previous experiments, the number of antimicrobial treatments required for
BRD has been associated with decreased performance during the feedlot pindiser(G
et al., 1999; Roeber et al., 2001). Roeber et al. (2001) showed that calves that required
two or more antimicrobial treatments for BRD had lower ADG during the5&<l on
feed than calves that did not require an antimicrobial treatment, but then®was
difference between animals that required one antimicrobial treatmmaced with
animals that did not require an antimicrobial treatment. This might suggestltres c
receiving a single antimicrobial treatment were misdiagnosed oseliatity or number
of times a BRD event occurs plays a role in how the disease affects ovdmatperce
of beef cattle. In the present experiment, ADG was decreased from d -3 tee&rsn s
challenged withM. haemolyticaand overall (d -3 to finish) ADG tended to be decreased
due to exposure of BVDV. Our data suggests that the long-term negative effects
associated with BRD might be related to the type and potentially the number of
pathogens involved in the BRD event.

Hesseman (2006) concluded that the incidence of calves Pl with BVDV arriving

at the feedlot is approximately 0.3% of total cattle, and that Pl and acutelyethtattle
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are the main sources of transmission of this disease to susceptible anima¢veklthve
negative effects that Pl calves have on health and performance has beeh debate
O’Connor et al. (2005) reported that in a population of 5,041 calves (40 pens), the
presence of a Pl calf had no negative effects on overall health of cattle imghelipe
contrast, Loneragan et al. (2005) attributed an increased risk of developintpBRD
animals Pl with BVDV present in pens of feedlot cattle. Stevens et al. (2)fjed

that the presence of PI calves in a pen increased morbidity (18.8 vs. 29.6%) compared
with non-exposed cattle. In addition, these authors evaluated the epidemiologieal ¢

of BRD when a PI calf was present in a pen, and reported a twofold increase (15.3 vs.
31.7%) in the number of animals requiring an antimicrobial treatment duringgsheé @r

on feed. Booker et al. (2008a) evaluated the effects of the presence of a Phadima

also the type of BVDV involved on health and performance of non-exposed cattle. They
concluded that the presence of a PI BVDV type 1 animal in a pen resulted in areihcreas
number of BRD treatments and mortalities compared with non-exposed pens, but a Pl
BVDV type 2 animal had no negative effects on health of finishing cattle. Elam e
(2008) reported that short-term (60 d) or long-term (215 d) exposure to calves Pl with
BVDV did not affect DMI or final BW at the end of the finishing period; however, they
did observe a tendency for decreased ADG during the first 28 d in exposed cattle, which
they attributed to the cost of developing immunity to the wild type strain of BViS.
important to mention that in the study conducted by Elam et al. (2008), all animals had
been vaccinated at least twice against BVDV before entering the fesutiioat the time

of entry to the feedlot received a metaphylactic antimicrobial treatreéating the

possibility of sickness not only to BVDV, but alsoMb haemolyticaand other
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microorganisms associated with BRD. In the present experiment, animpakedxo
steers Pl with BVDV tended to have lower ADG than non-exposed steers across the
entire finishing period. Our results suggest that short-term exposurersoRkteath
BVDV type 1b can have long-term effects on animal performance.

Olchowy et al. (2000) and Corrigan et al. (2007) have reported effelets of
haemolytican challenge studies on animal performance, although the length of their
experiments was relatively short (16 d and 136 h, respectively). In addition, @athei
al. (2003, 2005) reported the effects of an aerosolized challenge with BVDV with or
without a subsequeM. haemolyticachallenge. In these studies authors characterized
the production of acute phase proteins (Ganheim et al., 2003) and changes in white blood
cell counts (Ganheim et al., 2005) due to the bacterial and/or viral challenges, and the
length of the experiments were only 23 d. To our knowledge, no long-term effects of
acuteM. haemolyticachallenge on performance and carcass characteristics in cattle have
been reported. Olchowy et al. (2000) reported decreased ADG of calMengédlwith
M. haemolyticavhich did not receive an antimicrobial treatment. These results are in
agreement with results from the present experiment, in which steers chéeitty®!.
haemolyticéhad lower ADG compared with control steers. However, in the present
study the duration of the decreased ADG du@ tthaemolyticdasted for only 4 d after
the M. haemolyticachallenge. The discrepancy in results might be explained by the
difference in age (3 mo vs. 8 mo), breed (Holstein vs. Angus cross) and/or BW (76 vs.
314 kg) of calves used by Olchowy et al. (2000) compared with the present experiment

Pro-inflammatory cytokines secreted by activated cells of the immutensys

have been reported to decrease feed intake (Johnson, 1997). In the present experiment,

93



there was a tendency for decreased DMI during days -3 to 4 for steeesxpatsure to
steers Pl with BVDV. In addition, steers exposed to calves Pl with BVDV and
challenged witiM. haemolyticaended to have lower DMI than steers on the remaining
treatments from d -3 to 4 and from d -3 to finish. According to Hutchenson and Cole
(1986), when expressed as a percentage of BW, DMI may be decreased from 1.55 to
0.90% during the first wk after arrival to the feedlot and that depression in DMAsa
up to 28 d post arrival. In our study, exposure to steers Pl with BVDV decreased DMI as
a % of BW during the first 7 d of the experiment compared with animals not exposed to
BVD (1.67 vs. 1.99%).

In the present experiment, steers that were either exposed to animéls Pl wi
BVDV or challenged witiM. haemolyticehad a negative G:F during d -3 to 4. This
might suggest that energy and protein intake during this period was utilized for neetabol
priorities other than growth (e.g., in support of the immune response). Haptoglobin
synthesis by the liver and the anorexia cascade are stimulated byealctiels of the
immune system. Klasing (1998) demonstrated a switch in amino acid utilization from
growth to production of acute phase proteins following an immune challenge in chicks.
The synthesis of acute proteins by the liver in response to an immune chatialtje ¢
change the amino acid requirements as well as energy required formraaggen
support of the acute phase response. In the absence of stress or infections, alhimals wi
assimilate nutrients into tissues according to their genetic potemti@cording to age
and stage of production (Klassing et al, 1987; Elsasser, 1993). However, during
infection, there is an increase in protein turnover (Jepson et al., 1986) due to anorexia

induced by cytokine production in response to the pathogen (Klassing, 1998b; Johnson,
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1997), increased amino acid requirements for acute phase protein synthesisvay the li
(Reeds and Jahoor, 2001), and increased mobilization of protein stores from muscle
either by decreased synthesis or increased catabolism (Ling et al, 198@ngrenergy
precursors for gluconeogenesis or amino acids for protein synthesis bxeti&spat et

al., 1994). As aresult of these changes in protein metabolism and or turnover, animals
can experience a negative N balance (Ling et al., 1997) reflected imsiEtigrowth (Le
Floc’h et al., 2004). Although the most recent edition of the NRC for Beef Cattle (1996)
reports that there are no differences in protein requirements in stressed-gtressed
calves, recent evidence suggests that different stressors (and diseastatdhe
metabolism of dietary protein that could lead to increased protein requirements and
increased requirements for specific amino acids (Gilliam et al., 2008; Wagjcaler

2008). Cole et al. (1986) conducted a series of experiments to evaluate N metabolism i
calves challenged with either bovine adenovirus-3 (PI-3) or infectious bovine
rhinotracheitis (IBR). Cole et al. (1986) reported that during the first 7 d afteulation

with IBR, calves that developed a febrile response had lower N digestion and Nebalanc
that non-febrile calves that were also challenged. In the presentregptnve

measured N balance during the acute phase and long-term effects iclsernged

with two of the most common pathogens isolated in BRD cases. Our results indicate
decreased N digestibility during the wk of the challenge for calves expp8MXV. In
addition, N retained tended to be decreased by exposure to steers Pl with BVl duri
the wk of exposure and was decreased prior to harvest. Prior to harvest, N retained (g/d)

tended to be lower for steers exposed to steers Pl with BVDV and challerigéd. wi
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haemolytica Our results suggest that acute exposure to BRD pathogens has the potential
to have long-term effects on N retained.

Recently, Gilliam et al. (2008) reported N balance of steers with or without
supplementation of branched-chain amino acids following (d 2 to 7) a bacterial
lipopolysaccharidel(PS) intravenous challenge. In their study, there was a lower N
retention by steers when LPS was administered, and these differeneaduedo lower
N intake and increased urinary N excretion. In our experiment, total urinaryrétierc
tended to be greater for animals in the MH group during the first 4 dpdstemolytica
challenge. Our results duekb haemolyticachallenge are also in agreement with
Waggoner et al. (2008) where animals were challenged with LPS, and Cole et al. (1986)
who challenged with IBR virus. Cole et al. (1986) reported that in animals dedlen
with IBR, only animals that developed a rectal temperature of 2G%ad increased
urinary N excretion for the first 3 d after IBR challenge. Consistent with €ddl.

(1986), rectal temperatures were greater for steers challengelll Widemolyticdrom 2
to 24 h, reaching a maximum of 4356 h after thévl. haemolyticachallenge (Burciaga-
Robles et al., 2009). During the subsequent wk (d 7 to 11) results were reversed
suggesting a potential compensatory mechanism for urinary N output.

Gilliam et al. (2008) reported a decrease in DMI and fecal N output during the
first 6 d after LPS challenge. Our results are in agreement withr#iaal. (2008)M.
haemolyticachallenge decreased fecal N output but had no effect on DM digestibility.
However, exposure to steers Pl with BVDV decreased apparent DM and N diigyestibi
during the wk of exposure in the present experiment. In addition to being associhted wi

BRD, BVDV can also affect other organs in the body, including the digestite trac
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(Radostits et al., 2007). For longer-term effects (>7 d) of either LPSa(Giét al.,
2008) or MH and BVD effects on N retention, no previous reports were found in the
literature.

Although our results suggest long-term effects of BVD type 1b on N retention and
performance, exposure to steers Pl with BVDV and challengeMvittaemolyticadid
not affect carcass characteristics in the present experiment. RbabgP@01) reported
that animals requiring only one antimicrobial treatment (exhibitingaairsigns of BRD
only once) during the finishing period had decreased performance during the first 56 d on
feed, but compensated after that period of time and no differences in carcagsicralit
detected compared with animals that required at least two antimicreahents for the
disease. In the present experiment, our challenge model was admirosigredce, and
carcass quality was not affected. However, differences in carcasaredatifficult to
detect with small numbers of animals.

Although reports in the literature exist showing effects that anabolic itsplan
(Hutcheson et al., 1997), postruminal carbohydrate load (McLeod et al., 2007), different
winter grazing strategies (Hersom et al., 2004), protein levels (Baldwin 20@0), and
mineral content of the diet (Soto-Navarro et al., 2004) have on visceral organ mass, to our
knowledge this is the first attempt made to characterize the long-terrts effdsvVDV
andM. haemolyticaon the mass of splanchnic tissues. Hersom et al. (2004) observed
differences in several components of the GIT due to different grazinggsésduring
the growing phase. In addition, Sainz and Bentley (1997) reported differencesenalis
organ mass attributed to the utilization of different levels of concentrate gefora

diets. In the present study, no differences in splanchnic organ massetested
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suggesting organ mass may be more influenced by diet than disease. Gaidner et a
(1999) and Thompson et al. (2007) reported a decreased HCW in animals affected by
BRD. In our experiment, although HCW was not affected by the experimental
treatments, when HCW was expressed as a percentage ofMEBWemolytica
decreased and. haemolyticglus exposure to steers Pl with BVDV tended to decrease
the proportion of carcass and increase the proportion of total offal relative to EBW,
suggesting BRD pathogens might result in nutrient partitioning towardsdiole-e
tissues.
Conclusion

In the present experiment, we observed decreased performance durings the fi
of the experiment due td. haemolyicachallenge, and a tendency for decreased
performance across the entire feeding period in animals exposed for 72drsdP$teith
BVDV. In addition, we observed decreased N retention across the feeding period in
steers exposed to BVDV and challenged Withhaemolyica Our results suggest that
acute exposure to pathogens associated with BRD can have long-term effects on

performance of feedlot cattle.
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Table 1. Composition of diets (DM basis)

w Adaptation diets
Ingredient, % of diet Diet Diet Diet Finisher
e 1 2 3
Corn dent 46.6 55.1 63.1 69.9
SDried corn distillers 9.0 115 14.0 15.7
grain
t Alfalfa hay 40.0 28.0 16.0 6.00
Synergy 19-14 1.00 2.00 3.50 5.00
WA heat midds 1.12 1.12 1.12 1.12
Limestone, 38% 1.27 1.27 1.27 1.22
aDicalcium phosphate 0.25 0.25 0.25 0.25
Salt 0.33 0.33 0.33 0.33
YManganous oxide 0.003 0.003 0.003 0.003
Zinc sulfate 0.020 0.020 0.020 0.004
Potassium chloride 0.260 0.260 0.260 0.260
Magnesium oxide 0.110 0.110 0.110 0.110
Fvitamin A-3,000 0.003 0.003 0.003 0.003
Vitamin E-50% 0.002 0.002 0.002 0.002
eRumensin 89 0.018 0.018 0.018 0.018
Tylan 4G 0.010 0.010 0.010 0.010
e
Nutrient, % DM
dbasis
DM, % 89.3 88.6 87.7 86.9
NEq, Mcal/kg 1.79 1.85 2.05 2.16
NEg, Mcal/kg 1.12 1.22 1.33 1.42
MNDF, % 26.5 23.0 19.4 16.3
Crude fat, % 3.89 4.52 5.25 5.88
I'Crude protein, % 14.8 14.4 14.2 14.0
Ca, % 1.05 1.02 0.85 0.70
OP, % 0.38 0.39 0.41 0.43
K, % 1.10 1.07 0.91 0.67
d

ucts, New Orleans, LA.

’Elanco Animal Health, Indianapolis, IN.

3All values are from laboratory analyses and are presented on a 100% DMekesis (

DM).
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Table 2. Effects of short term Pl BVDV exposure antohaemolyticantractradieal challenge on pe
period in beef steers.

No BVD BVD
ltem No MH MH No MH MH SEM BVD
BW, kg
d-3 303 307 307 305 20.8 0.8¢
d4 313 302 307 302 26.8 0.7:
d 14 316 312 314 305 28.4 0.6:
d 28 349 346 346 344 28.9 0.8:
d 56 408 407 410 401 34.8 0.8
d 84 474 470 466 461 39.6 0.5:
Finaf* 527 528 527 511 16.8 0.473
ADG, kg
d-3to4 1.41 -0.61 -0.01 -0.34 0.97 0.3
d5to 14 0.33 0.96 0.60 0.31 0.33 0.5
d 15 to 28 2.36 2.39 2.29 2.79 0.40 0.6
d 28 to 56 2.10 2.17 2.31 2.00 0.26 0.8
d 56 to 84 2.31 2.25 1.99 2.15 0.23 0.7
d 84 to finish 1.42 1.60 1.67 1.38 0.43 0.9
d -3 to finish 1.84 1.82 1.74 1.64 0.08 0.0¢
DMI, kg/d
d-3to4 5.78 6.46 5.73 4.77 1.26 0.0
d5to 14 6.31 6.84 7.60 6.44 1.02 0.4
d 15 to 28 8.30 8.49 9.20 8.38 0.84 0.E
d 28 to 56 9.27 9.52 9.98 9.45 1.07 0.5
d 56 to 84 10.0 10.4 10.5 9.63 0.82 0.7
d 84 to finish 10.8 10.7 11.2 9.64 0.51 0.5
d -3 to finish 9.25 9.66 9.90 8.85 0.72 0.8¢
DMI, %BW
d-3to4 1.87 2.12 1.83 1.52 0.28 0.0
d5to 14 1.94 2.16 2.23 1.92 0.17 0.8
d 15 to 28 2.57 2.66 2.86 2.66 0.15 0.7
d 28 to 56 2.44 2.52 2.64 2.52 0.12 0.4
d 56 to 84 2.28 2.37 2.40 2.23 0.10 0.¢
d 84 to finish 2.18 2.16 2.28 1.99 0.09 0.6
d -3 to finish 2.45 2.58 2.64 2.40 0.10 0.97
Gain:Feed, kg/kg
d-3to4 0.243 -0.009 -0.001 -0.071 0.022 0.(
d5to 14 0.052 0.140 0.078 0.048 0.052 0.:
d 15 to 28 0.284 0.281 0.248 0.332 0.044 0.
d 28 to 56 0.227 0.231 0.235 0.216 0.017 A
d 56 to 84 0.229 0.217 0.188 0.223 0.016 0.
d 84 to finish 0.135 0.151 0.149 0.142 0.044 0.
d -3 to finish 0.201 0.190 0.176 0.187 0.013 0.0

'Average days on feed for light block were 126 and 112 for heavy block.
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Table 3. Effects of short term Pl BVDV exposure antdohaemolyticantractracheal
challenge on DMI, DM digestibility, nitrogen digestibility, and total rgeea retained in
beef steers

No BVD BVD P — value
ltem No MH No MH SEM BVD MH BVD*MH
MH MH
Wk 1 (d1to4)
DMI, kg 7.05 6.60 6.70 522 157 0.12 0.09 0.35
Fecal DM 1.60 1.41 1.88 1.36 0.22 0.49 0.04 0.35

output, kg

Apparent DM

digestibility, 76.6 78.2 711 706 4.27 0.004 0.79 0.60
%

N intake, g 166 155 157 122 36.9 0.12 0.09 0.35
Fecal N 25.3 23.3 28.9 199 286 093 0.04 0.18
output, g

Apparent N

digestibility, 84.3 84.7 808 816 328 0.01 0.64 0.87

%

Urine N 63.7 75.5 63.1 70.3 899 059 0.09 0.68
output, g

Total N 83.0 98.7 89.1 90.3 9.78 044 0.32 0.44
output, g

N retained, g 76.9 56.5 57.9 32.6 28.5 0.11 0.09 0.85
N retained, % 45.4 34.5 40.9 5.75 16.5 0.07 0.01 0.18
NI

Wk 2 (d 7 to

11)

DMI, kg 6.49 6.91 8.03 6.67 122 025 041 0.12
Fecal DM 165 161 1.99 144 036 0.66 0.15 0.21
output, kg

Apparent DM
digestibility, 73.9 76.0 754 79.1 276 041 0.30 0.76
%

N intake, g 145 154 180 149 274 025 041 0.12
Fecal N 27.2 27.4 30.3 251 719 093 0.53 0.50
output, g

Apparent N

digestibility, 80.8 81.8 836 84.0 240 0.30 0.79 0.89

%

Urine N 60.2 58.4 75.6 579 105 0.09 0.03 0.07
output, g

Total N 81.7 86.8 101 83.0 19.7 0.27 0.36 0.11
output, g
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N retained, g
N retained, %
of NI
WKk 4 (d 28 to
32)
DMI, kg
Fecal DM
output, kg
Apparent DM
digestibility,
%
N intake, g
Fecal N
output, g
Apparent N
digestibility,
%
Urine N
output, g
Total N
output, g
N retained, g
N retained, %
of NI
Pre-harvest
DMI, kg
Fecal DM
output, kg
Apparent DM
digestibility,
%
N intake, g
Fecal N
output, g
Apparent N
digestibility,
%
Urine N
output, g
Total N
output, g
N retained, g
N retained, %
of NI

51.7
38.8

8.47
1.52
81.6
189
33.5
81.7
90.8
124
65.3

33.3

9.5F
131
85.8
213
35.3
82.7
102
137

76.6
33.5

59.5

38.8

8.48

1.34

83.8

190

33.3

81.9

105

127

62.3

30.4

11.0°
1.41
87.1
246
34.8
83.0
101
136

109
45.0

78.0
43.7

8.98
1.58
82.2
201
36.2
81.3
94.4
141
59.5

27.5

10.3
1.45
86.2
232
39.9
82.9
131
171

72.6
30.3

66.5
42.6

8.69
131
85.0
194
33
83.0
83.4
116
78.1

39.9

9.08
1.24
86.2
203
37.7
81.3
110
147

65.0
31.3

16.9
3.63

0.73

0.36

3.48

16.3

6.58

2.99

18.0

23.4

19.1

10.0

0.64

0.19

2.21

14.4

7.9

4.07

23.4

29.5

32.8
13.4

0.16 0.87
0.22 0.87
0.61 0.84
094 0.20

0.65 0.24

0.61 0.84

0.79 0.71
0.88 0.70

0.77 0.16

0.70 0.18

0.75 0.63

0.76  0.45
0.38 0.88
092 0.77
0.88 0.65
0.38 0.88
0.44 0.78
0.19 0.61
0.14 0.39
0.11 0.38

0.05 0.29

0.09 0.21

0.40
0.87

0.82

0.80
0.88

0.82

0.74
0.77

0.06

0.08

0.50

0.23

0.02

0.40

0.67

0.02

0.85

0.15

0.42

0.42

0.10
0.29

aQ\ithin a row means with different superscripts are different 0.05).
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Table 4. Effects of short-term PlI BVDV exposure an#ilohaemolyticantractracheal
challenge on carcass characteristics of finishing steers

No BVD BVD P-value
ltem No MH No MH SEM BvVD MH BVD*MH
MH MH

HCW, kg 330 329 328 317 8.08 0.37 0.40 0.49
Dress, % 629 625 626 625 1.08 0.78 0.59 0.78
LM area, cmi 13.3 127 130 126 082 057 0.21 0.82
12th-rib fat, cm 051 055 053 050 003 067 091 0.29
KPH, % 191 208 225 191 020 0.68 0.68 0.23
Marbling score 403 440 495 420 55.7 0.36 0.62 0.16
Preliminaryyield 293 325 296 3.06 0.12 056 0.11 0.40
grade

Calculated yield 2.63 298 283 273 027 085 041 0.16

grade
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Table 5. Effects of short-term Pl BVDV exposure antilohaemolyticantratracheal
challenge on organ mass of beef steers

No BVD BVD P-value
ltem No MH No MH SEM BVD MH BVD*MH
MH MH

Empty body weight 470 478 472 458 109 0.38 0.76  0.26
(EBW), kg

HCW, kg 330 329 328 317 8.08 0.37 0.40 0.49
HCW, % of EBW 70.1 684 693 691 037 087 0.02 0.09
Total offal, kg 146 151° 145 142 390 0.45 0.29 0.05
Total offal, % of 299 316 30.7 309 037 0.87 0.02 0.09
EBW

Blood, kg 148 189 153 16.3 127 044 0.06 0.26
Blood, % of EBW 313 395 323 355 029 059 0.05 0.64
Head, kg 156 163 154 151 039 0.06 0.63 0.21
Head, % of EBW 333 340 325 329 006 0.18 0.40 0.82
Hide, kg 399 409 399 385 093 022 0.84 0.19
Hide, % of EBW 847 852 843 841 0.17 066 0.93 0.82

Feet, legs, and tail, kg 12.3 13.0 11.7 119 0.30 0.009 0.17 0.44
Feet, legs, and tail, % 2.62 2.72 247 259 0.09 0.03 0.08 0.85
of EBW

Esophagus, kg 032 035 033 036 0.02 0.72 0.32 0.87
Esophagus, % of 0.06 0.07 0.07r 0.07 0.005 0.63 0.30 0.77
EBW

Reticulo-rumen, kg 103 110 110 117 0.79 0.27 0.29 0.95
Reticulo-rumen, % of 2.19 229 233 257 0.15 0.19 0.27 0.64
EBW

Omasum, kg 337 310 330 272 034 052 0.23 0.65
Omasum, % of EBW 0.71 0.64 0.69 058 0.06 055 0.21 0.80
Abomasum, kg 142 133 134 145 0.08 0.82 0.89 0.26

Abomasum, % of 030 0.27 028 031 001 064 0.82 0.12
EBW

Small intestine, kg 505 497 491 465 030 045 0.57 0.76
Small intestine, % of 1.07 1.03 1.03 1.00 0.05 0.56 0.56 0.96
EBW

Cecum/large 502 516 510 456 042 054 0.64 0.43
intestine, kg
Cecum/large 1.06 107 107 098 0.08 0.67 0.64 0.52

intestine, % of EBW

Mesenteric/lomental 16.7 16.8 18.3 16.2 1.00 058 0.32 0.29
fat, kg

Mesenteric/lomental 3.54 351 387 352 019 039 0.34 0.43
fat, % of EBW

Pancreas, kg 051 056 052 051 007 0.74 0.64 0.57
Pancreas, % of EBW 0.10 0.11 0.11 0.11 o0.01 0.92 0.56 0.76
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Spleen, kg 094 118 113 123 0.12 036 0.21 0.58
Spleen, % of EBW 020 024 023 026 0.02 0.29 0.17 0.68

Liver, kg 6.74 6.65 6.64 6.47 0.27 057 0.60 0.89
Liver, % of EBW 143 138 140 140 0.04 0.89 0.61 0.54
Lungs/heart, kg 823 8,09 801 830 032 099 0.80 0.52

Lungs/heart, % of 1.74 168 169 180 0.05 0.56 0.61 0.13
EBW

Kidneys, kg 162 209 190 142 045 047 0.97 0.10
Kidneys, % of EBW 037 043 044 033 0.09 0.74 0.69 0.18

2Q\ithin a row means with different superscripts are differert 0.05).
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CHAPTER V

EFFECTSOF SHORT-TERM FOOD DEPRIVATION AND INTRATRACHEAL

CHALLENGE WITH MANNHEIMIA HEMOLYTICA ON BLOOD FLOW AND

NET PORTAL AND HEPATIC FLUX OF AMINO ACIDSDURING AN ACUTE

PHASE IMMUNE RESPONSE IN THE BOVINE

Abstract
Respiratory disease is the most common disease in bovine. During an immune response,
cytokines induce protein catabolism and amino acids (AA) are used for the acée pha
response. Our objective was to evaluate blood flow and net splanchnic flux of AA during
a bovine respiratory disease (BRD) challenge. Twenty two castrated wigth chronic
indwelling catheters were used. Treatments included: Jgdddbitumand not
challenged (FED/CON); 2) feat libitumand intratracheally challenged with 6 X 10
CFU/mL of Mannheimiahemolytica(FED/CH); 3) deprived of feed for 14 h and not
challenged (FAST/CON); and 4) deprived of feed for 14 h and intratrachealigndje
with 6 x 10 CFU/mL of M. hemolytica FAST/CH). Arterial, portal, and hepatic blood
samples were simultaneously drawn at 1.5 h intervals on the d of challenge. By desig
FAST had lower intake than FED, and FED/CH had lower intake than FED/CON (diet x
diseaseP = 0.003). Tumor necrosis factarand interleukin-f increased across time and
were greater for CH than CON (disease R k,0.0002). Arterial concentrations of

BCAA, essential AA (EAA), and total AA (TAA) were decreas€d<(0.03) in CH
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compared with CON. Feed deprivation decreafed @.04) net flux of EAA, non-EAA,
and TAA across the PDV. Net removal of EAA, non-EAA, and TAA by the liver was
greater P <0.02) for CH compared with CON. BRD results in greater removal of AA by

the liver during an acute phase response.
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I ntroduction

Bovine respiratory disease (BRDyvolves the complex interaction between stress,
bacteria, viruses, and the environment (1). Economic losses have been assotiated wit
direct costs due to BRD treatment, but also due to indirect costs assoctated wi
decreased animal growth (2,3). During the acute phase of bacterial infecti@asbel
growth rates have been observed in chicks (4), pigs (5) and cattle (6). Decreaghd g
rates can be attributed to activation of the immune system with an assoc@taseen
intake (6,7) and increase in cytokine concentration (8), which can redirect nusgent
away from growth towards mounting an adequate immune response (9,10). Immune
response may result in increased nutrient requirements for animals inféttedwent
pathogens, which results in decreased animal growth compared with animalsatedinfe
(11).

Differences in plasma amino acid (AA) composition due to lipopolysacch&f) (
challenge in the castrated male bovine (i.e., steers) have been reportedr{tBpegh
the magnitude of the response to an LPS challenge has been suggested to berof small
duration and magnitude compared to a true pathogen infection (11). During the acute
phase response to a pathogen, animals produce significant amounts of nitrogenous
compounds (e.g., acute phase proteins, antibodies, cytokines) and develop specific
immune cells that can redirect nutrients in support of the immune response (10,11). In
addition to the induced anorexia, hyperthermia, and increased acute phase protein
synthesis by the liver, cytokines induce muscle protein catabolism and AA driduse
gluoconeogenesis and immune cell proliferation (13). However, little is known about

how net flux of AA and other nutrients by the portal-drained viscera (PDV) and liver
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might be altered due to inflammation and immune response. Better knowledge of net
nutrient flux and requirements during an immune challenge could help in the
development of feeding and management strategies to preserve both body growth and
defenses in stressed animals. The objective of this experiment was to debdomihe

flow, oxygen consumption, and net flux of AA across the PDV and liver in the bovine fed
or deprived of feed for 14 h prior to an intratracheal challengeMattmheimia

hemolytica
Materials and M ethods

Animals All procedures were approved by the Oklahoma State University Institutiona
Animal Care and Use Committee. Twenty two castrated male calveal (oaitly weight

= 320 % 24 kg) were equipped with chronic indwelling catheters to measure blood flow
and net nutrient flux across the PDV and liver. Catheters were surgicakyl prathe

portal vein, a hepatic vein, a mesenteric vein, and an adjacent mesenteri¢ldjtery
Catheter patency was maintained by filling catheters with a 1,000 U/patihized-

saline solution prior to the start of the experiment and with a 100 U/mL heparinized-
saline solution between sampling periods. Animals were allowed a minimum of 14 d to
recover from surgery before beginning the initial collection period. Animais we
individually housed at the Oklahoma State University Nutrition PhysiologyaRgse
Center, Stillwater.

Treatments Prior to the experiment, all animals were determined to be sero-negative to
M. haemolyticaand were considered clinically healthy. Animals were randomly
allocated to 1 of 4 treatments arranged as a 2 x 2 factored lijitumfeeding and not

challenged witiM. haemolytica(FED/CON); 2)ad libitumfeeding and intratracheally
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challenged witiM. haemolytica(FED/CH); 3) 14-h feed deprivation and not challenged
(FAST/CON); 4) 14-h feed deprivation and intratracheally challengedMuvith
haemolytica(FAST/CH). Six animals/treatment were used for the experiment. To
facilitate intensive blood collections, sampling occurred during two samplimagpe
spaced 18 d apart. Two animals from the FED/CON group in the first sampling period
were randomly allocated to treatment in the second period. Feed deprivation for the
FAST groups occurred beginning 14 h (feed removed at 1700 on d 0) prior to the
challenge withM. haemolyticg0700 on d 1) and continued throughout the sampling
period. Animals were challenged with haemolyticausing the same protocol as
described (8). Briefly, animals challenged wMhhaemolyticaeceived 10 mL of a
solution containing 6 x OCFU of M. haemolyticaserotype 1, which was reconstituted
and grown prior to the challenge (15). Animals not challengedMitaemolyticavere
intratracheally dosed with 10 mL of a sterile phosphate-buffered saline solutiontoP
the start of the experiment (14-d diet adaptation period for FED and FAST) angl durin
the sampling period (FED), animals received a pelleted diet formulated tonmeeeed
their nutritional requirements (16; Table 1). During periods of feeding, animedede
twice daily at 0800 and 1700 throughout the experiment.

Sample CollectionCalves were placed in metabolism stanchions in a climate-controlled
room (23 to 27°C) 24 h before the initiation of the blood collection period. Rectal
temperatures were recorded using a digital thermometer (GLA M-500; G@icigustural
Electronics, San Luis Obispo, CA) priorkth haemolyticachallenge and at 3, 6, 12, 18,
and 24 h after the bacterial challenge. At 0600 on the mornikig lshemolytica

challenge and blood sampling, a priming dose of 20 mL of 10% (wt/vol) para-
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aminohippurate (pH = 7.4) was administered through a 0.45 pm sterile filtapvéll
Bedford, MA) into the mesenteric vein catheter. Para-aminohippurate wasuosiy
infused (PHD 2000 Syringe pump; Harvard Apparatus Inc., Holliston, MA) at 0.7
mL/min for 10 h following the priming dose. Blood was collected 1 h prior tdthe
haemolyticachallenge (0700), and continued every 1.5 h from 0830 until 1600 (total of 7
samples). At every sampling time, 30 mL of blood were simultaneously drawn from the
portal vein, hepatic vein, and mesenteric artery catheters into syringespadadvals

placed into tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, WBdora

and serum harvest. Blood samples were immediately capped and placed on ice for
transport to the laboratory. Immediately after collection, 90 uL ofiakteortal and

hepatic whole blood samples were analyzed for blood gasses using a blood gas analyze
(1304 pH/Blood Gas Analyzer, Instrumentation Laboratory, Lexington, MA). An
additional 40 pL of whole blood was used to determine packed cell volume. Remaining
blood was centrifuged (3,000gx 4°C, 20 min) and plasma and serum harvested and
frozen (—40°C) for further analysis.

Cytokines Arterial serum samples collected at -0.5, 1.0, 2.5, 4.0, 5.5, 7.0, 8.5, and 24 h
of theM. haemolyticachallenge were analyzed in duplicate for bovine specific tumor
necrosis factor-alpha (TNER&D Minneapolis, MN), interleukin-1 beta (ILB1 Pierce
Protein Research Products, Thermo Fischer Scientific, Rockford, IL) anieukia-6

(IL-6; Pierce Protein Research Products, Thermo Fischer Sciensifpreaiously

described (8). The inter-assay coefficient of variation was below 10% andadephith

a coefficient of variation greater than 7.5% were re-analyzed.

Serum Haptoglobin Haptoglobin concentrations in arterial, portal and hepatic serum
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samples collected at -0.5, 1.0, 2.5, 4.0, 5.5, 7.0, 8.5, and 24 hMf Hamolytica
challenge were analyzed in duplicate using a Bovine Haptoglobin ELISA kit
(Immunology Consultants Lab, Portland OR) as previously described (8). Theamdra
inter-assay coefficients of variation were below 7.5%.

Plasma Metabolites and Para-Aminohippurate Determinatiofgerial, portal, and
hepatic plasma samples collected at -0.5, 1.0, 2.5, 4.0, 5.5, 7.0, and 8.5 klof the
haemolyticachallenge were analyzed for para-aminohippurate and metabolite
concentrations. Plasma para-aminohippurate concentrations were determined
colorimetrically (17). Commercially available kits were used for tileronetric
determination of plasma urea nitrogen (Urea Nitrogen Reagent, TecooSiey
Anaheim, CA), ammonia (Ammonia Reagent Set, Pointe Scientific) and totahprote
(arterial blood samples only; Total Protein [Biuret] Reagent Set, Poirgatiic)
concentrations. Microplates (Beckman Coulter, Fullerton, CA) were used for all
analyses, and absorbance was measured according to manufacturer recormnsciodati
each metabolite using a plate reader (Multiskan Spectrum; Thermo faci&dtltham,
MA). Intra- and inter-assay coefficients of variation for each metahwéte kept below
5 and 7.5%, respectively.

Free plasma AA were determined via GLC using a commercially bieak#
(EZ:FAAST #KGO-7165; Phenomenex, Torrance, CA). The kit supplied all necessary
reagents for solid phase extraction and derivatization as described (12ly, Boi@ L
of plasma were derivatized following the manufacturer’s procedures arehtead\fter
a 2 min incubation period, the organic layer was aspirated from the aqueous layer and a

aliquot was placed into a glass scintillation vial and analyzed for AA on a gas
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chromatograph (Varian CP-3800, Varian, Walnut Creek, CA) using a split anjecti
protocol (2 pL of sample at 250°C) with helium (1.5 mL/min) as the carrier gas. Intra-
and inter-assay coefficients of variation for amino acid determinationless¢han 15%.
Blood Flow and Net Nutrient Flux Calculatian€alculations for blood oxygen
concentrations and plasma flows through the portal and hepatic vein and net flux of
nutrients across the PDV, hepatic, and total splanchnic vascular beds welistexdlas
previously described (18,19). A positive net flux indicates a release or absorion of
nutrient, whereas a negative net flux represents uptake or utilization. All anue
sampled for each treatment during the experiment (n = 6). However, hepaticssample
were not collected from 1 animal in the FED/CON and 1 animal in the FAST/CH
treatment groups, and individual samples were periodically missed due to latisedéic
patency. Therefore, PDV plus hepatic flux does not always equal total splanchnic flux
The hepatic extraction ratio (HER) was calculated using the formuld: #{E,(Cpy —

Chv) + R (Ca— Gw))/FoCpv + RCy, Where Fis the portal plasma flow (L/h), & Gy

and C, are the portal and hepatic vein, and arterial plasma concentrations of the
metabolite, and Hs the hepatic arterial plasma flow (20).

Aromatic AA were calculated as the sum of tyrosine, tryptophan and
phenylalanine; BCAA as the sum of leucine, isoleucine and valine; gluconeogeiais AA
the sum of alanine, glycine, glutamine, glutamic acid, serine, and threonioe; sul
containing AA as the sum of cysteine and methionine; essential AA (EAA) asrthef
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,

and valine; non-essential AA (NEAA) as the sum of alanine, asparagindjaapal,
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cysteine, glutamine, glutamic acid, glycine, hydroxyproline, prolieens, and tyrosine;
and total AA as the sum of all amino acids reported.

Statistical Analysis

Initial body weight and dry matter intake were analyzed using the Mixe@dRrce

(SAS, version 9.1; SAS Institute) with animal as the experimental unit. Fifesdsef
included diet, disease and diet x disease; period was included as a random tféect
model. Blood flow, rectal temperature, cytokine, haptoglobin and metabolite data were
analyzed with a repeated measures analysis using a first ordegaessive covariance
structure (SAS, version 9.1; SAS Institute). Animal was the experimentanathe
repeated measure statement was sampling time within animal. Fixed eféee diet,
disease, time, and all possible interactions, and period was included as a random effec
Results are discussed as significam i 0.05 and as a tendencyAf> 0.05 and® <

0.10.

Results

During the adaptation period, DMI expressed as Kg/d 0.21) or as a % of BWP(>

0.13) did not differ among treatments (Table 2). By design, FAST animals had Power (
< 0.0001) DMI than FED animals, and FED/CH animals had lower DMI than FED/CON
animals (diet x diseasB,= 0.003). Rectal temperature was greater for CH than CON
animals at 6, 12, 18, and 24 h post challenge regardless of diet (disedse 8.8001;
Figure 1). Serum haptoglobin concentration responded with a disease x h inteRaction (
< 0.0001; Figure 2). Serum haptoglobin was similar among treatments across the

sampling d, but was greater for CH animals compared with CON animals at 24Mh post
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haemolyticachallenge. Pre-challenge concentrations of TINE-1f3, and IL-6 were not
different P > 0.13) among treatments (Table 2). However, change ofd (disease x
h, P = 0.0002; Figure 3a) and ILBXdisease x H? < 0.0001; Figure 3b) concentrations
across time was greater for CH than CON animals. Interleukin-6 respondeddmgthxa
h interaction P = 0.04; Figure 4). Change of IL-6 concentration was greater at 5.5, 7.0,
and 8.5 h post challenge in FED compared with FAST animals. Change of IL-6
concentration was also greatBr=£ 0.01) for CH compared with CON animals, and the
magnitude of increase was greater for FED compared with FAST ar{olietls disease
interaction,P = 0.04; Table 2).

There were no diet x disease x h interactiéhs 0.10) for arterial concentrations
of metabolites (Table 3). Concentration of oxygen in arterial blood was 18wed 1)
for CH compared with CON animals. Ammonia concentration terféled0(06) to
respond with a diet x disease interaction. Arterial ammonia was lower irfCIFE&Nd
FAST/CON animals than FED/CON and FAST/CH animals. Arterial pdasm
concentrations of urea N, total protein, alanine, asparagine, cysteinegglycin
hydroxyproline, lysine, ornithine, phenylalanine, tryptophan, and glucogenic AA were
not affected > 0.11) by treatment. Arterial concentration of aspartic acid was I&ver (
=0.007) in CH animals compared with CON animals, and terRled)(06) to greater in
FAST than in FED animals. Arterial concentrations of glutanihe (.01) and
glutamic acid P = 0.004) were greater in FAST compared with FED animals. Challenge
with M. haemolyticaended P = 0.07) to decrease arterial concentration of histidine, and
decreased arterial concentrations of isoleudie (.01), leucineR = 0.02), methionine

(P =0.002), prolineR = 0.008), threonine(= 0.05), and valineq = 0.02). In addition,

122



arterial concentration of BCAAP(= 0.01), sulfur-containing AAR = 0.02), EAA P =
0.02), and total AAR = 0.03) were decreased in CH compared with CON animals.
Arterial concentration of serine was increaded(0.03), and concentrations of tyrosine
(P =0.10), aromaticK = 0.09), and NEAAR = 0.10) tended to be increased in FAST
compared with FED animals.

Animals challenged witiM. haemolyticehad greaterR = 0.01) arterial blood flow and
tended P = 0.06) to have greater hepatic blood flow than CON animals (Table 4). In
addition, portal P = 0.08) and hepatid(= 0.09) blood flow tended to be lower in FAST
than FED animals. Oxygen consumption by the PPB¥ Q.03), liver (tendency, =
0.06), and TSTK = 0.01) was lower in FAST compared with FED animals, and PDV
oxygen consumption was increas@d=0.03) in CH compared with CON animals.
There were no effect® (> 0.14) of diet, disease, or diet x disease for net PDV, liver, or
TST flux of ammonia or urea N (Table 4). Net flux of haptoglobin across TST responded
with a diet x disease interactioBd £ 0.05). Net removal of haptoglobin was greater for
FED/CH and FAST/CON animals compared with FED/CON and FAST/CH #&hima
Net release of haptoglobin by liver and TST was observed for FAST/CH laniidet

flux of alanine across the liver responded with a diet x disease interdeto0.01).
Increased removal of alanine by the liver was greater for FED/CHasnthan for
FAST/CH relative to FED/CON and FAST/CON, respectively. Removdekoire by
TST (P < 0.03) and HERR < 0.003) was greater for CH animals than CON animals.
Similar to alanine, increased removal of asparagine by the liver tended &aber gor
FED/CH animals than for FAST/CH relative to their respective contiitds ¥ disease

interaction,P = 0.06). Net TST flux of asparagine acid tended (0.10) to be lower in
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FAST compared with FED animals, and tended: (0.09) to be lower in CH compared
with CON animals. There was a diet x disease interadden(.006) for hepatic
extraction ratio. Hepatic extraction ratio increased when FED aninea¢éschallenged
with M. haemolyticaand decreased when FAST animals were challengedWvith
haemolytica Net PDV releaseP(= 0.08) and liver removaP(= 0.04) of aspartic acid
were lower for FAST compared with FED animals. This resulted in a |[&vei0(01)
HER for aspartic acid in FAST compared with FED animals. Net flux of eysteiross
the PDV was lowerR = 0.01) in FAST compared with FED animals, and was loRer (
0.02) in CH animals compared with CON animals. In addition, there was a net removal
of cysteine by TST for CH animals, and a net release for CON animalagglistectP
=0.01). Net PDV flux of glutamine responded with a diet x disease interaetmon (
0.04). Net PDV flux of glutamine was lower for FED/CH and FAST/CON animals
compared with FED/CON and FAST/CH animals, respectively. In addition, [USDff
glutamine was lower in FAST vs. fed animdfs=0.005), and CH vs. CON animaR® £
0.02). Net PDVPR =0.03) and TSTR = 0.01) flux of glutamate were lower and HER
was greaterR = 0.004) for FAST compared with FED animals. Net PDV relese (
0.02) and liver removaR= 0.002) of glycine were lower in FAST compared with FED
animals. In addition, liver{ = 0.003) and TSTH < 0.0001) removal and HER &

0.05) of glycine were greater for CH compared with CON animals. Fastirepgea
removal of histidine by the PD\P(= 0.01) and TSTH = 0.05). In addition, PDV flux of
hydroxyproline was lower{ = 0.01) in FAST than in FED animals. Challenge with
haemolyticancreased removal of hydroxylproline by the POR/H0.01), liver P =

0.0001), and TSTH = 0.001), and increased the HER=0.004). Net PDV, liver or
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TST flux of isoleucine was not affecteld £ 0.10) by diet or disease. However, HER of
isoleucine was greatelP  0.05) in CH compared with CON animals. Net flux of
leucine across the liver responded with a diet x disease interdeto.05). Net
removal of leucine was greater for FED/CH and FAST/CON animals cechpath
FED/CON and FAST/CH animals. Fasting increased removal of lysitieedyDV P =
0.01) and TSTR = 0.03). In addition, net removal of lysine by the liver=0.02) and
TST (P = 0.004) was greater for CH compared with CON animals. A similar response
was observed for ornithine, except ornithine flux across the liver was not df{cte
0.13) by disease. Net PDV flux of phenylalanine was loRer (.03) in FAST than in
FED animals. The magnitude of difference in removal of phenylalanine by thevage
greater for FED than FAST when animals were challengedvitiaemolyticgdiet x
disease interactiof®, = 0.03). Similarly, there was a greater removal of proline by the
liver for FED than FAST animals when animals were challengedMitiiaemolytica
(diet x disease interactioR,= 0.007). Removal of proline by TSP € 0.006) and HER
(P =0.007) were greater in CH compared with CON animals. Serine and threonine
removal by the liver and removal of threonine by TST was gretei0(05) in CH than
in CON animals. The PDV removed tryptoph&(0.01) and tyrosiné®(= 0.01) in
FAST compared with a net release in FED animals. In addition, net removal of
tryptophan P = 0.003) and tyrosind®(= 0.03) by TST was observed in FAST vs. FED
animals, and greateP (< 0.03) removal occurred in CH than in CON animals. The
increased HER was greater for FED compared with FAST when animasheadlenged
with M. haemolyticgdiet x disease interactioR,= 0.007). Removal of valine by the

liver was increased(= 0.04) in CH compared with CON animals.
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There was a net removal of aromatic AA across the PDV in FAST animafsaoedn

with a net release in FED animals<£ 0.006; Table 4). In addition, removal of aromatic
AA by the liver and TST was greatét € 0.02) for CH than for CON animals. Net liver
removal of aromatic AA was greater at 7.0 and 8.5 Fbs$taemolyticachallenge for CH
vs. CON animals (disease x h interactiBrs; 0.02; Figure 5a). The magnitude of the
increase in HER of aromatic AA was greater for FED than for FAST asiwiadn

animals were challenged wilh. haemolyticgdiet x disease interactioR,= 0.04; Table

4). There was a tendendy € 0.06) for the liver to remove a greater amount of BCAA in
CH compared with CON animals. Net liver removal of BCAA was gredt2r5 posiM.
haemolyticachallenge for CH vs. CON animals (disease x h interadden(.05; Figure
5b). Net PDV flux of glucogenic AA was loweP € 0.03) in FAST than FED animals
(Table 4). In addition, the magnitude of the increase in removal of glucogenic AA by the
liver was greater for FED than for FAST animals when animals weiléenged withM.
haemolyticadiet x disease interactioR,= 0.01). Net liver removal of glucogenic AA
was greater at 2.5, 7.0, and 8.5 pdshaemolyticachallenge for CH vs. CON animals
(disease x h interactioR,= 0.01; Figure 5c). Total splanchnic tissues removed
glucogenic AA in CH animals and released glucogenic AA in CON anifat0(003;
Table 4). Net PDV flux of sulfur containing AA was decreased 0.02) in FAST
compared with FED animals, and was lowr(0.04) in CH compared with CON
animals. Feed deprivation decreaded (0.04) net flux of EAA, NEAA, and total AA
across the PDV and TST. In addition, net removal of EAA, NEAA, and total AA by the
liver and TST was greatelP € 0.02) for CH compared with CON animals. Disease x h

interactions for net liver flux of NEAA, EAA, and total AA are shown in Figure 6a, b,
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and c, respectively.

Discussion

Similar to other animal models, decreased intake can be anticipated for merssd/dt
calves (16,21). Decreased intake can occur for 2 or more wk, and therefore nutrient
intake during this period might be limiting to achieve adequate immune function and/or
maximum growth potential (22). In the present experiment, we deprived aninfiedsl of

for 14 h prior to and during tHd. haemolyticachallenge in order to compare potential
effects of feed deprivation and bacterial challenge on net nutrient fluxMThe
haemolyticachallenge in FED animals decreased intake compared with CON animals, in
agreement with previous data (16,21).

During the acute phase response to a pathogen, cytokines are produced by cells of the
immune system (23). The increase in cytokines has been associated witisetbcre
intake (9), consistent with the present experiment. In addition} ineteased 30-fold

over pre-challenge concentrations in animals challengedvivittaemolytican the

present study, which was associated with increased rectal temperatatrkeést 24 h

postM. haemolyticachallenge. Rectal temperature response in animals challenged with
LPS has responded similarly, but for a shorter duration (12,24). Increased body
temperature during a febrile process in humans and rats has been reportedde increa
metabolic rate by 13% for everjQ increase in body temperature (25). Therefore, the
magnitude and duration of the increase in rectal temperature might impattmaace
requirements in morbid animals due to the increased energy cost for this metabolic
process.

Cytokines induce a shift in the partitioning of dietary nutrients away fresaeiaccretion
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towards support of the immune system (26). This change in metabolism of nutrients,
including increased lipolysis and protein catabolism (23), results in decreaseld gnowt
feed utilization as a consequence of disease. This systemic response hasobegadss
with hypermetabolism and increased energy expenditure in humans (27) andoactif/ati
peripheral protein catabolism and increased metabolic activity in splandsuoies (28).
The increased protein catabolism in peripheral tissues results in increaiaullfyaf

free AA for acute phase protein synthesis and gluconeogenesis in tH@%ue
Haptoglobin is an acute phase protein synthesized in the liver that has been reported t
have antibacterial, anti-inflammatory functions during immunological s{8€9s In

cattle, haptoglobin has been evaluated as a predictor of BRD (31) and corretlatea wi
number of antimicrobial treatments for BRD (32,33,34). In the present experiment, a
increase in arterial serum haptoglobin concentrations due to challengd.with
haemolyticavas observed, although the increase was not measured until 24Mh post
haemolyticachallenge. These data are in agreement with previous studies uiMizing
haemolyticachallenge to study the immune response in cattle (8). During the first 6 h
afterM. haemolyticachallenge there was no increase in liver flux of haptoglobin in the
present experiment. However, other acute phase proteins can be increased prior t
haptoglobin (35) which were not measured in the present study.

Although several studies have addressed changes in blood flow and net PDV flux of AA
in cattle due to different dietary sources and management strategies (36,3/{8&G80)
knowledge, this is the first experiment to measure changes in PDV and liver fléx of A
in healthy animals challenged with a BRD pathogen in fed and feed deprivedsanima

growing and lactating animals, the splanchnic bed provides the majority igsitr
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required for growth and milk synthesis (36). Therefore, any change in thbahe

status of the animal that affects intake or alters metabolism by splatissnogs can

have a detrimental effect on growth and lactation of food producing animatklsiein
calves, feed deprivation decreased portal blood flow when animals were fas3écfor
(37). In addition, in lactating and non-lactating cows, portal blood flow was lower in
feed deprived animals 2 d after feed deprivation occurred, and continued for 6 d, which
was the end of the fasting period (36). Hepatic blood flow decreased 2 d after feed
deprivation occurred in lactating animals, but remained unchanged in non-lactatisig
(36). In the present experiment, feed deprivation tended to decrease portal blood flow
compared with fed animals, in agreement with previous results (36,37).

No previous experiments have evaluated the effelet. sfaemolyticachallenge on blood
flow across the PDV and liver in cattle. In the present experiment, aninadlisnged

with M. haemolyticahad increased arterial blood flow and tended to have increased
portal and hepatic blood flow, with no interactions with intake. This indicates that when
homeostasis is lost due to an infection, the regulation of blood flow across total
splanchnic tissues might be regulated by substances released in respoms®tauine
challenge (e.g., cytokines). Specific non-nutritional effects of an immupenss are
difficult to elucidate due to the complex interactions that occur in infectedcaminiihe
increase in blood flow might result in an increased availability of energypeotein
substrates to the liver for synthesis of proteins to successfully mount an imrspoese

to theM. haemolyticachallenge. An increase in splanchnic blood flow in humans 30 min
after an intravenous infusion of recombinant IL-6 has been reported (40). However, the

authors were not able to conclude if the increased blood flow was due to a diracifeffec
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IL-6 or another substance as a consequence of the activation of the immune system by
IL-6. Lyngsg and others (40) hypothesized that the increased blood flow across the
splanchnic tissues was due to an increase in portal blood flow, and unlikely due to an
increased arterial blood flow to the liver. In contrast, arterial blood flow neasased

and portal blood flow tended to be increased in CH animals compared with CON animals
in the present experiment. The discrepancies in results might be explaineddy the

that the model utilized attempted to simulate a very small increaseuating levels of

IL-6 as observed 3 h post exercise (40). In the present study, a more drastie iimcreas
cytokines due to the cellular and humoral respons. teaemolyticavas observed.

IL-1, IL-6 and TNF are the link that exists between the immune system and changes in
amino acid metabolism during infection (41). Total plasma AA concentrations have been
demonstrated to be decreased during sepsis in humans (42). In cattle (12) and,pigs (13)
individual AA have been reported to be decreased or increased after LRS ¢rattl
complete Freund’s adjuvant (pigs) infusion when blood samples were collectedhérom t
jugular vein. Plasma concentrations of free AA can decrease due to protéessy or

amino acid degradation, whereas free AA can be increased by protein degradation or
increased absorption from the gastrointestinal tract (13). In homeostasise/Aélded

to plasma as blood traverses the gastrointestinal tract (37). In the presemexipe

PDV flux of cysteine, glutamine, glutamic acid, glycine, histidine, hydroxyppl

lysine, ornithine, phenylalanine, tryptophan, tyrosine, gluconeogenic, sulfur-cagtaini
essential, non-essential and total AA were decreased when animals ededefbeived.

Several studies in many species have reported a net removal of glutamihaamitg

acid by the PDV (43,44,45). Glutamine is the preferred fuel for enterocytes (4@&n W
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dietary sources of glutamine become limiting, or by the enhancing action of
corticosteroids on glutamine observed in animal models (47,48,49), an increased PDV
uptake of glutamine has been reported. In our experiment, feed deprivationddarets
removal of glutamine and glutamic acid by the PDV.

In addition to an increased uptake of glutamine by the PDV, there was a net removal of
glutamine across the TST for animals challenged MithaemolyticaThe removal of
glutamine across the TST in FAST/CH animals can be explained by a deordese |
dietary source of this AA or an increased uptake by the PDV to maintain intefgine
enterocytes or both. The latter is supported by previous data which suggests tldit mos
the glutamine uptake and metabolism occurred in the small intestinal mudissgl@e

In addition, the increased removal of glutamine across the splanchnic tiggheben
explained due to an increased utilization of glutamine by macrophages and lymphocytes
in gut associated lymphoid tissue due to the activation and release of thesgatiis
blood stream (49). Increased glutamine removal might also increase ilabibtyaof
arginine via citrulline synthesis (50) for the production of nitric oxide, anothercmiele

that has been implicated in the immune response of animals.

In humans, acute phase proteins have a much higher content of aromatic AA when
compared to muscle or other dietary sources (51). Therefore, in order fwettte |
synthesize acute phase proteins, muscle catabolism may need to occur in otdexr& ac
the requirements for acute phase protein synthesis. It has been proposed dtiatahe r
endogenous protein that needs to be mobilized relative to exogenous sources for the
synthesis of acute phase proteins is 2:1 (52). In the present experiment thane was

increased net removal of aromatic AA beginning at 7.5 h post bacteriaragmll The
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lag time before the increased removal of aromatic AA by the liver rhglexplained by

the length of time required for the immune cells to release cytokines whpatttim

muscle catabolism and the subsequent release of AA required to support the immune
response. This increased requirement for aromatic AA has been proposed to be firs
limiting for the host animal to mount an immune response while maintaining “normal”
growth (51). Because the predominant source of aromatic AA is potentialijemus
degradation, changes in the concentration or metabolism of aromatic AA has been
described as a potential tool to measure skeletal muscle degradation (53sedcre
muscle degradation has been speculated by Reeds and Jahoor (54) to account for the
increased N excretion in humans during sepsis due to imbalances between the supply of
AA derived from tissue protein and the AA composition of acute phase proteins.
Duration of feed deprivation alters AA metabolism, especially the BCAA (ereased
concentrations of BCAA have been reported (55) with short-term fasting, prahsbtp
muscle protein mobilization, whereas prolonged fasting could induce a proteinrdsficie
and decrease concentrations due to liver uptake being greater than releanedobenor
dietary sources (56). In the present experiment, arterial concentratioGA&f \Bere

not affected by feed deprivation, which might be explained by the short period of time
(14 h) animals were deprived of feed. In addition to fasting, decreased arterial
concentrations of BCAA have been observed in humans with septicemia (57). Animals
challenged withM. haemolyticehad decreased arterial concentrations of BCAA in the
present experiment, and BCAA decreased in cattle following an LPSra@l#2). In

the present experiment, the decrease in arterial concentration wasatassedih an

increased liver uptake of BCAA during the acute phase of the immune response.
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Although BCAA generally escape hepatic extraction to be taken up by peripherea
tissues, after intravenous BCAA infusion, hepatic clearance of BCAA waseatbubl
compared with healthy patients (57). The increase in liver removal of BCAAt mig
suggest that BCAA serve as building blocks for proteins involved in the immune
response.

In healthy cattle, glucogenic AA can supply between 15 to 36% of the glucogenic
substrates removed by the liver (58). In the present study, no differencesiah arter
concentrations of glucogenic AA were detected due to feed deprivation onddacter
challenge, which does not agree with the data reported in pigs (13) and humans (57).
Pigs suffering chronic lung inflammation or humans with septicemia had dedrea
plasma concentrations of glucogenic AA. However, in the present experiment, a net
removal of glucogenic AA by the liver was detected in CH animals, even thougtsgl
concentration and net glucose flux across splanchnic tissues were notldffetted
deprivation or bacterial challenge (data not shown). Increased energy demand due to
exercise in dogs results in increased net removal of glutamine and gliccAdeby the
liver (59). In addition, increased gluconeogenic activity in the liver during anuima
challenge has been reporiadvitro in hepatic slices from lactating dairy cows following
LPS challenge (60). The increased net removal of glucogenic AA by thedivierlonit
the supply needed by the host animal for other anabolic purposes. The increased liver
uptake of glucogenic AA without changes in glucose concentration could reflect
increased energy demand by the liver of the host animal, although hepatic O
consumption was not affected by the immune challenge in the present experiment.

Sulfur-containing AA (methionine and cysteine) are important substrates disewse
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(41). Methionine has been classified as a nutritionally EAA in animal spexes a
humans. In addition, cysteine is considered a semi-EAA due to the variabldyapaci
the body to synthesize this AA from methionine (41). In the present experiment; sulfur
containing AA flux across the PDV was lower in FAST and in CH animals, attdibote
the decreased DMI. However, the decrease in arterial concentrationsicteataining
AA in CH animals might also be attributed to an increased utilization of thedgyAA
peripheral tissues. The decrease in PDV flux of sulfur-containing AA washdrive
decreased cysteine, whereas PDV flux of methionine was not affected. Methionine
reduces weight loss and improves N balance when added to a protein free diet (61).
However, the nitrogen sparing effect was due to cysteine and not methionin€g8t se
In our study, the removal of cysteine by the liver in CH animals suggestyskeine

may be required for protein synthesis in response to the immune challenge.titmaddi
decreased arterial concentration of methionine can result from tranagahuo cysteine
(63) to increase the availability of this AA for adequate protein synthesisporree to

an immune challenge. Interestingly, the only other AA that switched frorhleere
release to a net liver removal in the present experiment was lysine. Inreasied under
stressful conditions, the addition of either 0.1 or 0.2% of crystalline lysine improved
performance and increased antibody production to vaccination (64). Our result sugge
that growing cattle infected with BRD might have different requiremmtAA
compared with healthy cattle.

The role of EAA in the immune response has been described in other species (65).
Chicks fed diets low in EAA had decreased antibody production in response to an

immune challenge. In humans, decreased plasma concentrations and increaseckcle
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rate of EAA have been reported in patients suffering from septicemia (bi)e present
experiment, diet had no effect in plasma concentrations of EAA; however, larteria
concentrations of EAA were lower in animals challenged Witlhaemolytica

Tryptophan was the only EAA whose plasma concentration was decreased due to chronic
lung inflammation in fed and fasted pigs (13). Although no difference in arterial
concentration of tryptophan was detected in the present experiment, net liver removal
was greater in FAST/CH animals than in FED/CON animals. Increassalal of
tryptophan during an immune response could lead to decreased availabiligwitr.g

An acute decrease in the availability (or increased requirement) dt&the host

animal has been reported to cause an almost immediate cessation of growth and
subsequent weight loss (66). Increased removal of EAA by TST might pagtialigin
decreased growth in cattle suffering from BRD (2).

Hepatic extraction of NEAA provides substrates for synthesis of other metal{6l7).
However, substantial or complete removal of NEAA could result in insufficient geantit
entering the systemic circulation to support protein synthesis needs bgttbéthe

body (68). In septicemic patients, NEAA plasma concentrations are lowestahd t
hepatic clearance of these AA are increased (57). These data aieeimeagt with

results of the present experiment, where CH animals had greater liver redndtzAA

and tended to have decreased arterial concentrations. A decrease of NEAA during
disease might imply a change in NEAA metabolism in morbid compared to healthy
animals. The increased liver removal of NEAA started at 7 h post bacteriehgjgadnd
remained increased until the end of the experiment. The time of increased removal of

NEAA coincided with the increased removal of aromatic AA. Increased removal of
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NEAA by the liver during disease challenge most likely supports synthelskfAdand
proteins required for the immune response.

The overall decreased arterial concentrations of total AA observed in thisnesipehas

also been reported in cattle (12), pigs (13), and humans (57) although to our knowledge,
this is the first evidence in growing cattle to report increased net réwiaedal AA by

the liver and total splanchnic tissues in support of an acute phase response. Although
many factors remain to be determined, increased demand of AA by total sptanchni
tissues could ultimately lead to decreased growth rates in bovine.

Similar to non-ruminant species, inflammation and immune system activatioar appe

be associated with alterations in nutrient utilization by splanchnic sissumvine. In
addition, AA may be released from peripheral tissues and shifted to the liver for
promotion of hepatic protein synthesis, gluconeogenesis, and oxidation. Decreased
plasma concentrations and increased liver uptake of AA may suggest enharatsalimnet
clearance and turnover of endogenously released AA. These changes in AA nmtabolis
induced by BRD suggest that AA requirements are different for ruminants uncgegoi

immune challenge.
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Table 1. Diet composition and nutrient analysis on feed utilized during the

experiment.

Ingredient % DM basis
Wheat midds 37.6
Alfalfa pellets 25.0
Cotton seed hulls 15.0
Soybean hulls 15.0
Soybean meal, 47.7% 3.00
Cane molasses 3.00
Salt 0.25
Calcium carbonate 0.55
Ammonium sulfate 0.50
Selenium 600 0.04
Vitamin A-30,000 0.02
Vitamin E-50 0.003
Zinc sulfate 0.002
Zinc oxide 0.001
Nutrient composition
NEm, Mcal/kg 1.50
NEg, Mcal/kg 0.81
CP, % 16.1
Fat, % 3.19
NDF, % 52.5
eNDF, % 22.3
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ADF, % 30.5
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Table 2. Effect of fasting with or without 8. haemolyticachallenge on DMI, rectal temperature and arterial

concentrations of cytokines and haptoglobin.

Fed Fasted P —value
Item NoMH MH NoMH MH | SEM Diet Disease Diet xDisease

BW, kg 322 324 322 308 10.2 0.45 0.56 0.43
DMI

Adaptation, kg 6.47 5.92 7.15 7.15 0.74 0.21 0.71 0.70

Adaptation, % BW 2.01 1.82 2.19 2.29 0.20 0.13 0.83 0.14

Day of challenge, kg 6.24 1.62 0 0 0.85 <0.0001 0.003 0.003

Day of challenge, % BW 1.92 0.49 0 0 0.26 <0.0001 0.003 0.003
Rectal temperaturéC* 38.7 40.0 38.6 39.9 0.1% 0.62 < 0.0001 0.80
Haptoglobin, mg/t 0.61 2.06 0.31 1.99 0.28 0.49 <0.0001 0.67
TNF-a

Pre challenge, pg/mL 144 77 162 69 70.0 0.85 0.13 0.66

Fold changé 3.9 11.3 2.3 8.5 2.4 0.34 0.006 0.80
IL-1

Pre challenge, pg/mL 247 230 247 23 53.3 0.74 0.80 0.80

Fold changé 3.7 30.1 2.9 29.4 9.2 0.92 0.00% 0.99
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IL-6
Pre challenge, pg/mL 120 128 122 62 90.3 0.69 0.75 0.69
Fold changé 1.14 587 137 3.0Z 120 0.07 0.01 0.04

2 'Disease x h interactiofP(< 0.001).
3 “Diet x h interaction® < 0.05).
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Table 3. Effects of intratrachedl. haemolyticachallenge on arterial concentrations of metabolites in fed or fasted beef

steers.
Fed Fasted P —value

ltem No MH MH No MH MH SEM Diet Disease Diet x Disease
Oxygen, nM 2.74 2.58 2.80 2.50 0.09 0.87 0.01 0.42
Ammonia, nM 0.08 0.07 0.07 0.08 0.01 0.59 0.73 0.06
Urea N, M 4.88 4.15 4.61 4.52 0.50 0.91 0.38 0.49
Total protein, g/L 70.6 73.4 78.5 76.8 4.22 0.19 0.89 0.59
Alanine, M 157 130 137 132 9.7 0.36 0.11 0.26
Asparagine, M 11.8 8.7 15.7 11.2 2.65 0.22 0.16 0.81
Aspartic acid, M? 3.80 2.76 6.67 2.99 0.82 0.06 0.007 0.11
Cysteine, M 2.85 1.30 2.36 2.94 0.68 0.39 0.47 0.12
Glutamine, M 67 77 129 111 17.9 0.01 0.82 0.45
Glutamic acid, M 156 135 220 196 20.5 0.004 0.28 0.94
Glycine, M 249 205 203 193 21.9 0.19 0.22 0.42
Histidine, M 26.2 14.3 28.3 231 4.68 0.24 0.07 0.47
Hydroxyproline,
uM 13.9 11.6 13.6 14.1 1.35 0.44 0.50 0.30
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Isoleucine, M
Leucine, M
Lysine, M
Methionine, M
Ornithine, M
Phenylalanine, M
Proline, (M
Serine, M
Threonine, M
Tryptophan, M
Tyrosine, M
Valine, yM

Aromatic amino
acids, M

BCAA, UM

Gluconeogenic
amino acids, M

Sulfur containing
amino acids, M*

123
157
101
5.44
98.3
44.5
65.8
71.9
51.7
24.8
23.0
295

92

576

765

8.32

95
120
63
4.38
69.0
45.1
45.1
63.5
41.6
17.2
18.1
220

81

436

654

5.69

139
177

97
6.96
120.0
62.5
62.1
85.9
61.8
33.8
37.0
317

133

635

819

12.40

101
134
71
3.84
77.3
46.6
50.0
81.6
44.7
29.9
25.6
248

102

483

766

8.50

12.3
16.9
23.1
0.61
28.4
7.02
5.18
7.17
6.70
6.74
6.43
29.1

17.8

S7.7

54.2

2.23

0.38
0.32
0.94
0.43
0.60
0.17
0.85
0.03
0.33
0.12
0.10
0.30

0.09

0.36

0.13

0.54

0.01
0.02
0.17
0.002
0.21
0.28
0.008
0.37
0.05
0.39
0.21
0.02

0.23

0.01

0.13

0.02

0.67
0.84

0.77

0.10
0.80
0.24
0.59
0.77
0.60
0.77
0.61
0.91

0.59

0.92

0.59

0.69
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Essential amino

acids, M 830 622 924 704
Non-essential

amino acids, M 764 641 897 768
Total amino acids,

UM 1,594 1,263 1,810 1,472

86.3

78

151

0.31

0.10

0.15

0.02

0.11

0.03

0.94

0.96

0.95

Diet x Disease x h interactioR £ 0.05).
“Diet x h interactionR = 0.02).

®Disease x h interactiofP(= 0.05).
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Table 4. Effect an intratrachedl. haemolyticachallenge on blood flow and net flux of metabolites in fed or fasted beef

steers
Fasted P —value

ltem No MH MH No MH MH SEM Diet Disease Diet x Disease
Arterial blood flow, 136 190 105 179 48.3  0.30 0.01 0.58
L/h
Portal blood flow, L/h 536 664 449 519 65.1 0.08 0.11 0.68
Hepatic blood flow, 626 800 526 621 76.3  0.07 0.06 0.66
L/h
Oxygen consumption,
mmol/h
PDV -201 -298 -202 -189 27.0 0.03 0.03 0.14
Liver -343 -447 -135 -162 955 0.06 0.41 0.63
TST -534 -725 -306 -361 127 0.01 0.25 0.52
HER 1.00 -1.01 -1.02 -1.00 0.005 0.12 0.99 0.92
Ammonia, mmol/h
PDV 15.9 12.4 111 9.9 3.85 0.38 0.64 0.90
Liver -16.8 -17.0 -14.2 -8.3 6.23 0.36 0.86 0.51
TST -1.93 -4.32 -1.34 -2.86 3.44 0.14 0.50 0.41
HER® 0.904 0.377 0.571 0.375 0.293 0.79 0.23 0.83
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Urea N, mmol/h

PDV -203
Liver 497
TST 189
HER 0.101
Haptoglobin

PDV -0.001
Liver -0.57
TST -0.42
HER -0.011

Alanine, mmol/h

PDV 22.3
Liver -10.6
TST 7.9

HER' 0.085

Asparagine, mmol/h
PDV 2.94
Liver 0.01

-406
542
226

0.059

-0.023
-15.72
-15.71

0.165

12.5

-31.7

20.9
0.312

1.33
-2.55

-131
443
386

-0.097

-0.006
-11.38
-11.02

0.156

13.7
-10.6
-3.3
0.140

1.41

-1.54

-468
590
338

-0.016

-0.009
2.01
1.49
0.115

3.2
-16.1
-22.0
0.334

0.70
-1.63

209
227
271
0.094

0.008
9.06
7.10
0.211

7.06
8.71
7.78

0.089

0.90
1.13

0.69

0.81

0.90
0.15

0.61
0.67
0.69

0.68

0.19

0.25

0.40
0.97

0.18
0.43

0.42

0.50

0.72
0.60

0.11
0.91

0.80
0.41

0.14
<0.001
0.03

0.003

0.20
0.11

0.64

0.35

0.52
0.65

0.22
0.09
0.05

0.20

0.94

0.01

0.45
0.15

0.78
0.06
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TST

HER'

Aspartic acid, mmol/h
PDV

Liver

TST

HER

Cysteine, mmol/h
PDV®

Liver

-I—S-I—3,4,E

HER

Glutamine, mmol/h
PDV

Liver

TST

HER

Glutamic acid, mmol/h

2.40
0.008

1.79
-1.07

0.49
0.811

0.89
0.46
1.48
1.35

41.84

-0.56
39.7

-0.158

-0.92
0.824

0.95
-0.73
0.27
0.692

-0.11
-0.20
-0.30

0.91

0.75
-8.84
-8.1
0.389

-0.53
0.713

0.83
-0.08
0.58
0.479

-0.14
0.19
0.38
0.22

-13.97
-1.38
-12.4
-0.021

-1.82
0.531

0.42
-0.09
0.39
0.317

-0.83
-0.07
-0.86

0.89

-3.57
-12.3
-20.8
-0.772

1.13
0.226

0.48
0.45
0.51
0.314

0.37
0.35
0.74
0.80

11.90
11.7
11.5
0.443

0.10
0.40

0.08

0.04

0.64
0.01

0.01
0.54
0.14
0.63

0.01
0.59
0.005

0.45

0.09
0.83

0.16

0.71

0.68
0.51

0.02
0.11
0.01
0.84

0.24
0.15
0.02

0.13

0.38
0.006

0.56

0.57

0.78
0.93

0.69
0.24
0.41
0.67

0.04
0.79
0.09

0.95
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PDV

Liver

TST

HER

Glycine, mmol/h
PDV®

Liver®

TST

HER

Histidine, mmol/h
PDV

Liver®

TST

HER

Hydroxyproline,
mmol/h

PDV®

Liver

5.1
20.3
27.7

-0.289

28.3
-21.8
5.3

0.179

8.28
-0.21
5.68
0.21

0.93
1.73

-1.1

17.2

16.9
-0.120

26.2
-55.6
-29.0

0.380

1.74
0.33
2.60
0.05

0.25
-1.76

-23.5
15.2
7.6
0.076

19.2
-10.1
6.3

0.158

-1.56
-1.39
-3.81

0.36

0.13
-0.14

-18.1
13.9
-9.7
0.106

5.3
-16.8
-16.3

0.258

-1.94
-3.26
-5.47

1.92

-1.50
-1.21

10.7  0.03 0.96
115 0.23 0.35
11.0 0.01 0.91
0.100 0.c04 0.09

6.95 0.02 0.20
9.88 0.002 0.003

6.30  0.09<0.000
1

0.096 0.09 0.05

291 0.01 0.21
285 011 0.40
3.31 0.05 0.56
099 0.23 0.45

041 0.01 0.01
0.61 0.12 0.0001

0.56

0.94

0.19
0.54

0.34
0.06
0.23

0.34

0.26
0.60
0.88
0.53

0.27
0.009
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TST

HER

Isoleucine, mmol/h
PDV

Liver

TST

HER

Leucine, mmol/h
PDV

Liver

TST

HER

Lysine, mmol/h
PDV

Liver®

TST

HER

Methionine, mmol/h

0.70
-0.131

5.28

1.21

6.61
-0.003

9.44
1.29
115
0.001

35.24
10.21
41.87
-0.163

-1.45
0.223

5.71
-4.05
2.47
0.178

8.98
-9.88
1.29
0.262

7.33
-16.11
-7.95
0.671

0.19
0.085

3.50
-2.11
-0.86
0.102

6.03
-2.74
-4.37
0.114

-5.68
-2.21
-2.43
0.235

-2.62
0.292

0.06
-3.97
-5.24
0.282

1.04
-0.94
-2.06

0.156

-5.33
-8.48
-15.97

0.363

0.65
0.092

3.17
3.98
4.79
0.162

3.40
5.95
6.14
0.134

10.5
11.4
10.2
0.358

0.45
0.14

0.19

0.45

0.25
0.83

0.07

0.82

0.24
0.68

0.01

0.81

0.03
0.95

0.001
0.004

0.59

0.10

0.22
0.05

0.16
0.02
0.004

0.24

0.23
0.14

0.49

0.16

0.76
0.32

0.45

0.05

0.19
0.32

0.16

0.25

0.10
0.28
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PDV

Liver

TST

HER®

Ornithine, mmol/h
PDV

Liver>**

TST

HER'
Phenylalanine, mmol/h
PDV

Liver

TST

HER

Proline, mmol/h
PDV

Liver

TST

1.75
-1.02
0.45
0.449

39.11
9.36
47.44

-0.253

5.04
-3.52

0.72
0.158

4.75
-1.52
1.99

1.35
1.69
-0.39
0.736

3.04
-8.04
-5.33
0.340

4.62
-10.38
-4.86
0.442

4.80
-9.26
-3.71

1.28
-1.16
-0.43
0.902

-12.33
-0.63
-7.65
0.347

1.59
-3.45
-3.23
0.232

3.78
-1.92
-0.26

1.06
-0.98
-0.04
0.689

-6.52
8.37
-16.70
0.254

0.10
-3.80
-4.47
0.302

1.44
-4.11

-3.42

0.50
0.46
0.45
0.368

13.5
15.7
15.4
0.277

2.04
2.84
3.07
0.206

1.31
1.45

1.69

0.42

0.76

0.56
0.69

0.02
0.39

0.03
0.41

0.03

0.50

0.87
0.74

0.07
0.14
0.88

0.51

0.54

0.71
0.43

0.24

0.13

0.03

0.88

0.60

0.05

0.12
0.27

0.33
0.0003
0.006

0.84

0.27

0.26
0.22

0.10

0.30

0.12

0.11

0.77

0.03

0.33
0.25

0.31
0.007
0.41
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HER

Serine, mmol/h
PDV

Liver

TST

HER

Threonine, mmol/h
PDV

Liver

TST

HER

Tryptophan, mmol/h
PDV

Liver®*

TST

HER*"

Tyrosine, mmol/h

PDV

0.078

10.49

-3.99
5.11

0.082

4.56
-0.70
4.61
0.020

6.51

2.39

9.07
-0.207

10.04

0.232

9.08
-15.01

-5.74

0.335

4.30

-4.98
-0.32
-.204

0.83
-0.98
-0.08
0.141

2.69

0.117

3.98
-3.79
-2.67
0.300

4.32
-2.06
-1.35
0.242

-2.54
-0.004
-2.70
0.262

-0.75

0.266

5.53
-8.27
-4.34
0.209

-0.43
-3.52
-4.73
0.315

-2.01
-2.00
-4.95
0.330

-1.09

0.09 0.48

3.82 0.16
410 0.43
3.72 047
0.11 0.81
2.10 0.19
208 0.88
254 0.07
0.120 0.33
251 0.01
3.05 0.23
2.44  0.003
0.204 0.08
3.01 0.01

0.007

0.98

0.04
0.12
0.95

0.19

0.03
0.05
0.3

0.23

0.03

0.03
0.77

0.18

0.23

0.67

0.37

0.29
0.18

0.24

0.15

0.85
0.30

0.19

0.28

0.15
0.17

0.22
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Liver*

TST

HER*"

Valine, mmol/h
PDV

Liver®

TST

HER

Aromatic amino acids,
mmol/h

PDV
Liver®
TST
HER

Branched amino acids,
mmol/h

PDV
Liver®

TST

0.07
9.62
-0.107

6.46

4.80

9.95
-0.024

22.07
-1.25
19.62
-0.084

21.0
7.31
28.1

-5.26
-3.57
0.697

4.79
-7.04
0.68
0.096

7.60
15.85

-6.99
0.385

18.7
-20.10

4.7

-1.25
-2.26
0.462

7.40
-0.31
-6.67
0.070

-0.09
-4.41
8.21
0.272

18.3
-5.18
-12.0

-4.12
-6.04
0.529

-4.12
-2.24
-9.08
0.160

-4.00
-9.82
-15.88

0.357

3.6
-1.24
16.6

4.15
3.33
0.292

7.82
7.91
8.31
0.113

6.84
7.84
7.56
0.136

13.9
17.3
118.6

0.78
0.03
0.95

0.47

0.92

0.21
0.85

0.006
0.78
0.03

0.57

0.22
0.93
0.21

0.07
0.01
0.13

0.33

0.04

0.23
0.18

0.23

0.02

0.02
0.09

0.33
0.06
0.19

0.27
0.15
0.007

0.54

0.17

0.65
0.53

0.30

0.07

0.17
0.04

0.49
0.11
0.47
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HER
Gluconeogenic
PDV

Liver®

TST

HER

Sulfur containing
amino acids, mmol/h

PDV
Liver
TST**
HER

Essential amino acids,

mmol/h
PDV
Liver®
TST
HER

Non-essential amino
acids, mmol/h

-0.013

111.2

8.4
54.6

-0.030

2.55
-0.56
0.85

0.333

84.1
154
92.2
-0.05

0.149

63.9

-104.1

-50.6
0.197

1.25
-1.90
-0.80
0.539

33.3
-54.6
-6.2
0.19

0.089

31.6
-33.7

3.5
0.160

1.08
-1.00
-0.003

0.527

19.0
-12.7
-26.3

0.13

0.175

-7.1
-42.1
-70.7

0.199

0.20
-1.05
-0.69

0.466

-13.1
-27.8
-52.0

0.22

0.134

33.9
32.0
30.0
0.097

0.57
0.52
0.70
0.214

29.5
30.8
32.1
0.14

0.79

0.03

0.42

0.22
0.46

0.02

0.92

0.93
0.91

0.02
0.75
0.03
0.89

0.23

0.20
0.001
0.003

0.09

0.04

0.12

0.52
0.79

0.17
0.01
0.02
0.21

0.38

0.88

0.01

0.74
0.16

0.68

0.06

0.87
0.29

0.77
0.06
0.25
0.26



PDV 145.8 49.0

Liver® 5.13 -87.77
TST 153 -38.6

HER -0.113 0.170
Total amino acids,

mmol/h

PDV 228.5 87.7

Liver® 22.3 -141.2
TST 202.5 -59.5
HER -0.083 0.170

-21.6
-6.97
-12.9
0.184

4.8
-21.8
-28.3
0.150

-17.7
41.48
85.9
0.188

-31.2
-69.0
-139.6

0.196

45.5

43.4

43.0
0.99

71.6
67.3
68.5
0.109

0.01

0.88

0.04
0.37

0.01

0.95

0.02
0.63

0.28

0.02

0.01
0.18

0.21

0.01

0.009
0.14

0.24

0.19

0.34
0.08

0.39

0.08
0.26
0.13

'PDV = portal-drained viscera; TST = total splanchnic tissues; HER = hep&tction ratio.

“Diet x h interactionR < 0.01).
®Diet x h interaction® < 0.05).

“Disease x h interactiofP(< 0.01).

*Diet x Disease x h interactioR € 0.05).

®Disease x h interactiofP (< 0.05).
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Figurelegends

Figure 1. Effect oM. haemolyticachallenge on rectal temperature in beef steers during
the first 24 h post challenge in fed or fasted steers@.0001; SEM = 0.13)**Within h,
means with different superscript letters are different 0.05).

Figure 2. Effect oM. haemolyticachallenge on arterial haptoglobin concentration
during the first 24 h post challenge in fed or fasted beef steer®(0001; SEM = 0.62).
aAithin h, means with different superscript letters are differert .05).

Figure 3. Fold change in arterial concentration of @i, diet*h, P = 0.96; disease*h,

P <0.0001, SEM = 8.37) and ILBXB; diet*h,P = 0.95; disease*l = 0.0002, SEM =
2.43) following aM. haemolyticachallenge in fed or feed deprived beef steers during the
first 24 h post challenge*"Within h, means with different superscript letters are different
(P < 0.05).

Figure 4. Fold change in arterial concentration of IL-6 followild. &aaemolytica
challenge in fed or fasted beef steers during the first 24 h post-challeng@dDieP =
0.04; Disease*houP = 0.58, SEM = 1.36)*"Within h, means with different superscript
letters are differentq < 0.05).

Figure 5. Changes in aromatic (A; dietfh= 0.87; disease*® = 0.02, SEM = 12.1),
branched chain (B; diet*i} = 0.60; disease*r = 0.05, SEM = 25.0), and glucogenic
(C; diet*h, P = 0.85; disease*R,= 0.01, SEM = 50.6) AA flux across the liver of fed or
fasted beef steers during the first 7.5 h followirlg.enhaemolyticachallenge.*"Within

h, means with different superscript letters are differért 0.05).

Figure 6. Changes in non-essential (A; NEAA; diePHx 0.40; disease* = 0.01,

SEM = 55.2), essential (B; EAA; diet*R,= 0.80; disease*F = 0.001, SEM = 40.2),
and total (C; TAA; diet*hP = 0.49; disease*R = 0.01, SEM = 101) AA net flux across
the liver of fed or fasted beef steers during the first 7.5 h followivig lzaemolytica
challenge.®™Within h, means with different superscript letters are differenrt 0.05).
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Figure 5.3
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Figure 5.6
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CHAPTER VI

EFFECTSOF FEED DEPRIVATION AND INTRATRACHEAL CHALLENGE

WITH MANNHEIMIA HAEMOLYTICA ON BLOOD FLOW AND NET PORTAL
AND HEPATIC FLUX OF NUTRIENTSIN BEEF STEERS

ABSTRACT: Bovine Respiratory Disease (BRD) is the most common disease in
stocker and feedlot cattle. Although emphasis has been placed on strategies tp prevent
diagnose and/or treat BRD, rates of morbidity and mortality have incredsed. T
objective of this experiment was to evaluate blood flow and net splanchnic flux of amino
acids during a BRD challenge. Twenty two steers (initial BW = 320 + 24 kg) with
chronic indwelling catheters to measure blood flow and net nutrient flux across tle por
drained viscera (PDV) and liver were used for this experiment. The expeooraisted
of two, 3 wk sampling periods with 12 animals sampled in each period. During two
periods, steers were assigned to one of four treatments: 1) fed ad libitum and not
challenged (FED/CON); 2) fed ad libitum and challenged (d 0) with 6 €EQ/mL of
Mannheimiahemolyticavia a tracheal tube (FED/CH); 3) fasted for 72 h and not
challenged (FAST/CON); 4) fasted for 72 h and challenged (d 0) with  ®AI0/mL
of M. hemolyticavia a tracheal tube (FAST/CH). Arterial, portal, and hepatic blood
samples were simultaneously drawn 6 times at 1.5 hiintervalson d 1, 2, 3, 4, 7, and 14.
Statistical analysis was performed for repeated measures usiagader
autoregressive correlation structure for all variables. Diet atf¢fte 0.05) portal,
hepatic, and arterial blood flow, which were greater in FED (460.9, 708.4, and 170.3 L/h,

respectively) compared with FAST (426.7, 522.1, and 97.2 L/h, respectively) steers.
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Arterial haptoglobin concentration responded with a diet*disease interaeto0.004).
Fasting alone caused an increase in arterial haptoglobin concentration, altteugh t
increase was greater in Fasted/Challenged steers than Fasted/Ceatsol’sterial
concentration of total amino acids (TAA) was greaies (0.01; 1,966 vs. 1,648M) in
Control than in Challenged steers. In addition, there was a net removal of TAA (-117.8
mmol/h) by the liver for Challenged steers and a net release for Cdatrd £21.48
mmol/h;P = 0.03). Although there was no differenée<0.22) in arterial concentration
of essential AA (EAA), there was a tendenBy=0.11) for a greater net removal (-65.2
vs. -22.3 mmol/h) of EAA by the liver for the Challenge vs. Control steers. Arterial
concentration of nonessential amino acids (NEAA) was greatei0(001) for the
Control group (1,173 vs. 924M). Similar to TAA, there was a net removal of NEAA (-
52.8 mmol/h) by the liver for Challenged steers and a net release for Cordrsl(4&5
mmol/L; P = 0.02). Based on these results and negative N balance in steers challenged
with M. haemolyticait appears that BRD results in greater removal of amino acids by the
liver in support of an acute phase response.

Key words: bovine, bovine respiratory disease, feed deprivation, immune

response, net nutrient flux
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INTRODUCTION

Bovine respiratory diseasBRD) involves the complex interaction between stress,
bacteria, viruses, and the environment (Duff and Galyean, 2007). Economic losses have
been associated with direct costs due to BRD treatment, but also due to indirect costs
associated with decreased final BW and carcass quality (Gardner et al., 1999s®hom
et al., 2006). During the acute phase of bacterial infection, decreased growthrhas bee
observed in chicks (Klasing et al., 1987), pigs (Kelley et al., 1994) and catt@a@a+
Robles et al., 2009a). Decreased growth rates can be attributed to the activaton of t
immune system with an associated decrease in intake (Klasing and Barnes, 1998;
Burciaga-Robles at el., 2009a) and increase in cytokine concentration (BtRcblgs
et al., 2009b), which can redirect nutrient use away from growth towards mounting an
adequate immune response (Klasing, 1988; Spurlock et al., 1997). In addition to
activation of the immune system, release of cytokines has been assodiateldanges
in behavior and decreased DMI (Johnson, 1997). Hutchenson and Cole (1986) reported
decreased DMI in sick/stressed calves (0.90 + 0.70% of BW) compared to healds/ c
(1.55 + 0.51% of BW) during the first wk after arrival to a feedlot. In addition, Chatase
al. (1991) reported that the decreased DMI in high stressed/sick calves coufdfogma
two wk, and therefore nutrient intake during this period might be limiting to achieve
adequate immune function and/or maximum growth potential (Chirase et al., 1991).

Gilliam et al. (2008) and Waggoner et al. (2008) have reported differences in

plasma AA composition due to lipopolysaccharid®$) challenge in steers, even
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though the magnitude of the response to an LPS challenge has been suggested to be of
smaller duration and magnitude compared to a true pathogen infection (Sandberg et al.,
2007). Although the Beef Cattle National Research Council (NRC, 1996) suggested no
difference in crude protein requirements between healthy and stresses] daking the

acute phase response to a pathogen, animals produce significant amounts of nitrogenous
compounds (e.g., acute phase proteins, antibodies, cytokines) and develop specific
immune cells that can redirect nutrients in support of the immune response (Spurlock,
1997; Sanberg et al., 2007). Therefore, a shift in protein metabolism can be speculated in
animals suffering from BRD. In addition to the induced anorexia, hyperthermia, and
increased acute phase protein synthesis by the liver, cytokines induce musaie prote
catabolism and AA are used for gluoconeogenesis and immune cell proliferation
(Melchior et al., 2004). However, little is known about how net flux of AA by the portal-
drained visceraRDV) and liver might be altered due to inflammation and immune
response in cattle. Better knowledge of net nutrient flux and requirements during an
immune challenge would help in the development of new feeding and management
strategies to preserve both growth and body defenses in high-stressedrdalveg the

feedlot. Therefore, the objective of this experiment was to determine thts effan
intratracheal challenge witiannheimiahemolyticaon net nutrient flux across the PDV

and liver fed or fasted beef steers.

MATERIALSAND METHODS

Animals
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All procedures were approved by the Oklahoma State University Institutionalai
Care and Use Committee. Twenty two steers (BW = 320 + 24 kg) were equipped with
chronic catheters to measure blood flow and net flux of nutrients across PDV and liver.
Catheters were surgically placed in the portal vein, a hepatic vein, a nnesegite and
an adjacent mesenteric artery as described by Ferrell et al. (1991)teCp#itency was
maintained by filling catheters with a 1,000 U/mL heparinized-salineisolbétween
sampling days and with a 20 U/mL heparinized-saline solution between samplksg ti
Steers were allowed a minimum of 14 d to recover from surgery before beginning the
initial collection period.
Steers were individually housed at the Oklahoma State University Nutrhigsidiogy
Research Center, Stillwater. The experiment consisted of 18 d during whichntiadsani
were kept in individual pens (3.7 x 3.7 m) with the exception of d 0to 4, 7 to 11 and 14
to 18. During those days, animals were placed in metabolic stanchions totéacilita
intensive blood sampling and allow for the collection of total urine and feces (Burciaga
Robles et al., 2009c).
Treatments

Prior to enroliment in the experiment, all steers were determined to be sero-
negative taVl. haemolyticaand were considered clinically healthy. Steers were randomly
allocated to 1 of 4 treatments arranged as a 2 x 2 factorial as folloadsiithtum
feeding and not challenged with. haemolytica FED/CON); 2) ad libitumfeeding and
intratracheally challenged (d 0) wih. haemolyticaFED/CH); 3) 74-h fast and not
challengedRAST/CON); 4) 74-h fast and intratracheally challenged (d 0) With

haemolytica(FAST/CH). Feed deprivation for the FAST groups occurred 14 h prior to
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the challenge wittM. haemolyticaand continued for 60 h during the sampling period.
Six steers/treatment were used for the experiment. To facilitatesivéeblood
collections, sampling occurred during two sampling periods spaced 18 d apart. Two
steers from the FED/CON group in the first sampling period were randdiotwaiad to
treatment in the second period. Steers were challengedwiitaemolyticausing the
same protocol as described by Burciaga-Robles et al., 2009b. Briefly, aciabd¢nged
with M. haemolyticaeceived 10 mL of a solution containing 6 X TFU of M.
haemolyticaserotype 1, which was reconstituted and grown prior to the challenge as
described by Mosier et al. (1998). Steers not challengedWittaemolyticavere
intratracheally dosed with 10 mL of a sterile phosphate-buffered saline solWitm.
the exception of d where feed was withheld, steers were offered feed foitad intake
with feed delivered twice daily at 0800 and 1700. The diet was formulated to meet or
exceed nutrient requirements (NRC, 1996). Ingredients and nutrient composition were
reported by Burciaga-Robles et al. (2009d).
Sample Collection

Steers were placed in metabolism stanchions in a climate-controlled room (23 t
27°C) 24 h before the initiation of the blood collection period. Rectal temperatures were
recorded using a digital veterinary thermometer (GLA M-500; GLA Adjucal
Electronics, San Luis Obispo, CA). On d 1, rectal temperatures collected at 3,r@] 12, a
18 h after the bacterial challenge were averaged, and for the remaininglg, a dai
measurement was performed at 0800. Blood samples were collectedond 1, 2, 3, 4, 7,
and 14 of the challenge. At 0600 on the morning of challenge (d 1) and 0700 on all

subsequent blood sampling d, a priming dose of 20 mL of 10% (wt/vol) para-
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aminohippurateHAH, pH = 7.4) was administered through a Q4% sterile filter

(Millipore, Bedford, MA) into the mesenteric vein catheter. Para-aminohipgowad
continuously infused (PHD 2000 Syringe pump; Harvard Apparatus Inc., Holliston, MA)
at 0.7 mL/min for 9 h following the priming dose. On d 1, blood was collected 1 h prior
to theM. haemolyticachallenge (0700), and continued every 1.5 h from 0830 until 1600
(total of 7 samples). Ond 2, 3, 4, 7, and 14, blood was collected beginning at 0800 and
continued every 1.5 h until 1530 (total of 6 samples). At every sampling time, 10 mL of
blood were simultaneously drawn three times from the portal vein, hepatic vein, and
mesenteric artery catheters into syringes, and blood was placed intdéQhrdetubes

(Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ). The first 10 n&. wer
placed into tubes treated with sodium heparin for plasma harvest, the second 10 mL into
tubes containing potassium oxalate and sodium fluoride for plasma harvestseg|
analysis, and the third 10 mL were placed into tubes without anticoagulant for serum
harvest. After collection, blood samples were immediately capped and placedam ice
transport to the laboratory. Immediately after collection, 90 pL of akt@ortal and

hepatic whole blood samples were analyzed using a blood gas analyzer (1304 pH/Blood
Gas Analyzer, Instrumentation Laboratory, Lexington, MA) for detertioinaf blood

gas concentrations. Calibration of the blood gas analyzer was performed paicin to e
sampling day using a commercially available calibrator (Contttlo® gas control

#93630, Instrumentation Laboratory) and automated two-point calibration. An additional
40 uL of whole blood was used to determine packed cell volume. Remaining blood was
centrifuged (3,000 g, 4°C, 20 min) and plasma and serum harvested and frozen (-40°C)

for further analysis. Two milliliters of plasma and serum from each sagnipine were
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composited within site (arterial, portal, hepatic) to provide a daily sammldy@zen
(=40°C) for further analysis. The pre-challenge samples collected at 0700 orrel 1 we
excluded from the composite.
Analyses

Mannheimia haemolytica Antibodies. Serum samples from d 0, 7, and 14 were
used to determine antibodies to whole bacterial cell and leukotoxin for a formaduh kill
M. haemolyticaserotype 1 by an ELISA test as described by Confer et al. (1995; 1996).
Antibody responses were expressed as nanograms of immunoglobulin binding based on a
set of IgG standards on each plate. The intra- and inter-assay coeffafieatiation
were below 5%.
Serum Haptoglobin. Haptoglobin concentrations in arterial, portal and hepatic serum
samples were analyzed in duplicate using a Bovine Haptoglobin ELISA kitufh@iogy
Consultants Lab, Portland OR) as described previously (Burciaga-Robles et al., 2009b).
The intra and inter assay coefficient of variation were below 7.5%.

Metabolites and Para-Aminohippurate. Daily composites fromd 1, 2, 3, 4, 7 and

14 were analyzed for PAH and metabolite concentrations. Plasma PAH caticesatr
were determined colorimetrically as previously described (HarveBeotters, 1962).
Commercially available kits were used for the colorimetric detetioimaf plasma
glucose (Liquid Glucose [hexoquinase] Reagent Set, Pointe Scientific, Carlfon, M
lactate (Lactate Reagent Set, Pointe Scientific), urea nitrogea (\ltrogen Reagent,
Teco Diagnostic, Anaheim, CA), ammonia (Ammonia Reagent Set, Pointe Scjemtd
total protein (arterial blood samples only; Total Protein [Biuret] ReagenPSigite

Scientific) concentrations. Microplates (Beckman Coulter, Fullerton, CAg used for
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all analyses, and absorbance was measured according to manufacturereiedatioms
for each metabolite using a plate reader (Multiskan Spectrum; Thermo $cientif
Waltham, MA). Intra- and inter-assay coefficients of variation for easflaloolite were
kept below 5 and 7.5%, respectively.

Free plasma AA were determined via GLC using a commercially bieak#
(EZ:FAAST #KGO-7165; Phenomenex, Torrance, CA). The kit supplied all necessary
reagents for solid phase extraction and derivatization as described by Wad@bner e
(2008). Briefly, AA were extracted from 100 pL of plasma and eluted, the AA were
derivatized, and the eluant was allowed to separate into 2 layers. An aliquot of the
organic layer was collected into glass scintillation vials and analyzed¥a@mn/a gas
chromatograph (Varian CP-3800, Varian, Walnut Creek, CA) using a split anjecti
protocol (2 pL of sample at 250°C) with helium (1.5 mL/min) as the carrier gas. Intra-
and inter-assay coefficients of variation for AA determination were tess15%.

Plasma volatile fatty acids were measured as described by Keist&00)
using a HP 5890 Series Il GLC (Agilent, Atlanta, GA) with a flame ioronadetector
and HP 7673 automatic injector (Agilent). The GLC was equipped with a 60 m x 0.25
i.d. fused-silica capillary column chemically bonded with 0.25-um DB5-M&staty
phase (J&W Scientific, Folsom, CA). The injector temperature was set@.250
Helium was used as a carrier at a flow rate of 1 mL/min through the column. Thencol
was maintained at a temperature of 75°C for 0.5 min, then temperature was in@eased t
135°C at a rate of 3°C niin and maintained at 270°C for 10 min to the end of the run.
Peak areas were calculated by the Agilent ChemStation (Revision B.04.&EntAgi

Blood and Net Nutrient Flux Calculations
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Calculations for blood oxygen concentrations and plasma flows through the portal
and hepatic vein were calculated as described by Hersom et al. (2003)., Brosfty
flow (L/h) = IRPAH/(CVPAH — CAPAH), where IRPAH is the infusion rateg/min) of
PAH, and CVPAH and CAPAH are the concentration (mg/L) of PAH in venous and
arterial plasma, respectively. Portal and hepatic blood flow were daltulizectly,
whereas hepatic arterial blood flow was calculated as hepatic blood iitms portal
blood flow.

Net flux of nutrients across the portal-drained viscBR\(), hepatic, and total
splanchnic vascular beds were calculated as described by Krehbiel e93). {dg the
following equations: PDV flux = PBF x (Cp - Ca), Hepatic flux = PBF x (Ch — Cp) +
ABF x (Ch — Ca), and total splanchnic flux = PDV flux + hepatic flux, where ABF and
PBF are the blood flow rates (L/h) in the artery and portal vein, and Ca, Cp, and Ch are
the metabolite concentrations in the arterial, portal, and hepatic plasmasample
respectively. A positive net flux indicates a release or absorption of a nutriereas a
negative net flux represents uptake or utilization. The number of steers sampigd duri
each period and number of catheters patent at each site are listed in Tablén&pafite
extraction ratio lER) has been described as an empirical method to calculate the
amount of a nutrient removed (uptake) by the liver as a fraction of the total metabolit
present in whole blood or plasma (Delgado-Elorduy et al., 2002), and was calculated
according to Brockman and Bergman (1975) using the formula: HER(EfF— G.) +
Fa (Ca— Gw))/FoCpv + RC, Where Ky is the portal plasma flow (L/h), & G and C,
are the portal and hepatic vein, and arterial plasma concentrations of the rregtabadli

Fais the hepatic arterial plasma flow.
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Aromatic AA were calculated as the sum of tyrosine, tryptophan and pheny&glani
branched chain AARCAA) as the sum of leucine, isoleucine and valine; gluconeogenic
AA as the sum of alanine, glycine, glutamine, glutamic acid, serine, and thresuiine;
containing AA as the sum of cysteine and methionine; essentiaEAA) as the sum of
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
and valine; non-essential AANIEAA) as the sum of alanine, asparagine, aspartic acid,
cysteine, glutamine, glutamic acid, glycine, hydroxyproline, prolieens, and tyrosine;
and total AA as the sum of all amino acids reported.

Statistical Analysis

Performance data were analyzed using the Mixed Procedure of SAS \mikd ani
as the experimental unit. Fixed effects included diet, disease and diet x;Jiseiask
was included as a random effect in the model. Dry matter intake and blood metabolite
concentration and net flux data were analyzed using the Mixed Procedure of tB4AS wi
repeated measures analysis using a first order autoregressivaigcogatructure with
heterogenous variance. A heterogenous variance between subjectsutas skle to an
increase in variance across treatments, although the pattern of vaeaaceed
homogenous within treatments (SAS Institute, 2003). Animal was the experimental uni
and the repeated measure statement was sampling time within animal eff@cts were
diet, disease, time, and all possible interactions, and period was included as a random
effect. Results are discussed as significaRt<if0.05 and as a tendencyAf> 0.05 and

P<0.10.

RESULTS
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The number of steers sampled during each period and number of catheters patent
at each site are listed in Table 1. Luis, we need the statement on cathei®yr aatkthe
table.

There were disease x d interactioRs<(0.0001) foiM. haemolyticavhole cell
antibodies (Figure 1a) arM. haemolyticdeukotoxin (Figure 1b). Antibody titers for
M. haemolyticavhole cells and leukotoxin were greater on d 14 follovithg
haemolyticachallenge compared with CON steers. In addition, rectal tempesatur
were greater for CH than CON steers on d 1 and 2 following the challesgagelix d
interaction,P < 0.0001; Figure 2). Dry matter intake averaged acrossd0to 4, 7 to 11
and 14 to 18 responded with a diet x disease x time interabtoi®01). Dry matter
intake was greateP(< 0.05) for FED/CON than FED/CH, FAST/CON, and FAST/CH
from d O to 4, greater for FED/CON, FED/CH, and FAST/CON than FAST/CH from d
7 to 11, and did not differ among treatmems>(0.05) from d 14 to 18 (Figure 3).
Performance data is reported in Table 2. Across the 14-d experiment, FASThateer
lower (P < 0.03) DMI than FED steers. Interestingly, diet did not afféct 0.75)
ADG; however, ADG was lowelP(= 0.03) for CH compared with CON steers across
the 14-d period. In addition, G:F tendd€t< 0.11) to be lower CH than CON steers.
Feed deprivation did not affed® & 0.41) blood gas variables, whereas CH steers had
greater blood pHR = 0.04) and lower @saturation® = 0.02), hematocritR = 0.0003),
and Q concentration® = 0.01) than CON steers (Table 2). Concentration of acetate in
arterial blood was lowelP(< 0.0001) in FAST compared with FED steers. In addition,
arterial concentrations of acetate responded with a diet x d interdet00.0001,;

Figure 4A). Arterial acetate concentration decreased from d 1 to 3 of feed tepyiva
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and remained lower than FED steers through d 14. Arterial blood concentration of
propionate was greater in FED/CON and FED/CH steers than FAST/€id;$t&D/CH
steers were intermediate (diet x dise&se,0.0008; Table 2). In addition, arterial blood
concentrations of butyrat® & 0.04) ang-hydroxybutyrate® = 0.02) were greater in
CON steers than CH steeif$-hydroxybutyrate also responded with a diet x d interaction
(P =0.001; Figure 4B). Ond 2, 3, and34hydroxybutyrate concentrations increased in
FED and decreased in FAST. By d 4 of re-feeding, arterial concentrations detturne
pre-feed deprivation levels and remained without changes during the renaditicer
experiment. Lactate concentration in arterial blood was greatdsEIICH steers,
intermediate for FAST/CON and FAST/CH steers, and lowest for FED/&@&is (diet
x diseasel = 0.03; Table 2). In addition, arterial lactate concentration was grater (
0.05) for CH than CON steers on d 2 and 7 pbshaemolyticachallenge (diet x &R =
0.001; Figure 5). Across the 14-d experiment, feed deprivation had no effect on arterial
glucose concentration® € 0.30; Table 2); however, it responded with a diet x d
interaction P = 0.03; Figure 4C). On d 2 of feed deprivation, glucose concentration was
greater for FED steers than FAST steers; however, on d 3, 7 and 14, FAST steers had
greater glucose concentrations than FED steers.

There were no diet x disease x d interactiéhs (.10) for arterial concentrations
of nitrogenous compounds (data not shown). Arterial concentration of haptoglobin was
greater P = 0.05) in CH compared with CON steers (Table 3). In contrast, arterial
concentrations of alanin® & 0.02), glutamineR = 0.006), glycineR = 0.006),
hydroxyproline P = 0.0001), prolineR = 0.01), glucogenic amino acid® £ 0.002),

non-essential amino acidB € 0.01), and total amino acid8 € 0.03) were lower in CH
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than CON steers. Similarly, concentrations of asparagire(07) and glutamic acidP(
= 0.06) tended to be lower in CH compared with CON steers. Proline concentration in
arterial blood responded with a diet x disease interadden(.03). The decrease in
proline when steers were challenged wiithhaemolyticavas greater in FAST compared
with FED steers. Concentrations of aromafic=(0.06) and sulfur containing amino
acids P = 0.07) tended to be lower in FAST compared with FED steers.

Diet x d interactions for arterial concentrations of AA are presentEgjure 5.
There were similar diet x d interactions for alaniRe=(0.01; Figure 5A ) and histidine
(P =0.02; Figure 5C ). During the first 7 d of the experiment concentrations wela simi
for FED and FAST steers, but on d 14 concentrations in FED steers werearhatahf
AA. Arterial concentrations of glutamic acid (diet xRd= 0.0004; Figure 5B) and
methionine (diet x d? = 0.02; Figure 5D) were similar on d 1 of the experiment;
however, on d 3 of the feed deprivation period glutamic acid and methionine were greater
in FED compared with FAST. Tyrosine concentrations were greater in FED @mpa
with FAST steers on d 3 and 14 (diet ®Pds 0.03; Figure 5E), whereas arterial
concentration of serine was greater for FAST compared with FED on d 4 (diBt= d,
0.05; Figure 5D). Gluconeogenic AA (diet xRl= 0.02; Figure 5F) and NEAA (diet x
d, P =0.02; Figure 5G) responded in the same fashion where arterial concentrations were
increased in FED animals compared with FAST 11 d after re-feeding. (Leasepl
check the superscript for glucogenic AA. | believe it's in the wrong spot.)

SFor AA, disease x d interactions for are presented in Figure 7. Glyseagdi
x d,P =0.0002; Figure 7C), glucogenic AA (disease Rd;, 0.001; Figure 7G), and

NEAA (disease x dP = 0.003; Figure 7H) were lower on d 2, 3, and 4 relativwd.to
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haemolyticachallenge in CH. Glutamine (disease Pd; 0.01; Figure 7A), and
hydroxyproline (disease x B,< 0.0001; Figure 7D) responded in the same fashion than
glycine, glucogenic and NEAA, but the decreased concentrations in CHi lented 7
relative toM. haemolyticachallenge. Arterial concentrations of glutamic acid (disease x
d, P = 0.0004; Figure 7B) and threonine (disease R €0.04; Figure 7F) were lower in
CH animals on d2 and 3 followirlg. haemolyticachallenge. Phenylalanine was
increased (disease xBl= 0.01; Figure 7E) in CH on day 2 relativeMo haemolytica
but returned to baseline concentrations on day 3 and no further differences wetszidete
Arterial blood flow was lowerR = 0.01) in FAST compared with FED steers
(Table 3). Portal and hepatic blood flow were not affedded .26) by treatment.
Oxygen consumption across the PDV was lower 0.005) in FAST compared with
FED steers, and was greater{0.02) in CH compared with CON steers. In addition, O
consumption across TST was lowBr= 0.02) in FAST compared with FED steers. Net
PDV releasel = 0.0006) and hepatic remov&l € 0.0008) of propionate were lower in
FAST than in FED steers. Net PDV release of butyrate teftled(07) to be greater
and net PDV release pfhydroxybutyrate was loweP(= 0.05) in FAST compared with
FED steers. Hepatic extraction of butyrate was greBter(q.05) in CH compared with
CON steers. Similar to PDV release, TST releagelofdroxybutyrate was loweP(=
0.03) in FAST compared with FED steers. Net removal of lactate by théRived.06)
tended to be lower and TSP € 0.008) and HERR = 0.001) were lower in FAST
compared with FED steers. In addition, TST removal (tendéhey).09) and HERR =
0.05) were lower in CH compared with CON steers. Net release of glucoselivgithe

(tendencyP = 0.08) and TSTH = 0.04) were lower in FAST compared with FED steers.
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There were no effect® (> 0.44) of diet, disease, or diet x disease for net PDV, liver, or
TST flux of haptoglobin, ammonia or urea N (Table 4). Net flux of alanine across the
PDV responded with a diet x disease interact®r 0.02). Net flux of alanine by the
PDV was greatest for FED/CON steers, lowest for FAST/CONsstard intermediate
for FED/CH and FAST/CH steers. Removal of alanine by TST was gr€ated.05)

for FAST steers than FED steers. Removal of asparagine by thePliwed.Q01) was
greater for FAST than for FED steers. Net flux of asparagine acr@sw/dsgreatest for
FED/CON steers, lowest for FAST/CON steers, and intermediat&EfofFH and
FAST/CH steers (diet x disease interacti®m, 0.03). Net liver removal (tendendy=
0.06) and TST fluxR = 0.01) of aspartic acid were lower for FAST compared with FED
steers. Similarly, net flux of glutamine across the lieer (0.01) and HERRK = 0.008)
were lower in FAST compared with FED steers. Net lifRer 0.01) and TSTH = 0.02)
removal of glutamate were greater for FAST compared with FERsstée addition,
removal of glutamate by TST was greater=(0.01) for CH compared with CON steers.
Net flux of glycine across TST tended to be lower for FED/CH steers codwiéle

steers on the remaining treatments (diet x disease interdetof,08). Fasting tended
(P =0.10) to increase removal of histidine by the liver. ChallengeMitaemolytica
increasedl = 0.03) removal of hydroxylproline by the liver. Net flux of isoleucine
across the PDV tended to respond with a diet x disease interd&tod.Q7). Net flux

of isoleucine was greater for FED/CON and FAST/CH steers comparteéai/CH

and FAST/CON steers. Net PDV, liver or TST flux of leucine, lysine, and meatleioni
were not affectedq > 0.16) by diet or disease. Net removal of ornithine by the liver

responded with a diet x disease interacti®r 0.05). Net flux of ornithine was greatest
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for FED/CON steers, lowest for FED/CCH steers, and intermediate 8T £¥ON and
FAST/CH steers. In addition, HER of ornithine was gred®er 0.04) in CH compared
with CON steers. Net TST flux of phenylalanine tended (.10) to be lower in FAST
than in FED steers, and HER of phenylalanine was grdate0(04) in FAST compared
with FED steers. Net removal of serifie 0.01), threonineR = 0.03), and tryptophan
(P = 0.03) by the liver was greater in FAST than in FED steers. In addition, HER of
serine (tendencyy, = 0.09), threonineR = 0.003), tryptophan(= 0.01), and tyrosind>(
= 0.002) was greater in FAST than in FED steers. Hepatic extraction of threé@mine (
0.03), tryptophan (tendendy,= 0.09), and tyrosind>(= 0.03) were greater in CH than
in CON steers. The liver removed more tyrosides (0.04) in CH compared with CON
steers.

Feed deprivation increased net removal of aromatic (tendBrre).06),
gluconeogenicK = 0.003), non-essentidP & 0.003), and total amino acid® € 0.02)
across the liver (Table 4). In addition, challenge Witthaemolyticancreased liver
removal of aromaticR = 0.01), gluconeogeni®(= 0.04), and non-essenti&l € 0.04)
amino acids. Similarly, removal of aromatiz £ 0.05) and non-essenti& € 0.02)
amino acids by TST was greater in CH than in CON steers. Feed deprinatieased
the HER for aromaticH = 0.005), gluconeogeni® (= 0.009), non-essentid® € 0.008),
and total amino acid$(= 0.01), and challenge wit¥l. haemolyticancreased HER for
aromatic P = 0.04), gluconeogeni®(= 0.05), non-essentidP (= 0.05), and total amino
acids (tendency? = 0.08). Net PDV flux of sulfur containing amino acids was greater

(P =0.03) in FAST compared with FED steers.
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DISCUSSION

In the present experiment, peak rectal temperature was reached 24/h post
haemolyticachallenge, and remained elevated 48 h post challenge. Similarly, immune
challenges with bacterial LPS in cattle (Gilliam et al., 2008, Reutdr,&008;

Waggoner et al., 2008) and pigs (Webel et al., 1997) has resulted in increased rectal
temperature, although the increase in rectal temperature is usualhhfmtex period of

time than observed in the present experiment. Burciaga-Robles et al. (200&edrepo

the acute changes in cytokines, rectal temperature, portal and hepatiddoadd net
nutrient flux across the PDV, liver, and TST during the Mohaemolyticachallenge
following the initial 14 h of feed deprivation. Based on those results and results from the
present experiment, we conclude that our challenge model was successful in dgvelopi
clinical and physiological signs associated with BRD.

A febrile response has been reported to be a beneficial response by the host rather
than being a negative consequence of the pathogen (Blatteis, 2003), because pathogen
growth is sensitive to changes in body temperature. In addition, increased body
temperature can have a positive effect on the host immune response (e.giomctiva
specific proteins; Sanberg et al. 2007). Increased body temperature dwiomiea f
process in humans and rats (Dantzer, 2002) has been reported to increase metabolic rat
by 13% for every %C increase in body temperature. Therefore, the magnitude and
duration of the increase in rectal temperature might impact maintenancemngejutis in
morbid animals due to the increased energy cost for this metabolic process.

Haptoglobin is an acute phase protein produced by the liver, and increased

concentrations have been reported by Carter et al. (2002), Berry et al. (2004) paeid Ste
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al. (2008) in calves experiencing clinical signs of BRD. In the presentieqrer CH
steers had increased haptoglobin compared with CON steers. Melchior et al. (2004),
using complete Freund’s adjuvant as an immune challenge in fed or fasted pidedrepor
increased haptoglobin concentrations 10 d after the challenge. In our study andythe stud
of Melchior et al. (2004), haptoglobin concentration was not affected by feed digpriva

To account for potential effects that intake has on nutrient digestion and
metabolism, pair feeding has been suggested for use in experiments comparalg ani
challenged with a pathogen vs. non-challenged animals (Sandberg et al., 2007). Because
pathogen exposure induces anorexia in host animals, potential effects of decralsed int
should also be accounted for when developing feeding strategies for morbid animals in
production settings (Kyriazakis et al, 1998). In the present experiment, we abaerve
compensatory response in intake for FED/CH, and FAST/CON steers by d 7 to 11,
although intake in FAST/CH remained below the remaining treatment graups. |
addition, ADG was decreased for CH compared with CON steers. Therefore the model
used in the present experiment was effective at simulating a BRD evesd dwe 14 d
experimental period.

Blood gas

Blood gas components and acid base equilibrium in cattle can be altered during
respiratory disease (Carlson, 1996). Normal blood pH in cattle has been reported to
range 7.35 to 7.45 (Cingi et al. 2009). In our study, blood pH was increased in CH (7.48)
when compared with CON (7.45) steers and could be considered as marginallycalkaloti

Parker et al. (2007) reported no differences in blood pH due to 48 h transportation with
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feed and water deprivation, which is in agreement with results in our study avii2re
fasting did not influence blood pH.

Hemoglobin and packed cell volume were decreased in CH steers compared with
CON steers. This data is in agreement with data reported by Corrida(R€0a), where
heifers challenged with. haemolyticahad a decrease in hemoglobin and packed cell
volume attributed to inflammation of lung tissue. In a previous experiment (Barciag
Rbles et al. 2009a) using a similar experimental model, we reported asgeicrea
hemoglobin and a tendency for lower packed cell volume, similar to the present
experiment.

Arterial concentrations of energy metabolites

Loerch and Fluharty (1999) reported that periods of feed and water deprivation
associated with marketing strategies of beef cattle could have a negjtdoteon the
rumen environment. In addition, Baldwing (1967) reported that total rumen bactegia we
decreased after a 48 h period of feed and water deprivation. Galyean et al (1981)
reported that rumen bacteria counts were decreased after a 32 h feed deprivatien, but t
counts returned to pre-feed levels by 72 h after re-feeding occurred. Ruminal
fermentative capacityRFA) has been reported to be a measurement of the capacity of
rumen microorganisms to ferment substrate. Baldwin et al (1967) reported tha RFA
decreased to 0% after 48 h of feed and water deprivation, and Hutchenson and Cole
(1981) reported that this negative effect could last as long as 5 d.

The end products of ruminal fermentation include acetate, propionate, and
butyrate, which are either metabolized by or absorbed across the rumen waltheayer

are transported to the liver. These VFA are the major source of energy in tladiyrorm
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fed ruminant (Kristensen, 2005). However, little is known about peripheral VFA
metabolism under conditions of environmental stress or immune challenge, when energy
requirements are suddenly increased. In ruminants, acetate is an impdosaatis for
oxidation (Annison and Armstron, 1970) and fat synthesis (Pethick, 1981; Smith and
Crouse, 1984). In the present experiment, arterial concentrations of acetatetwvere
affected due td1. haemolyticechallenge, but were decreased due to feed deprivation.
These results are in agreement with those reported by Lomax and Baird (1983) who
observed a decline in acetate after 24 h of feed deprivation in fasted dairy cowsal Art
acetate concentrations continued to decline to d 6 to approximately 95% of prg-fasti
levels. The decrease in acetate concentration in fasted animals suggéisesrtizgority

of acetate production and absorption is related to DMI, most likely resultinginal
microbial and fermentation alterations due to lack of substrate.

In homeostasis, propionate derived from ruminal fermentation is considered the
major gluconeogenic precursor, and the conversion rate from propionate to glasose
been reported to range from 32 to 73% (Seal and Reynolds, 1993). However,
propionate concentration depends on the availability of substrate for ferrmematne
rumen (Bergman, 1990; Owens et al., 2008). In addition, during periods of increased
energetic demands, propionate conversion to glucose has been reported to increase
(Wiltrout and Satter, 1972; Steel and Leng, 1973; Drackley et al., 2001). In the present
experiment, arterial concentrations of propionate were higher in FED/CON,
intermediate for FAST/CON and FED/CH, and lowest for FAST/CH. Although
propionate is a potent glucogenic compound, it is difficult to assess its precise

contribution to glucose production in the whole animal (Bergman , 1990). Arterial
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concentrations of propionate can only be increased if availability of substrate is
increased or if specific disorders of propionate metabolism exist. The cetezteyial
concentrations of propionate in the present study in respoheh@emolytica

challenge without increased concentrations of glucose may indicate that ptegamna
be used for metabolic activities in peripheral tissues when energy demands are
increased, as suggested by Bell et al. (1974). Increased energy regtsrenmeuscle

or other peripheral tissues could lead to a repartitioning of nutrients from non-exidati
pathways (nutrient storage) to oxidative pathways in which circulating VighAtroe

used as energy substrate (Hocquette et al., 1998).

Arterial concentrations of butyrate were decreased in CH steers in fempre
experiment. Although butyrate is mainly taken up by epithelial tissues of the
gastrointestinal tract and liver, minimum amounts can enter periphewabtion
(Bergman, 1990), and in peripheral tissues be rapidly oxidized or used for lipogenesis or
milk fat synthesis (Black et al., 1961; Annison et al., 1963). Similar to butyratealarte
B-hydroxybutyrate fHB) concentration was lower in CH compared with CON in the
present study. Waldron et al. (2003) reported a linear decrepd®im lactating cows
infused with different doses of LPS. In addition, Steiger et al. (1999) repaittiease
in BHB in dairy heifers shortly after being infused with LPS.

Burciaga-Robles et al. (2009b) reported no difference in lactate concentmtions
steers following 8. haemolyticachallenge, in contrast with the present experiment.
However, the concentration of lactate was decreased in steers exposed to steer
persistently infected with BVDV type 1b. In contrast, Montgomery et al. (2@@®)yted

decreased lactate concentrations in heifers treated against BRD wingared to non-
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treated heifers. Coghe et al. (2000) suggested the use of plasma laatate as
diagnostic/prognosis tool in animals suffering from BRD, suggesting that during
respiratory disease, a decrease in oxygen transferred from the lungsiabladed due
to increased respiration would decrease aerobic metabolism. Howevasatcpasma
lactate was only a good prognosis tool when plasma lactate levels weasawrabove 4
mM when animals died within the following 24 h. In the present experiment, a decrease
in arterial blood oxygen concentration and increased plasma lactate might shigigest
successful respiratory infection altered respiration rate and oxygen idgnarntH
steers. In addition, increased lactate plasma concentrations have bertebaaih an
increased glucogenolysis and a reduced capacity of peripheral tissuézdadaatate in
response to an immune challenge (Harada el al., 1994; Mizock, 1995).

Glucose concentrations in this study were not affected.dyaemolytica
challenge, but decreased during the first three d of feed deprivation and thesedcre
above pre-feeding levels after re-feeding. Our results are in agreetie Galyean et
al. (1981) and Cole et al. (1988) who reported a decrease in serum glucose when steers
were fasted for 32 and 24 h, respectively. Heitman and Bergmann (1980) reported that
during short periods of glucose deficit, AA from skeletal muscle can be releadaised
for glucogenesis. However, during long periods of negative energy balante due
decreased intake or increased nutrient requirements, Thompson and Wu (1991) reported a
combination of adaptation mechanisms to overcome the energy sparing fromamrgy
protein, including increased peripheral oxidation of VFA and increased formation of
ketone bodiespHB and acetoacetate). However, Robinson and Williams (1980) also

suggested that the concentrations of these metabolites in peripheraliomottaid be
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decreased because they are utilized as oxidative fuels by the host. Ghamtgesal
concentrations of energy related compounds are in general agreemeprewidis
results related to periods of metabolic stress due to negative energy pbassoceated
disease, decreased DMI, and increased energy demands.

Arterial concentrations of nitrogenous compounds

Urea-N concentrations have been used as an indicator of protein balance in cattle
(Ndlovu et al., 2007). In the present experiment, feed deprivation for 72 h had no effect
on arterial concentration of ammonia and urea. This data is in agreement withoks
Lapierre et al. (2000) who reported no effect of increasing DM, energy, Rimt&ke on
arterial concentrations of these metabolites. Yambayamba et al. (1996¢ddpaer
concentrations of urea N in feed restricted heifers compared to heifensediepirfeed
for 48 h. In contrast, Hayden et al. (1993) and Cole et al. (1988) have reported increased
concentrations of urea N in feed restricted animals compared to an ad libitgnmode.
Discrepancies in results across experiments might be explained fraimugrprotein
nutrition status and the capability of N recycling in ruminant animals. Wehel et
(1997) reported increased concentrations of urea N in pigs challenged with LPS
compared to a non-challenged control group. The increase in urea N waatadssith
an acute stage of proteolysis associated with the immune response. In ca¢ielOr
(1988) reported an increase in urea N in steers challenged with infectious bovine
rhinotracheitis virus. These authors restricted DMI to 1% of BW which might have
increased the negative effect of the viral infection and resulted in a grasele
catabolism and increase urea N. We did not observe similar resultgl witlemolytica

challenge. More recently, Montgomery et al. (2008) reported a linear $edrearea N
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in heifers not treated up to treated three times against BRD. Therefore, asenare
plasma urea N could be an indicator of severity and duration of BRD other than just
morbidity associated with the disease.

One of the main characteristics of the immune response is hypercatabolism,
increased oxygen consumption and energy expenditure, activation of periphereal
catabolism, and specially augmented metabolism in the hepatosplanchnic regiore{Da
al., 1987; Barton and Cerra, 1989). This increased catabolism of periphereal tissues
(muscle) provides substrates to the liver for glucogenesis and synthasigeophase
proteins (Reid et al., 2004). In general, AA concentrations in patients with epsisl
et al., 2000), cattle following LPS challenge (Gilliam et al. 2008; Waggdratr 2008),
and pigs after Freud’s complete adjuvant injection (Melchior et al., 2004) asaded
compared to healthy individuals, and the extent of this difference has been used as a
marker of the severity and prognosis of the disease process (Freund et al., 1979).
Burciaga-Robles et al. (2009c¢) reported the changes in AA concentrationsttierfirgt
8.5 h of the present experiment. Interestingly, acrossM4hdiemolyticachallenge
decreased arterial plasma concentrations of alanine, glutamine eglygdroxyproline,
proline, gluconeogenic, NEAA and total AA concentratidAs(0.05). Although a
decrease in AA concentrations following inflammatory disease couldtrédikedecrease
in feed intake (Melchior et al. 2004), there was no differences in DMI by d 14 of the
present experiment. In addition, feed deprivation had no effect on arterial plasma
concentrations of individual AA except proline. Therefore, differences in AA
concentrations in the present experiment associatedMvitaemolyticachallenge might

be attributed to an extended effect of the disease on AA metabolism. A decrease in
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peripheral concentrations of AA has been proposed by Melchior et al. (2004) to result
from an increased utilization of AA as substrates for energy by periplssia g,

utilization of the AA by cells of the immune system as precursors of eneggptein
molecule synthesis, or from entering specific pathways related to lebelyse. Gilliam

et al. (2008) and Waggoner et al. (2008) reported a decrease in methionine, lysine,
leucine, isoleucine, phenylalanine, tryptophan, glycine, serine, aspgltdédamine and
ornithine in response to an LPS challenge; however, the length of their expesasent
only 12 h suggesting that changes in this AA were more related to changes gdaourrin
the acute phase of the immune response as described previously for this experiment
(Burciaga-Robles et al. 2009c¢). In pigs (Melchior et al. 2004), plasma conersrati

AA after Freud’s adjuvant injection were lower in fed compared to fasted pigs,
suggesting that when AA are supplied during the immune response, they are moye rapidl
metabolized in challenged animals. However, in our experiment and during the acute
phase previously reported (Burciaga-Robles et al. 2009c¢), the interactions betegen f
deprivation and. haemolyticachallenge were minimum.

In the present experiment, decreased arterial concentrations of glucAgenic
were observed in CH animals. As described previously, during an immune challenge
there is an increased energy substrate demand due to metabolic changes in energy
metabolism, increased glucose utilization, and oxidation of VFA to meet the energy
demands, but in addition an increased catabolism of glucogenic AA occurs (Druml et al.,
2001). Increased gluconeogenic activity in the liver during an immune challarge
been reported previousiy vitro in hepatic slices from lactating dairy cows following

LPS challenge (Waldron et al., 2003).
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Over the 14 d experiment, arterial concentrations of BCAA were not affegted b
M. haemolyticachallenge, in contrast to our previous report indicating decreased
concentration of this group of amino acids (Burciaga-Robles et al., 2009). In tontras
arterial concentrations of NEAA were still decreased after 14 d in CH niwitaich
could indicate an increased requirement for this group of AA. Aromatic and sulfur-
containing AA tended to be decreased in feed deprived steers. This may besdttabut
the long-term effects that feed deprivation has on rumen bacterial populationseesd! alt
ruminal fermentation that has been previously described (Galyean et al., 1981,
Hutchenson and Cole, 1996). Increasing peripheral availability of these AA may be
beneficial during the first 14 d after arrival to the feedlot. The overaledserin arterial
concentrations of total AA observed in this experiment has also been reported in humans
(Druml et al., 2001), pigs (Melchoir et al., 2004), and cattle (Waggoner et al., 2006;
2008) and the degree of change has been associated with the severity of the infectious
process (Druml et al. 2001).
Blood flow

Blood flow is key to the dispersion and metabolism of absorbed nutrients through
the PDV and liver tissues (Hersom et al., 2003). In general, blood flows wder $im
those previously reported for growing steers (Reynolds and Huntington, 1998; Hgrsom
al. 2003). Blood flow during the first 6 h pddt haemolyticachallenge has been
reported by Burciaga-Robles et al. (2009c). In contrast to the acute respoyse, onl
arterial blood flow was increased in FAST compared with FED steers atleaagess the
14 d experiment, whereas blood flow across the PDV and liver were not different.

Lomax and Baird (1983) reported decreased arterial, portal and hepatic blood flow i
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lactating cows after 2 d of feed deprivation. The decrease in arterial kd@ocefhained
during the 6 d feed deprivation period followed by a numeric twofold increase dlarter
blood flow 3 d following re-feeding. Although the increase was not statisticaléy elit,
the increase in arterial blood flow in lactating dairy cows afteredfg might be related
to physiological mechanisms to increase the flow of nutrients to periplsstzdsiin
order to meet the demands associated with production, whereas in non- lactaing cow
with steady-state nutrient requirements those changes were not obsenvig d»M.
haemolyticachallenge, we observed increased hepatic and arterial blood flow due to the
bacterial challenge (Burciaga-Robles et al., 2009c¢). The possible effetisiune
related proteins on changes in blood blow were discussed in that paper. Interelengly, t
acute effect oM. haemolyticachallenge is in agreement with the results provided by
Lyngso et al. (2002) when changes in TST blood flow were studied in relationship to IL-
6 infusion.

Oxygen consumption and net flux of energy related metabolites

Several authors (Huntington et al., 1988; Burrin et al., 1989; Freetly and Ferrell,
1991; Reynolds et al., 1992) have reported increagsediumption by splanchnic
tissues with increases in energy (or DMI) intake, which is in agreenénth& present
experiment when steers were deprived of feed for 74 h. In contrast, CH anadals
greater PDV @consumption that CON. These data are difficult to explain, and show the
degree of complexity in metabolic changes that can occur after an immlieagha
Rokyta et al. (2004) observed that total hepatosplanchnic blood flow and oxygen delivery
increased significantly in critically il human subjects and returned tdibasdter

cessation of the illness. Vasoconstrictor-mediated alterations could mazpl&atehnic
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response to nutrient intake and immune challenge and explain the increasedothepetic
flow we reported during the acute response to this challenge (BurciagessiRbhle
2009). Marla et al. (2004) reported an increase in TST oxygen consumption when enteral
or parenteral nutrition was provided to septic patients when compared to healthy patient
However, no previous reports were available on the possible effects of an immune
challenge on increased PD\4 €onsumption. Reynolds et al. (1992) reported a greater
variation in TST Qconsumption in dairy cattle attributed to higher DMI, but also due to
differences in productive state. During an immune challenge the relationshgehet
DMI and G, consumption might be altered.

In the present experiment, net flux of propionate across the PDV was decreased i
FAST compared with FED steers. Because the availability of propionptetal blood
is related to the amount produced by rumen microorganisms during fermentation of
carbohydrates (Bergman 1990; Owens et al. 2008), the decrease in propionate flux is
most likely explained by the alteration of RFA described previously (Hutohearsd
Cole, 1981). Although rumen production of propionate was not measured in the present
experiment, decreased production or increased utilization by ruminal epitloskidikely
resulted in decreased net PDV flux. In addition, net propionate removal by the lsver wa
decreased in FAST animals. Propionate is the major glucose precursor in thé liver
ruminant animals (Aiello et al., 1989). In lactating dairy cows, Reynolds et al. (1987)
estimated that 90% of portal propionate was removed by the liver and accounted for 55%
of glucose output. In the present experiment, decreased portal flux of propionate was
associated with a tendency for a decreased output of glucose by the liver.

Net flux of nitrogenous compounds
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Feed deprivation followed byl. haemolyticachallenge had no effect on PDV,
liver or TST flux of ammonia or urea-N. However, net liver removal of hydroxypoli
tyrosine, aromatic, glucogenic, NEAA, and TAA were increased in respoivse
haemolyticachallenge. Reid et al. (2004) reported that acute phase proteins found in
humans have a much higher content of aromatic AA compared to muscle or dietary
sources. Therefore, in order for the liver to synthesize acute phase proteinse, muscl
catabolism may need to occur in order to achieve the requirements for acute ptease pr
synthesis. Reeds et al. (1994) proposed that the amount of muscle protein that needs to
be mobilized for the synthesis of acute phase proteins is 2:1 (Luis, relative fo.evhat
what is the ratio “endogenous:???”). Interestingly, CH steers had lower é&id@aced
with CON. Although we didn’t measure AA turnover in muscle, the combination of
increased net removal of aromatic AA, increased haptoglobin concentratidrieyweer
ADG may support the hypothesis of Le’Floch, et al. (2004), who proposed that the
increased requirements of aromatic AA due to an immune challenge might leitineg li
step for animals to achieve an adequate immune response and maintain growth.
Increased net removal of aromatic AA was also observed during the hesteqf the
experiment (Burciaga-Robles et al., 2009), and might suggest that aromatie AA a
limiting in calves suffering from BRD.

In humans, glucose and free fatty acids have been reported as the grreferre
sources of energy substrate in healthy individuals, and AA can act as a furenienmgy
source in cases of increased demand or increased muscle catabolism @adsler
2003). In healthy beef cattle, glucogenic AA can supply between 15 to 36% of the

glucogenic substrates removed by the liver (Matras and Preston, 1989). In the present
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study, no differences in arterial concentrations of glucogenic AA weretddtdue to

feed deprivation or bacterial challenge during the acute response to the immune
challenge. However, across 14 d arterial concentrations of glucogenic &A wer
decreased in CH animals, similar to data reported in pigs (Melchior et al., 2@04) a
humans (Druml et al., 2001). Pigs suffering chronic lung inflammation (Melchabr, e
2004) or humans with septicemia (Druml et al., 2001) had decreased plasma
concentrations of glucogenic AA. In the present experiment, net removal ofghico
AA by the liver was detected in CH steers, even though glucose concentration and net
glucose flux across TST were not affected feed deprivation or bacterigngsal This
increased liver uptake of glucogenic AA without changes in glucose conaamtratild
reflect increased energy demand by the liver of the host animal, althougit i2pa
consumption was not affected by the immune challenge. Iwashita et al. (2008 depor
that during increased energy demand in dogs due to exercise, net removal ohglutami
and glucogenic AA by the liver was increased. In addition, increasedhglogenic
activity in the liver during an immune challenge has been repiortatto in hepatic

slices from lactating dairy cows following LPS challenge (Waldraad.e2003).

Increased net removal of glucogenic AA could limit the supply needed by tharhiostl
for other anabolic purposes. This increase in liver uptake and decrease in arterial
concentrations of glucogenic AA, in addition to decreased portal propionate flux,
decreased propionate removal, tendency for decreased liver releasesé glnd
decreased ADG provides insight into changes in metabolic demands due to BRD. These
effects remain across 14 d after an immune challenge and without animailsgshow

further clinical (visual appearance) or physiological (rectal tenyperdack to normal)
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signs of disease.

Hepatic extraction of non-essential ANEAA) provides substrates for synthesis
of other metabolites (Bergman, 1973). Substantial or complete removal of NEBAA ca
result in insufficient quantities entering the systemic circulation to suppgimpr
synthesis needs by the rest of the body (Lobley et al., 1996). In septicemntgati
NEAA plasma concentrations were lower and total hepatic clearance ofthesgere
increased compared with healthy patients (Druml et al., 2001). Thesealata a
agreement with results of the present experiment, where CH steers had rggehver
removal of NEAA and decreased arterial concentrations. A decrease of NEARy
disease might imply a change in NEAA metabolism in morbid compared with healthy
cattle. The increased liver removal of NEAA was observed during the asptase of
the immune challenge and remained 14 d after the immune challenge occurreaisebhcre
removal of NEAA by the liver during disease challenge most likely supports signtiies
EAA and proteins required for the immune response.

In addition to theM. haemolyticachallenge, feed deprivation resulted in increased
liver removal of aspartic acid, glutamic acid, serine, threonine, tryptophasiny,
gluconeogenic and TAA, and a decreased liver output of glutamine. Glutamine is the
most abundant free AA and serves as an energy source for rapidly prolifesksng
especially enterocytes and immune cells (Castell, 2003). Feed deprivatioeehas
described as a stressful condition in cattle (Warriss et al., 1995) and alsorhas bee
associated with increased corticosteroid levels (Werniki et al., 2006). InHiogdért
et al., 2001), rats (De Blaauw et al., 2004) and humans (Darmaun et al., 1988),

corticosteroids have been reported to enhance de novo synthesis of glutaminégeiyost li
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in skeletal muscle (Karinch et al.., 2001). Karinch et al. (2001) suggested that an
increased period of stress resulting in de novo synthesis of glutamine could lead to
glutamine depletion, which might ultimately lead to decreased growthaiades
immunosupression. In addition, Ziegler et al. (1992) suggested that the requirement of
glutamine might be higher during disease due to a prolonged muscle catabmlic stat
attempting to meet the body demands for glutamine.
Conclusion

Similar to non-ruminant species, feed deprivation, inflammation and immune
system activation appear to be associated with alterations in short and for{@4et)
nutrient utilization by splanchnic tissues. Amino acids may be released frgghegral
tissues and shifted to the liver for promotion of hepatic protein synthesis and
gluconeogenesis. In addition to decreased plasma concentrations, liver uptéke of A
may also be increased suggesting enhanced metabolic clearance and tfrnove
endogenously released AA. These changes in AA metabolism induced by BRD might
suggest that AA requirements are different for ruminants undergoing animcatine
challenge and can remain increased even 14 d after the immune challengecoen

though clinical or physiological manifestations of disease are no longatalae.
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Table 6.1. Effects of feed deprivation aM. haemolyticdMH) challenge on performance of fed or fasted

beef steers.

Fed Fasted P - value
No No
Item MH MH MH MH SEM Diet Disease Diet x Disease

BW, kg

do 317 324 326 310 10.2 0.82 0.66 0.26

di14 338 339 355 314 13.2 0.74 0.15 0.74
DMI,d0-14

kg/d 7.12 6.93 6.44 486 0.62 0.03 0.08 0.27

% of BW 2.17 2.00 1.83 155 0.16 0.02 0.11 0.62
ADG, kg

d0o-14 1.25 0.89 1.67 0.22 0.39 0.75 0.03 0.17
G:F, kg/kg

d0o-14 0.185 0.140 0.252 -0.035 0.99 0.59 0.11 0.23
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Table 6.2. Effects of intratrachedll. haemolyticd MH) challenge on arterial blood gas components and concentrations of
energy metabolites in fed or fasted beef steers.

Fed Fasted P —value
Item No MH MH NoMH MH SEM Diet Disease Diet x Disease
pH 7.45 7.47 7.45 7.48 0.007 0.70 0.04 0.36
pCO,, mm Hg 36.8 38.0 37.0 35.5 1.47 0.41 0.91 0.31
Bicarbonate, " 26.4 27.1 26.8 26.8 0.39 0.94 0.35 0.33
O, saturation, % 98.4 98.1 98.4 98.3 0.36 0.89 0.02 0.86
Hemoglobin, g/100 mL 8.84 8.52 9.01 8.45 0.26 0.85 0.10 0.65
Packed cell volume, % 26.4 23.8 26.0 23.1 0.65 0.42 0.0003 0.82
Blood base, i 3.58 4.19 3.67 4.17 0.39 0.92 0.16 0.89
CO,, mm* 26.6 28.0 26.9 26.8 0.86 0.56 0.37 0.28
O, MM 2.61 2.50 2.64 2.44 0.05 0.75 0.01 0.41
Acetate, tM° 1.31 1.11 0.79 0.80 0.07 <0.0001 0.22 0.19
Propionate, i 0.026 0.016° 0.017 0.01% 0.0001  0.004 0.0008 0.01
Butyrate, nM 0.033 0.019 0.020 0.015 0.004 0.09 0.04 0.35
B-hydroxybutyrate, il 0.60 0.51 0.57 0.40 0.05 0.21 0.02 0.41
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Lactate, nv°® 0.307 0.682 0.589 0.613 0.073 0.17 0.01 0.03

Glucose, nv® 4.44 4.40 4.56 4.56 0.19 0.30 0.97 0.92

'Disease x d interactiof®(< 0.05).
“Diet x d interaction® < 0.01).
3Disease x d interactiofP(< 0.01).
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Table6.3. Effects of intratracheal. haemolyticad MH) challenge on arterial concentrations of nitrogenous
metabolites in fed or fasted beef steers.

Fed Fasted P —value
ltem No MH MH No MH MH SEM Diet Disease Diet x Disease
Haptoglobin, mg/L 0.021 0.123 0.042 0.425 0.127 0.19 0.05 0.25
Ammonia, nM* 0.065 0.089 0.095 0.090 0.009 0.12 0.35 0.14
Urea, nM 4.33 4.50 3.60 4.79 0.53 0.67 0.19 0.33
AIanine,uM2 157 154 161 132 7.23 0.21 0.02 0.08
AsparaginepM 16.6 14.3 20.8 129 271 0.60 0.07 0.30
Aspartic aciduM 5.12 6.56 6.04 6.01 0.94 0.83 0.45 0.43
CysteineuM 4.37 3.59 3.66 5.20 0.90 0.61 0.67 0.20
GIutamine,uM3 171 139 171 122 13.9 0.55 0.006 0.55
Glutamic aciduM?* 214 185 207 185 13.2 0.80 0.06 0.80
Gchine,uM3 251 203 223 185 14.8 0.11 0.006 0.73
Histidine,uM* 40.0 41.4 37.7 39.8 4.25 0.64 0.68 0.93
Hydroxyproline,uM? 19.3 15.3 21.2 13.4 1.30 0.98 0.0001 0.14
IsoleucineuM 108 108 110 90 8.08 0.27 0.21 0.21
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Leucine,uM
Lysine,uM
Methionine,uM*
Ornithine,uM
PhenylalanineyM®
Proline,uM
Serine,uM*
ThreoninepM*
TryptophanuM
Tyrosine,uM*

Valine, uM

Aromatic amino acids,

pM

Branched amino acids,

pM

GluconeogenicuM®*

Sulfur containing
amino acidsyM

Essential amino acids,

uM

138
127
7.23
119
43.2
64.6
96.1
56.6
30.5
34.5
258
111
502
949
12.3

812

144
118
7.17
125
47.9

63.3
88.4
52.1
29.8
33.3
253
117
523
823
11.4

802

135
137
6.80
110
41.4
64.5
95.3
61.5
32.7
36.3
250
104
483
920
10.2

818

126
113
5.74
73.8
43.6

51.6
94.6
44.7
26.8
29.8
215
96.6
424
765
9.83

878

10.5

11.0

0.69

18.3

2.84

2.70

5.69

7.71

2.78

4.19

18.9

7.88

41.1

42.8

0.98

S57.7

0.33

0.82

0.18

0.11

0.27

0.03

0.63

0.86

0.87

0.83

0.21

0.06

0.15

0.31

0.07

0.43

0.85

0.13

0.42

0.40

0.22

0.01

0.45

0.17

0.22

0.35

0.27

0.74

0.64

0.002

0.51

0.28

0.47

0.50

0.46

0.27

0.65

0.03

0.52

0.42

0.35

0.52

0.40

0.28

0.33

0.72

0.80

0.37
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Non-essential amino 1115 968 1091 889 50.3 0.30 0.01 0.57

acids,uM>*4
Total amino acidsyM 1965 1813 1949 1630 110 0.36 0.03 0.44

Disease x d interactiof®(< 0.05).
“Diet x d interaction® < 0.01).
3Disease x d interactiofP(< 0.01).
“Diet x d interaction® < 0.05).
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Table6.4. Effects of intratrachedl. haemolyticgd MH) challenge on blood flow and energy metabolite flux across
the PDV, liver and TST fed or fasted beef steers.

Fed Fasted P —value
ltem No MH MH No MH MH SEM Diet Disease  Diet x Disease
Arterial blood flow, L/h 164 145 110 111 16.6 0.01 0.59 0.52
Portal blood flow, L/h 503 566 473 493 48.1 0.29 0.39 0.65
Hepatic blood flow, L/h 621 695 583 572 71.0 0.26 0.65 0.54
Oxygen consumption,
mmol/h
PDV -131 -233 -103 -117 25.3 0.005 0.02 0.07
Liver -215 -215 -133 -201 534 0.36 0.51 0.51
TST -355 -459 -233 -291 59.7 0.02 0.17 0.69
HER
Acetate, mmol/h
PDV 196 135 124 129 38.3 0.13 0.27 0.21
Liver 97.6 46.6 514 38.5 87.9 0.57 0.51 0.69
TST 227 175 160 165 110 0.52 0.69 0.63
HER 0.165 0.041 0.043 0.413 0.242 0.57 0.57 0.26

223



Propionate, mmol/h
PDV*

Liver

TST

HER

Butyrate, mmol/h
PDV

Liver

TST

HER®

B-hydroxybutyrate,
mmol/h

PDV

Liver

TST

HER

Lactate, mmol/h

77.2

-69.7

4.67

-0.546

16.6

-14.8

0.02

0.116

0.055

0.089

0.151

-0.153

64.7

-58.1

7.98

-0.656

21.0

-25.8

-7.29

-0.425

0.077

0.069

0.126

-0.108

29.5

-16.5

10.7

-0.438

35.1

-27.9

9.04

0.637

0.036

0.037

0.095

-0.090

37.8

-32.3

5.49

-0.666

50.7

-55.3

-1.81

-0.264

0.034

0.054

0.089

-0.137

12.9

14.8

2.61

0.110

14.0

18.3

8.88

0.496

0.015

0.016

0.02

0.041

0.0006

0.0008

0.48

0.45

0.07

0.23

0.21

0.35

0.05

0.14

0.03

0.67

0.81

0.81

0.70

0.14

0.45

0.28

0.31

0.05

0.51

0.47

0.44

0.98

0.25

0.19

0.10

0.39

0.67

0.64

0.99

0.62

0.44

0.60

0.64

0.25
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PDV? 65.9 94.1 63.4 43.5 22.2 0.22 0.84 0.26

Liver -138 -157 -122 -91.8 34.9 0.06 0.79 0.49
TST -85.4 -37.0 -19.8 -13.7 28.8 0.008 0.09 0.33
HER® 1.38 0.30 0.16 0.45 0.20 0.001 0.05 0.15

Glucose, mmol/h

PDV -60.7 -20.1 -69.4 -43.5 15.9 0.83 0.73 0.89
Liver 270 172 102 33 103 0.08 0.33 0.86

TST 258 223 30.5 -46.5 211 0.04 0.54 0.78
HER -0.153  -0.108 -0.090 -0.137 0.041 0.67 0.98 0.25

Diet x d interaction® < 0.05).
“Diet x d interaction® < 0.01).
3Disease x d interactio®(< 0.05).

225



Table6.5. Effects of intratrachedl. haemolyticad MH) challenge on nitrogenous metabolite flux across the PDV,

liver and TST in fed or fasted beef steers.

Fed Fasted P —value
ltem No MH MH No MH MH SEM Diet Disease Diet x Disease
Haptoglobin
PDV -0.42 14.6 3.33 2.97 14.7 0.77 0.60 0.58
Liver -4.91 -3.37 -5.78 -4.94 18.5 0.94 0.94 0.98
TST -5.15 15.3 9.58 -8.47 31.0 0.87 0.96 0.51
Ammonia, mmol/h
PDV 7.19 8.17 3.14 7.78 3.24 0.47 0.37 0.55
Liver -10.4 -9.73 -3.05 -6.42 7.58 0.44 0.85 0.76
TST -1.91 -2.27 -1.58 0.67 3.22 0.55 0.72 0.63
HER 0.251 0.246 0.246 0.197 0.098 0.78 0.78 0.82
Urea N, mmol/h
PDV -168 -118 -114 -265 103 0.77 0.97 0.71
Liver 284 496 368 402 208 0.80 0.61 0.95
TST 318 264 111 269 130 0.46 0.88 0.60
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HER' 0.053 0.016 0.029 0.004 0.087 0.81 0.69 0.94

Alanine, mmol/h

PDV 22.F 15.3 10.3 16.7 299 0.08 0.95 0.02
Liver -11.9 -15.6 -12.4 -19.2 578 071 0.34 0.77
TST 9.84 0.20 -2.05 234 381 005 0.17 0.20
HER 0.109  0.157 0.162 0.289 0.074 0.20 0.23 0.58

Asparagine, mmol/h

PDV 3.97 2.84 4.10 4.20 1.12 0.49 0.63 0.57
Liver -0.65 -1.31 -7.11 -3.03 1.69 0.01 0.29 0.15
TST 3.84 1.34 -3.04 1.44 1.56 0.03 0.51 0.03
HER 0.126 0.262 241 0.39 0.82 0.14 0.25 0.19

Aspartic acid, mmol/h

PDV 2.46 1.92 2.60 1.80 0.53 0.98 0.19 0.79
Liver -0.82 -0.52 -1.76 -2.31 0.77 0.06 0.85 0.55
TST 1.81 1.30 0.85 -0.13 0.51 0.01 0.12 0.62
HER 0.26 0.45 0.48 1.05 0.27 0.12 0.15 0.47
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Cysteine, mmol/h
PDV

Liver

TST

HER

Glutamine, mmol/h
PDV

Liver

TST

HER

Glutamic acid, mmol/h
PDV

Liver

TST

HER

Glycine, mmol/h

0.94

0.18

0.12

0.99

0.33

0.01

0.40

0.008

0.81

0.01

0.02

0.46

0.47

0.92

0.46

0.41

0.41

0.14

0.38

0.36

0.45

0.21

0.08

0.11

0.53

0.91

0.61

0.68

0.58

0.48

0.74

0.79

0.83

0.31

0.66

0.10
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PDV 13.8 10.1 19.3 13.2 4.99 0.37 0.30 0.79

Liver -7.60 -23.4 -10.2 -7.85 9.00 0.45 0.43 0.29
TST 7.63 -15.0 7.95 7.44 6.76 0.09 0.08 0.08
HER 0.074 0.308 0.144 0.097 0.101 045 0.32 0.14

Histidine, mmol/h

PDV -2.23 1.09 3.82 2.79 2.88 0.16 0.67 0.43
Liver -4.97 -10.1 -9.81 -15.0 3.17 0.12 0.10 0.99
TST -8.13 -9.53 -6.60 -10.6 3.52 0.95 0.42 0.69
HER 0.485 1.75 1.34 1.90 0.64 0.43 0.16 0.58

Hydroxyproline,

mmol/h

PDV 0.80 1.44 1.45 0.92 1.06 0.95 0.95 0.57
Liver 1.24 -0.22 -1.97 -1.64 -1.09 0.03 0.56 0.40
TST 141 0.04 -0.46 -0.50 0.98 0.22 0.43 0.45
HER 0.307 0.104 0.221 0.301 0.249 0.81 0.80 0.56

Isoleucine, mmol/h
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PDV

Liver

TST

HER

Leucine, mmol/h
PDV

Liver

TST

HER

Lysine, mmol/h
PDV

Liver

TST

HER
Methionine, mmol/h

PDV

114

-5.24

7.20

0.100

9.55

-1.41

8.76

0.072

3.12

-2.23

2.25

0.177

1.64

4.34

-3.95

1.19

0.105

7.94

-3.51

1.09

0.082

17.2

-23.8

-3.74

0.994

1.47

7.19

-7.45

-0.25

0.172

9.08

-6.12

2.88

0.114

14.8

-19.7

-6.25

0.542

1.67

9.23

-9.86

1.20

0.228

135

-10.4

5.51

0.154

12.8

-20.1

-5.97

0.487

131

2.65

5.22

5.64

0.082

4.39

6.99

9.94

0.078

5.99

9.94

10.2

0.325

0.31

0.90

0.42

0.43

0.25

0.55

0.39

0.93

0.44

0.52

0.48

0.58

0.88

0.81

0.31

0.91

0.67

0.71

0.74

0.63

0.70

0.73

0.29

0.25

0.77

0.28

0.39

0.07

0.71

0.49

0.76

0.48

0.86

0.59

0.83

0.16

0.27

0.75

0.21

0.75
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Liver

TST

HER

Ornithine, mmol/h
PDV

Liver

TST

HER
Phenylalanine, mmol/h
PDV

Liver®

TST

HER'

Proline, mmol/h
PDV

Liver
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TST

HER

Serine, mmol/h
PDV

Liver

TST

HER
Threonine, mmol/h
PDV

Liver

TST

HER

Tryptophan, mmol/h

PDV

Liver

TST

3.71

0.047

10.4

-1.17

5.75

0.077

-0.18

6.62

4.31

0.0007

-0.94

0.32

-0.753

0.53

0.045

10.2

-8.26

3.06

0.249

4.08

-6.64

-3.56

0.331

1.70

-2.66

-1.20

0.60

0.114

13.2

-17.5

-3.79

0.398

5.39

-9.39

-3.09

0.483

1.60

-3.57

-2.15

2.18

0.179

12.1

-16.3

-3.27

0.258

6.10

-12.0

-4.48

0.863

1.67

-4.86

-2.59

2.28

0.065

4.66

5.08

5.30

0.099

6.21

5.86

4.48

0.167

1.18

1.47

1.78

0.73

0.11

0.60

0.01

0.34

0.09

0.53

0.03

0.40

0.003

0.26

0.03

0.41

0.71

0.61

0.88

0.54

0.41

0.86

0.68

0.29

0.34

0.03

0.23

0.13

0.79

0.27

0.59

0.92

0.40

0.36

0.11

0.77

0.55

0.53

0.87

0.25

0.54

0.99
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HER

Tyrosine, mmol/h
PDV

Liver

TST

HER

Valine, mmol/h
PDV

Liver

TST

HER

Aromatic amino acids,
mmol/h

PDV

Liver

TST

HER!

0.021

2.50

-1.20

0.95

0.068

12.2

-16.2

-6.00

0.140

1.32

2.57

3.23

-0.023

0.196

4.01

-7.41

-2.92

0.413

4.64

-15.0

-12.3

0.133

3.74

-9.65

-8.02

0.150

0.286

2.94

-6.10

-2.82

0.536

6.17

-12.0

0.185

5.59

-6.86

-1.37

0.258

0.451

4.08

-8.32

3.77

0.717

18.6

-11.2

10.7

0.121

7.95

-14.7

-6.74

0.555

0.104

1.86

2.16

2.07

0.122

7.24

15.6

17.1

0.102

3.73

3.98

4.16

0.120

0.01

0.88

0.16

0.25

0.002

0.57

0.77

0.75

0.85

0.35

0.06

0.76

0.005

0.09

0.46

0.04

0.23

0.03

0.72

0.93

0.98

0.70

0.51

0.01

0.05

0.04

0.95

0.91

0.33

0.46

0.48

0.15

0.97

0.27

0.76

0.99

0.57

0.53

0.59
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Branched amino acids,
mmol/h

PDV

Liver

TST

HER

Gluconeogenic amino
acids, mmol/h

PDV

Liver

TST

HER

Sulfur containing
amino acids, mmol/h
PDV

Liver

TST

HER

Essential amino acids,
mmol/h

28.0

-21.0

11.5

0.109

27.1

83.1

105

-0.071

-0.14

2.43

3.50

-0.138

6.97

-25.7

-27.3

0.122

35.6

-25.7

10.7

0.102

1.38

3.02

4.28

-0.189

22.0

-25.4

-3.01

0.143

54.8

-61.5

-20.7

0.147

1.05

1.08

2.26

-0.100

39.2

-41.6

-4.96

0.167

44.5

-83.5

-34.2

0.212

5.88

-4.96

2.43

0.687

19.5

24.3

36.9

0.08

33.5

33.6

-27.6

0.062

2.89

3.26

1.46

0.345

0.49

0.66

0.80

0.62

0.56

0.003

27.5

0.009

0.03

0.14

0.29

0.17

0.91

0.65

0.66

0.81

0.97

0.04

0.11

0.05

0.25

0.38

0.74

0.26

0.32

0.80

0.51

0.94

0.77

0.18

0.02

0.36

0.54

0.29

0.83

0.20
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PDV

Liver

TST

HER
Non-essential amino
acids, mmol/h
PDV

Liver

TST

HER

Total amino acids,
mmol/h

PDV

Liver

TST

HER

38.9

-26.9

26.5

0.070

31.5

88.7

91.1

-0.068

64.4

59.8

105

-0.024

50.7

-66.4

-23.3

0.179

50.5

-36.8

14.7

0.110

101

-107

-38.7

0.138

58.4

-75.6

-21.9

0.242

67.8

-72.2

-3.55

0.155

131

-156

-28.6

0.186

71.2

-96.3

-7.82

0.262

54.1

-90.8

-24.9

0.204

127

-195

-35.1

0.231

19.1

38.0

43.0

0.080

31.3

36.5

20.1

0.058

47.2

69.4

108

0.060

0.28

0.28

0.69

0.11

0.50

0.003

0.06

0.008

0.31

0.02

0.32

0.01

0.50

0.41

0.65

0.41

0.92

0.04

0.02

0.05

0.70

0.12

0.26

0.08

0.97

0.79

0.44

0.57

0.58

0.12

0.14

0.26

0.65

0.33

0.30

0.31

'Diet x d interaction® < 0.05).
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Figurelegends

Figure 6.1. Changes M. haemolyticavhole cell (A; diseasd} < 0.0001, SEM = 0.10;
disease*dP < 0.0001, SEM 0.30) and. haemolyticdeukotoxin (B; disease, P =
0.0003, SEM = 0.031; disease®i< 0.0001; SEM 0.074) serum antibody concentrations
in fed or fasted beef steers followind/a haemolyticachallenge.®Within d, means with
a superscript letters are differeRt<€ 0.05).

Figure 6.2. Effect oM. haemolyticachallenge on rectal temperature during the first 7 d
post challenge in fed or fasted beef steBrs 0.0006; SEM = 0.10; disease® <
0.0001, SEM = 0.031)2Within d, means with different superscript letters are differént (
< 0.05). "Within , means with different superscript letters are differert 0.07)

Figure 6.3. Effect oM. haemolyticachallenge on DMI in fed or fasted beef steers
during a 14 d period (diet*wp = 0.21, SEM = 0.61; disease*®,= 0.27 SEM = 0.61 ;
diet*disease*wP = 0.01; SEM = 0.86)3Within w, means with a superscript letters are
different P < 0.05).

Figure 6.4. Changes in arterial plasma concentrations of acetate (A; &et*l).0001;
disease*dP = 0.67, SEM = 0.09f3-hydroxybutyrate (B; diet*dP? = 0.01; disease*d®
=0.24, SEM = 0.07), and glucose (C; diet*d, P = 00.03; diseaBe*d).89, SEM =
0.40) in fed or fasted beef steers followinlylahaemolyticachallenge.®Within d, means
with superscript letters are differefit € 0.05).

Figure 6.5. Changes in arterial plasma concentrations of alanine (A; diet*d,01;
disease*dP = 0.60, SEM = 9.11), glutamic acid (b; dietfl= 0.0004; disease*®, =
0.0001, SEM = 16.3), histidine (C; dietd,= 0.02; disease*® = 0.55, SEM = 5.68),
methionine (D; diet*dP = 0.02; disease*d? = 0.31, SEM = 1.01), Serine, (E; dietf,
= 0.05; disease*d? = 0.16, SEM = 7.00), tyrosine (F; diet¥d,= 0.03; disease*® =
0.24, SEM =5.43), glucogenic AA (G; diet*d,= 0.02; disease*® = 0.03, SEM =
51.1), and NEAA (H; diet*dP = 0.02; disease*® = 0.002, SEM = 64.1) in fed or
fasted beef steers following\d haemolyticachallenge.®Within d, means with
superscript letters are differem € 0.05).

Figure 6.6. Changes in arterial plasma concentrations of lactate (Aedddas

<0.001; day*dP = 0.18, SEM = 0.08) in response tMahaemolyticachallenge in fed
or fasted beef steerWwithin d, means with superscript letters are differént 0.05).
Figure 6.7. Changes in arterial plasma concentrations of glutamine (Aedddas
<0.001; diet*dP = 0.14, SEM = 16.4), glutamic acid (b; diseasé*d& 0.0004; diet*dP
=0.007, SEM = 16.3), glycine (C; diseasePds 0.0002; diet*dP = 0.16, SEM = 21.3),
hydroxyproline (D; disease*d, = <0.0001; diet*dP = 0.25, SEM = 1.25),
phenylalanine, (E; disease*d,= 0.01; diet*dP = 0.12, SEM = 3.45), threonine (F;
disease*dP = 0.04; diet*dP = 0.56, SEM = 9.57), glucogenic AA (G; diseasePd;
0.001; diet*d,P = 0.02, SEM =51.1), and NEAA (H; diseaseRds 0.003; diet*dP =
0.0.02, SEM = 64.1) in response tMahaemolyticachallenge in fed or fasted beef
steers.®Within d, means with superscript letters are differén (0.05).
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Figure 6.4
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