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ABSTRACT 

Experiments were conducted related to measuring and modulating the acute-phase 

immune response in beef cattle.  In Exp. 1, bacterial lipopolysaccharide (LPS) was 

administered to 9 steers in doses of 0.5, 1.0, or 2.0 µg/kg of body weight (BW) and the 

resulting serum cortisol concentration and rectal temperature (RT) were measured.  

Cortisol increased linearly (P = 0.01) with LPS dose, but RT increased independent of 

dose.  In Exp. 2, 2.5 µg/kg of BW of LPS was administered to 9 Angus steers.  Serum 

concentrations of cortisol, interleukin (IL)-1β, IL-6, tumor necrosis factor-α (TNFα), 

interferon-γ (INFγ), and serum amyloid-A (SAA), rectal temperature (RT), ruminal 

temperature, and respiration and perspiration rates were all increased following LPS 

challenge (P < 0.10).  Rump perspiration rate, IL-4, and IL-2 were not changed (P > 

0.24) by LPS challenge.  In Exp. 3, a device was developed to automatically monitor RT 

in cattle.  The autonomous device recorded RT at 1-min intervals in cattle in Exp 2.  

Rectal temperature measured with the device was related (P ≤ 0.02) to IL-6 and TNFα 

concentration following LPS challenge. 

In Exp. 4, two non-nutritive feed additives (Sucram, an artificial sweetener;  

OmniGen-AF, an immunomodulatory yeast product) were fed to newly received heifers 

for 44 d.  Overall health and growth performance of the cattle were better than expected 

for heifers of the type and background used, and feed additives had no effect on growth, 

intake, or health.  Nonetheless, the combination of Sucram and OmniGen-AF decreased 

haptoglobin concentration on d 16 (P = 0.001).  Deleterious effects of the additives on 

marbling score were evident (P = 0.05), and a long feeding period, relatively free of 

handling stress, mitigated negative effects of animal temperament on performance.   In 
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Exp 5., 70% and 30% concentrate diets were fed ad libitum to beef steers for 28 d (70AL 

and 30AL, respectively) to test the effects of energy source and energy intake on immune 

response.  A third dietary treatment (70RES) consisted of the 70% fed in an amount 

restricted to equal the net energy for gain (NEg) intake of the 30AL treatment.  Two days 

before an LPS challenge, 4 steers in each diet treatment were injected with tilmicosin 

phosphate (1 mL/30 kg of BW), and 4 steers were injected with an equal volume of 

saline.  Steers were catheterized in the jugular vein and then challenged with 2.0 µg LPS 

/kg of BW.  Both energy source and energy intake affected the proinflammatory immune 

response;  the 30% concentrate diet increased (P ≤ 0.05) TNFα and INFγ response to LPS 

compared with the 70% concentrate diet, and 70RES increased IL-6 (P = 0.003) response 

compared with 70AL.  Tilmicosin accelerated the febrile response (P = 0.01) across all 

diets, and tilmicosin interacted with energy intake to increase pre-challenge levels of 

proinflammatory cytokines and SAA response to the challenge, in 70RES compared with 

70AL (P ≤ 0.05). 

Nutrition and management practices have immunomodulatory effects in beef 

cattle.  More precisely measuring the acute-phase response, and correlating responses to 

challenge models with clinical health performance in commercial environments will help 

researchers make more effective recommendations to cattle producers.  Benefits to 

animals, producers, and the public can be realized when nutrition and management are 

effectively used to decrease morbidity in beef cattle. 
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CHAPTER I 

INTRODUCTION 

Bovine respiratory disease (BRD) is the most prevalent and costly disease 

affecting beef cattle in the United States (Galyean et al., 1999;  Larson, 2005).  It is 

typically initiated or potentiated by stress, which allows bacterial and viral pathogens to 

proliferate and damage the lungs and other internal organs.  Bovine respiratory disease 

most commonly affects calves after they are weaned and transported, often through an 

auction or sale barn, to either a feedlot or stocker operation.  Weaning, nutrient 

deprivation, dehydration, transport, commingling, rough handling, heat or cold, fatigue, 

and processing treatments (vaccines, castration, etc.) are stressors that calves often 

experience within a short time period (Loerch and Fluharty, 1999;  Arthington et al., 

2003;  Carroll and Forsberg, 2007).  These stressors compound the potential for BRD 

when calves are concurrently exposed to novel pathogens. 

In theory, the immune and endocrine systems are called into an enhanced mode of 

action in response to these stressors and insults, and they quickly and efficiently remove 

the pathogens and repair any damage they may have caused.  In reality, several factors 

decrease the immune system’s ability to respond appropriately.  Cattle that are weaned at 

an early age may not have an immune system mature enough to mount an effective 

response.  Moreover, stress, in various types and intensities, causes changes in 

physiology and behavior that affect the function of the immune system.  Many cattle have 

not been immunized before weaning against the primary pathogens responsible for BRD.  

Therefore, their immune response is weaker and slower than it could be, possibly by 3 to 
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5 d or more (Devereux, 2002).  This delay could mean the difference between recovery 

and death for the animal or between financial profit and loss for the cattle producer. 

Management can partially mitigate some of these stress-related effects (Carroll 

and Forsberg, 2007), and pre-conditioning may be the most effective management tool 

available.  Even in pre-conditioned calves, however, BRD is frequently encountered, 

although typically at decreased rates and of lesser severity (Roeber et al., 2001;  Lalman 

and Smith, 2002).  In addition, the health history information of most cattle purchased by 

feedlot and stocker producers is not known.  Thus, managers simply do not know if, or in 

what manner, the calves have been managed (Duff and Galyean, 2007).  Cattle sellers 

often have little incentive to prepare calves such that they will be less likely to succumb 

to BRD, as they do not suffer the consequences directly.  As a result of this lack of an 

economic incentive, cattle often arrive at feedlots already suffering from disease, and the 

opportune time to administer the extant best-management practices has passed.  For these 

reasons, there is considerable interest in discovering methods to increase the capability of 

the animal’s immune system to combat acute BRD (Lofgreen et al., 1975). 

To the degree that increasing immune function will translate into decreased 

morbidity and mortality, improving immune function in receiving cattle has many 

potential benefits.  Animals requiring fewer antibiotic treatments will have a lower cost 

of weight gain (Smith, 1998; McNeill, 1999; Pinchak et al., 2004) because of decreased 

drug and labor costs coupled with improved performance.  Carcasses of healthy animals 

are of greater value than those of diseased animals (Gardner et al., 1999;  Larson, 2005), 

primarily through effects on body weight gain and carcass quality grade.  Improved cattle 

health also should result in enhanced animal welfare for cattle and better working 
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conditions and job satisfaction for workers (Loerch and Fluharty, 1999).  Moreover, 

using fewer antibiotic drugs should decrease the potential for development of antibiotic-

resistant pathogens;  this potential has brought political pressure on the food animal 

industry to decrease or eliminate antibiotic use (Callaway et al., 2004).  Clearly, when 

considering BRD in commercial cattle production, prevention is preferable to treatment 

(Larson, 2005). 

A review of the literature concerning several aspects of the acute-phase response 

of the immune system of cattle, and how it might be modulated nutritionally, follows.  

Specific attention is focused on the effects of dietary energy and metaphylactic antibiotic 

administration on performance, health, and immune function in newly received feedlot 

cattle.  To introduce this discussion, a short review of relevant introductory 

immunological and endocrinological concepts is provided.  Preliminary experiments of a 

developmental nature also were conducted to support subsequent direct experiments on 

nutrition and immunity that constitute the bulk of this dissertation, and a brief review of 

literature concerning the use of lipopolysaccharide challenges, body temperature 

measurements, and exit velocity in feedlot cattle is included to support those experiments.  

The chapters that follow, which describe experiments that were conducted to investigate 

the interaction of nutrition and immune function in receiving beef cattle, are formatted 

according to the requirements of the Journal of Animal Science. 
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CHAPTER II 

LITERATURE REVIEW 

Introductory Information on the Immune System 

The immune system evolved in vertebrates to protect the body from invasion by 

ever-changing microbial pathogens.  Bacteria, viruses, and fungi evolve at rates many 

times faster than vertebrates, necessitating a flexible immune system.  The moist, 

temperature-controlled interior of a mammal’s body is an ideal environment for these 

microbes, necessitating an immune system capable of a powerful response.  A powerful 

and flexible immune system must not damage its own tissues;  therefore, the immune 

system must be tightly controlled.  These factors make the mammalian immune system 

one of the most complex and intriguing systems in biology (Devereux, 2002). 

Division of the immune system into its component pieces improves the ability to 

understand it;  however, these divisions are often over-simplifications.  One of the most 

common approaches is to divide the immune system into innate and adaptive 

components. 

Innate immunity, also called “natural” immunity, has features that are related to 

the fact that it is a generalized, non-specific response to antigens.  The function of the 

innate immune system is passed on to subsequent generations through the genetic code;  

therefore, it is very similar among normal animals of the same species (Devereux, 2002).  

Innate immunity has no “memory” effect (i.e., repeated stimulation of the innate immune 

system provokes very similar responses), which is in significant contrast to adaptive 

immunity discussed below.  Innate immunity is composed of physical barriers to 
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infection (skin, mucous membranes in respiratory and other systems, saliva, and physical 

reflexes such as coughing, sneezing, tear production, inflammation, fever, etc.), 

phagocytic cells (neutrophils, macrophages, and natural killer cells), and their associated 

cytokines and acute-phase proteins (Devereux, 2002).  These phagocytic cells respond to 

chemical structures (pathogen-associated molecular patterns) that are ubiquitous among 

pathogenic microbes (lipopolysaccharide [LPS];  lipoteichoic acids, microbial DNA, viral 

double-stranded RNA, etc.) but not associated with mammalian cells.  The innate 

immune system can be thought of as having relative inflexibility, but relatively fast 

reaction time (Devereux, 2002). 

Adaptive, or acquired, immunity is in many ways the complement of the innate 

immune system.  Whereas innate immunity is inflexible but fast, the adaptive immune 

response is relatively slow but very specific, flexible, and powerful.  Adaptive immunity 

has the feature of “memory” mentioned above;  this system responds with increasing 

intensity to repeated stimulation by the same antigen (Devereux, 2002).  Specialized 

white blood cells called lymphocytes form the core of the adaptive immune system.  B-

cell and T-cell lymphocytes each respond to different antigens and perform different 

roles.  Humans have lymphocytes that recognize 1011 antigens;  however, any single 

specific antigen is only recognized by 1 in 106 lymphocytes (Devereux, 2002).  As a 

result, when a lymphocyte recognizes an antigen, it must produce sufficient additional 

lymphocytes to bind and destroy the infectious pathogens.  This cell replication takes 

time, from 3 d to several weeks;  hence, adaptive immunity has a relatively slow reaction 

time.  Some lymphocytes have very long active lifetimes in circulation, and they can 
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respond more quickly and more intensely when their respective antigen is recognized 

again, thereby providing the memory effect (Devereux, 2002). 

Adaptive immunity can be further conceptually divided into 2 categories.  

Humoral immunity is that type of immune protection that can be transferred by blood 

serum;  hence, the use of the term “humoral.”  Humoral immunity encompasses antigen 

receptors called immunoglobulins, or antibodies, that are attached to the surface of B-

cells (Devereux, 2002).  Immunoglobulins can be present in several different isotypes;  

isotype G (IgG) is the most common.  The second category of adaptive immunity is cell-

mediated immunity, which is associated with T-cells.  The T-cells differentiate into T-

helper (types 1 [Th1] and 2 [Th2]) or T-cytotoxic subclasses, based primarily on the 

cytokine profile produced by the innate immune system.  In general, Th1 cells produce 

proinflammatory cytokines and stimulate cell-mediated immunity, whereas Th2 cells 

produce antiinflammatory cytokines and stimulate humoral immunity (cytokines are 

discussed in more detail in the following sections).  The T-cytotoxic cells attach to and 

destroy host cells that are infected by pathogens (Carroll and Forsberg, 2007). 

Although these divisions of the immune system are useful to assist in 

understanding the biological response to stress, they are largely conceptual, and there is 

significant overlap and inter-regulation among these systems.  Furthermore, as more is 

learned about the immune system, it is becoming clear that the immune, endocrine, 

neural, digestive, and skeletal systems interact significantly with each other (Carroll, 

2007). 
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Introductory Information on Concepts of Stress and the Hypothalamic-Pituitary-Adrenal 
(HPA) axis 

The immune system is highly integrated with the hypothalamic-pituitary-adrenal 

axis of the endocrine system, which coordinates the response to stressors.  Stress may be 

thought of as some type of perceived challenge to homeostasis.  McEwen (2000) defined 

stress as “a real or interpreted threat to the physiological or psychological integrity of an 

individual that results in physiological and/or behavioral responses.  In biomedicine, 

stress often refers to situations in which adrenal glucocorticoids (GC) and catecholamines 

are increased because of an experience.” 

In a classical stress event, the brain perceives the threat, and stimulates the release 

of corticotrophin releasing hormone (CRH) from the hypothalamus into the anterior 

pituitary.  The CRH stimulates release of adrenocorticotropic hormone (ACTH) into the 

general circulation, and ACTH stimulates release of GC from the adrenal cortex.  The GC 

of most concern in cattle is cortisol;  therefore, the eventual result of stress is increased 

cortisol concentration and its associated effects (Carroll and Forsberg, 2007). 

Cortisol is a steroid hormone derived from cholesterol.  It has many functions, 

most relating to maintaining metabolic homeostasis.  Cortisol increases blood pressure, 

blood sugar, and modulates the immune system (Devereux, 2002).  In general, cortisol 

suppresses cell-mediated immunity and proinflammatory cytokine production and action, 

but it also has potent protein-catabolic effects (Larson, 2005).  Secretion of cortisol is 

controlled by a classical negative feedback loop, with cortisol inhibiting production and 

release of CRH and ACTH (Devereux, 2002). 
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For a more complete review of the immune and endocrine response to stress in 

cattle, the reader is referred to Loerch and Fluharty (1999) and Carroll and Forsberg 

(2007). 

The Acute-Phase Response 

The acute-phase response refers to the immune system mechanisms activated by 

an acute infection or inflammatory stimulus (Conner et al., 1989; Baumann and Gauldie, 

1994).  It is characterized by the production and release of acute-phase proteins from the 

liver, stimulated by proinflammatory cytokines produced by immune cells (Conner et al., 

1989;  Richards et al., 1991;  Breazile, 1996;  Horadagoda et al., 1999).  Acute-phase 

proteins, typically glycoproteins (Horadagoda et al., 1999), function to assist in binding 

and preparing antigen-bearing cells for phagocytosis.  They also induce complement 

pathways that in turn promote inflammation and positive chemotaxis of phagocytes that 

will eventually engulf and destroy the antigen.  In short, acute-phase proteins contain and 

repair tissue damage caused by infection or injury (Horadagoda et al., 1999). 

Experiments have been conducted to characterize the acute-phase response to 

various stimuli (Conner et al., 1989;  Godson et al., 1996).  A limited number of 

experiments have investigated how dietary treatments might change the acute-phase 

response (Kahl et al., 1997;  Carter et al., 2002;  Berry et al., 2004b).  Interpretation of 

these experiments is difficult because the optimal acute-phase response is not known.  

Acute-phase proteins are needed to fight disease and repair damage (Carter et al., 2002), 

but they are also associated with increased morbidity and mortality (Godson et al., 1996;  

Carter et al., 2002).  Increasing a certain acute-phase protein may benefit a particular 
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animal, while not benefiting the next.  A balance of cytokines and other mediators of 

disease is required to simultaneously clear a pathogen threat, while avoiding dramatic 

metabolic catabolism (Elsasser et al., 2000b).  That balance has not been precisely 

defined for newly received beef cattle. 

From a practical standpoint, it is difficult to determine which animals are truly 

morbid and in need of treatment.  Subjective measurements of health status are typically 

used in practice and in research, and these methods likely introduce significant error 

(Gardner et al., 1999;  Duff and Galyean, 2007).  Furthermore, the classical symptoms of 

disease (fever, anorexia, depression, etc.) are used as the criteria for selecting animals 

that managers treat for BRD, but they also are the responses one should expect from 

animals whose immune system is activated and functioning as desired (Johnson, 2002;  

Rivera et al., 2005).  Additional research may be needed to examine alternative criteria 

for identifying animals that need supportive therapy, and in fact, many studies have 

investigated the potential of acute-phase proteins for that task (Carter et al., 2002;  Berry 

et al., 2004b).  One common observation made by researchers when investigating 

immune response among animals is the significant variation among individuals treated 

alike (Wittum et al., 1996;  Horadagoda et al., 1999;  Steiger et al., 1999;  Jacobsen et al., 

2004).  Perhaps animals destined for research use should be screened, and then blocked 

by some index of immune system reactivity.  Moreover, research could be conducted on 

screened animals to determine which type of acute-phase profile fares best in a 

commercial environment. 
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Acute-Phase Proteins 

Acute-phase proteins increase in cattle in response to stress (Conner et al., 1988;  

Conner et al., 1989).  The acute-phase response is variable depending on species and the 

specific stress.  For example, in cattle, commingling does not seem to increase acute-

phase protein production to the extent that transportation does, suggesting that 

commingling is not as stressful as transportation (Arthington et al., 2003). 

Because they can be quantified from previously frozen serum, acute-phase 

proteins seem superior to more traditional hematological assays for measuring the 

intensity of inflammation in several species (Horadagoda et al., 1999).  Furthermore, 

comparing relative concentrations of different acute-phase proteins may allow for 

differentiation of chronic and acute inflammation (Alsemgeest et al., 1994;  Horadagoda 

et al., 1999).  Many acute-phase proteins have been identified, but a partial list and 

description of the more researched cattle acute-phase proteins follows. 

C-Reactive Protein 

C-reactive protein (CRP) binds to membrane phospholipids in microbial 

membranes and binds them to phagocytic cells.  C-reactive protein is a major acute-phase 

protein in swine (Saini et al., 1998), humans, and canines, but not in bovines.  It is 

normally present in measurable quantities in bovine serum, but its concentration does not 

significantly change in response to stress (Conner et al., 1989). 

Fibrinogen 

Fibrinogen is a 340-kDa protein involved in blood clotting, mainly as a precursor 

to fibrin.  Easily and rapidly assayed, fibrinogen is a widely measured acute-phase 
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protein in cattle.  Nonetheless, it has limited value as an indicator or predictor of disease 

(Carter et al., 2002). 

Haptoglobin (HP) 

Haptoglogin is probably the most widely studied acute-phase protein, especially 

in cattle (Horadagoda et al., 1999).  It is comprised of a 22-kDa α and a 37-kDa β subunit 

(Godson et al., 1996).  Haptoglobin can be increased in response to injury or physical 

stress, but the response to infection is relatively more robust (Alsemgeest et al., 1995).  In 

vitro, HP release requires stimulation by both IL-6 and TNFα cytokines (Alsemgeest et 

al., 1996).  It remains elevated for several days and thereby might have potential as an 

index of stress (Loerch and Fluharty, 1999).  Haptoglobin binds free hemoglobin and 

prevents microbes from using the iron in it for growth (Godson et al., 1996).  

Concentrations increase as red blood cells are destroyed.  Haptoglobin is typically 

undetectable in unstressed calves, in contrast to several other acute-phase proteins, which 

have detectable baseline levels (Arthington et al., 2003).  In calves, HP peaked 3 d 

following weaning and/or transport stress, and its concentration was negatively correlated 

with ADG of calves weaned and transported simultaneously (Arthington et al., 2005).  

Horadagoda et al. (1994) reported that HP peaked some time after the initial 24 h 

following a bacterial challenge, which contrasts with serum amyloid A, for which a peak 

was noted at approximately 10 h after the challenge.  Conner et al. (1989) challenged 

cattle with LPS and observed that HP peaked 5 d after the challenge, and returned to 

baseline by d 9.  Godson et al. (1996) challenged 49 calves with bovine herpesvirus-1 on 

d 0 and Mannheimia haemolytica on d 4.  Haptoglobin peaked on d 7 and remained 

elevated at d 11.  Haptoglobin concentration was associated with mortality and other 
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measures of BRD severity (temperature, weight loss, etc.).  Carter et al. (2002) measured 

HP in calves with naturally acquired BRD and found that HP correlated well with the 

number of antimicrobial treatments required.  These researchers also found that vitamin E 

supplementation tended to decrease morbidity, and that 28 d of vitamin E 

supplementation significantly decreased haptoglobin concentration.  Wittum et al. (1996) 

measured HP in calves that were either treated with antibiotics or not treated.  Antibiotic 

treatment decreased HP concentrations to zero, whereas HP remained elevated in calves 

not treated with antibiotics;  however, HP was not statistically related to lung lesions at 

slaughter, and low HP was not required for recovery from BRD.  In a larger study with 

newly received cattle, Young et al. (1996) found that that HP concentration was related to 

lung lesion incidence, but that HP by itself was insufficient to predict morbidity. 

Ceruloplasmin 

Ceruloplasmin is an enzyme involved in systemic Cu transport.  Ceruloplasmin 

peaked 7 d following transport in newly weaned calves, but it did not increase in 

transported calves that had been weaned before transport (Arthington et al., 2005).  

Ceruloplasmin was negatively correlated with ADG by calves weaned and transported 

simultaneously.  Following an LPS challenge in cattle, ceruloplasmin peaked at a lower 

intensity and 2 d later than HP (7 vs. 5 d, respectively;  Conner et al., 1989). 

Serum Amyloid-A (SAA) 

Serum amyloid A is actually a family of proteins that function as both an acute-

phase protein and a cytokine influencing cell binding and migration.  It is the protein 

precursor for amyloid A protein, and is a major acute-phase protein in humans and rats.  

Serum amyloid A release can be triggered by either IL-6 or TNFα (i.e., it does not require 
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both these cytokines as does haptoglobin;  Alsemgeest et al., 1996).  Serum amyloid A is 

also more likely than haptoglobin to be released in response to injury or physical stress 

(Alsemgeest et al., 1995).  Horadagoda et al. (1999) reported that serum amyloid A 

concentration in human specimens can be determined in less than 6 min using automated 

equipment.  If this type of equipment could be adapted for use in the beef industry, 

measurement of acute-phase proteins might become a valuable commercial management 

tool.  Carter et al. (2002) found that vitamin E supplementation decreased SAA 

concentration in calves with naturally acquired BRD.  Through its antioxidant properties, 

vitamin E may have decreased cytokines and other physiological signals of inflammation, 

thereby decreasing stress and production of acute-phase proteins. 

Other Acute-Phase Proteins 

� α1 acid glycoprotein – An acute-phase protein that is not a likely candidate as 

a good predictor of morbidity in feedlot cattle (Carter et al., 2002). 

� α1 proteinase inhibitor – peaked at d 4 following an LPS challenge (Conner et 

al., 1989). 

� α1 antichymotrypsin – an acute-phase protein in cattle and human (Conner et 

al., 1989). 

� α2 macroglobulin – and acute-phase protein in cattle and rats but not in 

humans (Conner et al., 1989). 

Cytokines 

Cytokines are low molecular weight, soluble proteins secreted by most cells in the 

body, but they are especially associated with immune cells and immune regulation 
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(Blecha, 1991).  Cytokines function as chemical messengers to modify activity of various 

cells and molecules.  A common family of cytokines, the interleukins, derives its name 

from the fact that its members function as communication molecules among leukocytes 

(Blecha, 1991).  Cytokines have a characteristic molecular structure of 4 anti-parallel α-

helices (Quinn, 2007). 

Proinflammatory cytokines can inhibit growth, for example by increasing protein 

catabolism and then subsequent amino acid uptake by the liver for acute-phase protein 

production (Johnson, 1997).  Proinflammatory cytokines (PIC) cause inflammation and 

are associated with the Th1 cell-mediated immune response.  Antiinflammatory cytokines 

inhibit PIC and are associated with the Th2 humoral immune response. 

Modulating cytokine production/activity and/or administering exogenous 

cytokines might be a promising BRD management strategy (Blecha, 1991).  Exogenous 

cytokines have restored immunocompetence in immunocompromised laboratory animals, 

and cytokines have demonstrated an ability to increase the effectiveness of vaccines 

(Blecha, 1991). 

A partial list and description of individual PIC follows. 

� Interferon-γ (IFNγ):  antagonist of IL-4. 

� Tumor necrosis factor-α (TNFα):  one of the most potent and ubiquitous PIC.  

It can interfere with muscle development by inducing IGF-1 receptor 

resistance (Larson, 2005) and also can decrease growth hormone release 

from the anterior pituitary (Elsasser et al., 2000b).  Tumor necrosis factor- 

α is one of the first PIC to peak following a challenge, and stimulates other 
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immunological and physiological acute-phase responses (Steiger et al., 

1999;  Johnson, 2002). 

� Interleukin-1 (IL-1): produced by macrophages, small amounts induce an 

acute-phase response 

� Interleukin-6 (IL-6): produced by macrophages and Th2 cell, induces an 

acute-phase response 

� Transforming growth factor-β:  induces B-cells to switch antibody receptors 

to type IgA. 

� Interleukin – 15 (IL-15):  a 14.4 kDa cytokine first cloned in 1994.  It has both 

pro- and antiinflammatory actions.  IL-15 is produced by and has effects 

on muscle tissue (Quinn, 2007). 

A partial list and description of individual antiinflammatory cytokines follows. 

� Interluekin-4 (IL-4):  induces B-cells to switch antibody receptors from 

isotype IgM to isotype IgB. 

� Interluekin-10 (IL-10):  induces B-cells to switch antibody receptors to type 

IgA. 

Nutrition and Immunity 

Nutrition seems to affect immune system function most dramatically through 

regulation of cytokine production and expression (Cunningham-Rundles, 2002).  

Nutrients can be divided into the basic categories of carbohydrates, proteins, fats, 

vitamins, and minerals.  The relationship of vitamins and minerals to immune function 

has long been studied in many species (Carroll and Forsberg, 2007).  Several nutrients 
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essential to nonruminant species are produced by microbial fermentation in the ruminant 

digestive system, including the B vitamins and amino acids.  Additionally, cattle 

consuming forage receive adequate vitamin A, except when they consume extremely 

weathered forages for an extended period.  Typically, cattle are exposed to adequate 

sunlight in the production environment, and can therefore synthesize ample vitamin D.  

As a result, these vitamins and amino acids are not researched as thoroughly, and may be 

less important for immune function in ruminants compared with other domestic livestock 

species.  It is not unreasonable, however, to assume that the effects of nutrients at the 

tissue level are similar among domestic species (Carroll and Forsberg, 2007).  In cases of 

extreme stress, nutrient depravation, or other situations atypical of normal cattle 

production, a deficiency of any of these nutrients in possible, and oral supplementation or 

injection could be beneficial to immune function, as well as overall performance (Carroll 

and Forsberg, 2007;  Duff and Galyean, 2007).  Carotenoids may be an exception, 

however, as their supplementation to cattle has improved some aspects of immune 

function (Chew, 1995).  This effect seems to be independent of a role as a precursor to 

vitamin A (Chew, 1995) and similar positive effects on immunity are noted in other 

species (Carroll and Forsberg, 2007). 

Several specific nutrients, such as vitamins E and C, Zn, Se, and others can 

function as antioxidants, protecting highly susceptible immune cells from oxidative 

damage (Chew, 1995;  Carroll and Forsberg, 2007;  Elsasser et al., 2007).  Many 

phagoyctic immune cells destroy engulfed pathogens by generating and releasing large 

quantities of highly reactive oxidative molecules, termed the “respiratory burst” (Chew, 

1995).  This fact, along with the high concentration of polyunsaturated fatty acids in the 



Texas Tech University, Ryan Reuter, December 2007  

17 

cell membrane of most immune cells, makes immune cells particularly sensitive to 

oxidative damage.  Carter et al. (2002) reported that vitamin E supplementation decreased 

acute-phase protein concentrations over time, likely by altering cytokine profiles through 

decreasing oxidative stress. 

Protein 

As a complete discussion of protein effects is beyond the scope of this 

manuscript;  the reader is referred to Duff and Galyean (2007) for a thorough review of 

the effects of protein on cattle health and immunity. 

Energy Levels and Energy Sources 

Energy is required by cattle in amounts greater than other nutrients and is often 

deficient.  Decreased voluntary feed intake by stressed, newly received calves often 

challenges the manager’s ability to supply adequate energy (Duff and Galyean, 2007).  In 

addition, stress and disease may increase an animal’s energetic requirement, further 

exacerbating this problem (Elsasser et al., 2000b;  Eraud et al., 2005;  Rivera et al., 

2005).  Although the total amount of nutrients directly used by immune cells is likely not 

large (immune cells and tissues comprise only approximately 5% of BW), the systemic 

metabolic effects of proinflammatory mediators can be quite high (Elsasser et al., 2000b).  

For example, a ubiquitous response to PIC is development of a fever.  Energetic costs 

associated with maintaining a fever can range from 10 (Elsasser et al., 2000b) to 13% 

(Johnson, 2002) of basal metabolic rate, per °C of fever.  As intensity of febrile response 

increases, the negative effect it has on IGF-1 concentration also increases (Elsasser et al., 

2000b). 
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The component of the diet that is regarded as the energy source is typically 

included at a higher rate than any other component, and therefore, considerable attention 

is paid to the cost of this ingredient.  Because it forms the majority of the dietary dry 

matter, palatability, cost, availability, and ease of handling and storing are all 

considerations in commercial cattle production.  These factors often result in trade-offs 

when selecting energy sources for receiving cattle diets.  One common consideration is 

the trade-off between high-roughage and high-concentrate diets.  Many studies have 

attempted to quantify the effects of dietary energy on intake, performance, and health of 

receiving calves.  Roughage level is typically altered to achieve differences in energy 

concentration; therefore most of these studies have confounded the effects of energy 

concentration and energy source. 

Martin et al. (1980) conducted a survey of producers in Ontario and determined 

that fibrinous pneumonia (BRD) was the main cause of mortality, and that use of a corn-

based diet instead of a hay-based diet was the factor most predictive of mortality. 

Lofgreen et al. (1975) reported some of the earliest work investigating energy 

considerations for receiving calves.  These authors reported that stressed, lightweight 

calves selected a 72% concentrate diet when given the choice among 20, 55, 72, and 90% 

concentrate diets.  Interestingly, non-stressed calves selected a lower concentrate diet.  

Experiments indicated that the diets containing more concentrate (72 and 90%) resulted 

in greater intake and ADG than either the 55 or 20% concentrate diets, and there was no 

compensatory gain effect.  Effects of diets on morbidity were variable and not analyzed 

statistically. 
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Lofgreen et al. (1980) compared 25, 50, and 75% concentrate diets fed to 

lightweight, highly-stressed, transported calves.  Dry matter intake by calves fed the 50% 

diet was greater than with the other 2 diets, with no difference in ADG.  In addition, no 

differences in morbidity or mortality were observed as a result of concentrate level, 

except at the 50% level, where offering free-choice alfalfa hay decreased mortality 

compared with not offering hay. 

Lofgreen et al. (1981) compared a 75% concentrate receiving diet to free-choice 

alfalfa or millet hays fed to stressed calves.  The 75% concentrate diet increased ADG, 

DMI, and G:F.  Although differences were not statistically significant, calves on the hay–

only diets experienced 0.9% mortality compared with 1.8% mortality for calves fed the 

milled diet (n = 704 calves).  No significant difference was observed in morbidity (54% 

vs. 60%);  however, morbid calves fed the milled diet required treatment for 

approximately 0.5 d longer than morbid calves consuming only hay.  The authors 

theorized that either subclinical acidosis or additional metabolic stress associated with the 

75% concentrate diet may have decreased the animal’s ability to cope with a disease 

challenge. 

Lofgreen and Kiesling (1985) reported interesting interactions of degree of shrink 

and receiving diet on compensatory gain by stressed calves.  Briefly, during a 196-d 

finishing phase, more highly-stressed calves (as indicated by greater transport shrink) that 

were fed a hay-based receiving diet were unable to compensate for decreased ADG 

during the receiving phase compared with calves fed a 75% concentrate receiving diet.  

In contrast, calves experiencing lower shrink and fed hay diets were able to compensate 
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for the lower ADG during the receiving phase.  No effects of diets on health during the 

receiving phase were reported. 

Pritchard and Mendez (1990) reported that calves on higher energy, corn-based 

receiving diets consumed more DMI than calves on lower energy, corn silage-based diets.  

Average daily gain did not differ, however, resulting in lesser G:F for the high-energy 

diet.  The authors speculated that additional gut fill from the bulky corn silage diet may 

have artificially inflated ADG on that treatment.  No differences were observed in 

morbidity among treatments, nor were any effects of oxytetracycline feeding observed. 

Fluharty et al. (1994) investigated the effects of dietary energy concentration on 

digestibility and performance by steers.  The diet high in energy (1.80 Mcal of NEm/kg;  

70% concentrate) improved feed efficiency compared with the low-energy diet (1.48 

Mcal of NEm/kg;  45% concentrate).  The improvement in feed efficiency was a result of 

lower DMI by steers on the high-energy diet.  Steers on the high-energy diet consumed 

significantly more NEg than those on the low-energy diet;  however, ADG did not differ, 

suggesting that energy was not the first-limiting nutrient in this experiment.  The steers 

experienced a respiratory disease outbreak in wk 5 after arrival at the feedlot, resulting in 

an overall morbidity of approximately 50%.  No differences in morbidity were noted as a 

result of dietary energy concentration.  During wk 6, while the calves were recovering 

from respiratory disease, the high-energy diet increased ADG.  Diet energy level did not 

affect digestibility of energy, fiber, or protein, but digestibility seemed inversely related 

to feed intake.  In the first week after arrival, DMI was very low and digestibility was at 

its peak.  As DMI increased over time, digestibility decreased until it stabilized at wk 4 to 

5.  The authors concluded that low DMI and ADG traditionally observed in receiving 
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calves are not a result of digestibility of the diet (Fluharty et al., 1994).  A review of this 

and similar studies confirmed this conclusion (Loerch and Fluharty, 1999). 

Fluharty and Loerch (1996) conducted experiments with newly received beef 

calves that were not considered to be highly stressed.  There was no difference in 41-d 

DMI among diets similar in energy density and composed primarily of corn silage, corn 

and alfalfa, or a combination of corn silage, corn, and alfalfa.  Calves fed corn silage had 

increased ADG.  Calves fed diets without corn silage showed a non-significant increase 

in morbidity (34 vs. 17%;  P > 0.16), possibly because of increased fines and dustiness of 

the dry diet.  In a second experiment, increasing concentrate level from 70 to 85% 

resulted in an increase in DMI, but no effect on ADG or feed efficiency.  In a third trial, 

similar diets to those used in the second experiment increased DMI but only in the first 2 

wk of the study.  No effect on animal health was observed for this range of concentrate 

levels, and the authors concluded that the calves benefited from a high-energy receiving 

diet. 

Perkins et al. (2002) studied the effects of feed restriction in dairy cows by 

feeding a group only 80% of maintenance requirements.  Endotoxin was subsequently 

infused into the mammary gland.  Feed restriction had minimal effects on markers of 

immune function and ruminal motility.  Several physiological measures of sickness were 

altered by feed restriction.  Development of the febrile response was delayed by feed 

restriction, but peak values were not different between the two feed treatments.  Heart 

rate was influenced in a manner similar to temperature.  Respiration rate was slightly 

lower for cows in negative energy balance even before LPS infusion.  Cows fed below 

maintenance increased respiration rate approximately 40% over baseline, as compared 
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with only a 20% increase over baseline in cows in positive energy balance.  Ruminal 

motility following this LPS challenge was generally unaffected by energy balance. 

Berry et al. (2004a, b) conducted some of the first research investigating the 

effects of dietary energy on the acute-phase response in beef cattle.  Their experiments 

used four dietary treatments, low energy (0.85 Mcal NEg / kg) and high-energy (1.07 

Mcal NEg/kg) each with low or high starch (34 and 48% of ME from starch, 

respectively).  The low-energy diets contained 55% concentrate, and the high-energy 

diets contained 65% concentrate.  Low-starch diets contained approximately a 0.6:1 ratio 

of cracked corn:corn distiller’s grains (CDG) and soybean hulls (SBH).  High-starch diets 

replaced the CDG and SBH with corn to an approximate ratio of 3:1.  The experiments 

lasted 42 d.  Average daily gain and G:F were not affected by diets, but DMI was greater 

for calves consuming the low-energy diets.  Energy concentration did not affect 

morbidity, but there was a trend (P = 0.11) for calves on the high-starch diets to 

experience greater morbidity than calves on the low-starch diets.  Diets did not affect 

antibody titers to common BRD pathogens.  Nasal swab data indicated that there was a 

tendency for the high-energy diets to decrease the number of Pasteurella multocida and 

Haemophilus somnus pathogens infecting morbid calves (Berry et al., 2004a).  Using a 

subset of 30 calves from each treatment, the researchers determined that the acute-phase 

proteins fibrinogen (FB), HP, and SAA did not differ among the treatments.  All 3 acute-

phase proteins decreased from d 0 to d 28.  Increased FB and HP were associated with 

calves requiring multiple antibiotic treatments.  Haptoglobin was greater on the day 

calves were treated for disease compared with 7 d after treatment.  Regression equations 

relating acute-phase protein concentration to number of antibiotic treatments required 



Texas Tech University, Ryan Reuter, December 2007  

23 

indicated better predictive value for HP than for FB.  Berry et al. (2004b) suggested that 

HP could have potential as a diagnostic tool for BRD in calves.  As noted previously, 

Carter et al. (2002) reached similar conclusions when evaluating the predictive ability of 

HP and FB. 

Rivera et al. (2005) published what is possibly the only meta-analysis summary of 

the effects dietary roughage concentration on health of receiving calves.  These authors 

selected 6 studies conducted at the Clayton Livestock Research Center in Clayton, NM.  

They used regression analysis to estimate the effects of receiving diets containing from 

24 to 100% roughage on performance and health of calves.  Their final regression 

equations revealed that morbidity was decreased as roughage level increased, but the 

effect was very small.  In fact, a change from 40 to 100% roughage in the diet would be 

expected to decrease morbidity by only 4 percentage points.  The authors further stressed 

that the r2 of this equation was only 35%, and that morbidity did not decrease to zero 

even at 100% roughage.  Clearly, roughage level was not the major determining factor of 

morbidity in this analysis;  however, roughage level had a much larger and more 

significant effect on ADG and DMI.  The authors concluded that the health benefits 

expected from a high-roughage diet would not economically offset the losses in 

performance, and recommended a receiving diet containing 50 to 75% concentrate to 

maximize profitability. 

Whitney et al. (2006) reported that forage-based diets fed for 84 d increased 

serum IgG concentration 3 d after a virus challenge compared with a concentrate diet.  

Nonetheless, the high-energy diet increased performance during the 84-d period, and 

resulted in a more intense febrile response following the challenge. 
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As can be seen from this review, dietary energy seems to have a variable effect on 

health and performance of newly received calves.  Large variability in the immune 

systems of individual animals may contribute to this lack of consistency.  Traditionally, 

animals have been sorted into management groups based on sex, BW, and even hair 

color.  Identifying ways to group animals as to their potential health risk or response to 

dietary treatments might prove more meaningful in the future.  Quantifying the effects of 

diet composition on physiological measures of immune function is a primary objective 

toward that goal (Rivera et al., 2005). 

Metaphylactic Antibiotic Administration and Health 

Metaphylaxis can be defined as administration of antibiotics to animals that are 

expected to be suffering from the early stages of a disease process, but before exhibiting 

clinical symptoms.  Metaphylactic use of antibiotics is likely the most effective 

management technique to decrease morbidity in stressed calves in use today (Rivera et 

al., 2005).  For example, Lofgreen et al. (1980) reported that a 3-d metaphylactic dose of 

oxytetracycline decreased morbidity and mortality, but increased the number of 

treatments required for each treated calf.  Their conclusion was that calves that were still 

morbid or became morbid after treatment with oxytetracycline had more severe cases of 

BRD.  Antibiotic treatment also increased ADG and G:F, but only for 28 d.  By 56 d, 

advantages in ADG disappeared. 

Duff and Galyean (2007) presented an excellent review of effects of antibiotics on 

health of feedlot calves.  In general, antibiotics effectively decrease morbidity and 

mortality, while having negligible effects on DMI.  The authors suggested that research 
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be conducted into possible interactions of antibiotics with nutrient composition of diets, 

particularly fat content.  Antibiotic effects also might interact with temperament in cattle 

(Paddock et al., 2007) 

Fajt et al. (2003) reported that neither tilmicosin nor danofloxacin affected ex vivo 

neutrophil function or apoptosis in calves experimentally challenged with Mannheimia 

haemolytica.  Some differences were evident between non-challenged and challenged, 

saline-treated control animals, and those differences were attributed to M. haemolytica 

infection.  This finding seems to indicate that antibiotics do not affect proinflammatory 

cytokine production in cattle neutrophils;  however, powerful antibiotics may lyse large 

numbers of bacteria and release a surge of endotoxin (Elsasser et al., 2007), which could 

affect neutrophil function.  Thus, carefully controlled studies, with multiple types of 

controls, are needed to ascertain the true effect of antibiotics on immune function in 

cattle. 

Measuring Body Temperature in Cattle 

Body temperature is a key physiological indicator of stress and disease status.  

Proinflammatory cytokines, released in response to pathogen recognition, tissue injury, or 

other processes, induce inflammation.  Heat, along with redness, edema, and pain, are the 

components of inflammation.  Measuring body temperature is a convenient and simple 

method of assessing the state of inflammation and, therefore, disease status of an animal.  

Fever, defined as a regulated body temperature set point that is greater than normal, is in 

most cases a protective, adaptive response to infection (Kluger et al., 1996).  Measuring 
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effects of treatments on fever in cattle may offer insight into ways to improve immune 

function and health. 

Body temperature has been measured in many anatomical locations.  Some of 

these are thought to more closely reflect “core” temperature, which is thought to be 

related most closely with overall disease status.  Of these core measurements, 3 

anatomical locations have received most of the research attention. 

Rectal temperature is the classic core temperature measurement (Guidry and 

McDowell, 1966).  It has historically been used most often in cattle research, and is used 

almost exclusively in commercial cattle production.  Measuring rectal temperature 

requires minimal, simple equipment, but it requires the animal to be restrained.  Restraint 

can introduce bias into the measurement of temperature (Hahn et al., 1990), and 

necessitates facilities and labor.  Therefore, continuously monitoring rectal temperature 

of large numbers of animals has been impossible.  Drawing inference to the 

thermoregulatory effects of treatments requires near continuous measurement of 

temperature (Davis et al., 2003). 

Temperature of the interior of the rumen is another core measurement.  Typically, 

a temperature sensitive sensor and wireless data transmission equipment are encased in a 

water-tight bolus and deposited in the rumen.  The bolus orients in the ventral rumino-

reticulum.  This equipment allows near continuous recording of temperature without 

disturbing the animal, and the probes can be adapted to record other important 

physiological parameters, (i.e., ruminal pH).  Measuring ruminal temperature requires a 

significant expenditure for each probe, however, and temperature recordings can be 

influenced by food and water consumption (Brod et al., 1982). 
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Inner ear, or tympanic, temperature is the third core body temperature measure.  A 

thermistor probe is inserted into the ear canal as close to the tympanic membrane as 

possible.  A data logger can then be attached to the pinna of the ear.  Tympanic 

temperature is recorded in close anatomical proximity to the hypothalamus, the 

regulatory site for several key functions, including many endocrine and immunological 

systems, as well as some aspects of feed intake (Hahn, 1999).  Tympanic temperature 

combines some of the advantages of ruminal and rectal temperature.  Like ruminal 

temperature, tympanic temperature is adaptable to continuous recording without 

disturbing the animal, and as with rectal temperature, it is not influenced by feeding 

behavior.  Nonetheless, the recurring expense of purchasing a probe for each animal is a 

drawback (Hahn, 1999). 

Hahn et al. (1990) compared 4 locations for measuring body temperature.  

Temperature at the tympanic membrane, the rectum, sub-dermal neck, and sub-dermal 

flank were measured during a controlled environment cycling from 23 to 37°C over 24 h.  

On the final 7 h of the experiment, various environmental conditions were altered, such 

as changing wind speed and wetting the hair coat.  The researchers determined that the 

sub-dermal sites were dramatically affected by wind speed, wetting, etc.;  much more so 

than the internal sites.  There was a high correlation between the 2 internal measures. 

Guidry and McDowell (1966) compared tympanic and rectal temperature in 

Holstein cows.  Tympanic temperature responded to the introduction of ice into the 

rumen in 2 to 4 min, compared with 15 min for temperature 20 cm in the rectum.  Similar 

results were observed when ambient temperature was cycled from 20 to 45°C.  On 

average, tympanic temperature was 0.54°C less than mean rectal temperature.  The 
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authors observed that rectal temperature was affected by changes in fill of the rectum and 

lower digestive tract. 

Reid and Dahl (2005) used radio-frequency implants to monitor temperature at 3 

subdermal locations and compare them to rectal temperature in an LPS challenge model 

in weaned steers.  Mean rectal temperature was greater than subdermal temperature at all 

locations.  Rectal temperature increased as expected following administration of LPS;  

however, temperature at the 3 subdermal sites decreased.  These subdermal locations 

seem to have limited usefulness in managing BRD. 

Holt et al. (2003) evaluated the effect of pre-weaning on tympanic temperature in 

steer calves.  Thirteen steers from each of 2 weaning groups were fitted with tympanic 

temperature loggers immediately before shipment to a feedlot.  One group was weaned 

the day of transportation, whereas the other group was weaned 30 d before transportation.  

During loading and transport, pre-weaned steers displayed tympanic temperatures 

approximately 0.67°C lower than normally weaned steers, indicating the pre-weaned 

steers were less stressed by the handling procedures.  Nonetheless, tympanic temperature 

of the 2 groups converged immediately on entry to the feedlot and was similar through 

the end of the experiment.  Interestingly, during a period of energy intake below 

maintenance requirements (the initial 4 d in the feedlot) by the normally weaned group, 

tympanic temperature was not decreased compared to the pre-weaned group, which 

consumed more energy.  This result is contrast to those of Perkins et al. (2002) and 

Whitney et al. (2006), in which greater energy intake increased febrile response during an 

immune challenge.  Taken together, these three studies may indicate that energy balance 
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affects temperature differently depending on the type and intensity of stress to which 

cattle are exposed. 

Carter et al. (2007) were able to predict vaginal temperature from tympanic 

temperature in dairy cows.  The authors noted, however, that the tympanic temperature 

device was biased in relation to the environmental cooling effects of a water misting 

system. 

Fajt et al. (2004) measured effects of antibiotic treatment on vaginal temperature 

of beef heifers using radiotelemetric equipment.  Heifers were challenged with 

Mannheimia haemolytica and then 21 h later were administered saline, danofloxacin, or 

tilmicosin.  A group of control heifers was not challenged or treated.  The challenge 

caused a sharp increase in temperature, and all 3 treated groups decreased dramatically in 

temperature after treatment.  The antibiotic treatments lowered temperature to a greater 

degree than did saline treatment.  Circadian variation in temperature was less than 0.5°C. 

Rectal temperature, measured manually, was an average of 0.36°C lower than vaginal 

temperature, but the range was from 0.02 to 0.8°C in these heifers.  The authors stated 

that a comparison of temperature measured continuously among several locations is 

needed to determine appropriate respiratory disease treatment criteria.  The automatic 

rectal temperature device described in Chapter 4 of this manuscript eliminates the 

technical difficulty of this type of experiment. 

Lofgreen et al. (1980) noted that rectal temperature of stressed, transported calves 

increased with processing order, but provided no data or prediction equation.  In a later 

experiment, as calves were processed they where treated with antibiotics when rectal 

temperature exceeded 39.4°C.  This critical temperature was increased by 0.1°C every 15 
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min of processing, indicating that the investigators theorized that waiting to be processed 

increased rectal temperature of calves by 0.4°C/h (Lofgreen et al., 1981). 

Lipopolysaccharide (LPS) Challenges in Cattle 

Lipopolysaccharide, or endotoxin, is a molecule comprising the majority of the 

outer surface of Gram-negative bacteria.  It is composed of a carbohydrate and a lipid tail 

joined covalently.  The immune system of an animal recognizes LPS as associated with a 

pathogen, and therefore mounts an immune response to it (Steiger et al., 1999).  

Administration of LPS to an animal effectively challenges its immune system and results 

in the responses associated with a bacterial infection (Steiger et al., 1999), including a 

proinflammatory cascade. 

Lipopolysaccharide challenges have been used in cattle as a model for acute 

bacterial infection.  Endotoxin from Escherichia coli is typically used, and LPS is often 

administered intravenously, either in a bolus or by continuous infusion.  Werling et al. 

(1996) asserted that a continuous infusion more closely mimics the effects of a true 

bacterial infection.  In the literature, doses of 0.01 (Jacobsen et al., 2004), 0.1 (Elsasser et 

al., 2000a;  Jacobson et al., 2004), 0.2 (Kahl et al., 1997), 0.5, (Waldron et al., 2003), 0.6 

(Sartin et al., 2003), 1.0 (Waldron et al., 2006 - intramammary;  Jacobsen et al., 2004), 

1.5 (Waldron et al., 2006), and 2.0 (Steiger et al., 1999;  Waldron et al., 2003,) µg of 

LPS/kg of BW have been used in cattle.  Furthermore, Conner et al. (1989) used 50 

µg/animal in calves of unreported BW.  Elsasser et al. (2005) dosed LPS according to 

metabolic BW.  The dose of 0.8 µg of LPS/kg0.75 of live BW was described as a “low-

level challenge” and a subsequent dose of 9.5 µg of LPS/kg0.75 of live BW was described 
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as an “intense immune challenge” by this experienced researcher.  These 2 doses are 

approximately equivalent to 0.2 and 2.0 µg of LPS/kg of BW, respectively, in a 250-kg 

animal. 

Steiger et al. (1999) administered LPS at 2 µg/kg of BW to cattle over 100 min 

and observed a depression in feed intake beginning at 4 h relative to the LPS dose.  Feed 

intake was still depressed by 33% at 24 h. The LPS challenge increased rectal 

temperature relative to baseline and compared with saline, peaking at 5 h.  In addition, 

LPS increased TNFα concentration by 1.5 h, which returned to baseline by 10 h.  A 

similar response was observed for cortisol, except that the response was faster, beginning 

with the first sample time (0.5 h) after LPS.  Insulin increased sharply from 2 to 4 h after 

the LPS challenge.  Many of the proinflammatory changes preceded increased TNFα, and 

therefore were not controlled by circulating TNFα, but may have been related to local 

TNFα concentration.  The authors noted significant variability among animals in several 

of the responses measured. 

Jacobsen et al. (2004) evaluated effects of 0.01, 0.1, and 1.0 µg of LPS (bolus)/kg 

of BW on the acute-phase protein response in Danish Holstein cows in a Latin square 

design.  The lowest dose was approximately equal to concentrations of LPS found in the 

circulation of cows experiencing severe mastitis and experimentally induced acidosis.  

All doses increased SAA and HP and decreased serum albumin, and effects were dose-

dependent, indicating that cattle are highly responsive to LPS.  Responses to the greatest 

dose were only marginally greater than the moderate dose, suggesting 0.1 µg approached 

the limit of the liver to produce APP.  These authors found correlation in both SAA and 

HP between dose challenges, but not between each other, indicating they are 
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differentially regulated.  As noted previously, variability among animals was significant 

and persistent across challenges.  Animal accounted for 20 to 25% of the variation 

observed in acute-phase protein response. 

Waldron et al. (2003) challenged mid-lactation Holstein cows with 0.0, 0.5, 1.0, 

and 1.5 µg of LPS (infusion)/kg of BW and observed an immediate increase in respiration 

rate that was linearly related to LPS dose.  Rectal temperature of these cows was 

quadratically related to LPS dose, with 1.0 µg/kg of BW maximizing febrile response.  

Furthermore, cortisol and TNFα increased linearly with LPS dose, and the TNFα 

response was especially intense. 

Tolerance to LPS occurs after repeated or prolonged exposure in most animals, 

which would seem to indicate that there may be more theoretical than practical 

differences between bolus doses and infusion (Elsasser et al., 2007).  Genetic lines of 

cattle have been identified that hyper-respond to repeated LPS exposure (Elsasser et al., 

2005).  Other sources of variation in response to LPS are exposure to tall fescue 

endophyte (Filipov et al., 1999), serum testosterone concentration (Kahl and Elsasser, 

2005), and photoperiod (Elsasser et al., 2000b). 

Use of Sucram and OmniGen-AF in Cattle 

Use of flavoring agents, particularly artificial sweeteners, has been suggested as a 

method of increasing voluntary intake by newly receiving, stressed feedlot calves (Rivera 

et al., 2005).  Artificial sweeteners have increased voluntary intake in rats (Smith and 

Sclafani, 2002).  Sucram, an artificial sweetener based on saccharin, was developed for 

use in cattle diets.  The first published study investigating this additive in receiving beef 
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cattle was conducted in the Texas Panhandle (Brown et al., 2004).  In this study, the 

researchers observed that 194 mg Sucram/kg of dietary DM resulted in a 17% increase in 

voluntary feed intake by stressed calves.  Average daily gain, feed efficiency, and 

morbidity were not significantly affected by Sucram, although ADG was increased non-

significantly by 23%. 

McMeniman et al. (2006) conducted a subsequent, more intensive study.  These 

researchers observed a trend for 200 mg Sucram/kg of dietary DM to increase DMI in the 

latter half of a 56-d receiving period (P = 0.10).  Limited effects were observed on ADG 

(P = 0.12), and no effect was observed for morbidity.  Furthermore, when offered a 

choice between diets with or without Sucram, feedlot steers did not discriminate between 

the diets.  McMeniman et al. (2006) evaluated the effects of Sucram during finishing by 

feeding half the cattle from each receiving treatment a diet containing Sucram and the 

remaining half a control diet.  Sucram tended to increase (P = 0.08) DMI during 

finishing, but feed efficiency and ADG were not affected.  Sucram supplementation at 

either phase of feeding did not affect carcass characteristics, except that Sucram 

supplementation during the receiving phase decreased marbling score (P = 0.04) by 31 

units (300 = Slight marbling, 400 = Small marbling).  Percentage of cattle that graded 

USDA Choice and Prime was numerically decreased by 10 percentage units, although 

this effect was not significant (P = 0.30).  Sucram supplementation during the finishing 

phase had no effect on marbling score.  Drager et al. (2004) also conducted a finishing 

trial evaluating the effects of Sucram.  The additive did not influence finishing 

performance or carcass characteristics. 
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OmniGen-AF is a commercially available, immunoregulatory feed supplement 

containing live yeast and B-vitamins (http://princeagri.com/pdf/17-2719.pdf).  OmniGen-

AF improves innate immune function in immunosuppressed ruminant livestock (Wang et 

al., 2004).  Specifically, it has increased expression of mRNA for L-selectin, an adhesion 

molecule associated with improved neutrophil function (Wang et al., 2004), in sheep that 

were immunosuppresed with dexamethosone.  Furthermore, it increased IL-1β and 

restored normal levels of L-selectin in immunosupressed sheep that also were challenged 

with a moldy feed pathogen.  OmniGen-AF increased IL-1β converting enzyme and IL-4 

receptor mRNA in periparturient dairy cows (Wang et al., 2005).  OmniGen-AF seems to 

retain these properties even when heat processed into a poured block formulation 

(Forsberg et al., 2006). 

In control rats, OmniGen-AF increased 14-d G:F, BW gain, and L-selectin 

expression (Georges et al., 2005);  however, these effects were not evident in rats treated 

with dexamethasone.  In a 60-d field study using Holstein cows, OmniGen-AF slightly 

improved milk production and persistence, especially in older cows (Chapman et al., 

2005).  Anecdotal reports indicate that OmniGen-AF has value in the prevention and 

treatment of hemorrhagic bowel syndrome in dairy cows (Puntenney et al., 2003;  

Forsberg and Wang, 2006).  To date, no studies evaluating the ability of OmniGen-AF to 

modulate the immune response in newly received beef cattle have been reported.  This 

feed product is of interest, however, as it is the first feed product that has demonstrated 

the ability to restore normal immune function to immunosuppressed ruminants (Forsberg, 

2004). 
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Exit Velocity in Cattle 

Animal behavior, especially temperament, is a trait of great practical importance 

to cattle producers.  Animals with very excitable or aggressive temperaments can be a 

safety risk in beef cattle operations.  Measuring temperament has traditionally been 

somewhat subjective;  however, an objective technique has gained favor (Baker et al., 

2003;  Curley et al., 2003;  Curley et al., 2006).  The speed with which an animal 

traverses a known distance immediately after release from a commercial squeeze chute is 

related to temperament and is termed exit velocity (Burrow et al., 1988;  Burrow, 1997).  

This velocity can be measured accurately with infrared triggers and electronic timers 

(Curley et al., 2006), potentially decreasing variation caused by human error.  Animals 

with high exit velocity are regarded as having excitable (poor) temperaments, whereas 

animals with low exit velocity are regarded as more docile. 

Exit velocity is a repeatable measure of temperament.  Curley et al. (2006) 

reported a positive correlation between exit velocity ranking of bulls and exit velocity 

measured 60 or 120 d later.  Similarly, other researchers have observed a correlation 

coefficient of 0.68 between exit velocities measured 70 d apart in steers and heifers 

(Vann and Randel, 2003), and a correlation coefficient of 0.61 in steers (Vann et al., 

2004).  In the Curley et al. (2006) study, exit velocity decreased 25% from d 0 to d 120.  

The decrease was greatest in bulls with the highest initial exit velocities, and most of the 

effect was observed from d 0 to d 60.  In fact, exit velocity did not differ from d 60 to 

120.  This suggests that an acclimation period of approximately 60 d may be required 

before the best estimate of exit velocity can be made.  Heifers have been reported to have 

higher exit velocities than steers (Voisinet et al., 1997a;  Vann and Randel, 2003). 
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Poor temperament has been associated with decreased ADG (Burrow and Dillon, 

1997;  Voisinet et al., 1997a), decreased dressing percentage (Burrow and Dillon, 1997), 

increased carcass bruising (Fordyce et al., 1988), and meat toughness (Fordyce et al., 

1988;  Voisinet et al., 1997b;  Vann et al., 2004).  In addition, serum cortisol 

concentration has been shown to be associated with high exit velocity in bulls (Curley et 

al., 2006) and high temperament score in cows (Stahringer et al., 1990).  The increased 

cortisol response observed in these cows was associated with decreased LH 

concentration, indicating that temperament-associated stress during handling can alter 

reproductive physiology of beef cattle. 

Temperament has been shown to interact with feed additives in a feedlot 

environment (Baszczak et al., 2006).  These researchers found that ractopamine 

supplementation increased entry speed into the squeeze chute.  Temperament might 

interact with other feedlot management practices, and identifying these interactions may 

allow for more effective sorting and management of diverse cattle populations. 

Conclusions from the Literature 

It is readily apparent from this brief review that health and immune function of 

animals, including beef cattle, is a complex balance of many factors.  Animal factors, 

such as breed, sex, and temperament, interact with environmental factors such as 

nutrition, learned behaviors, and type and intensity of stressors to activate a response in 

several inter-regulated systems in the body. 

Although the benefits that might be realized by controlling and manipulating this 

system are substantial, many challenges also exist in learning how to achieve this 
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manipulation.  Significant inherent variation among animals makes it difficult to conduct 

powerful experiments.  Physiological responses and profiles need to be correlated with 

clinical and commercial outcomes.  Effects, side effects, and interactions of treatments 

need to be quantified.  Finally, management systems must be devised to use this 

information and put it into commercial practice. 

The state of knowledge concerning the effect of nutrition on immune function and 

health is advancing rapidly in many species.  Many nutritional factors have been 

identified that consistently alter some aspect of immune function.  This fact, coupled with 

the continued development and incorporation of new technology into commercial beef 

production, seems to indicate that the goal of using nutrition to improve beef cattle health 

and welfare may be attainable in the future. 
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CHAPTER III 

ACUTE-PHASE EFFECTS OF INTRAVENOUS LIPOPOLYSACCHARIDE IN BEEF 

STEERS 

J. A. Carroll1, R. R. Reuter2, C. C. Chase, Jr.3, S. W. Coleman3, D. G. Riley3, D. E. 

Spiers4, and M. L. Galyean1 

USDA-ARS Livestock Issues Research Unit, Lubbock, TX  79409-21411;  Texas Tech 

University, Lubbock  794092;  USDA-ARS, SubTropical Agricultural Research Station, 

Brooksville, FL  34601-46723;  and Department of Animal Sciences, University of 

Missouri-Columbia  652114 

ABSTRACT:  Two experiments were conducted to further define the acute-phase 

response to a lipopolysaccharide (LPS) challenge in beef steers.  In Exp. 1, 9 crossbred 

beef steers (449 ± 12 kg BW) were used in a completely random design to determine the 

effects of 0.5, 1.0, or 2.0 µg of LPS/kg of BW.  Steers were catheterized in the jugular 

vein and then challenged the following day, and blood serum was collected and rectal 

temperature (RT) measured at 30-min intervals from -1 to 6 h relative to the LPS 

challenge.  Cortisol and RT increased in response to the challenge, peaking and returning 

near baseline within 6 h.  The cortisol response increased linearly (P = 0.02) with LPS 

dose.  Conversely, dose had no effect on RT (P > 0.50).  In Exp. 2, 9 Angus steers (299 ± 

5 kg BW) were used in a randomized complete block design in environmentally 

controlled chambers to characterize the acute-phase response to 2.5 µg of LPS/kg of BW.  
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Steers were treated as described above, except that serum was collected from -2 to 8 h 

relative to LPS challenge, and additional physiological and immunological assays were 

performed.  Endotoxin increased (P < 0.05) serum concentrations of cortisol, tumor 

necrosis factor-α, interferon-γ, IL-1β, IL-6, and serum amyloid A, as well as respiration 

rate, RT, and rump dermal temperature.  Endotoxin decreased ear dermal temperature (P 

= 0.002), but it tended to increase (P < 0.10) ruminal temperature, shoulder dermal 

temperature, and shoulder perspiration rate.  Concentrations of IL-4 and IL-2 or rump 

perspiration rate were not altered (P > 0.24) by the LPS challenge.  To our knowledge, 

this report is the most complete characterization of the beef steer acute-phase response to 

endotoxin challenge in the published literature. 

Key words:  beef cattle, lipopolysaccharide, acute-phase response 

INTRODUCTION 

Inflammatory diseases, including the bovine respiratory disease complex (BRD), 

are the most challenging health-related issues faced by managers of newly received 

feedlot cattle (Galyean et al., 1999).  These diseases are characterized by an inflammatory 

response that can be mimicked, in part, in a research setting by exogenous administration 

of bacterial lipopolysaccharide (LPS;  Waldron et al., 2003).  This model has been used 

to evaluate the effect of an acute-phase response on several bodily systems, chiefly the 

immune, stress, and growth axes.  Dose of LPS seems to be an important consideration in 

determining the acute-phase response, and doses of 0.01 (Jacobsen et al., 2004) to 2.0 

(Steiger et al., 1999; Waldron et al., 2003) µg of LPS/kg of BW have been used in 

published research with cattle.  Elsasser et al., (2005) described doses of 0.2 and 2.0 µg of 
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LPS/kg of BW as “low-level” and “intense” challenges, respectively.  Jacobsen et al. 

(2004) reported that endotoxin concentration in lactating cows with severe mastitis had 

circulating LPS concentrations of approximately 0.01 µg/kg of BW, and that in these 

same cows an experimental dose of 0.1 µg/kg approached the maximum capacity of the 

liver to produce acute-phase protein.  Many studies have reported only 2 or 3 

measurements of the acute-phase immune response, typically rectal temperature (RT) 

and tumor necrosis factor – α (TNFα;  Steiger et al., 1999;  Waldron et al., 2003).  The 

objective of the current experiments was to more completely characterize the endocrine, 

immune, and acute-phase response across a range of intravenous endotoxin doses in beef 

steers.  We hypothesized that immune activation by LPS administration would cause 

widespread changes in these systems, and that the response would increase with 

increasing LPS dose. 

MATERIALS AND METHODS 

Experiment 1.  The experiment was conducted at the Texas Tech University 

Burnett Center Research Feedlot, east of New Deal, TX during November 2005, and all 

procedures involving animals were reviewed and approved by the Texas Tech University 

Animal Care and Use Committee.  Nine crossbred steers (449 ± 12 kg BW) were used in 

a completely random design to evaluate the effect of three doses of LPS.  Before the 

study, the steers were managed as is customary for commercial feedlot cattle (i.e., group 

housed in a soil-surfaced pen and offered an approximately 91% concentrate diet ad 

libitum;  wheat hay was the roughage source, with the concentrate portion a mixture of 

cracked corn, wet corn gluten feed, corn bran, and a mineral/vitamin/feed additive 
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supplement).  The cattle were housed in concrete-floor pens (2/pen for 4 d; then 1/pen for 

6 d) before the challenge and were offered the ration described above ad libitum.  At 

0800 on the day before the challenge, the right jugular vein of each steer was non-

surgically catheterized by puncturing the vein with a thin wall stainless steel needle and 

inserting approximately 35 cm of a 1-m length of 1.4 mm o.d. polytetrafluoroethylene 

tubing (Tygon, Saint-Gobain Performance Plastics Corporation, Paris, France) through 

the needle and into the vein.  A cap was placed on the free end of the tubing and the 

tubing secured to the animal by use of surgical tape and disposable flexible bandages.  

The steers also were individually weighed (C & S Single-Animal Squeeze Chute [Garden 

City, KS] set on 4 Rice Lake Weighing Systems [Rice Lake, WI] load cells;  calibrated 

with certified weights [453.59 kg, Texas Department of Agriculture] within 24 h of use).   

The steers were then returned to the concrete-floor pens with feed and water available ad 

libitum.  At 0800 the following day, steers were moved to concrete-floor, 84 x 213 cm 

individual stanchions.  Catheters were routed to the exterior of the stanchions and were 

flushed with 5 mL heparinized saline (20 IU heparin/mL).  A stock solution containing 

119 µg of LPS (Escherichia coli 0111:B4;  Sigma L-2630, Sigma Chemical, St. Louis, 

MO) / mL of physiological saline was prepared and injected through the catheter in 

volumes to achieve doses of 0.5, 1.0, or 2.0 µg of LPS/kg of BW.  Blood samples were 

collected through the catheters at 30-min intervals from -1 to 6 h relative to the LPS 

challenge (RTC);  serum was collected following a 1-h clotting time at ambient 

temperature and centrifugation at 2,000 x g and 4°C for 20 min, and stored at -80°C until 

assayed.  Rectal temperature of each steer was recorded immediately following blood 
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collection using a digital thermometer (M500;  GLA Agricultural Electronics, San Luis 

Obispo, CA). 

Experiment 2.  The experiment was conducted at the Brody Environmental Center 

at the University of Missouri during April 2006, and all procedures involving animals 

were reviewed and approved by the University of Missouri-Columbia Animal Care and 

Use Committee.   Nine Angus steers (299 ± 5 kg BW) were used in a randomized block 

design to determine the effect of LPS administration.  Three steers were housed in 3 

environmental chambers (blocks) at thermo-neutral conditions (19.6 ± 0.46 °C) for 14 d 

before and for the duration of the experiment.  Steers were fed a high-concentrate diet 

(39% each of corn and soybean hulls, 20% dried corn distiller’s grains, and 2% mineral 

supplement;  as-fed basis) at 1.6% of BW/d, with water available ad libitum.  Steers were 

catheterized and bled as described in Exp. 1, with the exception that blood sample 

collection began at -2 h and was extended to 8 h RTC.  Steers were challenged with 2.5 

µg of LPS/kg of BW as described in Exp. 1.  Rectal temperature was recorded at 1-min 

intervals for each steer using an automatic RT monitoring device as described in Reuter 

et al. (2007a;  Chapter 4).  Several additional physiological measures also were collected.  

Ruminal temperature was recorded by a temperature-sensitive bolus (TechTrol, Inc., 

Pawnee, OK).  Dermal surface temperature was recorded at -1 h, and on 30-min intervals 

from 1.5 to 8 h RTC with an infrared thermometer (C-1600M;  Linear Laboratories, 

Fremont, CA) at 3 locations:  the shoulder, the rump, and dorsal surface of the ear.  

Perspiration production was recorded at -2, -1, and on 1-h intervals from 2 to 8 h RTC 

with a device capable of measuring water evaporation rate (VapoMeter SWL2;  Delfin 
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Technologies Ltd, Finland) at the rump and at the shoulder.  Respiration rate was 

recorded on 1-h intervals from -1.5 to 7.5 h RTC by visual observation. 

Blood Analyses.  Serum cortisol concentration was determined by 

radioimmunoassay (Coat-A-Count, DPC, Los Angeles, CA).  Serum concentrations of 

the proinflammatory cytokines (PIC), TNFα, interferon-γ (INFγ), IL-1β, IL-2, and IL-6, 

and the antiinflammatory cytokine IL-4, were assayed using a custom developed 

multiplex ELISA validated for bovine cytokines (SearchLight, Pierce Biotechnology Inc., 

Rockford, IL).  Serum concentration of the acute-phase protein serum amyloid-A (SAA) 

was determined by commercially available ELISA kits (PHASE, TriDelta, Maynooth, 

Ireland). 

Statistical Analyses.  Summary statistics were calculated for each variable.  These 

included pre-challenge concentration (average of -2 to 0-h samples), maximum 

concentration following challenge (maximum observed value from 0 to 8-h samples), 

time that the maximum concentration was reached (time period associated with 

maximum concentration), and the change from pre-challenge to maximum concentration 

(maximum minus pre-challenge).  In Exp 1., area under the curve (AUC) was calculated 

by trapezoidal summation for the cortisol concentration x time and RT x time curves.  

Summary statistics mentioned previously and AUC were analyzed with the PROC 

MIXED procedure of SAS (Version 9.1.3, SAS Inst. Inc., Cary, NC) in a model that 

included fixed effects for LPS.  Response to LPS challenge over time (RMR) was 

determined by repeated-measures ANOVA with the PROC MIXED procedure of SAS.  

The model included fixed effects for LPS dose, sampling time, and LPS dose x sampling 

time;  the repeated statement included steer as the subject and an autoregressive 
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covariance structure.  Individual animal was the experimental unit.  Orthogonal contrasts 

were tested for linear and quadratic effects of dose.  In Exp. 2, the only fixed effect 

included in the repeated-measures model was time, and RT was recorded on 1-min 

intervals and then averaged over 30-min intervals to facilitate comparisons to other 

measures of the acute-phase response.  Summary statistics mentioned previously were 

averaged across steers, and the SE were calculated in Excel 2003 (Microsoft Corp., 

Redmond, WA).  Pearson correlation coefficients also were calculated in SAS among 

selected variables. 

RESULTS AND DISCUSSION 

Experiment 1.  Serum cortisol concentration and RT were selected for analysis in 

this preliminary experiment.  The 6-h sampling period captured the peak in both variables 

(Figures 1 and 2), and the time x dose interaction was not significant (P > 0.14) for either 

variable.  Serum cortisol RMR increased linearly with endotoxin dose (P = 0.01;  Table 

1.).  Furthermore, the cortisol AUC increased linearly in response to LPS dose (P = 0.03;  

Table 1).  Cortisol response was similar in magnitude to other studies using LPS 

challenges (Filipov et al., 1999;  Steiger et al., 1999;  Waldron et al., 2003).  Waldron et 

al. (2003) also observed a linear increase in cortisol with LPS doses increasing from 0 to 

1.5 µg of LPS/kg of BW in mid-lactation diary cows.   

Rectal temperature increased in a pattern typical of a febrile response to LPS 

(Figure 2), peaking at approximately 2°C above pre-challenge levels at 3.5 h RTC.  This 

pattern is similar to other reports of RT response to LPS in cattle (Steiger et al., 1999; 

Waldron et al., 2003).  Endotoxin dose had no effect on RT responses (P > 0.63;  Table 
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1).  In contrast, Waldron et al. (2003) observed a quadratic response to LPS dose in RT 

response of lactating dairy cows, in which maximum febrile response was induced by 1.0 

µg of LPS/kg of BW.  Reid and Dahl (2005) observed an increase in RT greater than 1°C 

from only 0.1 µg of LPS/kg of BW in weaned steer calves.  Taken together, these results 

seem to indicate that the acute-phase response in cattle is highly sensitive to endotoxin 

challenge, but lower doses are required to maximize RT than are required to maximize 

cortisol concentration.  The response of these 2 variables also might be influenced by 

breed, age, or physiological state (growth vs. lactation). 

This preliminary experiment was not designed to evaluate animal behavior or 

clinical symptoms of BRD;  however, we observed no dramatic visual difference among 

the doses, and the overall behavioral response seemed quite mild.  Because of the fact 

that the beef steers in this study had greater BW and had been fed a high-concentrate diet 

ad libitum before the study, it can be assumed that the steers in Exp. 1 had a greater 

percentage of body fat than the beef steers used in Exp. 2.  In Exp. 2, and in subsequent 

observations in our laboratory in steers similar to those in Exp. 2, doses of 2.0 to 2.5 µg 

of LPS/kg BW have resulted in more dramatic behavioral responses than observed in 

Exp. 1.  Several factors are known to influence cattle response to LPS challenges (Filipov 

et al., 1999;  Elsasser et al., 2005;  Kahl and Elsasser, 2005).  Perhaps body fat reserves 

of older, heavier steers can modulate and/or mitigate some portion of the behavioral 

response typically observed in younger, lighter animals.  The effect of age and/or body 

composition on response to LPS and other immune challenge models needs further 

investigation. 
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Experiment 2.  All variables except IL-4, IL-2, and rump perspiration rate reacted 

to endotoxin challenge (P ≤ 0.10;  Table 2).  Data are presented graphically in Figures 3 

to 6.  Pre-challenge concentrations of cortisol, TNFα and IL-6 were very low, and 

increased (P ≤ 0.001) dramatically following endotoxin administration (Figure 3).  Pre-

challenge concentrations of INFγ and IL-1β were detectable and increased (P ≤ 0.02) in 

response to endotoxin, although less dramatically than the aforementioned PIC.  Tumor 

necrosis factor-α peaked 1.4 h RTC, whereas the other cytokines and cortisol peaked later 

(3.0 to 4.3 h RTC; P ≤ 0.001), indicating that the later responses may be stimulated by 

TNFα (Steiger et al., 1999).  Steiger et al. (1999) and Waldron et al. (2003) observed 

similar TNFα response profiles in LPS-challenged diary heifers and lactating dairy cows, 

respectively.  It should be noted that the magnitude of the response differed quite 

dramatically among the studies.  Steiger et al. (1999) observed pre-challenge and peak 

values of approximately 1 and 5 ng/mL of TNFα, respectively.  The current study 

observed approximately 0.1 and 9 ng/mL for the same variables.  Waldron et al. (2003) 

observed values of < 5 and 120 ng/mL, respectively.  Cortisol concentrations in the 

present study were similar, however, to those observed by Waldron et al. (2003) and 

Steiger et al. (1999) and those in Exp 1.  Cortisol response to LPS may be more 

consistent than cytokine response. 

Endotoxin caused a significant (P = 0.001;  Table 2) increase in serum acute-

phase protein concentration (Figure 3).  Peak concentration of serum amyloid A was 

observed at the final sampling time (8 h RTC), indicating that our sampling period was 

not of sufficient duration to characterize the entire SAA response.  To capture the peak 
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SAA concentration, sampling periods should extend to 24 to 48 h (Alsemgeest et al., 

1996;  Jacobsen et al., 2004;  Reuter et al., 2007b [Chapter 6]). 

Respiration rate increased (P = 0.001;  Table 2) sharply at 0.5 h RTC, but then 

returned to pre-challenge value by 2.5 h RTC (Figure 4).  This result is somewhat 

contradictory to anecdotal observations from our laboratory, which indicated that 

maximal clinical symptoms of BRD (depression, labored breathing, nasal discharge) 

occur at 2 to 3 h RTC.  Nonetheless, a respiration rate response similar to the current 

study was observed by Waldron et al. (2003).  In that study, mid-lactation dairy cows 

were administered LPS from 0, 0.5, 1.0, and 1.5 µg of LPS/kg of BW, and respiration 

rate increased more rapidly at the greater doses. 

Shoulder perspiration tended to increase slightly during the later stages of the 

measurement period (P = 0.07;  Table 2;  Figure 4).  The result is plausible considering 

that perspiration rate and RT were correlated in a similar challenge (Scharf et al., 2007). 

Rectal temperature increased (P = 0.001;  Table 2) following the LPS challenge 

(Figure 5), whereas only a tendency (P = 0.10) was observed for increases in ruminal 

temperature.  Rectal temperature exhibited much less variation than ruminal temperature.  

In this study, cattle had ad libitum access to water, and drinking bouts may have biased 

ruminal temperature measurements.  Additionally, equipment malfunctions resulted in 

missing ruminal temperature data for many time points.  Rectal temperature response to 

LPS was similar to Exp. 1 and to other published research (Steiger et al., 1999;  Waldron 

et al., 2003). 

Dermal temperatures at the shoulder and rump increased (P < 0.06;  Table 2;  

Figure 6) following LPS challenge, but were not as closely related to LPS challenge as 
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RT.  Interestingly, ear dermal temperature decreased (P = 0.002) dramatically following 

LPS challenge.  Furthermore, correlation coefficients calculated for RT and ear dermal 

temperature, each in correlation with cortisol, were large, significant (P < 0.001) and had 

opposite signs (Table 3).  A common effect of mediators of the inflammatory response is 

vasoconstriction, which aids in achieving and maintaining an effective febrile response 

(Steiger et al., 1999;  Elsasser et al., 2000;  Johnson, 2002).  Decreased blood flow to the 

extremities could result in a decrease in ear dermal temperature such as we observed.  

Reid and Dahl (2005) observed a similar decrease in dermal temperatures concurrent with 

an increase in core temperature following LPS challenge in steers. 

Steiger et al. (1999) and Waldron et al. (2003) used a 100-min infusion of LPS.  

In contrast, our 2 experiments used a bolus dose of LPS.  Elsasser et al. (2007) stated that 

tolerance to repeated or continuous doses of LPS exhibited by normal animals would 

seem to indicate that the differences between a bolus dose and a continuous infusion of 

LPS are more theoretical than practical.  Furthermore, no increases in cortisol or TNFα 

concentration were observed in control animals that were infused with saline (Steiger et 

al., 1999;  Waldron et al., 2003) or in pair-fed, non-infused control animals (Steiger et al., 

1999).  Because of the consistency in rectal temperature response observed among these 

experiments, and the negligible effect of saline on cortisol and TNFα in saline controls, 

control treatments and long infusions of LPS may be unnecessary in future studies.  

Deviations from pre-challenge values in these variables following LPS challenge are 

attributable essentially to LPS, and the animal-specific pre-challenge value should serve 

as an adequate control. 
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SUMMARY AND CONCLUSIONS 

Bacterial endotoxin induced a pronounced acute-phase response in beef steers.  

Tumor necrosis factor-α peaked rapidly after endotoxin challenge, followed by INFγ, IL-

1β, IL-6, and SAA.  Cattle are sensitive to endotoxin and, therefore, high doses (≥ 2.0 

µg/kg of BW) may not be required to elicit an experimentally useful response.  Variation 

in response to LPS is known to exist from several sources.  Body weight, body fat 

content, immune system maturity, and/or health history also might be factors that result 

in variation among cattle given an LPS challenge.  Bolus doses of LPS, using only pre-

challenge values as controls for each animal, are convenient and consistent and should be 

useful in many experimental situations. 
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Table 3.1.  Effect of endotoxin dose on serum cortisol and rectal temperature of beef 
steers in Exp. 11 

 LPS dose      

Item2 0.5 1.0 2.0 SE3 Time4 Dose5 
Time x 
Dose6 Contrast7 

Cortisol8, ng/mL 33.8 52.5 78.4 9.42 0.001 0.04 0.14 L 

Rectal temperature8, 
°C 39.8 39.9 39.9 0.13 0.001 0.70 0.76 --- 

Cortisol, ng/mL         

  Pre-challenge 16.3 12.9 22.6 4.43 --- 0.35 --- --- 

  Maximum 75.0 118.8 136.5 23.62 --- 0.24 --- --- 

  Maximum time, h 2.8 3.7 2.3 0.67 --- 0.42 --- --- 

  AUC, arbitrary units 24.3 38.5 56.3 7.73 --- 0.07 --- L 

Rectal temperature, 
°C         

  Pre-challenge 39.1 39.0 39.1 0.15 --- 0.68 --- --- 

  Maximum 40.8 41.0 40.8 0.23 --- 0.81 --- --- 

  Maximum time, h 3.3 3.5 3.3 0.14 --- 0.63 --- --- 

  AUC, arbitrary units 278.9 279.9 279.9 0.90 --- 0.71 --- --- 

 
1Treatments were 0.5, 1.0, or 2.0 µg of lipopolysaccharide (LPS)/kg of BW i.v. 

2Pre-challenge = average of values from -1 to 0 h relative to LPS challenge;  Maximum = 
peak concentration observed from 0 to 6 h relative to LPS challenge;  Maximum time = 
time relative to LPS challenge at which maximum concentration was observed;  AUC = 
area under the response curve. 

3Main effect SE, n = 3 steers/treatment. 

4Observed P-value for the effect of time in a repeated-measures model;  not applicable to 
summary measures. 

5Observed P-value for the effect of LPS dose. 

6Observed P-value for the effect of time x dose interaction in a repeated-measures model;  
not applicable to summary measures. 

7L = linear contrast of LPS dose is significant, P < 0.03. 

8Main effect of dose averaged over time in a repeated measures model. 
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Table 3.2.  Descriptive statistics and effect of 2.5 µg of lipopolysaccharide/kg of BW on 
acute-phase response in 9 Angus steers in Exp. 2 

Item1 unit 
Pre-

challenge2 Maximum3 
Max 

Time4 Delta5 Delta %6 
P-

value7 

SAA ng/mL 29 ± 9 97 ± 20 7.5 ± 0.4 69 ± 15 241% 0.001 

Cortisol ng/mL 3 ± 1 99 ± 6 3.4 ± 0.3 96 ± 6 3,127% 0.001 

IL-4 pg/mL 3 ± 3 10 ± 7 2.4 ± 0.8 7 ± 5 255% 0.47 

IL-6 pg/mL 12 ± 10 2,895 ± 86 4.3 ± 0.5 2,883 ± 91 23,991% 0.001 

INFγ pg/mL 27 ± 13 165 ± 49 3.9 ± 0.6 138 ± 50 509% 0.02 

TNFα pg/mL 85 ± 49 8,847 ± 777 1.4 + 0.1 8,762 ± 767 10,289% 0.001 

IL-1β pg/mL 22 ± 3  83 ± 15 3.0 ± 0.4 61 ± 14 279% 0.01 

IL-2 pg/mL 29 ± 6  54 ± 14 2.6 ± 0.9 25 ± 11 87% 0.24 

Respiration rate breaths/ min 31.8 ± 5 49 ± 7 0.9 ± 0.2 23 ± 7 73% 0.001 

Temperature        

  Shoulder °C 30.0 ± 0.1 31.7 ± 0.4 4.9 ± 0.6 1.7 ± 0.3 6% 0.06 

  Rump °C 29.0 ± 0.2 31.4 ± 0.3 5.8 ± 0.5 2.4 ± 0.5 8% 0.05 

  Ear °C 29.7 ± 1.1 31.7 ± 1.1 5.9 ± 0.6 2.0 ± 1.7 7% 0.002 

  Rectum °C 38.5 ± 0.1 40.2 ± 0.2 4.9 ± 0.4 1.6 ± 0.2 4% 0.001 

  Rumen °C 39.5 ± 0.2 40.7 ± 0.3 4.1 ± 0.6 1.2 ± 0.3 3% 0.10 

Perspiration 
rate  

     
 

  Shoulder g/(m2
•h) 27 ± 3 39 ± 8 4.3 ± 0.9 13 ± 5 49% 0.07 

  Rump g/(m2
•h) 15 ± 2 25 ± 8 7.3 ± 0.5 10 ± 7 65% 0.59 

1SAA = Serum amyloid A;  TNFα = tumor necrosis factor–α;  INFγ = interferon–γ. 

2Average of values recorded -2 to 0 h relative to the LPS challenge. 

3Maximum value observed during the experiment. 

4Sampling time in hours relative to LPS challenge, at which the respective maximum 
value was observed, 

5Difference between respective maximum and pre-challenge values. 

6Difference between respective maximum and pre-challenge values expressed as a 
percentage of the pre-challenge value. 

7
P-value for the effect of sampling time in a mixed model, repeated-measures ANOVA 
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Table 3.3.  Pearson correlation coefficients among variables of the acute-phase response in 9 Angus steers after 2.5 µg of 
lipopolysaccharide/kg of BW (Exp. 2) 

Item1 SAA Cort IL-4 IL-6 INFγ TNFα IL-1β IL-2 RESP SHP SHT RMP RMT EART RT RUMT 

SAA --- -0.15* -0.14† 0.26* 0.07 -0.32* 0.00 -0.14† -0.27* -0.30† 0.54* 0.03 0.35* 0.51* 0.23* 0.05 

Cort  --- 0.02 0.49* 0.2* 0.40* 0.30* -0.17* 0.1 0.53* -0.14 0.09 -0.27* -0.57* 0.49* 0.15 

IL-4   --- 0.01 0.14* 0.24* 0.53* 0.61* -0.13 -0.24 -0.08 -0.21 -0.01 0.13 -0.16* 0.19† 

IL-6    --- 0.31* 0.02 0.28* -0.19* -0.20† -0.02 0.03 -0.14 0.01 -0.09 0.67* 0.21* 

INFγ     --- 0.1 0.53* -0.01 -0.11 -0.07 0.14 0.01 -0.11 -0.18 0.12 0.22* 

TNFα      --- 0.27* 0.11 0.20† 0.05 -0.40* -0.12 -0.51* -0.55* 0.04 0.09 

IL-1β       --- 0.44* 0.01 -0.37* 0.21 -0.49* -0.35* -0.27* 0.16* 0.17† 

IL-2        --- 0.01 -0.35* -0.14 -0.24 0.04 0.39* -0.34* -0.04 

RESP        --- --- -0.28 --- -0.21 -0.31 -0.19† -0.10 

SHP         --- 0.10 0.41* 0.27 -0.10 0.1 0.23 

SHT          --- 0.03 0.38* 0.39* 0.33* 0.46* 

RMP           --- 0.52* 0.05 -0.26 -0.02 

RMT            --- 0.66* -0.21 0.05 

EART             --- -0.33* -0.15 

RT               --- 0.39* 

RUMT               --- 

 
1 SAA = serum amyloid A;  Cort = cortisol;  INFγ = interferon gamma;  TNFα = tumor necrosis factor alpha;  RESP = 
respiration rate;  SHP = shoulder perspiration rate;  SHT = shoulder dermal surface temperature;  RMP = rump perspiration 
rate;  RMT = rump dermal surface temperature;  EART = ear dermal surface temperature;  RT = rectal temperature;  RUMT = 
ruminal temperature. 
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Figure 3.1.  Mean serum cortisol concentration in 9 steers challenged with 
lipopolysaccharide (LPS) (simple-effect SE = 0.94).  Treatments were 0.5 (●), 1.0 (♦), or 
2.0 (▲) µg of LPS/kg of BW i.v.  Cortisol response increased linearly with LPS dose (P 
= 0.02). 

0

20

40

60

80

100

120

140

160

-1 0 1 2 3 4 5 6

Time relative to LPS challenge, h

S
e
ru

m
 c

o
rt

is
o

l,
 n

g
/m

L

 



Texas Tech University, Ryan Reuter, December 2007  

64 

Figure 3.2.  Mean rectal temperature of 9 steers challenged with lipopolysaccharide 
(LPS) (simple-effect SE = 0.12).  Treatments were 0.5 (●), 1.0 (♦), or 2.0 (▲) µg of 
LPS/kg of BW i.v.  Febrile response was not influenced by LPS dose (P > 0.50). 
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Figure 3.3.  Mean (± SE) serum concentration of cortisol, proinflammatory cytokines and 
serum amyloid A of 9 Angus steers challenged with 2.5 µg/kg of BW of 
lipopolysaccharide (LPS) i.v.  Administration of LPS elevated all measures (P < 0.05). 
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Figure 3.4.  Mean (± SE) respiration rate (▲, respirations·min-1) and perspiration rate at 2 
locations [shoulder (●), and rump (♦), g·m2

·h-1] of 9 Angus steers challenged with 2.5 
µg/kg of BW of lipopolysaccharide (LPS) i.v.  Administration of LPS affected respiration 
rate (P = 0.001). 
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Figure 3.5.  Mean (± SE) ruminal (▲) and rectal (●) temperature of 9 Angus steers 
challenged with 2.5 µg/kg of BW of lipopolysaccharide (LPS) i.v.  Administration of 
LPS affected rectal (P = 0.001) but not ruminal (P = 0.10) temperature. 
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Figure 3.6.  Mean (± SE) dermal temperature at 3 locations [shoulder (▲), rump (●), and 
ear (♦)] of 9 Angus steers challenged with 2.5 µg/kg of BW lipopolysaccharide (LPS) i.v.  
Administration of LPS affected all 3 measures (P < 0.06). 
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CHAPTER IV 

TECHNICAL NOTE:  DEVELOPMENT OF A SELF-CONTAINED, INDWELLING 

RECTAL TEMPERATURE PROBE FOR CATTLE RESEARCH 

 

R. R. Reuter1, J. W. Dailey2, J. A. Carroll2, and M. L. Galyean1 

Department of Animal and Food Sciences, Texas Tech University, Lubbock  794091;  

and Livestock Issues Research Unit, Agricultural Research Service-USDA, Lubbock, TX  

794032 

ABSTRACT:  A device was developed to automatically monitor rectal temperature (RT) 

in cattle in research situations.  Compared with manual measuring of rectal temperature, 

the device decreases labor and time requirements, and allows data collection free of the 

influence of animal handling and/or restraint.  The device consists of a polyvinylchloride 

tail harness that supports an indwelling rectal temperature probe connected to an 

electronic, battery powered, weather-resistant data logger.  Materials cost approximately 

$160 U.S. per unit and units are completely re-useable.  Use of the device should increase 

the conditions for which accurate RT measurements of cattle can be obtained. 

Key Words:  cattle, device, rectal temperature monitoring 
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INTRODUCTION 

Body temperature is often measured in cattle research;  however, development of 

systems to accurately and more conveniently measure temperature is a neglected subject 

(Hahn et al., 1990).  Temperature can be correlated to many internal physiological 

processes, as well as environmental conditions (Hahn, 1999).  Body temperature of cattle 

has been measured by several methods and at several locations of the body, including the 

rectum, vagina, tympanic membrane, rumino-reticulum, peritoneum, epidermis, and sub-

dermis (Hahn et al., 1990).  Each method involves compromises among ease of 

measurement, speed of response, and resistance to external conditions.  Many researchers 

have traditionally used rectal (RT) and tympanic (TT) temperatures (Guidry and 

McDowell, 1966), and evidence exists that RT and TT are more accurate or more 

consistent than sub-dermal locations under dynamic environmental conditions (Hahn et 

al. 1990;  Carroll et al., 2007).  Guidry and McDowell (1966) found that TT responded 

more quickly to environmental variation than RT or vaginal temperature.  In humans, 

Shiraki et al. (1986) also reported that RT might have a greater lag time in responding to 

environmental heat stress than TT.  Temperatures at peripheral locations such as the 

dermal surface or sub-dermal sites are not reflective of internal core temperature (RT, 

TT, etc.) under certain dynamic environmental conditions (air speed, skin wetting, solar 

radiation, etc. [Hahn et al., 1990]) or during immune challenges (Reid and Dahl, 2005;  

Carroll et al., 2007).  To our knowledge, only 1 experiment (Guidry and McDowell, 

1966) has compared RT to TT under conditions of both external and internal (ice 

introduced into the rumen) sources of temperature variation, possibly because of the 

impracticality of continuous measurement of rectal temperature.  The relationship of the 
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various methods to measure temperature under conditions of a febrile response in body 

temperature is largely unknown. 

Commercial cattle producers have used temperature to assist in diagnosis and 

treatment of disease in cattle, particularly bovine respiratory disease (BRD), and to assist 

in detecting estrus in cows.  Rectal temperature is used almost exclusively by commercial 

producers, most likely because very basic equipment can be used to measure RT with a 

reasonable degree of accuracy.  We experienced 3 major problems with measuring RT in 

research with cattle.  First, measuring RT requires significant labor and time, as each 

animal requires at least 1 person and at least 2 min to measure at each time interval that a 

measurement is desired (e.g., a 30-min interval for 8 h on 24 animals).  Second, the 

animals must be handled and/or restrained slightly to obtain a RT measurement.  We 

suspect that handling the animals even slightly might introduce error into the 

measurements (Hahn et al., 1990;  Prendiville et al., 2002).  Third, temperature 

measurement intervals, because of the labor and time required with 24 cattle were 

restricted to no less than 30-min.  If temperature changes more frequently than this 

measuring interval, we might not observe changes in body temperature that are 

potentially important to interpretation of the results of the experiment (Hahn et al., 1990;  

Hahn 1999).  To address these problems, we developed a device to automate measuring 

RT in cattle.  The objective of this manuscript is to describe the construction and 

application of this device. 
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MATERIALS AND METHODS 

All procedures involving animals during development of this device were 

reviewed and approved by the Texas Tech Institutional Animal Care and Use Committee. 

Device Construction 

Tail Collar.  The tail collar was fabricated from 5.8 cm i.d. (2.5 inch nominal 

size), schedule 80 chlorinated polyvinyl chloride (CPVC) pipe.  A 15-cm length of pipe 

was sawn in half lengthwise using a band saw.  A belt sander was used to remove sharp 

edges and to round over the top corners of the collar to avoid cutting into the tail head.  A 

0.95-cm hole was drilled into each corner to allow passage of a nylon cable tie.  A hole 

was drilled 1-cm from the top edge of the device and at a 45° degree upward angle.  This 

hole was tapped and a plastic pipe nipple was inserted and secured with epoxy putty.  

Two steel swivel fittings (Part No. 659, Milton Industries, Chicago, IL) were threaded 

onto the nipple to serve as a hinge for the rectal probe.  A compression fitting was 

threaded onto the steel swivel as an attachment point for the probe tubing.  Heat shrink 

tubing was applied over these parts to decrease accumulation of debris.  The mounting 

bracket that was supplied with the data logger (described in a subsequent section) was 

bolted to the tail harness. 

Probe.  A 20-cm length of 0.95 cm o.d. cross-linked polyethylene (PEX) tubing 

was attached to the compression fitting on the tail harness.  A HOBO Pro v2 Temp data 

logger probe (Part # U23-004, Onset Corp., Pocasset, MA) was passed through the tail 

harness and tubing, and secured with a 5-mm shaft collar leaving approximately 0.5-cm 

of the probe tip exposed.  Low-temperature, adhesive-lined heat shrink tubing was 

applied to seal these parts. 
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Data Logger.  A Hobo U23-004 data logger (Onset Corp., Pocasset, MA) was 

used to capture data from the rectal temperature probe.  The data logger can be set to 

record data at intervals from 1 s to several days, and it can be set to start immediately 

when deployed or at a specific date and time. 

Attachment.  The device was attached to an animal by first restraining the animal 

in a squeeze chute or stall.  Nylon cable ties were threaded through the holes of the tail 

collar, but not closed.  The PEX tubing was coated with a small amount of OB lube, 

inserted into the rectum, and the tail collar slipped under the tail.  The nylon cable ties 

were then closed securely around the tail using a tool designed for closing these ties at a 

consistent tension (Malco TY6;  Malco Products Inc., Annondale, MN; set to 

approximately 15.9 kg of tension, calibrated with a digital hanging scale).  The finished 

device is shown in Figure 1. 

Design Notes.  Restraint in a stall or squeeze chute is required to install the 

device, but once installed the device remained in place for several hours with minimal 

restraint.  The design resists expulsion during defecation very well.  Other users may 

identify modifications to the device that are more durable or easier and less expensive to 

construct.  We recommend maintaining a flex-resistant PEX tubing and break-resistant 

hinge.  An early prototype with flexible tubing and an easily articulated, friction hinge 

resulted in several probes being expelled when the animals defecated. 

The device costs approximately $160 U.S. to construct;  the vast majority of cost 

is associated with the data logger.  Approximately 2 min are required to attach the device 

to an animal restrained in a squeeze chute or similar stall.  We observed a transient 
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increase in tail movement behavior immediately after attaching the device, but no long-

term behavior changes were observed. 

Pilot Experiment 

The pilot experiment is described in detail in Carroll et al. (2007) [Chapter 1].  

Briefly, 9 Angus steers, housed in tie stalls in environmental chambers, were challenged 

with an i.v. injection of lipopolysaccharide (LPS) (2.5 µg/kg of BW), serum 

concentration of cortisol and several cytokines were determined, ruminal and dermal 

temperatures were obtained, and respiration rate was recorded on 30-min intervals from -

2 to 8 h relative to the LPS challenge.  Steers were fitted with a prototype of the RT 

device, and RT was automatically recorded at 1-min intervals for the duration of blood 

sampling.  To facilitate analysis, RT in each steer was averaged over 30-min intervals 

corresponding to blood sampling times.  Immune responses were analyzed with RT as a 

covariate in a repeated-measures model that included the effects of sampling time in 

PROC MIXED of SAS (Version 9.1.3, SAS Inst. Inc., Cary, NC). 

RESULTS AND DISCUSSION 

Figure 2 depicts RT of a steer recorded with this device at 1-min intervals, 

collected during the pilot experiment.  The device was able to record the steer’s febrile 

response to the challenge, free from human interference.  Other steers in this study, which 

received the same dose of LPS, recorded markedly different patterns of febrile response, 

indicating that near continuous monitoring of rectal temperature is useful in immune 

challenge models (Davis et al., 2003).  Temperature recorded by the device was a 

significant (P ≤ 0.02) covariate for IL-6 and tumor necrosis factor-α in these steers, 
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demonstrating that RT recorded by the device was related to immunological responses in 

these calves (Johnson, 2002).  Rectal temperature recorded by the device was much more 

closely related to the LPS challenge than ruminal or dermal temperatures (Carroll et al., 

2007).  In addition, measures of RT were much more consistent over time than ruminal 

measurements, possibly as a result of averaging 1-min temperatures over a 30-min period 

rather than using only a single measurement at 30-min intervals.  The RT data that we 

collected in this experiment would have been logistically impossible to collect with a 

standard manual thermometer. 

SUMMARY AND CONCLUSIONS 

Incorporation of this automated rectal temperature monitoring device into cattle 

research will enable more frequent sampling of RT, while also decreasing labor 

requirements.  The device might also decrease error introduced by handling cattle to 

obtain measurements, and it should prove useful in many types of cattle research, 

including environmental stress in both confined and extensive settings, receiving cattle 

health and management research, and reproductive research in cows.  Additional 

development and refinement of the concept may allow for increased durability and 

retention, further decreases in cost, and real-time wireless data transmission.  These 

developments would increase the number and usefulness of research and commercial 

applications that might be possible with the device. 



Texas Tech University, Ryan Reuter, December 2007  

76 

LITERATURE CITED 

Carroll, J. A., R. R. Reuter, and M. L. Galyean.  2007.  Acute-phase effects of three doses 
of intravenous lipopolysaccharide in beef steers.  Chapter 3 of this dissertation. 

Davis, M. S., T. L. Mader, S. M. Holt, and A. M. Parkhurst.  2003.  Strategies to reduce 
feedlot cattle heat stress: Effects on tympanic temperature.  J. Anim. Sci.  81:649–
661. 

Guidry, A. J., and R. E. McDowell.  1966.  Tympanic membrane temperature for 
indicating rapid changes in body temperature.  J. Dairy Sci.  49:74-77. 

Hahn, G. L.  1999.  Dynamic responses of cattle to thermal heat loads.  J. Anim. Sci  
77:10-20. 

Hahn, G. L., R. A. Eigenberg, J. A. Nienaber and E. T. Littledike.  1990.  Measuring 
physiological responses of animals to environmental stressors using a 
microcomputer-based portable datalogger.  J. Anim. Sci.  68:2658-2665. 

Johnson, R. W.  2002.  The concept of sickness behavior:  a brief chronological account 
of four key discoveries.  Vet. Imm. and Immunopath.  87:443-450. 

Prendiville, D. J., J. Lowe, B. Early, C. Spahr and P. Kettlewell.  2002.  Radiotelemetry 
systems for measuring body temperature.  Beef Productions Series No. 57.  
Grange Research Center, Dunsay, Meath, Ireland. 

Reid, E. D., and G. E. Dahl.  2005.  Peripheral and core body temperature sensing using 
radio-frequency implants in steers challenged with lipopolysaccharide.  J. Anim. 
Sci.  83(Suppl. 1):352. (Abstr.) 

Shiraki, K., N. Konda, and S. Sagawa.  1986.  Esophageal and tympanic temperature 
responses to core blood temperature changes during hypothermia.  J. Appl. 
Physiol.  61:98-102. 



Texas Tech University, Ryan Reuter, December 2007  

77 

Figure 4.1.  Device to automatically monitor rectal temperature in cattle. 
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Figure 4.2.  Example rectal temperature of a steer collected at - min intervals with a 
device to automatically record temperature.  The steer was challenged with bacterial 
lipopolysaccharide (2.5 µg/kg of BW) at time = 0. 
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CHAPTER V 

EFFECT OF AN ARTIFICIAL SWEETENER AND YEAST PRODUCT 

COMBINATION, AND EXIT VELOCITY, ON IMMUNE FUNCTION 

MEASUREMENTS, GROWTH PERFORMANCE, AND CARCASS 

CHARACTERISTICS OF BEEF HEIFERS 

R. R. Reuter1,2, J. A. Carroll2, M. S. Brown3, N. E. Forsberg4, Y.-Q. Wang4, R. Mock5, J. 

D. Chapman6, and M. L. Galyean1 

Texas Tech University, Lubbock  794091, USDA-ARS Livestock Issues Research Unit, 

Lubbock, TX  794092;   West Texas A&M University, Canyon  790163;  Oregon State 

University, Corvallis  973314;  Texas Veterinary Medical Diagnostic Laboratories, 

Amarillo, 791165;  and Prince Agri-Products, Quincy, IL  623066 

ABSTRACT:  One hundred ninety-nine crossbred beef heifer calves (205 ± 7.9 kg initial 

BW) were used in a 44-d receiving trial with 2 dietary treatments and 9 pen replications 

in a completely random design.  Treatments were a steam-flaked corn and alfalfa hay-

based control (CON) diet or the same diet (ADD) with added artificial sweetener 

(Sucram; Prince Agri-Products;  0.02% of dietary DM) and a source of yeast and B-

complex vitamins (OmniGen-AF; Prince Agri-Products;  0.8% of dietary DM).  Heifers 

were weighed, bled, and exit velocity was measured on d 0, 16, 30, and 44 after arrival at 

the feedlot.  Serum was collected via jugular venipuncture and analyzed for cortisol, 

cytokine, and acute-phase protein concentrations, L-selectin expression, and titer to 
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infectious bovine rhinotracheitis (IBR).  On d 44, the heifers were transported to a 

commercial feedlot, fed for 196 d, and individual carcass data were collected at slaughter.  

Receiving period morbidity (9.5%) and mortality (0.5%) were less than expected and did 

not differ between treatments (P > 0.63).  On d 16, ADD decreased (P < 0.001) 

haptoglobin concentration, but diet did not affect (P > 0.43) other measures of immune 

function.  Moreover, diet had no effect on ADG, DMI, or G:F (P > 0.32) in either the 

initial 16-d after arrival or the overall 44-d receiving period.  Dietary treatments generally 

had little effect on carcass characteristics, except that ADD decreased marbling score (P 

= 0.045), marbling score adjusted to a constant fat thickness (P = 0.08), and tended (P = 

0.11) to decrease percentage of heifers that graded USDA Choice.  Performance results 

were similar, but immune results were inconsistent with previous research, possibly 

because heifers were not exposed to the treatments before the stress period and did not 

experience a substantial pathogen challenge.  Repeatability of exit velocity measurements 

was 77%.  A trend (P = 0.08) was evident for a negative linear relationship between 

average exit velocity and 44-d ADG and for a positive linear relationship between exit 

velocity and serum cortisol (P = 0.10).  After controlling for treatment and pen effects, 

exit velocity, averaged over the 4 measurement times, was not related to carcass 

characteristics (P > 0.23) nor to ADG over the entire 240-d trial (P = 0.92).  Further 

research is needed to determine if extended feeding periods during which cattle are not 

handled may mitigate deleterious effects of exit velocity on cattle performance. 

Key words:  beef cattle, exit velocity, immune function, sweetener, yeast 
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INTRODUCTION 

Bovine respiratory disease (BRD) is the most prevalent and costly challenge faced 

by managers of newly received feedlot cattle (Galyean et al., 1999).  Two of the major 

contributory factors to BRD are low DMI and stress-induced immune system 

suppression.  Management techniques and technologies to overcome these factors are 

constantly being sought by the beef industry. 

Artificial dietary sweeteners have improved voluntary DMI by rats (Smith and 

Sclafani, 2002) and beef cattle (Brown et al., 2004); but not in pigs (Hastad et al., 2005).  

McMeniman et al. (2006) fed a saccharin-based artificial sweetener (Sucram;  Pancosma, 

SA, Geneva, Switzerland) to beef steers and observed a trend for Sucram 

supplementation to increase DMI in the later half of a 56-d receiving period.  In contrast 

to rats (Smith and Sclafani, 2002), however, no effects of the sweetener were observed 

for dietary preference by cattle (McMeniman et al., 2006). 

OmniGen-AF (OmniGen Research LLC, Corvallis, OR) is a commercially 

available, immunoregulatory feed supplement containing live yeast and B-vitamins 

(http://www.princeagri.com/pdf/17-2719.pdf).  OmniGen-AF improves innate immune 

function (Wang et al., 2004) and neutrophil life span (Forsberg et al., 2005) in 

immunosuppressed ruminant livestock, even when heat processed (Forsberg et al., 2006). 

Intake, performance, and immune function may be related to and interact with 

animal behavior.  Exit velocity, the rate at which an animal travels a known distance 

immediately after being released from a squeeze chute (Burrow et al., 1988), is an 

objective measure of animal temperament (Baker et al., 2003).  Oliphint et al. (2006) 
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reported that bull calves with low exit velocity exhibited a more robust humoral response 

to vaccination with clostridial antigens than did bulls with high exit velocity.  

Furthermore, Baszczak et al. (2006) observed an interaction between ractopamine 

supplementation and temperament-related behavior in feedlot cattle.  The objective of our 

research was to determine the effects of a combination of Sucram and OmniGen-AF on 

performance, health, and immune function of newly received beef heifers, as well as how 

these factors might be related to temperament. 

MATERIALS AND METHODS 

The trial was conducted at the West Texas A&M University Research Feedlot 

near Canyon, TX during the spring of 2006.  All procedures were approved by the 

Cooperative Research Education and Extension Team Animal Care and Use Committee, 

which consisted of personnel from the Texas Agricultural Experiment Station (Amarillo, 

TX), West Texas A&M University (Canyon, TX), and the ARS Conservation and 

Production Research Laboratory (Bushland, TX). 

Animals.  One hundred ninety-nine crossbred commercial heifers (205 ± 7.9 kg 

initial BW) were used in a completely random design with 2 treatments and 9 replications 

(pens) per treatment.  Heifers were purchased from 2 sale barns in Oklahoma, delivered 

to the research facility the following day, and processed immediately after arrival.  

Processing included:  (1) recording of BW;  (2) application of an ear tag;  administration 

of (3) antibiotic (Micotil, Elanco Animal Health, Indianapolis, IN);  (4) respiratory 

vaccine (Vista Once SQ, Intervet, Millsboro, NJ);  (5) clostridial bacterin/toxoid (Vision 

7, Intervet, Millsboro, NJ);  (6) anthelmentic (Ivomec F, Merial, Duluth, GA, and Safe-
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Guard Intervet, Millsboro, NJ);  (7) an implant (Revalor-G, 40 mg of trenbolone acetate 

and 8 mg of estradiol, Intervet, Millsboro, NJ);  and (8) horn tipping as needed.  Heifers 

were revaccinated with Vista Once SQ on d 16.  Eleven or 12 heifers were assigned to 

each pen, and 9 pens were assigned to each treatment.  Pens were 6.1 x 27.4 m soil-

surfaced pens with a concrete feed bunk and cable bunk rails at the front of the pen.  A 

concrete apron extended 9.1 m into the pen from the feed bunk.  Available bunk space 

was restricted to 3 m in each pen, and ad libitum water was provided via a water fountain 

in each pen.  Experimental diets were offered immediately after processing, and hay was 

offered for the first 3 d after arrival.  Heifers were fed the diets once daily in quantities 

that would result in not more than 1 kg of orts per pen after 24 h.  The cattle were 

observed daily for signs of morbidity (depression, anorexia, nasal and/or ocular 

discharge) and treated with antibiotic (5 mg enrofloxacin/kg of BW, s.c. [Baytril, 100 mg 

of enrofloxacin/mL;  Bayer Animal Health, Shawnee, KS]) when rectal temperature 

exceeded 40.0°C.  After treatment, morbid heifers were returned to the experimental 

pens.  Heifers were brought to the processing facility before feeding on d 16, 30, and 44 

following arrival, and BW was recorded.  Accumulated feed refusals were measured on 

weigh days by collecting all feed remaining in the bunks, weighing it, and determining 

DM content.  Animals and feed were weighed on scales that were validated at regular 

intervals.  Skin samples were collected from the pinna of each heifer, and were 

determined by immunohistochemistry to be free of persistent infection of bovine viral 

diarrhea virus (Texas Veterinary Diagnostic Laboratories, Amarillo).  Immediately 

following the final sample collection on d 44, heifers were transported to a commercial 

feedlot near Dimmit, TX and fed in 2 pens for 196 d.  Heifers were then transported to a 
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USDA-inspected commercial slaughter facility (Cargill Meat Solutions, Plainview, TX) 

where individual carcass data were collected by personnel from Cattlemen’s Carcass 

Data Service, West Texas A&M University. 

Treatments.  Treatments were control (no additives) or 0.02% Sucram (DM basis;  

Sucram, Pancosma, SA, Geneva, Switzerland)  and 0.8% OmniGen-AF (DM basis;  

OmniGen Research LLC, Corvallis, OR;  distributed by Prince Agri-Products) added to 

the 60% concentrate control diet (Table 1). 

Exit Velocity.  Exit velocity, or flight speed (Burrow et al., 1988), was recorded 

for each heifer at each time BW was recorded on d 0, 16, 30, and 44.  Infrared timers 

(FarmTek, Inc., Wylie, TX) were located to contain an area 2.4 meters in length 

immediately in front of the commercial hydraulic squeeze chute.  Following processing, 

the heifers were released from the chute, and the time required to trigger the infrared 

timers was recorded (Burrow et al., 1988).  This time was converted to a velocity (m/sec) 

for analysis. 

Blood Sampling.  Blood samples were collected from each heifer by jugular 

venipuncture at each time BW was recorded on d 0, 16, 30, and 44.  Twenty milliliters of 

blood were collected into a disposable syringe from each heifer at each sampling, and 

transferred into 2, 10-mL evacuated tubes (Vacutainer, BD, Inc., Franklin Lakes, NJ) that 

contained serum separation gel.  Blood was allowed to clot at ambient temperature for 30 

min, after which serum was harvested from each tube following centrifugation at 2,000 x 

g at 4°C for 20 min.  Serum was stored in 12 x 75 mm tubes on ice for approximately 3 to 

7 h until it could be frozen at -80°C.  L-selectin mRNA concentration was determined on 

a subset of 24 animals, 2 randomly selected from each of 6 control and treatment pens.  
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Whole blood (2.5 mL) was collected from these animals into evacuated tubes containing 

RNA preservative (Tempus, Applied Biosystems, Foster City, CA).  Following blood 

collection, the tubes were inverted 6 times and stored similarly to the serum samples until 

shipped on dry ice to Oregon State University.  Personnel at Oregon State University 

determined expression of L-selectin mRNA, an adhesion molecule associated with 

improved neutrophil function (Wang et al., 2004), as described in Forsberg et al. (2005). 

Blood Analyses.  A 2-mL aliquot of serum from each heifer at each sampling time 

was shipped to the Texas Veterinary Medical Diagnostic Laboratories in Amarillo, TX 

for determination of antibody titer levels to infectious bovine rhinotracheitis (IBR).  

Serum cortisol concentration was determined by radioimmunoassay (Coat-A-Count, 

DPC, Los Angeles, CA).  Tumor necrosis factor-α (TNFα), interferon-γ (INFγ), IL-4, and 

IL-6 were assayed using a custom developed multiplex ELISA validated for bovine 

cytokines (SearchLight, Pierce Biotechnology Inc., Rockford, IL).  Five heifers were 

selected randomly from each pen, and serum from these heifers was used to assay the 

concentration of the acute-phase proteins haptoglobin (HP) and serum amyloid-A (SAA) 

by ELISA (PHASE, TriDelta, Maynooth, Ireland). 

Statistical Analyses.  Performance and carcass data were analyzed by ANOVA as 

a completely random design with the MIXED procedure of SAS (Version 9.1.3, SAS 

Institute Inc., Cary, NC).  Morbidity data and percentage of cattle grading USDA Choice 

or Prime were analyzed as a binomial proportions using the GLIMMIX procedure of 

SAS.  Blood measurements were analyzed in the MIXED procedure with a repeated-

measures model using an autoregressive covariance structure.  In each analysis, diet was 

a fixed effect, and pen was considered a random effect.  Before analysis, IBR titers and 
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L-selectin expression values were converted to log2 to normalize their distribution.  

Means and SE presented in Table 4 are those of the transformed data. 

To evaluate repeatability of exit velocity, PROC VARCOMP of SAS was used to 

estimate the variance of exit velocity among (σs
2) and within heifers (σe

2).  Repeatability 

was calculated as: σs
2/[σs

2 + (σe
2/n)], where n was the number of exit velocities measured 

per heifer (n = 4;  Fleiss et al., 2003).  To test relationships of exit velocity and growth 

and physiological measures, a model containing the variable of interest (i.e., ADG) as the 

dependent variable, exit velocity as an independent variable, fixed effects for diet and 

day, random effects for pen and the day x pen interaction, and a repeated statement with 

heifer as the subject, was used in PROC MIXED of SAS.  The SOLUTION option of this 

model estimated the linear effect of exit velocity on the variable being evaluated.  Finally, 

the 4 measurements of exit velocity for each heifer were averaged and used in a PROC 

MIXED model including fixed effects for diet treatment and average exit velocity and the 

random effect of receiving pen to estimate the effect of exit velocity on 240-d ADG and 

carcass characteristics. 

RESULTS AND DISCUSSION 

Diet Effects 

Supplementing the combination of Sucram and OmniGen-AF did not affect 

growth performance or DMI during the receiving phase (P ≥ 0.32;  Table 2).  

McMeniman et al. (2006) reported a tendency for Sucram to increase receiving period 

ADG but have no effect on overall DMI and only limited effects on DMI from 29 to 56 d 

after arrival in newly received steers.  Brown et al. (2004) reported somewhat conflicting 
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results, in that Sucram increased DMI but had no effect on ADG.  Further, McMeniman 

et al. (2006) conducted a diet preference trial and observed no effect of Sucram on DMI.  

To our knowledge, no previous research has investigated the effects of feeding a 

combination of Sucram and OmniGen-AF in receiving beef cattle. 

Overall morbidity (9.5%) and mortality (0.5%) were less than expected and 

unaffected by diet (P = 0.64).  These results agree with previous research in which 

Sucram supplementation did not affect the health of newly received cattle (Brown et al., 

2004; McMeniman et al., 2006). 

On d 16, the Sucram/OmniGen-AF diet decreased circulating haptoglobin 

concentration (P < 0.001;  Table 3);  however, diet did not affect any other measure of 

immune function.  Wang et al. (2004) reported that OmniGen-AF increased L-selectin 

expression in experimentally immunosuppressed (dexamethasone-treated), non-pathogen 

challenged sheep and increased IL-1β and restored normal levels of L-selectin in 

immunosuppressed and pathogen-challenged (moldy feed) sheep.  Supplementation with 

OmniGen-AF also increased IL-1β converting enzyme and IL-4 receptor mRNA in 

periparturient dairy cows (Wang et al., 2005).  In each case, OmniGen-AF was 

supplemented for 28 d before innate immune function measurements were taken.  The 

current study began supplementation of OmniGen-AF simultaneously with the receiving 

period and its associated stressors.  Furthermore, as evidenced by low observed 

morbidity, the animals used in the current study were likely not immunocompromised by 

stress.  These factors could explain the general lack of immunomodulatory activity that 

we observed compared to previous research with OmniGen-AF. 
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Cortisol concentration, L-selectin expression, and IBR titer were greater on d 30 

(P < 0.001;  Table 4) than on other days.  Serum Amyloid A concentration was greater on 

d 0 and 14 than on d 30 and 44.  Similarly, Ganheim et al. (2003) reported elevated SAA 

in calves for approximately 8 d following a Mannheimia haemolytica challenge.  Reuter 

et al. (2007 [Chapter 6]) challenged steers with endotoxin and reported SAA 

concentrations above baseline levels for only 48 to 72 h in tilmicosin-treated calves.  

These comparisons seem to indicate that the stress and immune challenge in an actual 

commercial receiving period may exceed and/or extend the SAA response compared with 

an experimental live bacterial or endotoxin challenge model. 

Actual final live BW was not recorded at the commercial feeding facility;  

therefore, the value reported in Table 5 was obtained by dividing HCW by a constant 

63% dress.  Receiving period diet had no carryover effects on 240-d ADG, HCW, or 

calculated final live BW (P > 0.89;  Table 5).  Similarly, McMeniman et al. (2006) 

reported no carryover effects of Sucram supplementation during the receiving period on 

finishing performance. 

Receiving period diet had no effect on carcass characteristics (P > 0.32;  Table 5) 

following a 196-d commercial finishing period, except that Sucram/OmniGen-AF 

decreased marbling score (P = 0.045).  Further, trends were evident for decreased 

marbling score adjusted to a constant 12th rib fat thickness (P = 0.08) and for a decreased 

percentage of heifers that graded USDA Choice (P = 0.11).  Although the mode of action 

by which these supplements might decrease quality grade is unknown, McMeniman et al. 

(2006) also reported a decrease of similar magnitude in marbling score of steers fed 

Sucram during the receiving phase.  Steers in that study also were on feed an extended 
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period of time (153 to 203 d) after Sucram supplementation ceased.  In contrast, Drager 

et al. (2004) reported no carcass quality effect of Sucram supplementation during only the 

finishing phase.  McMeniman et al. (2006) suggested that benefits of supplementing 

Sucram are greater during the receiving phase than during the finishing phase.  Perhaps 

potential negative effects of Sucram on marbling have a similar relationship with stage of 

feeding. 

Exit Velocity 

Using methodology from Fleiss et al. (2003), exit velocity was 77% repeatable 

over the 4 measurement times in the current experiment.  Similarly, Burrow and Dillon 

(1997) reported 88% repeatability among 5 exit velocity measurements.  Grandin (1993) 

observed a persistence of agitated behavior among steers that were held in a squeeze 

chute on 30-d intervals.  In bulls, exit velocity ranking was positively correlated to exit 

velocity measured 60 or 120 d later (Curley et al., 2006a), and exit velocity was 

correlated (r = 0.68,  P < 0.001) with exit velocity measured 70 d later in weaned steers 

and heifers (Vann and Randel, 2003).  In the current study, d-0 exit velocity was 

positively correlated (P < 0.001) to d 16, 30, and 44 exit velocity (Pearson correlation 

coefficients were 0.51, 0.39, and 0.30, respectively).  The highest correlations were 

observed between d 16 and d 30 (r = 0.62) and between d 30 and d 44 (r = 0.55).  These 

correlations indicate that exit velocity measurements within an animal became more 

consistent as the trial progressed.  Burrow and Dillon (1997) also reported decreasing 

correlation among exit velocities measured further apart in time.  One or 2 measures of 

exit velocity may be satisfactory to predict future exit velocity for a specific animal;  
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however, those measurements may be more representative of actual temperament when 

they are taken after an acclimation period. 

Although exit velocity numerically decreased over time, this effect was not 

significant (P = 0.17;  Table 4).  Burrow (1997) observed a decrease in exit velocity from 

6 to 18 mo in bulls and heifers, regardless of behavior training.  Curley et al. (2006a) 

reported a 25% decrease in exit velocity from d 0 to d 120 in bulls, and the effect was 

greatest in bulls with greater d-0 velocity.  Further, Curley et al. (2006a) reported no 

difference between exit velocity at d 60 and 120, and concluded that there may be a limit 

to the ability of animals to acclimate to the stressors associated with handling.  Initial exit 

velocity in the Curley et al. (2006a) study was similar in magnitude to exit velocity 

observed in the current experiment, indicating that repeated handling of animals at short 

intervals (e.g., 14-d intervals) might not allow them sufficient time to acclimate as they 

might if they were not handled.  Alternatively, because sex can affect temperament 

(Voisinet et at., 1997a;  Baker et al., 2003;  Vann and Randel, 2003), differences in exit 

velocity acclimation pattern may differ among sex classes (Burrow, 1997). 

Processing sequence of beef cattle has been reported to be associated with 

pregnancy status (Burrow, 1997) and rectal temperature (Lofgren et al., 1980).  In the 

current experiment, no effort was made to ensure consistent order of animals during 

processing.  One pen of 11 or 12 animals was moved as a group to the processing facility 

and through the chute without sorting.  The authors theorized that the animals with the 

greatest exit velocity may actively avoid the squeeze chute, and therefore not be 

processed until after the majority of the pen was processed.  Alternatively, standing and 

waiting in the processing area while other cattle are processed may increase anxiety in the 
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cattle that are waiting, and might therefore increase exit velocity.  Neither of these cases 

seemed apparent, as exit velocity was not related to processing sequence (P = 0.71).  

Burrow (1997) reported that chute entry order in beef cattle is not random but is not 

affected by temperament. 

Using a repeated-measures model, a trend was evident for interim measurements 

of ADG during the receiving phase to be negatively related to exit velocity (P = 0.09).  

Further, a significant negative correlation was observed between ADG and exit velocity 

(Table 7).  The effect was small, however, with a decrease in exit velocity of 1 m/s 

increasing receiving period ADG by 0.04 kg/d.  Voisinet et al. (1997a), Burrow and 

Dillon (1997), and Fell et al., (1999) also reported decreased feedlot ADG in cattle with 

excitable temperament.  However, a review of several trials investigating the relationship 

between performance and temperament in cattle and pigs yielded mixed results (Burrow, 

1997).  Exit velocity may have slight predictive value for estimating growth performance 

of receiving calves. 

A trend (P = 0.10) was evident for serum cortisol concentration to be positively 

related to exit velocity during the receiving phase, and a positive significant correlation 

was detected (Table 7).  When cortisol was measured before and after weaning, as well as 

at feedlot entry, Fell et al. (1999) observed that cortisol was consistently greater in 

nervous cattle as compared with calm cattle.  Curley et al. (2006a) reported correlation 

coefficients between exit velocity and cortisol with the same sign but numerically greater 

magnitude than observed in the present trial (r = 0.26 and 0.44 vs. 0.12, respectively).  

Exit velocity affected cortisol and epinephrine concentration in steers, but the effect 

declined over time (Curley et al., 2006b).  In an intensive study in which cows were bled 
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by jugular catheter on 30-min intervals, Stahringer et al. (1990) reported a high 

correlation between temperament score and mean serum cortisol concentration (r = 0.65) 

and area under the cortisol curve (r = 0.62).  Furthermore, increased cortisol decreased 

LH concentration, indicating that temperament-associated stress during handling 

response can alter reproductive physiology of beef cattle.  When considering cortisol 

response, however, Hammond et al. (1996) suggested that breed-associated differences in 

response to heat stress may be more important than temperament.  McGee et al. (2006) 

also reported no effect of temperament on cortisol concentration, when cortisol was 

measured in feces of heifers that were unrestrained on pasture.  Fecal cortisol from calm 

and temperamental groups of unhandled heifers was similar for the 3-d period before a 

handling event.  Serum cortisol was greater in the temperamental group when the heifers 

were handled (McGee et al., 2006), indicating that handling the cattle may be required to 

elicit the traditionally observed effect of temperament on cortisol response.  Research is 

needed to determine how stress, temperament, and management interact to alter growth 

physiology of beef cattle. 

Interferon-γ tended (P = 0.13) to be positively related to exit velocity in a 

repeated measures model;  however, an insignificant negative correlation was observed 

(Table 7), indicating that interferon-γ may not be related to temperament.  Fell et al. 

(1999) found no relationship between temperament and interferon-γ in feedlot steers.  

Similar to results from Fell et al. (1999), exit velocity was not related to other measures 

of immune function (Table 7). 

Fell et al. (1999) reported an effect of temperament on morbidity.  Five of 12 

nervous animals were identified as behaviorally morbid and removed from the pen for 
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treatment, while none of the 12 calm animals were identified.  After further diagnosis, 3 

of the 5 nervous animals that were identified as morbid did not exhibit clinical symptoms 

of respiratory disease.  This observation, along with the low number of animals in this 

study, calls into question the effect of temperament on morbidity.  Research is needed to 

determine the effect of temperament, measured by exit velocity, on morbidity of newly 

received, stressed calves. 

Following a 196-d finishing period in a commercial feedlot with limited handling 

of the heifers, effects of exit velocity were nonexistent.  Exit velocity had no relationship 

(P = 0.92, Table 6) with overall (240 d) ADG and was not related (P > 0.23) to carcass 

characteristics.  In contrast, previous research has demonstrated that excitable 

temperament, measured at the beginning of a finishing period, decreased ADG (Burrow 

and Dillon, 1997; Voisinet et al., 1997a) in feedlot cattle.  In those studies, cattle were 

handled frequently (7- and 28-d intervals, respectively).  Undesirable temperament has 

been associated with increased toughness of meat (Vann et al., 2004; Voisinet et al., 

1997b), increased incidence of dark cutters (Burrow, 1997; Voisinet et al., 1997b), 

decreased dressing percentage (Burrow and Dillon, 1997), and increased carcass bruising 

(Fordyce et al., 1988).  These traits were not evaluated in the current study.  A relatively 

long finishing period in which cattle are infrequently handled or disturbed by humans 

may mitigate the deleterious effects of exit velocity and/or excitable temperament on 

performance by feedlot cattle.  Sorting cattle with excitable phenotypes into groups 

designated for infrequent handling may be a strategy to improve their performance. 
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SUMMARY AND CONCLUSIONS 

The combination of Sucram and OmniGen-AF fed to receiving heifers had no 

effect on growth performance or feed efficiency.  Effects on indicators of immune 

function were limited.  In cases where morbidity is expected to be relatively low and 

voluntary intake is relatively high, these additives have limited potential to improve 

performance of receiving cattle.  Similar to previous research with Sucram, carryover 

effects of Sucram/OmniGen-AF were limited to decreases in marbling score.  Further 

research should be conducted in morbid or challenged beef calves to evaluate the 

potential effects of these feed additives.  Exit velocity is a repeatable measure of 

temperament in feedlot calves.  One or 2 measurements during the receiving phase may 

help predict animal performance.  Exit velocity was related to cortisol, indicating that 

response to stress in feedlot cattle may be dependent on temperament.  An extended 

period before slaughter in which excitable animals are undisturbed may allow these 

animals to achieve more normal performance. 
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Table 5.1.  Formulated composition of control diet 

Item % of DM 

Steam-flaked corn, 360 g/L 46.0 

Alfalfa hay 39.8 

Cottonseed meal, 41% CP 5.2 

Molasses/steep1 4.0 

Yellow grease 2.0 

Supplement2 3.0 

CP3 14.1 

DIP 9.75 

NEm, Mcal/kg 1.9 

NEg, Mcal/kg 1.26 

 
1Mixture of 30% cane molasses and 70% corn steep liquor. 
 
2Supplement in control diet (%, DM basis):  limestone = 19.6;  potassium chloride = 
13.3;  magnesium oxide = 1.8;  ammonium sulfate = 6.9;  sodium chloride = 8.3;  mineral 
oil = 1;  ground corn = 43.3;  cobalt carbonate = 0.002;  copper sulfate = 0.26;  iron 
sulfate = 0.31;  ethylenediamine dihydriodide (79.5%) = 0.004;  manganese oxide 0.34;  
selenium premix (0.2% Se) = 0.42;  AvailaZn (Zinpro, Eden Prairie, MN) = 1.34;  zinc 
sulfate = 0.48;  vitamin A (30,000 IU/g) = 0.35;  vitamin E (500 IU/g) = 0.60;  Rumensin 
(Elanco Animal Health, Indianapolis, IN:  176.4 mg/kg monensin) = 0.37;  Deccox 
(Alpharma, Bridewater, NJ: 59.97 g/kg decoquinate) = 1.21.  Supplement in treatment 
diet was identical to control except that Sucram C-150 (Pancosma, SA, Geneva, 
Switzerland) and OmniGen-AF (OmniGen Research LLC, Corvallis, OR) were included 
at 0.68 and 26.7% of supplement DM, respectively, replacing ground corn. 
 
3Values calculated from NRC (1996). 
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Table 5.2.  Effect of supplementing Sucram and OmniGen-AF during receiving on 
performance of beef heifers1 

Item Control Sucram/OG  SE2 
P-value3 

Initial BW, kg 206.2 204.4 7.87 0.49 

Final BW, kg 260.0 259.0 8.90 0.73 

ADG, kg/d     

d 0 to 16 0.48 0.54 0.054 0.45 

d 0 to 44 1.19 1.21 0.03 0.65 

DMI, kg/d     

d 0 to 16 3.24 3.20 0.041 0.49 

d 0 to 44 5.19 5.21 0.06 0.85 

G:F     

d 0 to 16 0.146 0.168 0.02 0.32 

d 0 to 44 0.229 0.232 0.003 0.51 

Morbidity, %4 8 10 - 0.64 

Mortality, % 0 1 - - 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of dietary DM. 
 
2Standard error of the treatment means, n = 9 pens/treatment. 
 
3Observed significance level for the effect of treatment. 
 
4Percentage of all cattle administered antibiotic one or more times.  Proportions analyzed 
with the GLIMMIX procedure of SAS (SAS Institute Inc, Cary, NC) as a binomial 
proportion. 
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 Table 5.3.  Effect of supplementing Sucram and OmniGen-AF during receiving on blood 
serum metabolites and exit velocity of beef heifers1 

    P-value4 

Item2 Control Sucram/OG SE3 TRT DAY T x D 

Cortisol, ng/mL 43.7 41.9 1.76 0.49 0.001 0.18 

IL-4, pg/mL --- --- --- --- --- --- 

IL-6, pg/mL 12 16 5.9 0.62 0.12 0.16 

TNFα, pg/mL 125 130 34.2 0.92 0.49 0.41 

INFγ, pg/mL 201 175 59.0 0.75 0.97 0.53 

SAA, µg/mL 47 49 5.9 0.78 0.001 0.10 

HP, mg/mL --- --- --- 0.10 0.001 0.001 

d 0 0.13x 0.15 0.068 0.84 --- --- 

d 16 0.69y 0.21 0.068 0.001 --- --- 

d 30 0.06x 0.18 0.068 0.23 --- --- 

d 44 0.13x 0.11 0.068 0.82 --- --- 

IBR titer 2.51 2.47 0.138 0.84 0.005 0.57 

L-selectin 6.42 6.94 0.603 0.56 0.018 0.64 

Exit Vel., m/s 2.87 2.91 0.075 0.78 0.17 0.27 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of dietary DM. 
 
2Within a metabolite, values in a column with different superscripts differ, P < 0.05.  
TNFα = tumor necrosis factor – α; INFγ-= interferon - γ;  SAA = serum amyloid A;  HP 
= haptoglobin;  IBR titer = log2 of titer to infectious bovine rhinotracheitis;  L-selectin = 
log2 of L-selectin expression as per Forsberg et al. (2005). 
 
3Standard error of the treatment means, n = 9 pens/treatment. 
 
4Observed significance level for the effects of diet (TRT), day (DAY), and their 
interaction (T x D). 
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Table 5.4.  Effect of day of receiving on blood serum metabolites and exit velocity of 
beef heifers1 

 Day   

Item2 0 16 30 44 SE3 
P-value4  

Cortisol, ng/mL 32.7a 42.0b 54.3c 42.2b  1.8 0.001 

IL-4, pg/mL --- --- --- --- --- --- 

IL-6, pg/mL 14.9 22.3 15.8 3.0 6.9 0.12 

TNFα, pg/mL 136 162 115 98 37.1 0.49 

INFγ, pg/mL 182 214 192 164 77.7 0.97 

SAA, µg/mL 66.4a 55.2a 31.1b 39.3b 6.3 0.001 

IBR titer --- --- 2.59a 2.39b 0.10 0.005 

L-selectin --- 4.60a 9.42b 6.03a 0.93 0.018 

Exit velocity, m/s 2.95 2.95 2.85 2.81 0.07 0.17 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of diet DM.  Serum samples were collected on d 0, 16, 
30, and 44 of the receiving period. 
 
2Values in a row with different superscripts differ, P < 0.05.  TNFα = tumor necrosis 
factor – α;  INFγ =  interferon – γ;  SAA = serum amyloid A;  IBR titer = log2 of titer to 
infectious bovine rhinotracheitis;  L-selectin = log2 of L-selectin expression as per 
Forsberg et al. (2005). 
 
3Standard error of the day means, n = 18 pens/sampling day. 
 
4Observed significance level for the effect of sampling day. 
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Table 5.5.  Effect of supplementing Sucram and OmniGen-AF during receiving on 
carcass characteristics of beef heifers1 

Item Control Sucram/OG SE2 
P-value3 

HCW, kg 324.7 324.5 4.6 0.97 

Final BW, kg4  515.4 514.8 5.3 0.94 

ADG, kg5  1.33 1.33 0.02 0.89 

Marbling score6 389.4 370.7 6.14 0.04 

Marbling score, adj. 7 387.5 372.9 5.5 0.08 

% Choice8 38.5 26.1 --- 0.11 

Fat thickness, cm9 1.29 1.20 0.06 0.32 

LM area, cm2 93.3 94.1 1.89 0.76 

LM area:HCW10 28.9 29.1 0.45 0.75 

Yield grade 2.35 2.21 0.13 0.47 

KPH, % 2.44 2.40 0.06 0.67 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of dietary DM. 
 
2Standard error of the treatment means, n = 9 pens/treatment. 
 
3Observed significance level for the effect of treatment. 
 
4Final weight calculated as HCW divided by 63%. 
 
5ADG for the entire 240-d feeding period, based on calculated final BW. 
 
6300 = Slight;  400 = Small. 
 
7Marbling score using fat thickness as a covariate. 
 
8Percentage of all cattle grading USDA Choice;  analyzed with the GLIMMIX procedure 
of SAS (SAS Institute Inc., Cary, NC) as a binomial proportion. 
 
9Fat thickness at the 12th rib. 
 
10LM area expressed as cm2/100 kg of HCW.
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Table 5.6.  Pearson correlation coefficients among average exit velocity, performance, 
and carcass characteristics of beef heifers1 

Item2 EV 44-d 240-d HCW MAR LMA KPH FAT YG 

EV --- -0.12† -0.01 -0.03  -0.02 -0.09 -0.02 -0.01 0.04 

44-d  --- 0.52* 0.57* 0.23* 0.10 0.11 0.23* 0.23* 

240-d   --- 0.90* 0.17* 0.30* 0.08 0.34* 0.25* 

HCW    --- 0.20* 0.32* 0.12† 0.37* 0.29* 

MAR     --- -0.26* 0.18* 0.48* 0.48* 

LMA      --- -0.15* -0.25* -0.69* 

KPH       --- 0.32* 0.41* 

FAT        --- 0.83* 

YG         --- 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of dietary DM.  Serum samples collected on d 0, 16, 30, 
and 44 of the receiving period.  Carcass data were collected following a 196-d finishing 
period in a commercial feedlot. 
 
2EV = exit velocity in m/s; 44-d = ADG during the 44 d receiving period; 240-d = ADG 
during the entire 240-d experiment;  MAR = marbling score;  LMA = LM area;  FAT = 
12th rib back fat thickness;  YG = USDA yield grade. * = P < 0.05, † = P < 0.10 
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Table 5.7.  Pearson correlation coefficients among exit velocity and blood metabolites in 
receiving heifers1 

Item2 EV ADG Cort IL-4 IL-6 TNFa INFγ SAA HP IBR L-sel 

EV - -0.12* 0.12* -0.32* -0.02 -0.12 -0.09 0.04 0.009 -0.03 -0.03 

ADG  - 0.03 -0.14 -0.23* 0.01 -0.04 -0.25* -0.28* -0.06 0.07 

Cort   - -0.19 0.16* 0.16† -0.12* 0.008 -0.01 0.11* 0.06 

IL-4    - 0.02 0.33† 0.32† -0.22 0.16 -0.46 - 

IL-6     - 0.50* 0.006 0.15† 0.24* -0.06 -0.42 

TNFα      - 0.25* 0.04 0.02 -0.11 -0.35 

INFγ       - 0.08 -0.01 -0.02 -0.07 

SAA        - 0.59* 0.006 -0.05 

HP         - 0.06 -0.07 

IBR           - -0.13 

L-sel           - 

 
1Treatments were:  control = no additives;  and Sucram/OG = Sucram added at 0.02% 
and OmniGen-AF added at 0.8% of dietary DM.  Serum samples collected on d 0, 16, 30, 
and 44 of the receiving period. 
 
2EV = exit velocity; ADG = ADG during the 44-d receiving period;  Cort = cortisol;  
TNFα = tumor necrosis factor alpha;   INFγ = interferon gamma;   SAA = serum amyloid 
A;  HP = haptoglobin;  IBR = titer to infectious bovine rhinotracheitis;  L-sel = L-
selection mRNA expression.  * = P < 0.05, † = P < 0.10 
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CHAPTER VI 

EFFECTS OF DIETARY ENERGY SOURCE AND LEVEL AND INJECTION OF 

TILMICOSIN PHOSPHATE ON IMMUNE FUNCTION IN 

LIPOPOLYSACCHARIDE-CHALLENGED BEEF STEERS 

R. R. Reuter1, J. A. Carroll2, J. W. Dailey2, B. J. Cook3, and M. L. Galyean1 

Texas Tech University, Lubbock  794091;  USDA-ARS Livestock Issues Research Unit, 

Lubbock, TX  794092;  and The Samuel Roberts Noble Foundation, Agricultural 

Division, Ardmore, OK  734023 

ABSTRACT:  Twenty-four British crossbred steers (247 ± 2.4 kg BW) were used in a 

completely random design to evaluate the effect of energy source and level with or 

without antibiotic administration on immune function.  Steers were offered 1 of 3 dietary 

treatments:  70% concentrate ad libitum (70AL);  30% concentrate ad libitum (30AL);  

and 70% concentrate offered in an amount calculated to provide NEg intake equal to the 

30AL treatment (70RES).  Four steers in each dietary treatment received a s.c. injection 

of tilmicosin phosphate (ANTI;  1 mL/30 kg of BW), and 4 received an equal volume of 

saline s.c. (SAL).  Steers were offered their respective treatment diets for 28 d, and 

administered the ANTI or SAL injections 2 d before an indwelling catheter was placed in 

the jugular vein and an endotoxin challenge was administered i.v. (2.0 µg/kg of BW of E. 

coli lipopolysaccharide [LPS]). Blood serum was collected on 30-min intervals from -2 h 

to 6 h, and at 8, 12, 24, 48, and 72 h relative to the LPS challenge.  Increased energy 
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intake (70AL) increased (P ≤ 0.04) DMI, ADG, and rectal temperature (RT) following 

the challenge compared with the restricted intake treatment (70RES).  The high-roughage 

diet (30AL) increased the maximum concentrations and area under the response curve of 

the proinflammatory cytokines (PIC) interferon-γ (INFγ), tumor necrosis factor-α 

(TNFα), and IL-6 (P ≤ 0.05) compared with the average of the other 2 dietary treatments.  

Furthermore, decreased energy intake (70RES vs. 70AL) increased IL-6 (P ≤ 0.003), and 

numerically increased INFγ and TNFα following LPS administration.  Tilmicosin 

accelerated attainment of maximum RT (P = 0.01) by 1 h without altering the maximum 

value (P = 0.85), and tilmicosin interacted with energy intake to increase pre-challenge 

PIC in 70RES vs. 70AL (P ≤ 0.05).  Increased PIC response, presumably resulting from a 

combination of decreased energy intake and from direct effects of roughage, may be a 

mode of action for the slight decrease in morbidity that occurs when newly received, 

stressed calves are fed receiving diets high in roughage.  Antibiotics may have 

immunomodulatory capacity beyond their direct effects on pathogenic bacteria, and these 

effects could interact with dietary energy intake. 

Key Words:  beef cattle, energy, immune function, tilmicosin phosphate 

INTRODUCTION 

Bovine respiratory disease (BRD) is the predominant health issue faced by the 

cattle industry, particularly when lightweight, stressed calves are received into feedlots 

(Galyean et al., 1999;  Duff and Galyean, 2007).  Preconditioning (Roeber et al., 2001;  

Duff and Galyean, 2007) and metaphylactic antibiotic use (Guthrie et al., 2004;  Rivera et 

al., 2005;  Duff and Galyean, 2007) both decrease the incidence of BRD, but both 
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practices have drawbacks.  Unfavorable economic results are cited as the primary reason 

for reluctance by producers to implement preconditioning (Duff and Galyean, 2007).  

Antibiotic use increases costs and labor requirements and induces concerns of bacterial 

resistance (Callaway et al., 2004).  Nonetheless, metaphylactic antibiotic treatment 

remains one of the most effective options for decreasing BRD morbidity in high-risk 

cattle (Duff and Galyean, 2007).  A greater understanding of how to best apply practices, 

such as antibiotic treatment, that decrease the incidence and/or severity of BRD is 

needed. 

Nutrition is known to be a major factor influencing the response of cattle to stress 

and disease challenges (Carroll and Forsberg, 2007;  Duff and Galyean, 2007).  

Modifying the grain:roughage ratio of receiving diets is the common method of 

modifying energy concentration.  Dietary energy concentration and intake have been 

shown to influence health of newly received, stressed feedlot cattle (Lofgreen et al., 

1975;  Fluharty and Loerch, 1996;  Rivera et al., 2005), and immune function (Whitney et 

al., 2006);  however, most studies investigating energy effects have, by necessity, 

confounded the effects of energy concentration and energy source.  Data regarding the 

effects of dietary energy concentration on physiological measures of immune function in 

stressed cattle is needed (Rivera et al., 2005). 

Potential interactions of dietary energy concentration and/or intake and 

metaphylactic antibiotic treatment have not been evaluated previously.  Thus, the 

objective of the current experiment was to determine the separate effects of dietary 

energy source and energy concentration, with or without administration of an antibiotic, 

on the acute-phase response to an endotoxin challenge in beef steers. 
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MATERIALS AND METHODS 

All procedures involving animals were reviewed and approved by the Texas Tech 

Institutional Animal Care and Use Committee. 

Location.  The experiment was conducted at the Texas Tech University Burnett 

Center Research Feedlot, east of New Deal, TX during November and December 2006. 

Animals.  In September 2006, crossbred beef bulls and steers (n = 116;  BW = 204 

kg) were purchased at a sale barn in central Texas and transported to the Samuel Roberts 

Noble Foundation, Inc. receiving facility west of Marietta, OK.  On arrival, these cattle 

were castrated with an elastic band and dehorned as needed, and were administered 

clostridial vaccine (Covexin 8;  Schering-Plough Animal Health Corporation, 

Kenilworth, NJ), respiratory viral vaccine (Vista 5 SQ;  Intervet, Inc., Millsboro, DE), 

respiratory bacterial vaccine (Pulmo-guard PH-M;  Boehringer Ingelheim Vetmedica, 

Inc., St. Joseph, MO), anthelmentic (Ivomec Plus;  Merial, Ltd. Duluth, GA), and 

metaphylactic antibiotic (Excede;  Pfizer, Inc., New York, NY);  all products were 

administered according to label directions.  Skin biopsy samples from the pinna were 

collected, analyzed for persistent infection with bovine viral diarrhea virus by 

immunohistochemistry, and determined to be negative (CATTLE STATS, LLC, 

Edmond, OK).  Three weeks after initial processing, booster injections of the respiratory 

viral and bacterial vaccines were administered, and the steers were implanted (Synovex 

C;  100 mg of progesterone and 10 mg of estradiol;  Fort Dodge Animal Health, Overland 

Park, KS).  Ten days after revaccination, 24 healthy steers (247 ± 2.4 kg BW) were 

selected for use in the experiment and transported to the Burnett Center.  Steers were 

weighed and assigned randomly to 1 of 6 treatments in a completely random design.  
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Steers were housed individually in 3.1 x 16.8 m, soil-surfaced pens equipped with 

concrete feed bunks and automatic water fountains for the initial 21 d and for the final 19 

d of the experiment.  During the intervening 10 d, the steers were housed inside an 

enclosed barn in individual 0.8 x 2.1 m stanchions equipped with individual feeders and 

automatic water bowls, which allowed ad libitum access to water.  Feeders were attached 

to individual load cells, and water meters were installed inline above the water bowls, 

which allowed individual measurement of feed and water intake.  The barn was not 

climate controlled, but was ventilated by means of fans at one end of the building and a 

garage door opening at the other end.  The building was illuminated for 24 h daily during 

the entire 10-d period.  Steers were individually fed, and orts collected and weighed, 

daily during the entire trial. 

Treatments.  Treatments consisted of combinations of 2 factors, with 2 levels of 1 

factor and 3 levels of the other.  One factor was injection, and levels were 1 mL/30 kg of 

BW s.c. injection on d 26 of either tilmicosin phosphate (Micotil, 300 mg tilmicosin 

phosphate/mL;  Elanco Animal Health, Inc., Indianapolis, IN;  ANTI) or physiological 

saline (SAL).  The other factor was diet.  Two diets were offered ad libitum, either a 

high-concentrate (70AL) diet or a high-roughage diet (30AL).  Diet composition is 

shown in Table 1.  A third dietary treatment (70RES) consisted of offering the high-

concentrate diet in a quantity calculated to provide an intake of NEg equal to the average 

of the cattle receiving the 30AL treatment (NRC, 1996).  This treatment essentially 

restricted intake of the high-concentrate diet to allow for evaluation of the effects of 

energy intake. 
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Challenge and Blood Sampling.  Blood samples were collected by jugular 

venipuncture on d 0, 7, 14, 21, 27, 28, 29, 30, 31, 35, 43, and 49.  One each day, serum 

was collected following a 1-h clotting time at room temperature and centrifugation for 20 

min at 2,000 x g and 4°C.  Serum was stored at -80°C until assayed.  On d 27, the jugular 

vein of each steer was catheterized with a 14-ga x 140-mm Abbocath-T (Hospira, Inc., 

Lake Front, IL) catheter fitted with a 1-m extension (1.4 mm o.d. polytetrafluoroethylene 

tubing;  Tygon, Saint-Gobain Performance Plastics Corporation, Paris, France).  On d 28, 

steers were challenged i.v. with 2.0 µg/kg BW of lipopolysaccharide (LPS) from 

Escherichia coli 0111:B4 (Sigma-Aldrich, St. Louis, MO) in a bolus of 2.4 to 2.8 mL of 

physiological saline.  Blood samples were collected through the jugular catheter at 30-

min intervals from -2 h to 6 h, and again at 8, 12, 24, 48, and 72 h relative to the LPS 

challenge (RTC).  At each sampling time, catheters were aspirated, 5 mL of blood were 

drawn and discarded, 10 mL of blood were collected into sample tubes (Monovette, 

Sarstedt, Inc., Newton, NC), and the catheters and extensions were flushed with 5 mL 

saline followed by 2.5 mL of heparinized saline (20 IU heparin/mL).  Serum was 

collected and stored as described previously.  A timeline of events is shown in Table 2. 

Immune and Endocrine Analyses.  Serum cortisol concentration was determined 

by radioimmunoassay (Coat-A-Count, DPC, Los Angeles, CA).  Serum concentration of 

the proinflammatory cytokines (PIC) tumor necrosis factor-α (TNFα), interferon-γ 

(INFγ), and IL-6, and the antiinflammatory cytokine IL-4, were assayed using a custom 

developed multiplex ELISA validated for bovine cytokines (SearchLight;  Pierce 

Biotechnology Inc., Rockford, IL).  Concentration of the acute-phase protein serum 
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amyloid-A (SAA) was determined using a commercially available ELISA kit (BioSource 

International, Inc., Camarillo, CA). 

Humoral Immune Response.  On d 31, the steers were given an injection of 

ovalbumin as a novel antigen to measure effects of treatments on humoral immune 

response.  The challenge was administered in a manner similar to that described by 

Rivera et al. (2002).  Briefly, on d 31, and again on d 43, steers were injected (s.c.) with 4 

mL of an emulsion containing 4 mg of albumin from chicken egg white in a 1:1 ratio of 

Freund’s incomplete adjuvant and phosphate buffered saline (Sigma-Aldrich, St. Louis, 

MO).  On d 31, 35, 43, and 49, blood samples were collected into tubes containing 

EDTA, and plasma was collected after blood was allowed to clot for 1 h at room 

temperature and centrifuged for 20 min at 2,000 x g and 4°C.  Plasma samples were 

stored at -80°C until assayed.  Immunoglobulin G (IgG) specific to ovalbumin was 

determined by colorimetric (alkaline phosphatase conjugated anti-bovine IgG with p-

nitrophenyl phosphate substrate) ELISA as described by Rivera et al. (2002) with 2 

modifications.  To remove possible cross-reactive antibodies, plasma samples were 

incubated for 24 h at 4°C with a solution containing 0.5 mg of bovine albumin, similar to 

the procedure described in Ameiss et al. (2004).  The second modification was to initially 

dilute plasma samples from d 31, 35, 43, and 49 by factors of 100, 200, 800, and 3,200, 

respectively.  Three hundred microliters of these initial dilutions were added to the top 

row of a 96-well plate in duplicate.  One hundred and fifty microliters of buffer were 

added to the remaining rows.  Serial dilutions were accomplished by transferring 150 µL 

from the top row to the subsequent row down the plate and mixing.  This process was 

repeated for each row, and after mixing, 150 µL was removed from the last row and 
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discarded.  A column was reserved for non-specific binding for each day, which resulted 

in 3 columns used for each day, therefore all 4 d for each animal were analyzed on 1 

plate.  Absorbance at 405 nm was determined using a plate reader (Benchmark, BioRad 

Labs, Hercules, CA).  The intraassay CV was 6.2%. 

Body Weight and Temperature.  Concurrent with weekly blood sampling, steers 

were weighed individually on calibrated scales.  The individual animal scale (hydraulic 

squeeze chute [Ultraline, Cummings Sales, Inc, Garden City, KS] set on 4 load cells 

[Rice Lake Weighing Systems, Rice Lake, WI]) was calibrated with certified weights 

(453.59 kg, Texas Department of Agriculture) within 24 h of use.  Fecal samples (rectal 

grab) were collected from each steer and analyzed for bacterial (Escherichia coli 

O157:H7 and Salmonella spp.) shedding (data not reported herein).  From d 27 to d 31, 

steers were fitted with an automatic rectal temperature (RT) recording device (Reuter et 

al., 2007).  Temperature probes were immersed in a common container of water for 1 h 

immediately before attaching to the animal, and RT collected from the animals were 

corrected for differences among probes.  Rectal temperatures were recorded at 1-min 

intervals throughout this period. 

Statistical Analyses.  Final BW of 70RES was adjusted for treatment-imposed 

differences in gut fill by subtracting the average daily DMI of 70RES from the average 

daily DMI of 70AL, and adding that value back to the observed final BW of 70RES.  

Adjusted final BW was used to calculate ADG.  Body weight, DMI, and other non-

repeated measures data were analyzed using PROC MIXED of SAS (Version 9.1.3, SAS 

Institute Inc., Cary, NC) as a completely random design with a 2 x 3 factorial 

arrangement of treatments.  Response to LPS challenge over time (repeated-measures 
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response; RMR) for immune function measures and 30-min averages of rectal 

temperatures was determined by repeated-measures ANOVA with the PROC MIXED 

procedure of SAS using an autoregressive covariance structure.  Additionally, pre-

challenge concentration (average of -2 to 0-h samples), maximum concentration 

following challenge (maximum observed value from 0 to 72-h samples), time that the 

maximum concentration was reached (time period associated with maximum 

concentration), and the area under the response curve (AUC;  calculated by trapezoidal 

summation) were determined for each variable and analyzed in PROC MIXED as for 

other non-repeated measures data.  Individual animal was the experimental unit in all 

analyses, and orthogonal contrasts were used to evaluate the effects of energy source 

(30AL vs. [70AL + 70RES]/2), energy level (70AL vs. 70RES), injection treatments, and 

the 2-way interactions.  In the event of significant interaction contrasts, least squares 

means were separated using the PDIFF option of PROC MIXED.  Significance was 

declared at α ≤ 0.05, and trends were declared at α ≤ 0.10.  Pearson correlation 

coefficients were determined among PIC, SAA, RT, and ADG. 

Concentration of IgG specific to ovalbumin was determined by a LOGIT 

regression in SAS using all dilutions for a sample to estimate the specific dilution at 

which 50% relative binding would have occurred.  Briefly, within an animal and day 

combination, absorbance at each dilution was divided by the maximum absorbance 

(strongest dilution) to yield the percentage of binding for each dilution.  This relative 

binding percent was divided by 1 minus the relative binding percent, and the natural 

logarithms of these values were regressed against the natural logarithms of the respective 

dilutions.  The simple linear regression equation was set equal to the natural logarithm of 
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50% binding and algebraically rearranged to yield the natural logarithm of the dilution at 

which 50% binding would have occurred.  This estimate was then converted into actual 

dilutions by raising the base of the natural logarithm (e) to the power of the estimate.  The 

log2 of the estimates were then taken and analyzed to decrease the potential for 

heterogeneity of variance.  Back-transformed means are reported in the table and text.  

Because this method uses several estimates of binding for each sample, it may be 

preferable to selecting only a single dilution at which to compare treatments (J. Vizcarra, 

Texas Tech Univ., Lubbock, personal communication).  The resulting estimates of IgG 

concentration were analyzed by repeated measures as described above. 

Rectal temperature devices malfunctioned on 5 steers;  therefore, useable RT data 

was collected from 19 steers.  The jugular catheter malfunctioned in 1 steer in the 30AL x 

SAL treatment at 8 and 12 h RTC, thereby preventing serum collection.  Two steers in 

the 30AL x ANTI treatment died (described in a subsequent section), 1 at 9 h RTC and 

the other at 23 h RTC, thereby decreasing sample size in that treatment to 2 for the 

remainder of the experiment.  All data from the 2 steers that died were removed from the 

analysis of SAA because samples were not available for the time period when the bulk of 

the SAA response occurred in the other steers. 

RESULTS AND DISCUSSION 

Intake and Growth.  By design, DMI was greater by 70AL steers than by 70RES 

steers (Table 3, contrast 2;  P < 0.001), and greater by steers receiving the 30AL than by 

steers fed the high-concentrate diet (contrast 1;  P < 0.001).  As expected, greater NEg 

intake by 70AL steers resulted in increased ADG and final BW compared with 70RES 
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steers (contrast 2;  P < 0.02).  Berry et al. (2004a) fed diets that differed in energy and 

starch concentration to stressed calves for 42 d and observed no effect of diet on ADG.  

Similar to our study, DMI was greater in low-energy diets than in high-energy diets;  

however, the diets fed by Berry et al. (2004a) encompassed a much smaller range of 

energy concentration than our diets.  Some caution is warranted when considering DMI 

in the current study because the difference in DMI between high-concentrate and high-

roughage diets is largely a result of the mathematical structure of the orthogonal contrasts 

we tested (e.g. comparing the average of 70AL and 70RES vs. 30AL).  The current study 

was not designed primarily to evaluate responses in production variables such as DMI, 

ADG, or morbidity.  Readers interested in these variables as affected by dietary roughage 

concentration are referred to Rivera et al. (2005). 

Temperature.  Rectal temperatures averaged over 30-min intervals are shown in 

Figure 1.  Temperature increased for 2 to 3 h RTC, and then returned to baseline at 5 h 

RTC.  The febrile response to endotoxin was relatively transient, indicating the need to 

measure temperature frequently (Davis et al., 2003). 

No effects (P > 0.16;  Table 4) of antibiotic injection or dietary treatments were 

noted for pre-challenge RT or for maximum RT following LPS challenge in these steers.  

Nonetheless, greater energy intake, increased the difference between pre-challenge and 

maximum RT (contrast 2;  P = 0.04).  Energy intake has been previously associated with 

increased febrile response to an immune challenge in cattle (Perkins et al., 2002;  

Whitney et al., 2006);  however, in steers that were simply stressed by transportation and 

not experimentally challenged, energy intake did not affect RT (Holt et al., 2003).  These 
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conflicting results might indicate that dietary energy level interacts with type and 

intensity of stress to regulate RT. 

Administration of tilmicosin phosphate 2 d before the challenge decreased (P = 

0.01;  Table 4;  Figure 2) the elapsed time between LPS challenge and maximum RT by 1 

h.  This result is interesting because these steers were not challenged with live pathogenic 

organisms.  The antibiotic could have influenced sub-acute levels of pathogens in these 

steers, or it might have directly altered cytokine production and flux, thereby influencing 

the febrile response.  Nonetheless, no main effects of injection with tilmicosin phosphate 

were observed in pre-challenge RT or immune function variables.  Fajt et al. (2004) 

observed that tilmicosin decreased RT to a greater degree than danofloxacin, and both 

antibiotics reduced temperature as compared to saline, when injected into heifers 21 h 

after they were challenged with Mannheimia haemolytica.  Because that challenge 

involved live organisms, the response could have been the result of a direct action of the 

antibiotic in decreasing the intensity of the infection.  Fajt et al. (2003) observed no effect 

of antibiotic on neutrophil function in cattle;  hence, cytokine production from 

neutrophils would not likely be altered.  Elsasser et al. (2007) suggested that endotoxin 

released into circulation when antibiotics lyse pathogens in vivo could be a source of 

additional endotoxin, thereby indirectly changing the cytokine and associated RT 

response.  Results of Waldron et al. (2003) and other research in our laboratory (Carroll 

et al., 2007; [Chapter 3]) indicate that the febrile response in endotoxin-challenged cattle 

may be independent of the LPS dose, or is at least maximized at LPS doses much lower 

than used in the current experiment.  Additional research is needed to determine the 

direct effect of tilmicosin phosphate on cytokine production in immunologically 
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challenged animals.  If this effect is beneficial and could be mimicked by other non-

antibiotic drugs, it might provide a means to enhance immune function in receiving 

cattle, while avoiding the potential of bacterial resistance associated with antibiotic use. 

Mortality.  Two animals died following endotoxin challenge.  Both animals were 

assigned to the 30AL treatment and received tilmicosin phosphate.  Despite emergency 

supportive therapy including epinephrine and non-steroidal antiinflammatory injections, 

1 animal died 9 h RTC and the other died 23 h RTC.  Based on necropsy results, the 

animal that died at 9 h was found to have a consolidated lung abscess that apparently 

ruptured following the challenge.  The other animal seemed normal, and cause of death 

was determined to be acute stress.  Mortality was not an expected outcome of the LPS 

challenge.  The LPS dose used in this experiment (2.0 µg/kg of BW) has been used 

successfully by other researchers (Steiger et al., 1999;  Elsasser et al., 2005) and was used 

in a preliminary experiment in our own laboratory (Carroll et al., 2007;  [Chapter 3]) 

without incident.  Nonetheless, several experimental conditions differed between Carroll 

et al. (2007) and the current experiment, including age, BW, and body fat content of the 

steers.  Perhaps some of these factors influence the intensity of the response to LPS 

(Carroll et al., 2007;  [Chapter 3]).  In future experiments with cattle similar to those 

described herein, more moderate doses of LPS are suggested. 

Cortisol.  Overall, the cortisol response curve (Figure 3) in the current study was 

intermediate in magnitude, but similar in shape to those reported by Steiger et al. (1999) 

and Waldron et al. (2003).  The high-roughage diet extended the time elapsed between 

the challenge and attainment of maximum cortisol concentration (P = 0.01;  Table 5), 

without altering the maximum concentration (P = 0.56).  This difference in timing of the 
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maximum cortisol concentration was caused by a biphasic response in cortisol in 30AL, 

with an initial peak similar to the high-concentrate diet but also a secondary peak at 5 h 

RTC (Figure 3).  This secondary peak was not observed in the high-concentrate diet.  The 

high-roughage diet also increased the cortisol response across time in a repeated-

measures model (RMR;  P = 0.03).  To our knowledge, no previous published research 

has documented the effects of energy source and level on the cortisol response of 

endotoxin-challenged cattle. 

Cytokines and Acute-Phase Protein.  Maximum concentration, AUC, and RMR of 

INFγ and TNFα were greater (P < 0.05;  Table 5) with the 30AL treatment than with the 

average of the 2 high-concentrate diet treatments (Figures 4 and 5).  Numerically, PIC 

response in the restricted intake treatment was intermediate to the response in the 2 ad 

libitum treatments, indicating that decreased energy intake could be responsible for a 

portion of the effects observed.  In fact, maximum concentration, AUC, and RMR of IL-6 

were decreased in 70AL compared with 70RES (P ≤ 0.003;  Table 5;  Figure 6).  This 

finding would seem to indicate that the source of dietary energy, as well as energy intake 

or energetic plane of nutrition, can affect the response to an immune challenge.  Berry et 

al. (2004a, b) was one of the first to separate effects of energy source and concentration, 

and observed a trend (P = 0.11) for low-starch diets to decrease morbidity independent of 

energy concentration.  Although these researchers found no effects of dietary energy on 

acute-phase protein production, greater energy intake decreased the percentage of calves 

morbid with Pasteurella multocida and Haemophilus somnus, 2 pathogens associated 

with BRD.  Because no PICs were measured in the Berry et al. (2004a, b) study, no 
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conclusions can be drawn as to the potential relationship of PIC concentration and 

subsequent morbidity variables. 

A greater proinflammatory response might allow cattle to respond more 

efficiently to disease pathogens encountered in the feedlot environment.  Rivera et al. 

(2005) reported a slight improvement in health when newly received cattle are fed diets 

high in roughage.  This response might result, in part, from a greater PIC response as a 

result of decreased energy intake as well as a direct effect of replacing grain with 

roughage in the diet.  Additional research is needed to confirm these findings and to test 

the hypothesis that a more intense PIC response is beneficial to cattle health in a 

commercial environment. 

The high-roughage diet decreased (P = 0.05;  Table 5) pre-challenge levels of IL-

4 to near zero.  In general, antiinflammatory cytokines inhibit PIC and promote humoral 

immunity (Elenkov et al., 2005;  Carroll and Forsberg, 2007).  This decreased inhibition 

may underlie the greater PIC response observed with the 30AL diet. 

Administration of tilmicosin phosphate tended to decrease the elapsed time from 

LPS challenge until the maximal SAA concentration was achieved (P = 0.06;  Table 5;  

Figure 7), but it did not alter the maximum concentration (P = 0.35).  In the 70RES 

treatment, tilmicosin decreased SAA AUC and RMR (contrast 5;  P < 0.04;  Table 5;  

Figure 7);  however, tilmicosin injection had no effect in the 70AL treatment.  Antibiotic 

administration has decreased the concentration of another acute-phase protein, 

haptoglobin, in stressed steers (Wittum et al., 1996), but several experimental conditions 

differed in the Wittum et al. (1996) study from those in the current experiment.  Serum 

amyloid A is involved in repairing cellular damage resulting from an infection or injury 
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(Carter et al., 2002).  Tilmicosin phosphate may have decreased this cellular damage in 

the 70RES treatment, thereby indirectly reducing SAA.  Alternatively, tilmicosin 

phosphate may directly mitigate increased SAA response in low energetic planes of 

nutrition.  Tilmicosin tended (P = 0.09;  Figure 8) to increase TNFα RMR.  As SAA is 

stimulated by TNFα (Alsemgeest et al., 1996), and TNFα helps control the febrile 

response (Johnson, 2002), additional TNFα could be the mode of action underlying the 

more intense SAA and febrile responses observed in these cattle. 

Interactions and Humoral Response.  Several interactions between dietary energy 

level and antibiotic injection were noted (Table 5).  Pre-challenge concentrations of some 

PIC were greater (TNFα and IL-6;  P ≤ 0.05) in the combination of 70RES and ANTI 

than in the other treatments.  Tilmicosin phosphate increased the time elapsed from LPS 

challenge until maximum INFγ concentration was reached in 70AL, but decreased the 

same response in 70RES (P = 0.05).  Tilmicosin phosphate tended (P = 0.08) to have 

opposite effects for ovalbumin IgG concentration, increasing concentration in 70RES, but 

decreasing it in 70AL.   Explanations for the mode of action of these effects are not 

readily apparent;  however, the humoral response to ovalbumin was numerically greatest 

in the treatment that also exhibited the greatest numerical IL-4 response (70RES + ANTI;  

Table 5).  This finding might be expected, as antiinflammatory cytokines support 

humoral immunity (Elenkov et al., 2005;  Carroll and Forsberg, 2007). 

As expected, ovalbumin IgG concentration increased at 12 and again at 18 d after 

ovalbumin injection (P < 0.001;  data not shown), but IgG concentrations did not differ 

between diets (contrast 1;  P = 0.86;  Table 5).  In contrast to the current study, Whitney 
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et al. (2006) found that hay-based diets increased IgG concentration following 

vaccination compared with concentrate-based diets. 

Other Results.   Positive correlations (P < 0.003) were found among temperature 

and cortisol, IL-6, and TNFα during the challenge period (-2 to 12 h RTC;  r = 0.45, 0.21, 

0.17, respectively).  Average daily gain was negatively correlated with IL-6 concentration 

over the 50-d experimental period (r = -0.54;  P = 0.009). 

SUMMARY AND CONCLUSIONS 

Ingredients used in receiving diets for beef calves have traditionally been selected 

based on price and potential effects on performance.  Results of this experiment indicate 

that decreasing the diet concentrate:roughage ratio increased production of PIC in 

response to an endotoxin challenge in beef calves.  A portion of this response seemed to 

be caused by decreased energy intake, whereas the remainder seemed to be a direct effect 

of the ingredients (e.g., grain vs. roughage) themselves.  Additionally, administration of 

an antibiotic accelerated the febrile response to the endotoxin challenge.  Tilmicosin 

elevated pre-challenge concentration of PIC, and decreased SAA AUC following the 

challenge, in cattle on a lower energetic plane of nutrition, but not in cattle on a higher 

plane.  Consideration of potential immunomodulating effects of diets, and how those 

effects may interact with cattle that have already been treated for disease, may be 

warranted in future studies.  Additional research is needed to confirm the results of this 

experiment and to determine the effects of the intensity of PIC response on cattle health 

in a commercial environment. 
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 Table 6.1.  Description of experimental diets, % of DM 

Item High-concentrate (70%) High-roughage (30%) 

Ingredient   

Steam-flaked corn 52.25 13.00 

Cottonseed hulls 15.00 35.00 

Ground alfalfa hay 14.98 34.99 

Cottonseed meal 8.66 8.01 

Molasses 4.00 4.00 

Supplement1 2.50 2.50 

Fat (yellow grease) 2.00 2.01 

Urea 0.61 0.49 

Analyzed composition2   

CP, % 13.38 12.80 

ADF, % 19.77 36.77 

Fat, % 4.55 4.27 

Ca, % 0.66 0.69 

P, % 0.28 0.22 

K, % 0.96 1.36 

Calculated composition3   

DIP 8.84 9.92 

NEm, Mcal/kg 1.83 1.32 

NEg, Mcal/kg 1.19 0.75 

eNDF, % 22.96 47.52 

Mg, % 0.28 0.33 

S, % 0.23 0.25 

Co, mg/kg 0.61 0.51 

Cu, mg/kg 21.43 25.52 

Fe, mg/kg 155.04 213.41 

I, mg/kg 0.60 0.60 

Mn, mg/kg 76.07 109.28 

Se, mg/kg 0.23 0.35 

Zn, mg/kg 91.04 101.14 

Na, % 0.16 0.19 

Cl, % 0.43 0.41 

DCAD, mEq/kg 50.58 146.39 

1Supplement contained (DM basis):  23.368% cottonseed meal;  0.500% Endox 
(antioxidant; Kemin Industries, Des Moines, IA);  42.105% limestone; 1.036% dicalcium 
phosphate;  8.000% potassium chloride;  3.559% magnesium oxide;  6.667% ammonium 
sulfate;  12.000% salt;  0.0017% cobalt carbonate;  0.157% copper sulfate;  0.133% iron 
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sulfate;  0.0025% ethylenediamine dihydroiodide;  0.267% manganese oxide;  0.100% 
selenium premix (0.2% Se);  0.845% zinc sulfate; 0.0079% vitamin A (1,000,000 IU/g);  
0.126% vitamin E (500 IU/g);  0.675% Rumensin (176.4 mg/kg; Elanco Animal Health);  
and 0.45% Tylan (88.2 mg/kg; Elanco Animal Health). 

2Samples collected twice weekly were composited and analyzed by a commercial 
laboratory. 

3Nutrient composition calculated from tabular values in NRC (1996).  DCAD = dietary 
cation-anion difference; meq[(Na + K) – (Cl + S)]/100 g of DM. 
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Table 6.2.  Description of events and timeline 

Day Event 

-4 Steers delivered to TTU Burnett Center 

0 Begin treatment diets, blood sample, BW 

7 Blood sample, BW 

14 Blood sample, BW 

21 Blood sample, BW, move to stanchion barn 

26 Antibiotic administration  

27 Blood sample, BW, jugular catheterization, install rectal temperature (RT) 
probe  

28 LPS challenge, intensive blood sampling 

29 Blood sample 

30 Blood sample 

31 Blood sample, BW, administer ovalbumin, return to dirt pens, remove RT 
probe 

35 Blood sample, BW 

43 Blood sample, BW, booster ovalbumin 

49 Blood sample, BW 
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Table 6.3.  Effect of energy source and level with or without antibiotic injection on 
growth performance by steers during a 50-d period that included a lipopolysaccharide 
challenge1 

 Saline  Tilmicosin   

Item 70AL 30AL 70RES  70AL 30AL 70RES SE2 Contrasts3 

No. steers   4 4 4  4 2 4 --- --- 

Initial BW, kg 236 246 250  241 244 245 6.0 --- 

Final BW4, kg 286 275 272  279 286 267 9.0 --- 

ADG4, kg/d 1.03 0.59 0.44  0.77 0.81 0.44 0.08 2, 4 

DMI, kg/d 13.8 15.0 9.4  12.9 13.7 9.2 0.59 1, 2 
NEg intake5, 

Mcal/d  4.5 2.5 2.1  4.1 2.2 2.1 0.23 1, 2 

1Treatments were in a 3 x 2 factorial arrangement.  Dietary treatments were 70% 
concentrate diet fed ad libitum (70AL), 30% concentrate diet fed ad libitum (30AL), and 
70% concentrate diet restricted to equal calculated NEg intake of 30AL treatment 
(70RES).  Antibiotic treatments were either saline or tilmicosin phosphate (Micotil, 300 
mg tilmicosin/mL;  Elanco Animal Health, Inc., Indianapolis, IN) – 1 mL/30 kg of BW 
injected on d 26. 

2Largest SE of the simple-effect least squares means. 

3Indicates the respective contrast was significant, P < 0.05;  1 = energy source:  30AL vs. 
(70AL+70RES / 2);  2 = energy level:  70AL vs. 70RES;  3 = antibiotic:  tilmicosin vs. 
saline;  4 = interaction of energy source and antibiotic;  5 = interaction of energy level 
and antibiotic. 

4Final BW and ADG in 70RES are adjusted for differences in fill imposed by restricted 
DMI by calculating the difference in average daily DMI between 70AL and 70RES 
treatments and adding that value to 70RES final BW.  Adjusted final BW was used to 
calculate adjusted ADG. 

5NEg intake was determined by multiplying DMI by NEg concentration from tabular 
values in NRC, 1996. 
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Table 6.4.  Effect of energy source and level with or without antibiotic injection on rectal 
temperature and mortality of steers challenged with lipopolysaccharide1 

 Saline  Tilmicosin   

Item2 70AL 30AL 70RES  70AL 30AL 70RES SE3 Contrasts4 

Rectal temperature, °C          

No. of steers 3 4 4  4 2 2 --- - 

Pre-challenge 38.9 38.6 38.7  38.8 39.3 39.4 0.64 --- 

Maximum 41.2 40.1 40.7  40.5 40.1 40.7 0.49 --- 

Change 2.2 1.5 1.3  1.7 0.8 1.1 0.45 2 

Maximum time, min 207 275 236  213 113 92 51.8 3 

AUC, 8-h 19,246 19,007 18,879  19,081 19,083 19,073 200 --- 

Mortality, no. of steers 0 0 0  0 2 0 --- --- 

1Treatments were in a 3 x 2 factorial arrangement.  Dietary treatments were 70% 
concentrate diet fed ad libitum (70AL), 30% concentrate diet fed ad libitum (30AL), and 
70% concentrate diet restricted to equal calculated NEg intake of 30AL treatment 
(70RES).  Antibiotic treatments were either saline or tilmicosin phosphate (Micotil, 300 
mg tilmicosin/mL;  Elanco Animal Health, Inc., Indianapolis, IN) – 1 mL/30 kg of BW 
injected on d 26. 

2Values in a row with different superscripts differ, P < 0.05.  No. of steers is the number 
of steers with sufficient data for inclusion in the analysis.  Pre-challenge = average of 
values from -2 to 0 h relative to LPS challenge;  Maximum = peak value observed from 0 
to 8 h relative to LPS challenge;  Change = difference in maximum value and pre-
challenge value;  Maximum time = time at which maximum value was attained, AUC = 
area under the response curve by trapezoidal summation for 0 to 8 h relative to LPS 
challenge, arbitrary units. 

3Largest SE of the simple effect least squares means. 

4Indicates the respective contrast was significant, P < 0.05;  1 = energy source:  30AL vs. 
(70AL+70RES / 2);  2 = energy level:  70AL vs. 70RES;  3 = antibiotic:  tilmicosin vs. 
saline;  4 = interaction of energy source and antibiotic;  5 = interaction of energy level 
and antibiotic. 
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Table 6.5.  Effect of energy source and level with or without antibiotic injection on 
cortisol, cytokine, serum amyloid A, and humoral immune response of steers challenged 
with lipopolysaccharide1 

 Saline  Tilmicosin   

Item2 70AL 30AL 70RES  70AL 30AL 70RES SE3 Contrasts4 

Cortisol, ng/mL          
Pre-challenge 13 14 14  14 12 13 1.2 --- 
Maximum 150 162 129  151 151 164 16.3 --- 
Maximum time, h 2.4 3.0 2.3  2.4 6.3 2.8 1.0 1 
AUC, 12-h 2,385 2,671 2,127  2,053 2,353 2,171 238 --- 

INFγ, pg/mL          
Pre-challenge 16 26 13  9 30 67 21 --- 
Maximum 443 3,832 1,013  52 3,806 2,134 1,542 1 
Maximum time, h 9.1 4.6 21.6  32.4 4.4 4.1 9.9 5 
AUC, 72-h 5,219 38,789 10,359  815 35,803 25,251 14,488 1 

TNFα, pg/mL          
Pre-challenge 17 17 19  22 30 785 183 5 
Maximum 4,100 11,174 6,568  6,289 17,108 8,695 3,296 1 
Maximum time, h 1.4 1.4 1.6  1.1 1.3 2.5 0.43 --- 
AUC, 72-h 24,027 73,815 38,002  29,154 125,630 72,678 23,332 1 

IL-4, pg/mL          
Pre-challenge 21 1 20  38 1 43 16 1 
Maximum 68 82 82  84 29 416 103 --- 
Maximum time, h 44 37 54  30 26 49 13.4 --- 
AUC, 72-h 681 129 677  1,295 61 2,851 957 --- 

IL-6, pg/mL          
Pre-challenge 20 23 41  37 35 262 37 5 
Maximum 8,148 15,982 13,829  4,675 14,116 12,655 1,957 1, 2  
Maximum time, h 5.1 5.8 5.4  4.8 5.8 6.4 0.49 -- 
AUC, 72-h 90,104 172,232 142,434  57,218 139,069 142,622 18,664 1, 2 

SAA, ng/mL          
Pre-challenge 81 322 510  490 98 204 179 5 
Maximum 1,571 2,022 2,797  1,576 1,268 1,306 683 --- 
Maximum time, h 42 56 35  21 48 33 15.4 --- 
AUC, 72-h 622 1,662 2,403  1,956 1,011 920 871 5 

Ovalbumin response5 1,864 2,183 1,130  1,741 1,633 2,866 --- 5 

1Treatments were in a 3 x 2 factorial arrangement.  Dietary treatments were 70% 
concentrate diet fed ad libitum (70AL), 30% concentrate diet fed ad libitum (30AL), and 
70% concentrate diet restricted to equal calculated NEg intake of 30AL treatment 
(70RES).  Antibiotic treatments were either saline or tilmicosin phosphate (Micotil, 300 
mg tilmicosin/mL;  Elanco Animal Health, Inc., Indianapolis, IN) – 1 mL / 30 kg BW 
injected on d 26. 

2TNFα = tumor necrosis factor-α;  INFγ =  interferon-γ;  SAA = serum amyloid A.  Pre-
challenge = average of values from -2 to 0 h relative to LPS challenge;  Maximum = peak 
value observed from 0 to 8 h relative to LPS challenge;  Change = difference in 
maximum value and pre-challenge value;  Maximum time = time at which maximum 
value was attained;  AUC = area under the response curve by trapezoidal summation for 
the time period indicated relative to LPS challenge, arbitrary units. 
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3Largest SE of the simple effect least squares means;  n = 4 steers per diet x antibiotic 
combination, except that n = 2 steers in the combination of 30AL and tilmicosin 
treatments for AUC of all variables, all SAA responses, ovalbumin response, and n = 3 
steers in the combination of 30AL and saline treatments for AUC of all variables. 

4Indicates the respective contrast was significant, P < 0.05;  1 = energy source:  30AL vs. 
(70AL+70RES / 2);  2 = energy level:  70AL vs. 70RES;  3 = antibiotic:  tilmicosin vs. 
saline;  4 = interaction of energy source and antibiotic;  5 = interaction of energy level 
and antibiotic. 

5Estimated dilution at which 50% binding of antibody would occur, as determined from 
LOGIT regression analysis. 
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Figure 6.1.  Least squares means of rectal temperature in steers challenged with 
lipopolysaccharide (largest simple-effect SE = 0.47).  Dietary treatments were 70% 
concentrate diet fed ad libitum (♦, n = 7), 30% concentrate diet fed ad libitum (▲, n = 6), 
and 70% concentrate diet fed in a quantity restricted to equal the NEg intake of the 30% 
concentrate treatment (●, n = 6).  Increased energy intake increased the difference in pre-
challenge and peak rectal temperature (P = 0.04). 
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Figure 6.2.  Least squares means of rectal temperature in steers challenged with 
lipopolysaccharide (largest simple-effect SE = 0.40).  Treatments were injection of 30 mg 
tilmicosin phosphate/kg BW (□, n = 8) or saline (■, n = 11).  Injection of tilmicosin 
phosphate decreased the elapsed time from endotoxin administration to the rectal 
temperature peak (P = 0.01). 
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Figure 6.3.  Least squares means of serum cortisol concentration in steers challenged with 
lipopolysaccharide (n = 6 to 8 steers/treatment; largest simple-effect SE = 11.0). Dietary 
treatments were 70% concentrate diet fed ad libitum (♦), 30% concentrate diet fed ad 
libitum (▲), and 70% concentrate diet fed in a quantity restricted to equal the NEg intake 
of the 30% concentrate treatment (●).  The 30% concentrate diet increased the elapsed 
time from endotoxin administration to the cortisol concentration peak (P = 0.01) and the 
overall cortisol response across time in a repeated-measures model (P = 0.03). 
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Figure 6.4.  Least squares means of serum interferon-γ (INF-γ) concentration in steers 
challenged with lipopolysaccharide (n = 6 to 8 steers/treatment; largest simple-effect SE 
= 473).  Dietary treatments were 70% concentrate diet fed ad libitum (♦), 30% 
concentrate diet fed ad libitum (▲), and 70% concentrate diet fed in a quantity restricted 
to equal the NEg intake of the 30% concentrate treatment (●).  The 30% concentrate diet 
increased the overall INF-γ response across time in a repeated-measures model (P = 
0.03). 
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Figure 6.5.  Least squares means of serum tumor necrosis factor-α (TNFα) concentration 
in steers challenged with lipopolysaccharide (n = 6 to 8 steers/treatment; largest simple-
effect SE = 886).  Dietary treatments were 70% concentrate diet fed ad libitum (♦), 30% 
concentrate diet fed ad libitum (▲), and 70% concentrate diet fed in a quantity restricted 
to equal the NEg intake of the 30% concentrate treatment (●).  The 30% concentrate diet 
increased the overall TNFα response across time in a repeated-measures model (P = 
0.02). 
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Figure 6.6.  Least squares means of serum IL-6 concentration in steers challenged with 
lipopolysaccharide (n = 6 to 8 steers/treatment; largest simple-effect SE = 771).  Dietary 
treatments were 70% concentrate diet fed ad libitum (♦), 30% concentrate diet fed ad 
libitum (▲), and 70% concentrate diet fed in a quantity restricted to equal the NEg intake 
of the 30% concentrate treatment (●).  Increased energy intake decreased the overall IL-6 
response across time in a repeated-measures model (P = 0.002). 
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Figure 6.7.  Least squares means of serum amyloid A (SAA) concentration in steers 
challenged with lipopolysaccharide (n = 4 steers/treatment;  simple-effect SE = 331).  
Dietary treatments were 70% concentrate diet fed ad libitum (♦), 30% concentrate diet 
fed ad libitum (not shown), and 70% concentrate diet fed in a quantity restricted to equal 
the NEg intake of the 30% concentrate treatment (●).  Steers that were injected with 30 
mg tilmicosin phosphate / kg BW are represented with dashed lines and open symbols, 
whereas steers that received saline are represented with solid lines and symbols.  An 
interaction of energy intake x antibiotic treatment was detected for the overall SAA 
response across time in a repeated-measures model (P = 0.002), in that SAA was 
decreased by tilmicosin phosphate in the 70% restricted intake treatment, but not in the 
70% ad libitum treatment. 
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Figure 6.8.  Least squares means of serum tumor necrosis factor-α (TNFα) in steers 
challenged with lipopolysaccharide (largest simple-effect SE = 691).  Treatments were 
injection of 30 mg tilmicosin phosphate / kg BW (□, n = 9 to 12) or saline (■, n = 12).  A 
trend was detected for injection of tilmicosin phosphate to increase the overall TNFα 
response across time in a repeated-measures model (P = 0.09). 
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CHAPTER VII 

CONCLUSIONS 

Immune function of cattle can be influenced by nutrition and management.  The 

experiments reported herein indicated that energetic plane of nutrition, as well as direct 

effects of diet composition (i.e., roughage:concentrate ratio), have effects on production 

of proinflammatory cytokines in endotoxin-challenged cattle.  Increased concentration of 

these cytokines was attributed to the separate effects of dietary roughage and decreased 

energy intake.  The diet high in roughage also essentially eliminated an antiinflammatory 

cytokine from circulation, which may have increased the proinflammatory response.  

These changes in immune function may underlie the decrease in morbidity often 

observed when stressed cattle are fed high–roughage diets.  Nonetheless, the diet with the 

greatest energy intake increased the febrile response, which should be beneficial to 

animal health.  Management, in the form of antibiotic, interacted with diet in several 

measures of immune function.  Additionally, failure of a known immuno-stimulatory, 

non-nutritive feed additive to improve performance in essentially healthy cattle 

underscores the need for precise prediction and detection of morbidity in calves.  A 

financial return associated with the use of immuno-stimulatory products likely will only 

be realized in calves that become morbid.  Application of technology such as precise 

measurement of body temperature and precise application of endotoxin challenges in 

cattle research should allow for a deeper understanding of the interactions of nutrition, 

management, and cattle health. 
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Additional research is needed to address several questions in this area.  Perhaps 

one of the most pressing is the need to correlate changes in proinflammatory cytokine 

measurements from repeatable challenge models with actual health performance in a 

commercial environment.  Determining the type of cytokine profile that is most effective 

in combating respiratory disease will enable judicious application of currently known 

cytokine-modulating techniques, as well as techniques that may be discovered in the 

future.  Cattle sorting criteria may need to be developed so that management can be 

applied more precisely and effectively.  Before any recommendations can be made to 

cattle producers, replications of the experiments reported herein are needed to confirm 

the results. 

Traditionally, nutrition and management recommendations have been formulated 

to achieve maximal animal performance and/or lowest cost of weight gain.  As more is 

learned about how nutrition and management affect health, and, in turn, how health 

affects performance and financial returns, recommendations can be modified to include 

these factors.  Ultimately, this will allow optimal animal performance and welfare to be 

more precisely predicted and achieved. 
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APPENDIX A 

This appendix describes the step-by-step protocol to assay IgG specific to chicken egg 
ovalbumin (OVA) in bovine serum and/or plasma developed from Rivera et al. (2002;  J. 
Anim. Sci. 80:933-941).  This protocol uses one 96-well plate for 4 samples.  Previously, 
we have collected serum from an animal at 4 time points, and put all 4 samples from 1 
animal on a plate;  hence, 1 plate for each animal.  Using multi-channel pipettes, it is 
possible to run 24 plates in a single analytical run. 
 

Day 0 
1. Thaw samples. 

 
Day 1 

2. Incubate a clean 96-well plate with 200 uL/well of a solution containing 
0.005 mg of ovalbumin (Sigma # A5503) per mL of PBS (Sigma # P5368) 
for 18-24 h at 4° C. 

3. Coat 2 columns for each sample with ovalbumin, leave 1 column per sample 
without coating to account for non-specific binding (NSB). 

4. Prepare bovine albumin cross-reactivity incubation. 
a. Dissolve 0.005 mg of bovine albumin (Sigma A-7030)/mL of 10% Tween 

20 (Sigma P1379) : 90% PBS. 
5. Dilute 20 uL of sample serum in 2 mL (final volume) of bovine albumin 

cross-reactivity solution and incubate 18 to 24 h at 4°C.  This is a 1:100 
dilution. 

6. Prepare additional dilution tubes as needed.  Previously, for samples 
collected at d 4, 12, and 18 after the OVA challenge, we successfully used 
dilutions of 1:200, 1:800, and 1:3,200, respectively.  Prepare tubes with 
10% Tween 20 : 90% PBS as the diluent.  Use the 1:100 dilution from the 
cross reactivity incubation to make the further dilutions. 

 
Day 2 

7. Empty wells and incubate with 200 uL of PBS-BSA (Sigma #P-3688) at 
22°C for 1 h to help block NSB (all wells). 

8. Empty wells and wash plates 3X with 0.05% Tween 20 (Sigma #P-3563).  
Use an automatic plate washer, if available. 

9. Prepare plates.  Place 150 uL of 10% Tween 20 : 90% PBS in Rows B 
through H of each plate.  Add 300 uL of sample to Row A in the 
appropriate column (3 columns for each sample;  2 duplicates and 1 NSB).  
Make serial dilutions as follows:  with a multi-channel pipette, remove 
150 uL from Row A and transfer to Row B.  Aspirate and dispense the 
pipette 5 times in the well to mix.  Then transfer 150 uL from Row B to 
Row C, repeat mixing, and continue down the plate.  Finally, remove 150 
uL from Row H and discard.  Each well will now contain 150 uL of 
diluted sample, each row being 50% of the concentration of the row 
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above.  An example plate is shown below, indicating the dilutions in each 
well.  Shaded columns represent NSB columns. 

Dilution

1 2 3 4 5 6 7 8 9 10 11 12

A 100 100 100 200 200 200 800 800 800 3200 3200 3200

B 200 200 200 400 400 400 1600 1600 1600 6400 6400 6400

C 400 400 400 800 800 800 3200 3200 3200 12800 12800 12800

D 800 800 800 1600 1600 1600 6400 6400 6400 25600 25600 25600

E 1600 1600 1600 3200 3200 3200 12800 12800 12800 51200 51200 51200

F 3200 3200 3200 6400 6400 6400 25600 25600 25600 102400 102400 102400

G 6400 6400 6400 12800 12800 12800 51200 51200 51200 204800 204800 204800

H 12800 12800 12800 25600 25600 25600 102400 102400 102400 409600 409600 409600

Day 0 Day 7 Day 14 Day 21

      
 
 

10. Incubate samples for 18 to 24 h at 4° C. 
 
 

Day 3 
11. Empty wells. 
12. Wash plates 3 times with 0.05% Tween 20 (Sigma #P-3563). 
13. Add 200 uL of AP anti-bovine IgG (Sigma # A0668) diluted 1:15000 with 

PBS and incubate 18 to 24 h at 4° C. 
 

Day 4 
14. Dissolve 1 tablet of p-nitrophenyl phosphate (Sigma # N2770) in 20 mL of 

buffer. 
a. Buffer is 4.2g NaHCO3, 5.3 g Na2CO3, and 0.95 g MgCl2 in 1 L distilled 

H2O. 
15. Empty wells and wash plates 3 times with 0.05% Tween 20 (Sigma #P-

3563). 
16. Add 200 uL of PNP solution to the wells and incubate 1 h at 21°C in the 

absence of light. 
17. Add 100 uL of 2 M NaOH to each well (to stop the reaction). 
18. Read plates at 405 nm. 

 
Analysis 

19. Average duplicates and calculate CV.  Average CV is the intra-assay CV. 
20. Subtract absorbance from NSB well from average absorbance of the test 

wells. 
21. Several analysis options are available. 

a. Select a specific dilution (e.g., 3,200, or 6,400, etc.) and compare 
corrected absorbance at that dilution. 

b. Subjectively determine the dilution at which corrected absorbance values 
approach zero and/or stop decreasing.  This is the titer value for the 
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sample (divide dilution by 100 – i.e., a sample at which corrected 
absorbance at 3,200, 6,400, and 12,800 dilutions were approximately 
equal would equate to a titer value of 32.).  Take the log2 of the titer 
values, and test for treatment effects using d-0 titer as a covariate. 

c. Conduct a LOGIT regression.  From Reuter et al. (2007; Chapter 6 of this 
dissertation):   

“Concentration of IgG specific to ovalbumin was determined by a 
LOGIT regression in SAS using all dilutions for a sample to estimate the 
specific dilution at which 50% relative binding would have occurred.  
Briefly, within an animal and day combination, absorbance at each 
dilution was divided by the maximum absorbance (strongest dilution) to 
yield the percentage of binding for each dilution.  This relative binding 
percent was divided by 1 minus the relative binding percent, and the 
natural logarithms of these values were regressed against the natural 
logarithms of the respective dilutions.  The simple linear regression 
equation was set equal to the natural logarithm of 50% binding and 
algebraically rearranged to yield the natural logarithm of the dilution at 
which 50% binding would have occurred.  This estimate was then 
converted into actual dilutions by raising the base of the natural 
logarithm (e) to the power of the estimate.  The log2 of the estimates 
were then taken and analyzed to decrease the potential for heterogeneity 
of variance.  Back-transformed means are reported in the table and text.  
Because this method uses several estimates of binding for each sample, 
it may be preferable to selecting only a single dilution at which to 
compare treatments (J. Vizcarra, Texas Tech Univ., Lubbock, personal 
communication).”  See Appendix B for SAS code 
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APPENDIX B 

SAS code for ovalbumin analysis 

DM 'LOG;CLEAR;OUTPUT;CLEAR;'; 

proc catalog cat=work.gseg kill; 

OPTIONS LS=98 PAGENO=1; 

GOPTIONS RESET=ALL; 

 

**********      TTU STUDY Energy 007 - OVA analysis   *********; 

*******         FILENAME: 007 OVA analysis.SAS   *******; 

 

*this program analyzes data from the ovalbumin challenge administered 

as part of the energy and drug trial I did in my PhD work.; 

 

 

TITLE 'RYAN REUTER'; 

TITLE2 '007 OVA analysis'; 

 

 

data plates; 

input tag day dil x1 x2 xnsb; 

*tag is animal number 

day is the day of the experiment, initial ova challenge on d 32 and 

booster on d 44 

dil is the dilution at which the absorbance was measured 

x1 is absorbance (405nm) of the first duplicate 

x2 is the absorbance of the second duplicate 

xnsb is the absorbance of the non-specific binding well; 

 

xbar = (x1+x2)/2; 

x = xbar - xnsb; 

if x < 0 then x = 0; 

logdil = log(dil); 

logx = log2(x); 

cards; 

1 32 100 1.542 1.378 0.205 

1 32 200 0.748 0.685 0.174 

1 32 400 0.449 0.382 0.164 

1 32 800 0.333 0.293 0.171 

1 32 1600 0.31 0.252 0.155 

1 32 3200 0.221 0.192 0.147 

1 32 6400 0.206 0.185 0.154 

1 32 12800 0.255 0.186 0.154 

1 36 200 0.772 0.738 0.184 

1 36 400 0.424 0.414 0.206 

1 36 800 0.288 0.3 0.166 

1 36 1600 0.236 0.242 0.157 

1 36 3200 0.205 0.205 0.158 

1 36 6400 0.173 0.176 0.149 

1 36 12800 0.174 0.168 0.152 

1 36 25600 0.166 0.161 0.159 
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1 44 800 1.222 1.485 0.173 

1 44 1600 0.778 0.715 0.172 

1 44 3200 0.463 0.467 0.164 

1 44 6400 0.268 0.251 0.183 

1 44 12800 0.224 0.213 0.155 

1 44 25600 0.172 0.187 0.16 

1 44 51200 0.163 0.176 0.183 

1 44 102400 0.155 0.157 0.154 

1 50 3200 1.102 1.458 0.179 

1 50 6400 0.619 0.608 0.268 

1 50 12800 0.385 0.422 0.21 

1 50 25600 0.263 0.294 0.207 

1 50 51200 0.201 0.229 0.193 

1 50 102400 0.175 0.2 0.175 

1 50 204800 0.159 0.171 0.169 

1 50 409600 0.16 0.167 0.165 

2 32 100 3.151 3.054 0.238 

2 32 200 0.953 0.952 0.163 

2 32 400 0.555 0.542 0.161 

2 32 800 0.34 0.369 0.183 

2 32 1600 0.269 0.252 0.152 

2 32 3200 0.197 0.204 0.152 

2 32 6400 0.185 0.18 0.154 

2 32 12800 0.205 0.173 0.154 

2 36 200 2.131 1.837 0.229 

2 36 400 0.582 0.592 0.193 

2 36 800 0.377 0.387 0.168 

2 36 1600 0.27 0.337 0.164 

2 36 3200 0.233 0.211 0.162 

2 36 6400 0.178 0.18 0.159 

2 36 12800 0.162 0.166 0.158 

2 36 25600 0.165 0.166 0.154 

2 44 800 2.791 3.125 0.17 

2 44 1600 1.621 1.638 0.171 

2 44 3200 1.052 1.072 0.171 

2 44 6400 0.556 0.565 0.15 

2 44 12800 0.385 0.369 0.147 

2 44 25600 0.245 0.252 0.143 

2 44 51200 0.21 0.21 0.161 

2 44 102400 0.18 0.184 0.153 

2 50 3200 1.998 1.694 0.182 

2 50 6400 0.937 1.043 0.175 

2 50 12800 0.602 0.677 0.179 

2 50 25600 0.341 0.346 0.217 

2 50 51200 0.256 0.264 0.177 

2 50 102400 0.187 0.193 0.173 

2 50 204800 0.16 0.167 0.228 

2 50 409600 0.228 0.205 0.257 

Etc. 

; 

 

 

PROC FORMAT; 

VALUE DIETNAME 1='70%ADL' 2='70%RES' 3='30%ADL'; 

VALUE $DRUGNAME 'M'='MICOTIL' 'S'='SALINE'; 
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data cattle; 

input tag diet drug$; 

FORMAT DIET DIETNAME.; 

FORMAT DRUG DRUGNAME.; 

 

cards; 

1 1 M 

2 1 S 

3 2 S 

4 1 M 

5 1 S 

7 2 M 

8 1 S 

9 3 S 

10 2 S 

12 2 S 

13 3 S 

14 1 M 

15 2 M 

16 3 M 

17 3 M 

18 3 S 

19 1 S 

20 2 S 

21 2 M 

22 1 M 

23 3 S 

24 2 M 

; 

 

data titers; 

input tag day titer; 

logtiter = log2(titer); 

cards; 

1 32 32 

1 36 64 

1 44 256 

1 50 1024 

2 32 32 

2 36 64 

2 44 512 

2 50 2048 

3 32 32 

3 36 128 

3 44 1024 

3 50 1024 

etc 

; 

 

proc sort data=cattle; by tag; 

proc sort data=titers; by tag; 

 

data ovatiter; merge titers cattle; by tag; 

proc sort; by tag day; 
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proc sort data=cattle; by tag; 

proc sort data=plates; by tag; 

 

data ova; merge plates cattle; by tag; 

proc sort; by tag day; 

 

 

*the first step was to select a few dilutions and test the effects of 

treatments that way; 

 

data ova3200; set ova; 

if dil ^= 3200 then delete; 

title3 'AOV using data from 3200 dilution only'; 

 

*GOPTIONS DEVICE=WINPRTM ROTATE=LANDSCAPE; 

*GOPTIONS RESET=ALL; 

PROC GPLOT; 

TITLE "OVA absorbance at 3200 dilutions"; 

title2 'by day of experiment, challenge at d 32 & booster at d 44'; 

AXIS1 LABEL=('day'); 

AXIS2 LABEL=(ANGLE=90 'absorbance'); 

SYMBOL1  value=star l=1; 

PLOT x*day / HAXIS=AXIS1 VAXIS=AXIS2;  

plot logx*day / HAXIS=AXIS1 VAXIS=AXIS2; 

 

run; 

 

proc mixed; 

class tag diet drug day; 

model x = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

*this contrast compares the hay diet against the average of the two 

corn diets; 

contrast 'energy level' diet 0 -1 1; 

*this contrast compares the ad lib and restricted corn diets; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/diff; 

run; 

 

proc mixed; 

class tag diet drug day; 

model logx = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

*this contrast compares the hay diet against the average of the two 

corn diets; 

contrast 'energy level' diet 0 -1 1; 

*this contrast compares the ad lib and restricted corn diets; 

contrast 'drug' drug -1 1; 
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contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/diff; 

run; 

 

data ova6400; set ova; 

if dil ^= 6400 then delete; 

 

title3 'AOV using data from 6400 dilution only'; 

*GOPTIONS DEVICE=WINPRTM ROTATE=LANDSCAPE; 

*GOPTIONS RESET=ALL; 

PROC GPLOT; 

TITLE "OVA absorbance at 6400 dilutions"; 

title2 'by day of experiment, challenge at d 32 & booster at d 44'; 

AXIS1 LABEL=('day'); 

AXIS2 LABEL=(ANGLE=90 'absorbance'); 

SYMBOL1  value=star l=1; 

PLOT x*day / HAXIS=AXIS1 VAXIS=AXIS2;  

plot logx*day / HAXIS=AXIS1 VAXIS=AXIS2; 

run; 

 

 

proc mixed; 

class tag diet drug day; 

model x = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/pdiff; 

lsmeans drug*diet/pdiff; 

run; 

 

 

proc mixed; 

class tag diet drug day; 

model logx = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/diff; 

run; 

 

data ova12800; set ova; 

if dil ^= 12800 then delete; 

 

title3 'AOV using data from 12800 dilution only'; 
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*GOPTIONS DEVICE=WINPRTM ROTATE=LANDSCAPE; 

*GOPTIONS RESET=ALL; 

PROC GPLOT; 

TITLE "OVA absorbance at 12800 dilutions"; 

title2 'by day of experiment, challenge at d 32 & booster at d 44'; 

AXIS1 LABEL=('day'); 

AXIS2 LABEL=(ANGLE=90 'absorbance'); 

SYMBOL1  value=star l=1; 

PLOT x*day / HAXIS=AXIS1 VAXIS=AXIS2;  

plot logx*day / HAXIS=AXIS1 VAXIS=AXIS2; 

run; 

 

proc mixed; 

class tag diet drug day; 

model x = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

run; 

 

proc mixed; 

class tag diet drug day; 

model logx = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/diff; 

run; 

 

run; 

 

*next step was to run a model on the titers obtained by selecting the 

dilution/100 at which 

the absorbance values ceased to decrease, subjectively.  Convert that 

to log2.  This data is  

in the input data set called 'titers'; 

title3 'titer values as subjectively determined'; 

proc mixed data=ovatiter; 

class tag diet drug day; 

model logtiter = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 
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lsmeans day/diff; 

run; 

 

title3 'analysis using logit regression to solve for dilution at 50% 

binding'; 

*this is a logit regression to use all of the dilutions for each 

sample,  

it converts them to relative binding %, then takes natural log, and 

regresses 

values against the natural log of the dilutions.   

I am trying to predict the exact dilution at which I would have 

observed 

50% relative binding of that sample 

 

see Reuter dissertation; 

 

 

data max; set ova; 

proc means noprint; by tag day; var x; output out=maxmin  max=xmax 

min=xmin; 

*get the max and min for calculating relative binding; 

 

data binding; merge maxmin ova; by tag day; 

relbind = (x - xmin) / (xmax - xmin); 

logbind = log(relbind / (1-relbind)); 

*calculate % binding and take the log-odds ratio (logit); 

 

proc reg outest=betas noprint; 

model logbind = logdil; 

by tag day; 

*run a linear regression on each sample's data, output the 

coefficients; 

 

data new; set betas; 

rename logdil = slope; 

*have to rename the slope variable; 

 

data new2; merge new ova; by tag day; 

dilat50 = exp((-0.693147181 - intercept)/(slope)); 

*put the regression coefficients back in with the original data, 

rearrange the regression equation and exponentiate 

this is the answer, the dilution at which 50% binding would occur; 

 

proc sort; by tag day diet drug; 

proc means noprint; by tag day diet drug; var dilat50; output 

out=dilat50 mean = dilat50; 

*do a proc means because each sample has 8 estimates of the same thing; 

 

 

data new3; set dilat50; 

logdil50 = log2(dilat50); 

*convert est dilutions at 50% binding to log base 2 to reduce 

heterogeneity of variance; 

 

*run on transformed variable; 
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proc mixed; 

class tag diet drug day; 

model logdil50 = diet drug diet*drug day day*drug  

day*diet day*diet*drug; 

repeated / subject = tag(diet*drug) type=ar(1); 

contrast 'energy source' diet 2 -1 -1; 

contrast 'energy level' diet 0 -1 1; 

contrast 'drug' drug -1 1; 

contrast 'drug*source' diet*drug 2 -2 -1 1 -1 1; 

contrast 'drug*level' diet*drug 0 0 -1 1 1 -1; 

lsmeans day/pdiff; 

lsmeans drug*diet/pdiff; 

run; 

 

quit; 

   


