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CHAPTER I 

Introduction 

Alterations in patterns of host protein metabolism 

is one of the most important general nutritional 

consequences of infection. Every defensive mechanism 

employed by the host to combat an infectious process is 

ultimately dependent upon the ability of host tissues or 

single cells to manufacture specific key proteins in 

sufficient quantity (Beisel, 1977a). Proteins produced 

by cells of the immune system interact with cell 

receptors and are critical in regulating or modifying 

immune reactivity. During infection and(or) stress, a 

hypermetabolic state develops which is characterized by 

severe weight loss, increased resting metabolic rate and 

increased muscle protein catabolism (Clowes et a].., 1976; 

Wannemacher, 1977) and increased excretion of nitrogen, 

phosphorus and sulfur (Cuthbertson, 1930). 

Feeder calves encounter numerous stressors and 

infectious agents during marketing and many become morbid 

from bovine respiratory disease which results in greater 

death losses. Reported studies show that body nitrogen 

losses can often be lessened during acute infection by 

normal or increased quantities of caloric intake and 

dietary protein (Beisel,1977b). Therefore, the objective 

of this study was to evaluate the influence of protein 

intake by growing steers response to infectious bovine 



rhinotracheitis virus (IBRV) infection. Infectious 

Bovine Rhinotracheitis Virus was selected to stimulate a 

shipping fever response because a) it is commonly 

isolated in calves with the bovine respiratory disease 

complex, b) it provides a consistent response and c) it 

is easier to obtain calves testing seronegative to IBRV 

than to the other components of the bovine disease 

complex. 
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CHAPTER II 

Review of Literature 

The North American feeder cattle industry depends 

upon the relocation of cattle. This relocation involving 

transport up to 30 hours via truck leads to a problem 

called bovine respiratory disease (BRD). Bovine 

respiratory disease is the leading health problem for 

cattle feeders with annual estimated losses ranging from 

$250 million to $1 billion (Kelley, 1989). 

Hoerlein and Marsh (1957) defined "shipping fever" 

as primarily a respiratory disease that varies from an 

unapparent disease to a rapidly fatal pneumonia. 

Typically, the affected individuals exhibit considerable 

depression and a gaunt physical appearance due to 

anorexia. They have a high fever, either a dry nose or 

mucopurulent nasal exudate, a cough, an increased 

respiratory rate and sometimes diarrhea. 

Approximately two percent of feeder calves die 

following shipment. In addition, another eight percent 

of the shipped calves require some sort of treatment. 

Two thirds of the mortality and problems in cattle are 

caused by respiratory diseases. (Kelley, 1989). 

Early studies conducted in the 1930's by Scott and 

Farley (1932) suggested that bacteria of the genus 



Pasteurella were the cause of the disease called shipping 

fever. However, upon further investigation it is 

currently acknowledged that the respiratory disease 

complex is a direct result of stress coupled with 

infectious agents. 

Stress can be defined as the effect of physical, 

physiologic, or emotional factors (stressors) that induce 

an alteration in the animal's homeostasis or adaptive 

state (Kithen et al.,1987). Stress contributes to the 

breakdown in host resistance, therefore allowing the 

infectious viral and bacterial pathogens to become 

active. These pathogens could have already existed in 

the healthy animal or could have been contracted by 

exposure. 

Bovine respiratory disease complex include 

infections of viral, bacterial and mixed etiologic 

origin. The viral diseases that lead to BRD are: 

infectious bovine rhinotracheitis, malignant catarrhal 

fever; infections associated with myxoviruses 

parainfluenza-3, reoviruses, rhinoviruses, and 

adenoviruses; pneumonia due to 

psittacosislymphogramuloma-venereum (PLV) agents and 

bovine viral diarrhea-mucosal disease (BVD-MD). The 

diseases of bacterial origin include necrotic laryngitis 

(associated with Sphaerophorus necorphorus) and pneumonia 

claused by Pasteurella spp. , Coryne-bacterium pyogenes and 



species of Hemophilus, Streptococcus, Staphylococcus and 

Mycoplasma. (Gillespie et al,, 1968). 

History of Infectious Bovine 
Rhinotracheitis Virus 

McKercher (1968) reported that IBRV existed in 

Europe as a genital type disease. The spread of IBRV was 

facilitated by the use of infected bulls breeding several 

small herds across the country. Therefore, the virus was 

introduced into the United States in genitally infected 

cattle from Europe. The virus continued to produce the 

genital type disease in the United States until 

introduced into feedlot cattle. The opportunity for it 

to cause genital infection was largely inhibited because 

feedlot cattle are generally reproductively inactive. 

The large numbers of cattle in close contact provided 

ideal conditions for spread of disease agents via the 

respiratory tract. Eventually the severe clinical 

disease resulted. IBRV was first isolated in 1954 from 

cattle infected with a respiratory disease (Madin et al., 

1957). Later the virus was shown to cause encephalitis 

(Barenfus et al., 1963) and abortion (McKercher and Wada, 

1964). 

Infectious bovine rhinotracheitis virus can be 

maintained in a herd without clinical signs of disease. 

McKercher (1968) postulated that the virus is harbored in 

the ocular tissues and may be shed intermittently into 



the nasal passages via the lacrimal ducts. Presence of 

the virus in the nasal secretions of recovered calves can 

provide ample opportunity for susceptible individuals to 

become infected. 

Factors Affecting Susceptibility 
of Calves to Bovine Respiratory 

Disease 

Weaned calves are generally transported to a sale 

barn or an order buyer's facility where they can be 

sorted and shipped to a feedyard. The calves encounter 

numerous stressors and pathogens as they move through the 

normal marketing system. These stressors include 

weaning, transportation, deprivation of feed and water, 

environmental changes, personal contact, processing 

procedures, and constant exposure to viral and bacterial 

pathogens. 

Cole et aJL. , (1988) reported that management, 

nutritional or genetic factors that exist before movement 

to the auction market play a major role in determining 

the subsequent health and performance of calves in the 
feedlot. 

Genetic Factors 

The animal's genetic background influences all 

factors related to its susceptibility to infectious 

agents (Gross and Siegel, 1988). 



Collier et al.. (1960) conducted a study to evaluate 

the combined effect of IBRV and Pasteurella haemolytica 

on calves. Groups of calves infected with IBRV or 

Pasteurella haemolytica developed respiratory tract 

infections. When these pathogens were combined, the 

intensity of the clinical signs were not greater but the 

duration of the sickness was longer. They concluded that 

the individual variation in susceptibility of the calves 

could be attributed to genetic factors. 

Studies preformed by Billingsley (1979) indicated 

that Hereford calves had higher morbidity than either 

Angus x Hereford or Angus calves when exposed to BRD. 

Gross and Siegel (1988) stated that chickens can be 

selected for disease resistance, but their performance 

characteristics are significantly lowered. 

Oosterlee (1981) reported that the resistance to the 

parasite Coopera onoophora in calves may negatively 

correlated with performance. 

Management Factors 

It is a well acknowledged fact that the management 

of animals before marketing plays a major role in 

determining their subsequent health and performance. It 

has been reported that surgery procedures such as 

castration and dehorning are more stressful and adversely 

affect performance when conducted at the feedyard rather 



than at the farm-of-origin (Davis, 1978). The presence 

of parasites can affect the calves' immune system 

(Nussenezweig, 1982; Frandsen, 1987) and increase their 

energy requirements (Jordan et al., 1977; Cole and 

Guillot, 1988). Preshipment vaccination of feeder calves 

does not appreciably reduce the incidence or severity of 

BRD or have a beneficial effect on animal performance 

(Martin, 1983). Some studies have indicated that 

prestress implanting with zeranol will reduce heat or 

cold stress in calves (Smith et al., 1976; Kelley et al., 

1981). Schroder (1972) reported that zeranol would 

reduce disease problems in veal calves, but studies in 

feeder calves and yearlings have not demonstrated a 

reduction of BRD incidence in calves implanted 30 d 

before shipment (Cole and Hutcheson, 1984; Phillips et 

al., 1986). It has been the author's observation that 

other factors that could affect the susceptibility of 

calves to BRD include the physical contact and handling. 

The stress level can be controlled and can be kept to an 

acceptable level. A few factors include: the degree of 

excitement and noise level when loading or unloading the 

cattle; the speed at which the cattle are moved on to a 

trailer or pushed through the alley to another pen; the 

amount of lighting available; and, the surface footing 

conditions. 
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Nutritional Factors 

Stress and infection have detrimental effects on 

nutrient status, nutrient metabolism, and feed intake. 

During stress or infection, a hypermetabolic state 

develops, which is characterized by severe weight loss, 

increased resting metabolic rate, increased muscle 

protein catabolism (Clowes et al., 1976) and increased 

excretion of nitrogen, phosphorus, and sulphur 

(Cuthbertson, 1930). 

It has been reported that transportation stress 

alters rumen function (Galyean et al., 1981; Cole et al. , 

1986), serum biochemical constituents (Galyean et al., 

1981; Cole et al., 1986; Crookshank et al., 1979), serum 

Cortisol concentration (Crookshank et al., 1979), weight 

loss (Phillips et al., 1986) and nitrogen excretion (Cole 

et al., 1986). Kelley (1981) stated that transportation 

may impair cellular immune response in neonatal dairy 

calves. Mice transported either by truck or plane had 

elevated corticosterone concentrations and decreased 

antibody and cell-mediated immune responses when compared 

with nonshipped controls (Landi et al.., 1982). 

Calves with BRD have low feed intake and lose weight 

and body condition rapidly. Compared with monogastric 

animals, ruminants have a greater capacity to recycle 

nutrients such as nitrogen. These advantages could aid 



the ruminant in buffering some of the adverse effects of 

a hypermetabolic state (Cole et al., 1986). 

Phillips et al. (1986) have suggested that transport 

stress increases the rate of digesta passage, at least 

through the lower gastrointestinal tract because fecal 

excretion was increased by 30% in their study. However, 

Attebury and Johnson (1966) have stated that fasting 

(period of marketing and transport) significantly reduced 

ruminal contractions and presumably reduced the rate of 

passage. Gaylean et al. (1981) hypothesized from data on 

ruminal volatile fatty acid changes that transport stress 

might further reduce rumen motility. 

Cole and Hutcheson (1984) discovered that following 

an hour fasting period rumen fermentative capacity 

declined 74%, but returned to control levels by d 7 of 

realimentation. This study indicated that rumen 

fermentative capacity was a factor which limited feed 

intake in fasted calves for 7 to 14 d after the 

reintroduction of feed and water. 

Cole et al. (1986) inoculated beef calves with 

(IBRV). After inoculation, plasma fibrinogen increased, 

serum phosphorus decreased, and nitrogen (N) and 

phosphorous (P) digestibility decreased compared with 

preinoculation values. Urinary N excretion increased 

when calves developed rectal temperatures of 39.7 C. 

Results indicated that clinical infection of calves with 
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IBRV increased urinary N excretion and reduced N and 

phosphorus balance, and that clinical and subclinical 

infections reduce dietary N digestibility. Orr et al. 

(1988) used the stable isotope 15N-glycine to determine 

the N kinetics of calves infected with IBRV. The 

excretion curve of 15N-glycine and the N balance data 

showed that the IBRV infection increased N turnover and 

altered tissue utilization. Orr et al. (1988) found that 

although feed intake was not depressed, calves with 

severe, experimentally induced IBRV infection developed a 

negative N balance and an increase in tissue protein 

catabolism. 

Schmitz et aJL. (1979) reported that serum phosphorus 

concentrations were lowered after IBRV infection and Cole 

et al.. (1986) hypothesized that the lower serum 

phosphorus concentrations after inoculation may have 

resulted from reduced phosphorus resorption from the 

tissues, increased phosphorus utilization, or a 

combination of these factors. 

Cole (1984) conducted a trial with 60 steers to 

determine the influence of prefast feed intake on 

recovery from feed and water deprivation. Results 

indicated that an increased prefast intake provided a 

greater reserve of energy, water, and electrolytes to the 

steer during deprivation and resulted in a shorter 

postfast adaptation period. 
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Feeding a 50% concentrate diet before shipment 

improved health and performance (Hutcheson et al., 1986). 

Steers fed hay had greater N losses than steers fed the 

50% concentrate diet. This difference was significant as 

early as 5 hours into the fasting and transport period. 

However, total N losses, as a percentage of prefast daily 

intakes, were similar for the hay and concentrate fed 

steers (Cole et al., 1986). 

Numerous changes in amino acid metabolism may 

precede and accompany viral infections (Wannemacher et 

al., 1972). It has been shown that the release of amino 

acids from peripheral tissues such as muscle and the 

uptake of amino acids by visceral tissues such as the 

liver are increased during sepsis (Southern et al., 

1986). 

Fisher et aj.. (1964) conducted a series of 

experiments with growing chickens to evaluate the 

possible significance of increased body N resulting from 

supernormal protein intake on response to infection. It 

was concluded that beneficial effects may be realized 

from protein intakes beyond those necessary for optimal 

body weight gains. 

Orr et al. (1988) studied the nitrogen kinetics of 

eight calves (200 kg) stressed with IBRV in two nitrogen 

balance trials. It was concluded that a need may exist 

12 



for higher quality and(or) quantity of dietary protein 

during stress and infectious states. 

Harper et al. (1970) stated that the extent of liver 

catabolism is related directly to the enzymatic capacity 

of the liver which is dependent on the previous dietary 

(e.g., protein intake) and physiological state of the 

animal. Good examples of this role of the liver are the 

well documented reports that the immediate animal 

response (primarily depression of feed intake) to an 

amino acid imbalance can be postponed by prefeeding the 

animal with a high protein diet. 
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CHAPTER III 

Influence of Protein Intake on the 
Severity of the Hypermetabolic 
Response of Calves Stressed 

with Infectious Bovine 
Rhinotracheitis 

Virus 

Abstract 

Twelve steers (157 kg) seronegative to Infectious 

Bovine Rhinotracheitis Virus (IBRV) were challenged 

intranasally (2.5 x 10^ plague forming units) with IBRV 

to measure the influence of protein intake on the 

severity of their hypermetabolic response. Three protein 

level diets (9.8, 15 and 18.7%) similiar in net energy 

were fed at 1.25 x their maintenance requirement. After 

a 21 d adjustment period, total collection of feces and 

urine were taken for 15 d. The collection was composed 

of three periods (P) (PI, -5 d preinoculation; P II, d 

1-5 postinoculation; and P III, 6-10 postinoculation). 

Blood samples were taken on d -4, 0, 3, 7, 10, and 14 

prior to the morning feeding. Feed intake and rectal 

temperatures (T) were recorded daily. Steers were 

alloted to a randomized block design. As expected 

nitrogen intake was greater (P<.05) as protein level 

increased. Temperature was elevated (P<.001) by the IBRV 

inoculation and returned to normal by d 9. An 
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interaction existed (P=.04) for urinary nitrogen 

excretion (URN) with the highest protein level exibiting 

the highest excretion in all three periods. Urinary 

nitrogen excretion and fecal nitrogen excretion increased 

(P=»ll) as protein level increased and is in agreement 

with Cuthbertson (1930). The values for retained nitrogen 

and phosphorus were lower (P<.01) in the postinoculation 

periods. Dry matter digestibility (DMD) decreased 

(P<.01) as deitary protein level increased. A treatment 

X d effect (P<.01) was found for plasma urea nitrogen 

(PUN). Plasma urea nitrogen tended (P<.09) to increase 

as protein level increased. In conclusion, the protein 

level of 15% enabled the steers in P III to retain 47% 

more nitrogen than the steers on the 9.8 or 18.7% (48 and 

46%, respectively). Therefore, increasing protein intake 

above 15% for stressed calves was not (P=.12) beneficial. 

INTRODUCTION 

Studies reported indicate that there may be a 

possible benefit to increasing the protein intake of 

stressed calves to enable them to combat and overcome an 

infection. Stein (1982) reported that the immune system 

is considered to be a high priority system during stress 

and this is demonstrated by the preferential synthesis of 

immunoglobulins at the expense of other circulating 

proteins. Therefore, the objective of this study was to 
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evaluate the protein intake by growing steers response to 

infectious bovine rhinotracheitis (IBRV) infection. 

Infectious bovine rhinotracheitis virus was selected 

because a) it is commonly isolated in calves with the 

bovine respiratory disease complex, b) it provides a 

consistent response and c) it is easier to obtain calves 

testing seronegative to IBRV than to the other components 

of the bovine disease complex. 

Material and Methods 

Twelve English-type steer calves (mean weight 157 

kg) were selected from three loads of cattle that were 

shipped from Tennessee to the USDA-ARS Experiment Station 

at Bushland, Texas. Upon arrival, all cattle received 

Clostridial vaccination, Ivermec injection (MSD AgVet, 

Merck and Co., Inc., Rahway, NJ), and were tested for 

serum antibody titers against IBRV and received no 

antibiotic therapy. Serum antibody against IBRV was 

determined by use of microtitration in complete 

monolayers of bovine fetal kidney (BFK) cells as 

described previously (Sever, 1962 and Catalano et al., 

1969) at the Texas Veterinary Medical Diagnostic 

Laboratory System (P.O. Box 3200, Amarillo, Texas, 79116-

3200). A serum sample dilution was considered positive 

for antibody when the dilution of serum completely 

protected BFK cells were devoid of cytopathic effect in 
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at least 3 of 4 microtiter wells. Before evaluation, 

sera were inactivated by heating at 56 C for 30 minutes 

to inactivate compliment. 

Steers were maintained in metabolism crates in a 

thermoneutral environment with ambient temperature at 18 

C. Diets similar in net energy were fed at 1.25 x their 

maintenance energy requirement (National Research 

Council, NRC, 1984). Three protein level diets were used 

(Table 2). Desired protein levels were 5.9, 11.7 and 

17.6%. Upon analysis, the actual protein levels were 

9.8, 15 and 18.7%. The reason for this discrepancy is 

uncertain. However, since the three protein levels were 

in the range of the planned evaluation (low, medium and 

high) the study can be of value. It is well documented 

in the literature that 9.8% crude protein (CP) for 

stressed receiving cattle is below the requirement. The 

15% CP is close to the recommended level suggested by 

Hutcheson (1989) and is in agreement with Lofgreen 

(1983). Therefore the 18.7% CP would be considered as 

high. 

After the 21 d dietary treatment adjustment period, 

total collection of feces and urine were taken for 15 d. 

The 15 d were composed of three periods (period I, 5 d 

preinoculation; period II, d 0-5 postinoculation; and 

period III, d 6-10 postinoculation). Blood samples were 

taken prior to the morning feeding and collected via 
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jugular venipuncture 5 d before IBRV challenge 

(inoculation), on the d of inoculation (d 0) and on 

postinoculation d (PID) 3, 7, 10 and 14. Heparinized 

blood samples were collected and used for complete blood 

counts (CBC) and plasma analysis. Plasma was analyzed 

for glucose, urea nitrogen, albumin, inorganic 

phosphorus, zinc, aspartate transaminase and alanine 

transaminase using automated procedures. Albumin, 

phosphorus, aspartate and alanine transaminase were 

determined by preparing plasma samples by the Sclavo 

Diagnostic spectrophotometric method (1987). A Beckman 

Model 3600 spectrophotometer (Beckman Instruments, Inc., 

Fullerton, Ca.) was used. Plasma glucose was determined 

by using the Industrial Analyzer Model 27 (YSI Scientific 

Division, Yellow Springs Instrument Co., Inc., Yellow 

Springs, Ohio). Feed, feces and acidified urine (20% 

hydrochloric acid to prevent ammonia loss) specimens were 

analyzed for nitrogen, using micro-Kjeldahl (Kjeltech, 

Tecator Instruments, Hernden, Va.). The CBC counts were 

determined using a Coulter counter (Coulter Instrument 

Co. Inc., Hialeah, Fla.). 

Nasal swabs for IBRV titration were collected 

immediately before virus inoculation and on PID 3, 7, 10 

and 14. Nasal excretion of IBRV was titrated by use of a 

plaque method in BFK cell cultures as described by 

Rosenquist and Loan, (1967). Feed intake and rectal 
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temperatures (T) were recorded daily. Rectal 

temperatures were recorded by use of an electronic 

thermometer (GLA Hi-Speed digital rechargeable 

thermometer, model M216, Agricultural Electronics 

Division, Montclair, Calif.). 

Steers were allotted to a completely randomized 

block design with two groups of two steers per treatment. 

Group I consisted of six steers and were inoculated on 

August 4th (d 0). Group II also consisted of six steers 

and were inoculated on September 1st (d 0). This design 

was necessitated by the availability of only six 

metabolism stalls. These stalls facilitated the total 

collection of feces and urine. 

Data were analyzed by analysis of variance using the 

General Linear Models procedure of the Statistical 

Analysis System (SAS, 1985). Sources of variation listed 

in the analysis of variance table to test for treatment 

effect include: group (block), treatment, sampling error, 

and experimental error. Experimental error mean square 

was used to test for treatment effect. 

Sources of variation in the analysis of variance 

table to test for period effect include: period, period x 

treatment, group x period, group x period x treatment, 

and sampling error. Group x period mean square was used 

to test for period effect and group x period x treatment 
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mean square was used to test for treatment x period 

interaction. 

Sources of variation in the analysis table to test 

for day effect include: day, day x treatment, group x 

day, group x day x treatment, and sampling error. Group 

X day mean square was used to test for day effect and 

group X day x treatment mean square was used to test for 

day X treatment interaction. 

Steers selected for study were all seronegative 

[titer <4] to IBRV. However, one steer (number 17) 

seroconverted to IBRV by d 5 of the first trial (Table 

1). Upon initiation of group II, a steer was added to 

take the place of steer 17. However, replacement steer 

number 18 died of bloat on d 3 of the second trial. 

Steer 18 was sent to the Texas Veterinary Diagnostic 

Laboratory System in Amarillo, Texas, for postmortem 

evaluation to confirm the cause of death. 

Seroconversion of number 17 may be explained by the mode 

of transmission of IBRV. Since the Research Center is 

located near Interstate 40, on which cattle trucks are 

used quite extensively, number 17 could have acquired the 

virus by personal contact or through the air. 

Steers were inoculated intranasally with 2.7 x 10^ 

plaque forming units of the IBRV. Cooper strain of IBRV 

was obtained from the National Animal Disease Laboratory, 

Ames, Iowa. Infectious bovine rhinotracheitis virus was 
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supplied in 1 ml ampules containing 2.7 x 10*7 plaque 

forming units of IBRV and stored at -70 C. Each ampule 

of virus was thawed, immediately diluted with 1:100 in 

Eagle's minimum essential medium prior to administering 

1 ml intranasally. 

Ingredient composition of the basal diets was rice 

mill feed, ground corn and corn starch with soybean meal 

used to achieve the desired protein level. The medium 

protein diet was formulated by 50:50 mixture of low and 

high protein diets. Molasses, salt, trace minerals and 

vitamins were added to meet the NRC recommendations 

(Table 2). Steers fed the low, medium and high protein 

diets (9.8, 15 and 18.7, respectively) should be at a 

positive nitrogen balance when fed at maintenance intake 

and not stressed. Dietary metabolizable energy, calcium, 

phosphorus and potassium concentrations were similar 

(Table 3). 

Nitrogen and phosphorus were determined by digesting 

feed and fecal samples in a block digester, analyzing 

the digested sample for NH3-N (ammonia salilyate complex) 

and phosphorus (phosphormolybdenum complex) using 

automated procedures (Technicon, 1977). Acid-insoluble 

ash was determined in the fecal samples by the 2N-HCL 

method of Van Keulen and Young (1977). 
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Results and Discussion 

Nasal excretion of IBRV, antibody seroconversion and 

fever are all indicators of an active IBRV infection. 

Sera from blood taken 5 d before virus inoculation were 

all devoid of IBRV antibody and all but calf number 17 

were devoid of IBRV antibody at the time of virus 

inoculation. Nasal swabs were negative for IBRV and 

rectal temperatures were normal on d 0. A peak mean 

febrile response of 40.7 C was observed on d 4 

postinoculation but returned to normal by d 10 (Figure 

1). Temperature was elevated by the inoculation to a 

high on d 4 postinoculation of 40.7 C and returned to 

normal by d 10 (Figure 1). This pattern of temperature 

response to infection agrees with that reported by Beisel 

(1977a). 

Nasal swabs indicated the IBRV was present in all of 

the calves nasal excretions by d 3 (Table 1). Calf 

number 17 did not exhibit a febrile response indicating 

that a serum antibody titer of 32 protected the calf from 

becoming clinically ill, however, the nasal excretions 

proved a subclinical illness existed. Within 2 to 3 d 

after inoculation, all calves except number 17 developed 

fever and symptoms of IBRV (runny nose and eyes, anorexia 

and some scours) and IBRV symptoms persisted for 3 to 7 

d. After the inoculation, the calves required 10 d to 

develop a serum antibody titer against IBRV. These data 
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indicate that a serum titer of 16 was sufficient to help 

the animal overcome the virus. 

In general, changes in hematologic and serum 

biochemical values were similiar to those changes 

observed previously (Cole et al., 1986) in calves 

inoculated with IBRV (Table 4). Hematologic values were 

obtained via a leukogram. Leukograms include a total 

white blood cell count (expressed as total white blood 

cells per uL of blood) and the relative percentage of 

neutrophils, eosinophils, basophils, lymplocytes and 

monocytes that make up the total. 

Correct interpretation of the leukogram may reflect 

states of normalcy, physiologic leukocytosis, 

noninflammatory leukocytosis, inflammatory leukocytosis 

or leukopenia, convalescence or leukemia. Except in 

cases of leukemia, a leukogram alone does not provide 

conclusive diagnostic information, but rather may support 

or refute a provisional diagnosis based on data obtained 

from a complete clinical and physcial history (Dorner, 

1986) . 

Decreases in lymphocytes and eosinphil counts 

between d 0 and d 3 were typical of stress response 

reported by Cole et aj.., (1988), but the decrease in 

neutrophil count was in contrast to previous reports 

(Cole et al., 1988; Dorner, 1986; Wegner et al,., 1972). 
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Zinc (Zn) is an important mineral involed in some 

200 enzyme systems. Zinc's biochemical functions are as 

an activator and constituent of serveral 

dehydrogenenases, peptidases and phosphatases that are 

involved in nucleic acid metabolism, protein synthesis 

and carbohydrate metabolism (Underwood, 1977). Zinc's 

role in the immune system is manyfold and it has been 

reported that Zn is involved in the communication between 

T cell and B cells. 

Mean serum Zn values (Figure 2) decreased (P<.04) 

postinoculation to d 10 then return to preinoculation 

values by d 14. The mean serum Zn levels showed the same 

(P=.87) response to the IBRV inoculation independent of 

the protein level fed (Figure 2). This may be explained 

because Zn is not stored in the tissues in amounts and in 

biological active forms that can readily be utilized in 

time of need (Underwood, 1977). But an interesting note 

is that zinc values declined inversely proportional to 

the CP% of diets on d 7. 

Normal blood plasma phosphorus levels range from 4 

to 8 mg/100 ml (NRC, 1984). Plasma phosphorus levels of 

the high protein diet dipped below these normal levels 

for d 3 to d 10 postinoculation and returned to the 

preinoculation value by d 14 (Figure 3). Plasma 

phosphorus levels in the animals on low and medium 

protein treatments decreased due to the challenge of the 
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virus, but did not drop below the normal levels that 

would be expected. 

Plasma glucose levels decreased to a level of 63 

mg/100 ml by d 7 due to the viral challenge and increased 

to 77 mg/100 ml by d 14 (Figure 4). 

Transaminase enzymes (alanine and aspartate) are 

present in practically all tissues. They aid in the 

transfer of metabolites across cell membranes. Changes 

in these enzyme concentrations reflect states of health 

and disease. Serum level of transaminase enzymes is 

affected when the cell membrane is impaired by bacterial 

or viral infection releasing the cell content in the 

extracellular fluid. (Tietz et al,., 1976). Alanine 

transaminase levels dipped (P=.77) from a mean of 32 

mU/ml on d 0 to 25 mU/ml on d 3 due to the viral 

challenge (Figure 5) and no differences (P=.91) between 

dietary treatments were found. Aspartate transaminase 

levels also dipped (P=.70) after viral challenge (Figure 

6) and the aspartate values tended (P=.16) to be higher 

for steers consuming the 15% CP diet. 

Dietary treatment effects on nitrogen (N) and 

phosphorus (P) metabolism and dry matter digestibility 

are presented in Table 5. Dry matter intakes (DMI) were 

similar (P=.64) for all steers, resulting from the 

limitation of intake at 1.25 x their maintenance 

requirement. However, the viral inoculation tended 
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(P=.15) to depress feed intake, but no differences 

(P=.30) among treatments were observed. Dry matter 

digestibility decreased (P<.01) as dietary protein level 

increased. As expected, nitrogen intake (NI) was greater 

(P<.05) as protein level increased. Urinary nitrogen 

excretion (URN) increased (P<.05) as the N intake 

increased. A treatment x period interaction existed 

(P<.04) for URN with the highest protein level exhibiting 

the highest excretion in all three periods (Table 6). 

Period means across the treatments for URN and fecal N 

excretion indicate that the protein level above a 15% is 

not benefiting the steer. The values for grams of 

nitrogen retained per d and grams of phosphorus retained 

per d were lower (P<.01) postinoculation (Table 7). This 

is in agreement with the previous report by Cole et a^. 

(1986) and illustrates the detrimental affect of the 

virus upon the N and P metabolism of the steers as 

protein level increased. 

Phosphorus intake tended (P=.06) to decrease after 

period I due to IBRV infection. An explanation for this 

can be attributed to a depression of feed intake. 

Phosphorus balance (grams retained per d) was lower 

(P<.05) in the postinoculation periods (Table 7). The 

percentage of phosphorus retained was lower (P<.05) in 

periods II and III. Phosphorus digestibility was 

decreased (P<.04) in the postinoculation periods 
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(Table 8). These results agree with the previous report 

by Cole et al., (1986). Protein level did not effect 

(P=.560) phosphorus ulitization. 

Temperature of the steers were not affected (P=.42) 

by dietary protein level (Table 8). All steers followed 

the same pattern. 

Plasma urea nitrogen (PUN) tended (P=.09) to 

increase as the protein level increased (Table 9). For 

every day the steers were sampled the PUN values were 

different (P<.004) for the three levels of protein diets 

except for the 15% and 19% CP diets on d 3 

postinoculation. This is illustrated by a treatment x d 

interaction for the PUN concentrations (Table 10). No 

effect of IBRV infection on the PUN concentrations was 

found in this study. Previous studies have shown 

increased and decreased PUN concentrations. 

Nitrogen digestibility percentages for each 

treatment are presented in Table 11 and are shown in 

Figure 7. Period II values were lower (P<.001) than 

those for periods I and III. Viral inoculation disturbed 

the nitrogen metabolism of the steers. Nitroden 

digestibilities returned to period I levels by the second 

period postinoculation. Nitrogen balance (grams per d) 

data are presented in Table 12 and are shown in Figure 8. 

Preinoculation N balance values tended (P=.064) to differ 
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from postinoculation N balance values. Nitrogen 

retention values for the steers were lowered due to the 

stress of the IBRV inoculation. In the second period, 5 

d following the inoculation, N retention decreased 

(P=.09) with the relationship between the protein levels 

similiar to those in period I, 5 d prior to viral 

inoculation. In period III, steers on the 15% protein 

diet retained 48% more N than those steers recieving the 

higher protein diet (18.7%) and 46% more N than steers on 

the lower protein diet (9.8%). These N balance results 

suggest that the protein level of 15% produced a more 

efficient animal usage of protein for the IBRV challenged 

steers. This agrees with the recommended requirement 

suggested by Lofgreen (1983) and Hutcheson (1989). 

Lofgreen (1983) reported that a diet containimg 14% crude 

protein would supply an adequate intake of protein at all 

levels of feed intake. In practice Lofgreen (1983) 

recommended that the diet contain 15 to 16% crude protein 

to provide a margin of safety. Hutcheson (1989) 

suggested a crude protein range of 12.5 to 14.5% for 

stressed cattle. 

Crude protein intake of 9.8% is below the protein 

requirement recommended by Lofgreen (1983) and Hutcheson 

(1989) for stressed calves. Therefore, the amounts and 

kinds of amino acids may not be bioavailable (absorbed 
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from the small intestine) as sugested by Maynard et al. 

(1979). 

Crude protein intake of 19% is above the protein 

requirement recommended by those previously mentioned. 

Protein intake above 15% did not (P=.12) benefit the 

steers' N balance. This could be explained by the 

increased energy expenditure of animals when protein 

intake is above their requirement. Excess protein 

expends energy (ATP) and will effect feed efficiency. 

Summary and Conclusions 

Increasing protein intake above the requirement for 

growing steers did not (P=.12) increase nitrogen balance 

in period III (d 6-10, postinoculation). The 15% CP diet 

was superior to both the low and high CP diets. Steers 

on the 15% CP diet retained 47% more N than the steers on 

the 9.8 or 18.7% CP diets. 

Excess protein intake prior and during infection did 

not enable the steers to offset the severity of the 

hypermetabolic response. Protein intake above 

requirement combined with IBRV infection did not increase 

the intensity of clinical signs observed, but may prolong 

the duration period. 
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Table 1. Values for serum titers and nasal 
excretion of Infectious Bovine 
Rhinotracheitis after intranasal 
inoculation. 

Day 

Calf# 
4 

12 
13 
16 
17 
19 
2 
3 
8 

22 
24 
26 

Serum 

0* 

<4 
<4 
<4 
<4 
32 
<4 
<4 
<4 
<4 
<4 
<4 
<4 

Titers 

14 

8 
32 
16 
64 

>256 
32 
32 
64 
16 
16 
32 
32 

Nasal 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Excretions 

7 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

10 

0 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
+ 

14 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

*Preinoculation (day of inoculation). 
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Table 2. Ingredient composition of dietary 
treatments. 

Treatments 

Ingredient Low Medium 

Soybean meal 

Molasses 

Salt 

Trace Mineral Px-̂  

Ground limestone 

5.0 

0.4 

0.1 

0.6 

Dicalcium phosphate 1.0 

Potassium chloride 0.90 

Vit A, D and E^ + 

11.0 

5.0 

0.4 

0.1 

0.8 

0.5 

0.45 

+ 

High 

Rice mill feed-̂  

Corn, ground 

Corn starch^ 

37.0 

25.0 

30.0 

O-

36.75 

30.0 

15.0 

36.5 

35.0 

— — 

22.0 

5.0 

0.4 

0.1 

1.0 

^2/3 rice hulls and 1/3 rice bran. 

^From American Fructose, Dimmitt, Tx. 

^Contained 7.45% Mn, 17.6% Zn, 14.5% Fe, 

3.72% Cu, .23% I, .23% Co and 16.5% S. 

^Per kg of diet: Vitamin A, 5000 lU; 
Vitamin D, 500 and Vitamin E, 500 lU. 
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Table 3. Chemical components of dietary 
treatments. 

Ingredient 

Crude protein,% 

ME (Mcal/kg)l 

Calcium,% 

Phosphorus,% 

Potassium,% 

Low 

9.80 

2.34 

0.55 

0.51 

1.10 

Treatments 

Medium 

15.0 

2.35 

0.55 

0.51 

1.12 

High 

18.70 

2.35 

0.55 

0.51 

1.14 

^NEm=1.51 and NEg=1.01 mcal/kg. 
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Table 5. Dietary treatment effect of Infectious 
Bovine Rhinotracheitis Virus inoculation 
on nitrogen, phosphorus, and dry matter 
digestibility. 

Treatments-

Item Low Medium High 

DMI, g/d 

DMD, % 

NI, g/d 

SE' 

2907.10 2872.80 2975.60 30.19 

75.78^ 71.97^ 70.09^ 1.67 

50.36^ 69.90^ 91.80^ 11.96 

Retained N, g/d 19.88^ 27.97^ 28.76^ 2.83 

Retained P, g/d 4.10^ 3.83^ 4.83^ 0.30 

IMeans in ^ame row followed by superscript are 
different (P<.05). 

2Pooled stan*̂ ard error. 
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Table 6. Period effects of dietary 
treatment on urinary 
nitrogen excretion. 

Treatmentsl 

Periods Low Medium High 

I, g N 17.17^ 26.22^ 39.93^ 

II, g N 17.32^ 24.69^ 41.22^ 

III,g N 16.33^ 26.64^ 54.54^ 

IMeans in same row followed by different 
superscript differ (P<.05), pooled 
standard error, 1.603. 
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Table 7. Nitrogen and phosphorus metabolism 
during pre and postinoculation 
periods. 

Periods^ 

Item I II III SE2 

N Intake, g/d 75.15^ 71.50^^ 65.41^ 11.968 

Retained N, g/d 32.75^ 24.03^^ 19.84^ 3.801 

Retained N, % 43.90^ 32.97^ 15.95^ 8.134 

P Intake, g/d 17.03^ 16.03^ 14.67^ 0.637 

Retained P, g/d 7.03^ 3.50^ 2.23^ 1.434 

Retained P, % 42.07^ 21.90^ 8.89^ 9.653 

^Means in same row followed by a different 
superscript differ (P<.05). 

^Pooled standard error. 
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Table 8. Dietary treatment and period 
effect on phosphorus 
ulitization. 

Treatment 

Low 

Medium 

High 

I 

70. 

63. 

72. 

5^ 

7^ 

,8^ 

Periods^ 

II 

% 

49.4^ 

47.7^ 

47.8^ 

III 

37. 

45, 

37, 

.2b 

.5b 

.2b 

^Means in same row followed by 
different superscript differ (P<.05), 
pooled standard error, 3.248. 
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Table 9. Dietary treatment effect 
of Infectious Bovine 
Rhinotracheitis Virus on 
plasma urea nitrogen and 
rectal temperature. 

Treatment^ 

Item Low Medium High SE-

PUN,mg/dl 7.31 11.80 14.43 .344 

Temp,C 39.55 39.59 39.68 .031 

^Means are not different (P>.05). 

^Pooled standard error. 

38 



Table 10. Day effect of dietary 
treatment on plasma 
urea nitrogen-^. 

Day-̂  

-4 

0 

3 

7 

104 

144 

2l4 

Treatments^ 

Low 

12.03^ 

4.24^ 

6.83^ 

5.73^ 

4.20^ 

9.98^ 

10.56^ 

Medium 

11.40^ 

12.5lb 

12.64b 

13.49b 

11.36b 

9.89^ 

11.13^ 

High 

18.08b 

17.68^ 

14.94bc 

18.43^ 

16.23^ 

8.85^ 

9.03^ 

^mg/dl. 

^Means in same row followed by 
different superscript differ 
(P<.05). 

^Pooled standard error, 0.607. 

^All steers placed on medium 
diet after d 10. 
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Table 11. Dietary treatment and period 
effects on nitrogen 
ulitization. 

Periods^ 

Treatment I II III 

% 

Low 75.6^ 66.5b 75.7^ 

Medium 79.8^ 71.3b 81.5^ 

High 84.1^ 75.9b 82.1^ 

•̂ Means in same row followed by 
different superscript differ (P<.05), 
pooled standard error, 0.9. 
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Table 12. Dietary treatment and period 
effects on nitrogen balance 

Periods^ 

Treatment I II III 

g/d 

Low 23.9 13.9 20.1 

Medium 36.1 27.5 37.6 

High 38.1 28.7 19.5 

^Means in same row are not different 
(P=.06), pooled standard error, 1.661 
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DAILY TEMPERATURE 
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n - 12 

U 

1 

DAYS POSTINOCULATION 

Figure 1 Daily temperature of steers after 
Infectious Bovine Rhinotracheitis 
Virus inoculation. 
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Figure 2. Serum zinc values postinoculation. 
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Figure 3. Serum phosphorus values postinoculation 
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Figure 4 Serum glucose values postinoculation, 
The values are means for the three 
diets. 
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Figure 5. Serum alanine transaminase values 
postinoculation. The values are 
means for the three diets. 
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Figure 6. Serum aspartate transaminase values 
postinoculation. The values are 
means for the three diets. 
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Figure 7. Apparent nitrogen digestibility 
within periods. 
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Figure 8. Nitrogen balance by periods 
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