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Introduction

Respiratory diseases of cattle are the most costly health
problem of the feedlot industry. (20, 23)

The association of stress, viral, and bacterial agents with
the bovine respiratory disease (BRD) is well known. (8, 20,
22, 23) Of the many viruses which have been implicated, the
herpes virus, which causes infectious bovine rhinotracheitis
(IBR), has a much higher incidence in clinically diseased
animals than other viruses studied. (27, 34)

Most therapeutic regimens for respiratory disease are
aimed at treatment of the bacterial pathogens. Pasteurella
sp. are frequently isolated. Oxytetracycline (OTC) has been
used effectively against these bacteria for many years.
However, bacterial resistance is well documented. (19, 20)
Concentrations of OTC, greater than the usual therapeutic
serum concentrations, have been shown to overcome this
resistance in vitro. (17, 20)

The complex factors which influence the response to
respiratory disease therapy include innate resistance,
nutrition, virulence of pathogens and selection and use of
appropriate antimicrobial agents. (8, 20, 27)

This study was designed to determine the relationship of
(1) dietary energy level and respiratory disease, (2) IBR to
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the incidence and severity of BRD, and (3) the effect of
increased dosage levels of OTC on the success of BRD
treatment.

Methods and Materials

Experimental Design

Three hundred forty-two crossbred and straightbred
heifer calves were purchased from ranches and sales in
Oklahoma and shipped directly to the Veterinary Research
Farm in Lafayette, Indiana. Mean weight was 181
kilograms. The calves were co-mingled on arrival and
processed 48 hours later. All calves were treated with pour-
on fenthion3 for control of hypodermosis, and implanted
with zeranol.b

The calves were identified by means of ear tags and
randomly assigned to 18 groups of 19 calves each. Six groups
were assigned to each of three treatments: (1) Five calves in
each group exposed intranasally to virulent IBR virus after
processing (IBR exposed), (2) vaccinated during processing
for IBRC(modified live virus) and bovine virus diarrheaO
(BVD (modified live virus) (vaccinated control) and (3) non-
vaccinated control. Each of the three treatment groups were
housed in separate facilities and managed to prevent spread
of IBR between treatment groups.

Nutritional Design

The metabolizable energy (ME) for the various feedstuffs
on a dry matter basis expressed Meal/kg was corn silage,
2.53; stalkage 1.70; naOH treated stalkage, 1.9; corn grain,
3.29; protein supplement, 2.68. During the first 84 days of
the trial (growth phase) each of the six groups within each
treatment were fed growing rations with different ME levels.
Group 1-0.044 Meal/kg, group 2-0.645 Meal/kg, group 3-
0.052 Mcal/kg, group 4 - 0.057 Mcal/kg with 350
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mg/animal each of sulfamethazine and chlortetracycline
during the first 88 days, group 5-0.057 Meal/ kg and group 6
- 0.061 Meal/kg.

Respiratory Therapy

All calves were observed daily, calves showing early signs
of BRD; cough, mild anorexia, changes in attitude and gait,
dyspnea, and serous occulonasal discharges were removed
from the pen for examination. Animals with a rectal
temperature greater than 39.4°C were treated by the
following regimen.

Two doses, a “High” dose (33 mg/kg and a “Low” dose
(Ilmg/kg of oxytetracycline HC1 (OTC)d given IV once
daily were alternated between calves with clinical respiratory
disease within each group. Thus, the first animal treated in
each group received 11 mg/kg, the second animal 33 mg/kg
and so forth. Response to therapy was evaluated on the basis
of normalization of rectal temperature and alleviation of
clinical signs.

If a favorable response occurred within 48 hours,
treatment with the given dose level was continued until the
rectal temperature regressed below 39.4°C and signs of
clinical respiratory disease improved for a 24 hour period. If
a favorable clinical response did not occur within 48 hours,
the animal was recorded as a non-response and the
medication changed to sulfonamides™ (220 mg/kg IV once
daily for the first treatment followed by 143 mg/kg IV once
daily). Calves that failed to respond to the sulfonamides
were treated with 55,000 u/kg procaine penicillin G (PEN)f
IM, once daily). Animals that relapsed were treated the same
as animals that failed to respond.

Post Mortem Examination

All necropsies were performed within 12 hours after
death. Carcasses were refrigerated during the interim.
Samples of brain, liver, kidney, regional lymph nodes,
spleen, lung, nasal trubinates, trachea, adrenal glands and
small and large intestines were collected, fixed in ten percent
buffered formalin, embedded in paraplast, sectioned and
stained with hematoxylineosin. Samples for virology and
bacteriology cultures were taken as indicated by the clinical
history and the gross pathology findings. Antibiotic
sensitivities8 of the pathogenic bacteria isolated were
performed on Mueller-Hinton solid agar plates.

Evaluation of OTC Therapy
The effectiveness of the different dose levels of OTC was
based on: (1) clinical response, (2) number of non-responses,

d. Liquamycin 50; Pfizer. Inc.. New York. N.Y. 10017

e. Sulfa 24; Bioceutic Lab.. Inc., St. Joseph, MO 64502

f. Crysticillin 300As; E. R. Squibb, Inc.. Princeton, NJ 08540

g Sensi-Disc; BBL, Cockeysville, MD 21030

h. Ration formulated to supply 0.057 Meal/ kg body weight plus 350 mgs. each of chlortetracycline
and sulfamethazine.

i. Ration formulated to supply 0.057 Mcal/kg body weight.
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(3) number of treatments required, (4) number of relapses,
(5) comparison of rates of gain throughout the feeding
period, (6) comparison of carcass quality at slaughter, (7)
death loss and (8) post-mortem examination of calves dying
from respiratory disease.

Statistical Analysis

Analysis of variance was used to test for “experimental
treatment effect,” and for “interaction”. Interaction is the
effect of differences in the interrelationship of the three
experimental treatment groups when one is compared with
another. Analysis of variance was computed using the
“nested factorial design”. (4)

Results
Relationship of Nutrition, Respiratory Disease and
Performance

During the first 56 days there was no statistical difference
in the occurrence of respiratory disease or in the response to
therapy between groups fed varying energy levels or between
pens fed medicatedlversus nonmedicated feed.{Table 1and
6)

Analysis of the effect of BRD and its treatment on cattle
performance is summarized in table 2. When all animals are
considered together there was not a statistical difference in
the average daily gain (ADG) between calves which did and
did not suffer from respiratory disease (NT) or between
calves which were treated with either “High” or “Low” doses
of oxytetracycline. The apparent large difference in the yield
and quality grade between the “Low” dose group and other
animals was not statistically significant.

The observed difference in the performance data between
energy and treatment groups as compared to the effect of
respiratory disease therapy, with “High” and “Low” doses of
OTC was not statistically significant.

Disease Occurrence

A disease summary is listed in Table 3. Respiratory
disease comprised 92.3 percent of all clinically diagnosed
diseases. The incidence of BRD in the IBR virus exposed
cattle was 49.1 percent whereas the incidence in the non-
vaccinated control cattle was 20.2 percent and in the
vaccinated control cattle was 14.0 percent. Statistically there
was no difference in the last two values. Calves found dead
without prior treatment (sudden death) represented 0.9
percent incidence died of peracute pneumonic
pasteurellosis. Two percent of all animals treated for
respiratory disease became chronically ill and were removed
from the study. At slaughter nine animals were found
pregnant; two were from the vaccinated control cattle
(treatment 2) and seven were from the non-vaccinated
control cattle (treatment 3).

Therapy Results
A summary of “Low” dose therapy for treatment of 51
calves is tabulated in Table 4. Twenty-five calves (49.9
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Figure 1 Massive fatty degeneration in the liver from an animal treated
with two "High" doses of OTC. H & E stain, x 160.

Figure 2. Bile stasis (arrows) and fatty infiltration found in the liver of an
animal which received three "High" doses of OTC. H & E. stain, x 63.
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Figure 3. A granular cast and cytoplasmic vacuoles found in the kidney
from an animal which received four "High" doses of OTC. H & E. stain; x
400.
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percent) treated with “Low” dose responded and required no
further treatment. One calf (1.9 percent) died after being
treated once with a “Low” dose. Four of 51 calves (7.8
percent) did not respond to therapy following their initial
“Low” dose of OTC and eventually died. Twenty-nine of the
51 calves were in treatment 1 Eleven of the 29(37.9 percent)
responded without additional therapy, and three (10.3
percent) never responded and eventually died. Statistically
there was no difference in the response of cattle to “Low”
dose OTC therapy between varying levels of energy ration,
or between treatment groups. (Table 4)

The “High” dose OTC therapy for the treatment of 45
calves for respiratory disease is summarized in Table 4.
Seventeen of the 45 calves (37.8 percent) died before any
other treatment was administered. A total of twenty (44.4
percent) of the calves in the “High” dose OTC therapy failed
to respond and died.

Sixty percent of the calves (27 of 45) treated with a “High”
dose were calves which were experimentally exposed to IBR
virus (treatment 1). Of these 18.5 percent (5 of 27) respond
without additional therapy, while four of 27 calves which
failed to respond to “High” dose OTC responded to other
antibacterial therapy. A total of 18 calves treated with 33
mg/kg OTC died; 7 without additional therapy and 11 that
failed to respond to subsequent therapy.

In the vaccinated control cattle (treatment 2) and in the
non-vaccinated control cattle (treatment 3) five of seven
(71.4 percent) and seven of 11 (63.6 percent) respectively of
the animals treated with the “High” dose responded without
additional therapy. In these two treatment groups none of
the calves died after receiving only “High” dose OTC
therapy, and only two calves failed to respond and died after
initial treatment with 33 mg/ kg OTC. (Table 4) Statistically
these values do not differ from those obtained from the
“Low” dose OTC regimen in treatments 2 and 3.

Varying the energy level in the six rations fed to the six
groups of calves in each treatment group had no significant
effect on the response to respiratory therapy with a “High”
dose of OTC. (Table 4)

The difference between the number of calves which died
following treatment with the “Low” (4) and “High” (20) dose
was statistically significant. (P 0.1)

Pathology

A total of 27 calves were submitted to necropsy. Three
died peracutely without any treatment and the distribution
of the other 24 was; 33 mg/ kg OTC, 20 of which 18 were in
the IBR exposure treatment and 11 mg/kg OTC, 4 of which
3 were in the IBR exposure treatment.

The three that died peracutely had an acute bronchial
pneumonia typified by consolidation of the anterior and
dependent portions of the lungs. The bronchioles contained
a sanguinous, purulent exudate. Histologically the lesions
were acute diffuse bronchopneumonia typified by fibrin and
exudate in the bronchioles and some areas of necrosis.
Pasteurella multocida was isolated from the lungs and
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Figure 4. Massive nephrosis. This tissue section is from an animal which
received four "High" doses of OTC. H & E. stain, x 160.
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Figure 5. Massive nephrosis. Note the uniform staining protein casts, and
necrosis of the tubular epithelial cells. This slide is from an animal which
received four "High" doses of OTC. H & E stain; x 63.

mediastinal lymph nodes of the three calves.

Thirteen calves had a caseous diphtheritic membrane
lining the nasal turbinates, larynx and proximal trachea. Six
of these 13 calves had been inoculated intranasally withIBR
virus, and six of the remaining seven calves had been in
contact with IBR exposed calves. In three calves the
diphtheritic lesions were severe enough to be considered the
cause of death. Severe erosive lesions were found in nasal
turbinates, larynx and trachea of all calves with diphtheritic
membranes.

The gross lung lesions ranged from mild
bronchopneumonia in eight calves to severe fibrinous
bronchopneumonia in five calves. All but three Pasteurella
sp., isolated from 20 calves, were resistant to either
tetracyclines or sulfonamides. All of the calves from which
resistant Pasteurella sp. were isolated had been treated with
OTC and nine had also received sulfonamides.
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The majority of the lung lesions examined
microscopically were typified by deposits of fibrin and
neutrophils in the alveoli and bronchioles. The lesions in
other calves were acute, diffuse interstitial pneumonia and
necrosis as well as acute bronchopneumonia.

Grossly reddened areas and ulcerative lesions were found
in the abomasum and proximal jejunum of three calves.
Microscopic lesions in the small intestine were characterized
by necrosis of the mucosal lining with a fibrinonecrotic or
fibrinoerythroid exudate overlying the intestinal lesions,
consistent with a bacterial enteritis. Bacteria isolated from
intestinal contents of these calves were not considered
significant.

A positive, dose related, correlation was observed in the
severity of microscopic lesions in the liver and kidney.

“Low” Dose: mild fatty degeneration of the liver was
found in two of the four calves which had been treated twice
with the “Low” dose regimen and once with sulfonamides.
Protein casts in the proximal renal tubules and mitotic
figures in the tubular epithelial cells were observed in one of
the four calves which died following treatment with the
“Low” dose regimen. This calf had been treated twice with
the “Low” dose of OTC and twice with sulfonamides.

“High” Dose: microscopic liver lesions of fatty infiltration
and bile stasis were found in 11 of 20 calves which had
received “High” dose OTC therapy. Six that had been
treated two or three times had varying degrees of central
lobular fatty infilatration of the liver. (Figure 1) Bile stasis
was observed in two of the six livers with fatty infiltration.
Moderate to severe bile stasis was present in 11 additional
calves. (Figure 2) Severe bile stasis was observed in four
calves which had been treated with a “High” dose of OTC for
four days. Renal lesions were typified by numerous protein
casts and severe proximal tubular necrosis. (Figure 5) Cast
formation was found primarily in the proximal tubules
although some protein casts were also observed in distal
tubules and collecting ducts.

In six calves the casts were of cellular origin. Mineralized
tubular casts were observed in one kidney section from a calf
which had been treated with two “high” doses of OTC and
two doses of sulfonamides.

Renal tubular necrosis was evident in 12 of 20 calves
which died following the “High ” dose regimen. Five
kidneys, in which cast formation was the principal lesion,
had clear vacuoles in the epithelial cell cytoplasm of the
proximal tubules. Karyorrhexis and Karyolysis and a
granular appearing cytoplasm was a prominent feature of
the proximal tubular cells of nine calves. (Figures 3, 4, 5)

Discussion
More research is conducted on nutrition and disease than
all other factors that influence the productivity of feedlot
cattle, but interrelationships between the two are not clearly
defined. (8, 20, 27) The effect ofthe level of dietary energy on
respiratory disease morbidity and response to therapy has
not been reported. Morbidity and mortality rates of
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respiratory disease in this trial had no correlation with the
varying levels of dietary energy.

The dilatorious effects of respiratory disease on feedlot
performance have been reported. (8, 20, 22, 27) It has been
postulated that irreversible damage may occur that
adversely affects the subsequent rate of gain and feed
efficiency of many animals. However, no significant
difference in performance was observed between calves
which recovered from respiratory disease and calves not
affected. (Table 2) The reduced rate of gain during clinical
iliness was followed by offsetting increased compensatory
gains.

An animal's resistance to infection is generally considered
a complex mechanism involving many factors including
energy. (8, 20, 27) The four to 14 day incubation period of
BRD is the time when dietary energy could be postulated to
have the most influence on the severity of BRD (8, 24) All
calves were clinically healthy upon arrival. Feed intake was
measured by pens, not individual animals, necessitating the
assumption that all animals had a similar feed consumption.
The results indicate no significant difference associated with
the level of energy fed or ration medication and morbidity,
mortality or response to respiratory disease therapy.

Respiratory disease is cited as the disease encountered
most frequently in the feedlot, (22, 23, 27) with the
prevalence being the highest in the first four weeks after
cattle enter the feedlot. (8) Only four of 99 cases of BRD
were diagnosed after the first 28 days. (Table 1) Viral
infections have been cited as an important etiologic factor in
the pathogenesis of BRD. (8, 20, 22, 23) The IBR virus is
reported to cause more destruction of respiratory mucosa
than the other bovine respiratory viruses. (24, 27) Almost 60
percent of all respiratory disease in this study occurred in
cattle experimentally exposed to IBR virus had clinical
respiratory disease by two weeks post-exposure and ten
died. This incidence of clinical respiratory disease
established the infectivity of the IBR inoculum but did not
distinguish between the effect of relative virulence of the
virus and the titer of the inoculum. However, the incidence
of respiratory disease among animals in pen contact with the
cattle experimentally exposed to IBR virus was not
significantly different than the number of animals which
suffered from respiratory disease in nonvaccinated control
(treatment 3) and vaccinated control (treatment 2) groups. It
could be postulated that the level of IBR exposure initiated
clinical disease but the particular isolate either did not
initiate shedding at adequate levels or lacked virulence to
initiate pen contact transmission. The role of IBR in the
transmission of bovine respiratory disease has been
previously questioned. (23, 27, 35)

Members of the tetracycline group of antibiotics have
been recognized as effective, safe, and economic for use in
treatment of respiratory disease. (11, 20, 25, 62) However,
bacterial resistance to tetracyclines is well documented. (6, 7,
17, 20) The ability of tetracyclines to inhibit growth of
bacteria is in part associated with the tissue and serum levels
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of the antibiotic. (17, 20) In vitro suppression of growth of
resistant Pasteurella sp. with a 80 mg/ml concentration of
OTC has been reported. (19, 20) Administering OTC at 11
mg/kg results in serum concentrations many fold less than
that used in the in vitro studies. (20)

It was postulated that 33 mg/kg dosage would provide
high enough serum concentrations to overcome resistant
strains of bacteria and a better response to therapy.

However, the observed clinical response between the
“High” and “Low” OTC dosages was not statistically
different. This may have been due to the inability to achieve
a serum level high enough, at a dosage of 33 mg/kg, to
inhibit bacterial growth. (19, 20) The difference between the
percentage of calves which died following “High” (44
percent) and “Low” (seven percent) dose therapy was
statistically significant. (P 0.1). Seven of 45 animals (15.6
percent) receiving the “High” dose compared to one of 51 (2
percent) “Low” dose animals died after receiving only OTC.

The failure to find a higher statistically significant
difference may be attributed to the number of variable
requiring large numbers of observations for analysis by the
"nested factorial design".

Hepatorenal toxicity associated with clinical tetracycline
therapy has only been reported in man and usually
associated with pregnancy, preexisting renal disease or use
of degrading tetracyclines. The nephrosis is characterized by
sharply demarcated areas of cortical necrosis and varying
degrees of selling of tubular epithelial cells. Occasionally
tubules contain eosinophilic protein casts or small numbers
of desquamated tubular cells. (10, 12, 16, 28, 65) The lesions
of tetracycline toxicity are similar to the nephrosis produced
by a variety of exogenous toxins.

Diffuse renal tubular epithelial necrosis and tubular casts
were observed in 19 of 20 calves which died following "High"
dose OTC therapy. (Table 5). (Figures 8, 9, and 10). Thirteen
of the 20 "High" dose calves and three of four "Low" dose
calves which died had also received sulfonamides. (Table 5)
Sulfonamide toxicity can produce lesions similar to those
observed with tetracycline toxicity. (17, 24) The formulation
(three sulfonamides) and the dosage used both indicate that
sulfonamide therapy was in the range generally considered
safe. Sulfonamide crystals were not observed grossly in any
of the kidneys. However, sulfonamides, acting either
individually or in combination with OTC, may have
contributed to the pathogenesis ofthe renal lesions observed
in this study.

Propylene glycol, the vehicle for the oxytetracycline, is
toxic for mice (13) Propylene glycol toxicity studies have not
been conducted in cattle. However, the cattle treated with
the "High" dose regimen received less than one-tenth the
LD dose for mice.

The hepatic lesion most frequently associated with
tetracycline toxicity is fatty degeneration. Many cases occur
concomitant with pre-existing hepatic dysfunction in
pregnant animals. (12, 16, 21, 16, 31) However, none of the
"High" dose calves necropsied were pregnant. The
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association of decreased food intake and fatty liver is well
established. (24) The diseased calves were clinically
anorectic but the relationship between reduced feed intake
and fatty degeneration of the liver was not established in this
study.

High doses of tetracyclines are reported to inhibit
mitochondrial metabolism by impairment of oxidative
phosphorylation. (12, 16) Triglyceride accumulation is
probably due to impaired release of triglyceride from the
liver. (10, 21) Tetracycline apparently interferes with
synthesis and assembling very low density lipoproteins
resulting in reduced secretion. (21, 28) Cholestasis
associated with tetracycline toxicity results from the
inability of the hepatocyte to secrete bile, primarily because
of impaired bile salt secretion. (5, 9) Bile stasis was observed
histologically in 11 of 20 "High" dose calves which died.
(Figure 2) (Table 5)

Varying levels of dietary energy did not influence the
respiratory disease incidence, severity or response to
therapy. Data is also presented in this study which
incriminates OTC in iatrogenic hepatorenal disease and
points to a need for caution in selection of therapeutic
regimens.
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and Strep, ag., even in those cases
where resistance has been shown to
penicillin and cloxacillin.
Novobiocin prevents bacterial
multiplication by specific inhibition
of DNA replication within bacterial

: Drygard cells. This is important. Novobiocin’s

1 (novobiocin oil suspension) mOde Of aCtlon a."OWS |t tO be .
. B effective against those bacteria that
e easseus agectise. have built resistance to cloxacillin

and penicillin by producing L forms,
cells with no cell wall, or by produc-
ing penicillinase, the most common
reason for penicillin resistance.

The proof of any new product is
how it performs in the field. Upon its
introduction, over 14,000 dairymen
with herds of 50 head and up were
sampled with Drygard. In afollow-

The Drygar d® up study, 97% of all dairymen who

. had used Drygard and formulated
D Iffe rence an opinion said Drygard was as
good as, or bgtter than othgr
Novobiocin. It'sthe antibiotic con- ~ Products available. 75% said they

tained in Drygard. And it's the would be likely to purchase Drygard.

reason you should use Drygard for Drygard, with novobiocin. It belongs
treating dry cow mastitis caused by in your mastitis management
susceptible strains of Staph, aureus program.
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