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ABSTRACT

Natural human interferon- a (nHuIFN- a ) from three sources was given orally to 368 calves experiencing a
natural outbreak of bovine respiratory disease complex (BRDC). In one study, 200 calves were given one treat-
ment daily for 3 days of placebo or 20, 200, or 2,000 IU of nHuIFN- a before shipment. Calves treated with
20 or 200 IU had a significant (p , 0.05) weight gain benefit for the first 21 days in the feedlot, if they had
rectal temperatures , 40°C when treated with nHuIFN- a . In a second trial, 168 mixed-breed calves (five
groups randomized to 31–36 calves/group) were treated with one dose of placebo or 200 or 400 IU of nHuIFN-

a after shipment to the feedlot. Using this regimen, a dose of 200 IU per calf significantly (p , 0.08) decreased
the number of sick calves per group and delayed development of BRDC. Results of these studies demonstrate
that oral administration of nHuIFN- a , which may partially mimic the nasally secreted IFN response reported
during BRDC, may be beneficial in cattle.
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INTRODUCTION

BO VIN E RESPIRATORY DISEA SE COM PLEX (BRDC), or shipping
fever, causes the greatest morbidity and mortality of any

infectious disease complex in the United States cattle indus-
try.(1,2) BRDC is a broadly applied term used to denote an acute,
highly contagious mixed infectious disease of young stressed
cattle characterized by fever ( . 40°C), inflammation of the up-
per respiratory tract, bacterial and/or viral pneumonia with clin-
ical signs of dyspnea, anorexia, fever, depression, and muco-
purulent ocular and nasal discharges. The BRDC accounts for
the majority of feedlot losses, and are the primary cause of death
in the feedlot. Of cattle that develop BRDC, most develop signs
within 14 days of entry into the feedlot. (1,2)

BRDC is primarily a result of modern production and man-
agement practices. Young post-weaning beef cattle are most
susceptible to disease and develop BRDC during the processes
of collection, sorting, branding, ear tagging, deworming, vac-
cinating, delousing, and dehorning that commonly occur prior
to shipment to sale barns and feedlots. These cattle are also sub-
jected to the stresses of crowding, abrupt changes in diet and

environment, lengthy transportation without food or water, and
exposure to viral and bacterial respiratory pathogens. (1,2)

The infectious agents encountered by calves upon entering
into the marketing system are many and varied. Viruses impli-
cated in the pathogenesis of BRDC include infectious bovine
rhinotracheitis (IBR) virus, parainfluenza type 3 virus, bovine
viral diarrhea (BVD) virus, respiratory syncytial virus (RSV),
and many serotypes of adeno-, entero-, rhino-, parvo-, and reo-
viruses. Bacterial pathogens (chiefly the Pasteurella spp., He-
mophilus somnus, and Mycoplasma spp.) colonize virus-devi-
talized respiratory tracts and are responsible for the more severe
clinical manifestations of BRDC.(3)

Containment of the BRDC complex is problematic. Preven-
tive measures such as vaccination against the various infections,
mass medication with antibiotics, and preconditioning may re-
duce the severity of BRDC but in general are not successful in
prevention. Furthermore, these activities are expensive, labor-
intensive, and may actually induce BRDC. Other methods for
control of BRDC are needed by the feedlot industry.

Prominent in the disease complex is IBR virus infection, a
highly contagious bovine herpesvirus infection of the upper res-
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piratory tract.(4) Vaccination for IBR is of limited benefit be-
cause the mechanics of cattle handling and transport promote
development of naturally occurring BRDC during the first two
weeks in the feedlot. The IBR virus is a potent in vivo inducer
of IFN(5,6) if given systematically, and IFN-like activity has
been described in the nasal secretions (NS) of cattle after in-
tranasal administration of IBR vaccine or virulent viruses. (7–12)

The NS-IFN may be of benefit in reducing manifestations of
IBR and BRDC. Here, we report the use of varying low doses
of nHuIFN- a either prior to, or after, shipment on the reduc-
tion of the clinical manifestations of BRDC in feedlot cattle.

Treatment of BRDC with nHuIFN- a

Three sources of nHuIFN- a were evaluated for efficacy in
the feedlot trials described below. For trial 1, nHuIFN- a was
produced by the Cantell method (13) by Immune Modulators
Laboratories (IML; Stafford, TX). Stock nHuIFN- a was diluted
in phosphate-buffer ed saline (PBS) to concentrations of 20, 200,
or 2,000 IU of IML nHuIFN- a /calf. For trial 2, doses of 200
or 400 IU/calf of nHuIFN- a were supplied by Hayashibara Bio-
chemical Laboratories, Inc. (HBL; of Okayama, Japan) and also
by Interferon Sciences, Inc. (ISI; New Brunswick, NJ).

Cattle for feedlot trials

In the first trial, 200 mixed breed calves were purchased from
six auction barns in Kingsport, Greenville, Sweetwater,
Knoxville, Morristown, and Telford, Tennessee, using an order
buyer in Newport, Tennessee. The purchase weights ranged
from 370 to 545 (mean 461) lbs. These calves were commin-
gled for 3 days and then shipped (24 h, 1,180 mi) by truck to
the Texas A&M University Research Center, Amarillo, TX,
where they remained for 46 days. Calves were assigned to treat-
ment groups of 50 by weight and sale of origin and these were
random ly allotted to treatment groups. In the second trial, 200
mixed breed calves (mean weight 418 lbs) were purchased from
a Texas order buyer and shipped to the same Texas location
and were on test for 14 days. The cattle were sorted into 5
groups of 40 each by weight. Calves with rectal temperatures
$ 40°C (n 5 32) were judged to be clinically ill prior to entry
into the therapy trial and excluded from the analysis of efficacy
of nHuIFN- a treatment.

Experimental design for nHuIFN- a therapy

For feedlot trial 1, calf groups were given nHuIFN- a (0, 20,
200, or 2,000 IU) orally once daily for 3 consecutive days in
Tennessee. Nasal secretions for determination of NS-IFN were
collected from each calf before the first treatment. Serum for
viral serology was collected from each calf 1 and 28 days af-
ter arrival in Texas. Calves were individually weighed on ar-
rival and again at 11, 14, 21, 28, and 46 days after arrival. Mean
daily weight gains were calculated from the pay weights
recorded at the auction barns of origin. Rectal temperatures
were individually determ ined by an electronic thermometer
daily for 3 consecutive days when nHuIFN- a treatment was
given in Tennessee and again upon arrival in Texas, during pro-
cessing, and during antibiotic treatment when calves were
scored for BRDC (see Clinical Evaluations). Daily feed con-
sumption was determined for individual calves using an auto-
matic feed monitoring device (Pinpointer ® , Cookeville, TN).

In feedlot trial 2, a randomized block design for placebo (0
IU) and four treatment groups (200 and 400 IU of HBL
nHuIFN- a and 200 and 400 IU of ISI nHuIFN- a ) was used.
Calves were blocked by weight with the heaviest to the light-
est animal forming blocks of 5 each. The treatments upon ar-
rival were blinded by group and delivered to investigators in
individual dose syringes containing 4 ml each and labeled 1
through 200. Cattle were weighed and ear tagged upon arrival
and assigned to pens (20 calves/pen). Within the blocks, the
five treatm ent regimens (one treatment on arrival) were ran-
domly allotted using a random number table. The placebo-
treated control calves were randomly allotted in blocks of 2 be-
tween the HBL and ISI diluent, without nHuIFN- a .

Clinical evaluations

In study 1, calves were observed daily for clinical signs of
BRDC and judged by the following weighted scoring system
for degree of clinical illness as defined by the scale shown in
Table 1. A calf with a score of $ 5 was considered clinically
ill and treated with antibiotics (erythromycin or oxytetracy-
cline). In study 2, calves with a mucopurulent nasal discharge
and rectal temperature of $ 40°C were judged clinically ill with
BRDC and were treated with a broad spectrum antibiotic (Mi-
cotil®). Calves with diarrhea, but not BRDC, were treated for
enteric infection with orally administered neomycin sulfate at
the recommended dose. For both studies, calves that died dur-
ing the study were transported to the Texas Veterinary Diag-
nostic Laboratory (Amarillo, TX) for a complete necropsy and
determination of the cause of death.

Statistical evaluation of the data

In feedlot trial 1, analysis of variance (ANOVA) and Chi
square techniques were applied to experim ental data; p values
of , 0.10 were considered statistically significant. In feedlot
trial 2, any animal treated with antibiotics was considered to be
sick and constituted an IFN- a treatment failure. The number of
sick calves within treatment groups were subjected to Chi
square analysis. Calves that were ill at the time of the first IFN-
a treatm ent were judged to have illness prior to the study and
were deleted from the treatment efficacy analysis. Rectal tem-
peratures, weights, mean daily weight gains, feed intake, and
feed:gain ratios were collected and analyzed by Chi square and
ANOVA techniques. (14) Means were separated by Duncans
Multiple Range Test.
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TABLE 1. SCORING SYSTEM FO R DEG RE E O F CLINICAL ILLN E SS

Scoring system  for illness (variable) Points

Anorexia ( , 0.1 lbs intake/day) 3
Anorexia (0.2–0.9 lbs intake/day) 2
Fever $ 41.1°C 3
Fever $ 40–41°C 2
Fever $ 39.4–39.9°C 1
Depression or cough, each 1
Purulent nasal or ocular discharge, each 1
Maximum possible score 10



RESULTS

Feedlot trial 1: IML IFN- a as a therapy for BRDC

At the time of arrival in Texas, more than half of the calves
were seronegative to PI-3, BVD, IBR, and RSV viruses. Sero-
conversion to PI-3, RSV, and BVD viruses but not IBR virus
was widespread in every treatment group.

Forty-five percent (89 of 200) of the cattle enrolled had de-
tectable NS-IFN prior to treatment. The NS-IFN-positive calves
were randomly distributed within each treatment group. The in-
cidence of BRDC illness was significantly (p , 0.05) reduced
by 20 IU of nHuIFN- a therapy compared to calves given 2,000
IU (66% versus 84%, respectively).

Calves with NS-IFN at the time of the nHuIFN- a treatment
may have responded differently to nHuIFN- a therapy than
calves without detectable NS-IFN. At 46 days, a weight gain
benefit (p , 0.01) occurred in calves with pre-existing NS-IFN
titers . 100 units when given 20 IU nHuIFN- a , compared to
placebo.

The effects of nHuIFN- a treatment upon feed conversion, as
measured by feed-to-gain (F/G) ratios, were determ ined. In
calves with BRDC, the F/G ratio was significantly (p , 0.10)
better if calves were given 20 IU, compared to placebo (9.3 lbs
of feed/lb of gain compared to 13.6 lbs of feed/lb of gain). In
other words, calves given 20 IU of nHuIFN a gained more
weight on less feed, presumably because the BRDC was less
severe in these nHuIFN a treated cattle.

When all cattle were compared, feed intake was not signif-
icantly different between treatment groups. However, calves
without fever, treated in Tennessee with either 20 or 200 IU
nHuIFN- a gained significantly more weight for 21 and 28 days
after arrival in Texas (Table 2).

Feedlot trial 2: HBL IFN- a and ISI IFN- a
as therapy for BRDC

Two hundred calves were received; 32 were removed from
the study upon arrival because of fever . 40°C. The remaining
168 calves were divided into groups of 31–36 individuals as
shown in Table 3.

Twenty-three of 31 (74%) control calves required antibiotic
treatment for BRDC. In contrast, calves treated with 200 IU ISI
nHuIFN- a had significantly (p , 0.08) fewer morbid calves (15
of 33, 45%). Similarly, the percent of calves (53%) requiring
antibiotic treatm ents after 200 IU HBL nHuIFN- a therapy was
reduced and nearly significant (p 5 0.12), compared to con-
trols. Therapy with 400 IU of HBL or ISI nHuIFN- a did not
significantly reduce morbidity (Table 3).

The nHuIFN- a administered orally did not delay the onset
of BRDC. There were no significant differences in body
weights, mean daily weight gains, feed intake, or F/G ratios be-
tween IFN-a treatment groups; the calves in this study were
observed for only 14 days.

DISCUSSION

The nHuIFN- a as a treatment for BRDC prior to shipment
was tested in field trial 1. More than one-half of the calves given
nHuIFN- a orally prior to departure to Texas tested seronega-
tive for PI-3, BVD, IBR, and RSV viruses. After transport, se-
roconversion to PI-3, RSV, and BVD viruses, but not the IBR
virus, was widespread in every treatment group (data not
shown). BRDC illness was reduced by 20 IU nHuIFN- a ther-
apy compared to 2000 IU, demonstrating that the lower-dose
regimen was more efficacious; the phenomenon of “use of less
IFN- a orally is better”  has been demonstrated previously in cat-
tle(15) and horses. (16)

Calves exhibiting existing NS-IFN titers of . 100 units/m l
had a weight gain benefit when given 20 IU of nHuIFN- a , com-
pared to controls. The F/G ratio in cattle with BRDC given 20
IU nHuIFN- a was favorable versus controls 46 days after ar-
rival. Calves in the 20 or 200 IU nHuIFN- a treatm ent group
exhibited significantly improved weight gains at 21 and 28 days
after arrival (Table 2). The second feedlot study indicated that
a single low dose of nHuIFN- a reduced morbidity of calves
with BRDC. Both 200 IU doses of nHuIFN- a , when compared
to controls, regardless of company origin, showed a benefit in
reducing morbidity.

The predom inant IFN in the NS of cattle appears to have
characteristics of an IFN- a . An important characteristic that
NS-IFN shares with IFN-a is its virus-inhibiting properties,
which may have important applications for the cattle industry,
especially in the treatm ent of BRDC. As our trials indicate, a
single dose of low-dose oral nHuIFN- a was safe and nontoxic,
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TA BLE 2. THE EFFECT OF nHuIFN- a , ADM IN ISTER ED

ORALLY , O N ME AN DA ILY WEIGHT GAIN S (MDG)
A T 21 AND 28 DA YS AFTER ARRIVAL

(CAL VES W ITH RE CT AL TEM PER ATU RE S , 40°C 
AT THE TIM E OF TREAT M ENT BEFORE SHIPM E NT)

nHuIFN- a Number of
MDG by daya

dose (IU/calf) calves 21 28

0 20 0.24b 0.97b,c

20 25 1.11c 1.73b

200 20 1.25c 1.70b

2000 24 0.61b,c 0.85c

aPounds of weight gain.
b,c,bcNumbers with superscript b are significantly (p , 0.05)

different from numbers with superscript c in same column; 
numbers with superscript b,c are not significantly different from
numbers with either superscript b or superscript c.

TA BL E 3. EFFEC T OF nHuIFN- a , ADM INISTER ED ORA LLY

ON T HE PER CENTA GE O F CA LVES TREATE D FOR BRD

Source and dose (IU) of
Number of calves

nHuIFN- a Total Treated (%)

HBL (200) 36 19 (53)
HBL (400) 34 20 (59)
ISI (200) 33 15 (45)a

ISI (400) 34 23 (68)
Placebo 31 23 (74)

aSignificantly different from placebo at p , 0.08.



reduced morbidity, and provided both a favorable F/G ratio and
a weight gain benefit. Based upon these results, additional eval-
uation of nHuIFN- a given orally in feedlot animal production
is warranted.

REFERENCES

1. JENSEN, R., and MACKAY, G.R. (1979). Shipping Fever Pneu-
monia. In: Diseases of Feedlot Cattle, 3rd ed. Philadelphia: Lea &
Febiger, pp. 59–65.

2. WIKSE, S.E. (1985). Feedlot Cattle Pneumonias.  Vet Clinics N.
Am: Food Animal Pract. 1, 289–310.

3. CUMMINS, J.M. (1983). Feedlot Diseases and Parasites. In: The
Feedlot, 3rd ed. G.B. Thompson and C.C. O’Mary (eds.) Philadel-
phia: Lea & Febiger, pp. 185–195.

4. ARMSTRONG, M.A., PERERIA, H.G., and ANDREWES, C.H.
(1961). Observations on the virus of infectious bovine rhinotra-
cheitis and its affinity with the herpes virus group. Virology 14,
276–285.

5. ROSENQUIST, B.D., and LOAN, R.W. (1969). Interferon induc-
tion in the bovine species by infectious bovine rhinotracheitis virus.
Am. J. Vet. Res. 30, 1305–1312.

6. CUMMINS, J.M., and ROSENQUIST, B.D. (1977). Effect of hy-
drocortisone on the interferon response of calves infected with 
infectious bovine rhinotracheitis virus. Am. J. Vet. Res. 38,
1163–1166.

7. AHL, R., and STRAUB, O.C. (1971). Die lokale interferonbildung
im respirations— und genital trakt nach experimenteller  infektion-
mit rhinotracheitis (IBR)—und blaschenausschl ag (IPV)—virus.
Dtsch. Tierarztl Wschr. 78, 653–655.

8. STRAUB, O.C., and AHL, R. (1976). Lokale interferonbildung beim
rind nach intranasaler infektion mit avirulentem IBR/IPV-virus und
maulund klauenseuche-virus. Zbl. Vet. Med. 23, 470–482.

9. TODD, J.D., VOLENIC, F.J., and PATON, I.M. (1972). Interferon
in nasal secretions and sera of calves after intranasal administra-
tion of a virulent infectious bovine rhinotracheitis virus: associa-
tion of interferon in nasal secretions with early resistance to chal-
lenge with virulent virus. Infect. Immun. 5, 699–706.

10. ZYGRAICH, N., LOBMANN, M., VASCOBOINIC, E., BERGE,
E., and HUYGELEN, C. (1974). In vivo and in vitro properties of
a temperature sensitive mutant of infectious bovine rhinotracheitis
virus. Res. Vet. Sci. 16, 328–335.

11. GERBER, J.D., MARRON, A.E., and KUCERA, C.J. (1978). Lo-
cal and systemic cellular and antibody immune responses of cattle
to infectious bovine rhinotracheitis virus vaccines administered in-
tranasally or intramuscularly. Am. J. Vet. Res. 39, 753–760.

12. SAVAN, M., ANGULO, A.B., and DERBYSHIRE, J.B. (1979).
Interferon, antibody responses and protein induced by an intranasal
infectious bovine rhinotracheitis vaccine.  Can. Vet. J. 20, 207–210.

13. CANTELL, K., HIRVONEN, S., and KOISTINEN, V. (1981). Par-
tial purification of human leukocyte interferon on a large scale.
Methods Enzymol. 78, 499–505.

14. SAS. (1997). SAS User’s Guide: Statistics. Cary, NC: SAS Insti-
tute, Inc.

15. CUMMINS, J.M., HUTCHESON, D.P., CUMMINS, M.J., GEOR-
GIADES, J.A., and RICHARDS, A.B. (1993). Oral therapy with
human interferon alpha in calves experimentally injected with in-
fectious bovine rhinotracheitis virus. Arch. Immunol. Ther. Exp.
41, 193–197.

16. MOORE, B.R., KRAKOWKA, S., CUMMINS, J.M., and
ROBERTSON, J.T. (1996). Changes in airway inflammatory cell
populations in standardbred racehorses after interferon-alpha  ad-
ministration. Vet. Immunol. Immunopath. 49, 347–358.

Address reprint requests to:
Dr. Joseph M. Cummins

Amarillo Biosciences, Inc.
800 West 9th Avenue

Amarillo, TX 79106

Tel: 806-376-1741
Fax: 806-376-9301

E-mail: jcummins@amarbio.com

Received 20 January 1999/Accepted 22 February 1999

CUMMINS ET AL.910

http://pamina.catchword.com/nw=1/rpsv/0749-0720^28^291L.289[nlm=3907776]
http://pamina.catchword.com/nw=1/rpsv/0002-9645^28^2938L.1163[nlm=199091]
http://pamina.catchword.com/nw=1/rpsv/0019-9567^28^295L.699[nlm=4344393]
http://pamina.catchword.com/nw=1/rpsv/0034-5288^28^2916L.328[nlm=4368802]
http://pamina.catchword.com/nw=1/rpsv/0002-9645^28^2939L.753[nlm=215063]
http://pamina.catchword.com/nw=1/rpsv/0008-5286^28^2920L.207[nlm=228831]
http://pamina.catchword.com/nw=1/rpsv/0749-0720^28^291L.289[nlm=3907776]
http://pamina.catchword.com/nw=1/rpsv/0002-9645^28^2930L.1305[nlm=4307983]
http://pamina.catchword.com/nw=1/rpsv/0002-9645^28^2938L.1163[nlm=199091]
http://pamina.catchword.com/nw=1/rpsv/0076-6879^28^2978L.499[nlm=6173635]
http://pamina.catchword.com/nw=1/rpsv/0165-2427^28^2949L.347[csa=0165-2427^26vol=49^26iss=4^26firstpage=347,nlm=8677636]

