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BOVINE VIRUS DIARRHEA

Bovine virus diarrhea (BVD) was first described in
the United States in 1946. In 1953 a more severe form
of this disease was reported and described under
the terminology ‘“‘mucosal disease.”** This report
was followed by numerous reports indicating BVD-
mucosal disease to be a wide spread viral disease of
the North Central states.** *s ¢

It was demonstrated that animal-to-animal spread
could be achieved via water and that the virus had
the ability to pass through the placenta in all stages
of gestation and infect the bovine
fetus.? s 10 20 2 3233 54 58 63 Infection of the fetus
resulted in antibody production in the fetus.* Some
of the calves appeared normal when delivered but
died 18-96 hours later.*® The nares, dental pads, and
conical papille of the cheek exhibited edematous
hyperemic areas. The nasal turbinates were necrotic,
hyperemic and congested. Tracheal lesions included
petechial and acchymotic to “paint brush” type of
hemorrhage extending throughout the mucosa. The
esophageal lesions consisted of necrotic areas 1-6
mm in diameter which presented a punched out type
of ulcer when mild pressure was applied. Ruminal le-
sions consisted of ecchymotic hemorrhages. A few
petechial hemorrhages were observed in the
omasum and the abomasum. The pyloric valve was
edematous and hyperemic. Usually an area of
necrosis existed on the gastric side of the pyloric
valve. Frequently necrosis and hemorrhage was
observed adjacent to the ileocecal valve. The above
findings have been described by a number of other
investigators.‘ 10 20 29 39 57 63

It was demonstrated that the North Dakota agent
could be grown in tissue culture when no bovine
serum was utilized or when bovine serum containing
no BVD antibody was utilized.** ** ** ¢* This viral
isolate was reportedly the only isolate that could be
consistantly passed under laboratory conditions in
the United States Armed Forces Institute of
Pathology.*” It was also demonstrated that this agent
was serologically identical to others isolated in the
United States and other countries, and that the BVD
and mucosal disease virus were identical.!” 3¢ 32 3

In the older animal, the clinical signs and
pathology originally described include a profuse
diarrhea, lacrimation, excessive salivation and
dehydration, oral and digestive tract ulceration and
petechial to ecchymotic hemorrhages throughout
the digestive system. Lameness, ocular lesions, and
blindness were observed in approximately 10% of
the clinical cases. Mortality was frequently
100% .47 ** ¢ |t has been suggested that stress such
as chilling, transportation, dust, and other stress fac-
tors contribute to the clinical signs of mucosal
disease. More recent observations indicate that the
mortality is less frequent than originally
observed.*® *° ¢2 In many instances cattle will be in-
fected but exhibit no or mild clinical symptoms.
Animals with no history of clinical infections fre-

quently have antibody titers indicating previous ex-
posure. Other signs frequently observed include
abortion, infertility, weak calves, mummified feti,
and various teratogenic responses.® ¢

The BVD viral agent has also been associated with
the swine, sheep (Border Disease) and deer and is
presently recognized world wide in cattle.’ 257 18 ¢

PROPHYLAXIS

Commercial attenuated (living) vaccines became
available to the livestock industry in 1964. The vac-
cines were moderately effective but too frequently
had been associated with post-vaccination out-
breaks of BVD.® !° 22 26 33 34 41 46 Many suggestions
have been presented as to the causes of the post-
vaccination reactions, including the presence of
maternal immunity which will interfere with vaccina-
tion response, in-utero or neonatal exposure to the
BVD virus resulting in immune tolerance, and the
animal being in the incubation stage of BVD or IBR
at the time of vaccination.! 13 1 2¢ 36 42 Additional
possible related factors include BVD vaccines that
are insufficiently attenuated or contamination of the
vaccine with virulent BVD virus or exposure to
stress. 22 24 27 41 46 51 59 |t has also been demonstrated
that the BVD virus will supress interferon production
and cause white blood cell injury, thus decreasing
the animals’ means of counteracting infec-
tion.!' # 4 52 |n many instances the vaccines have
been administered incorrectly. Though there are
many suggested causes of BVD post-vaccination
reactions, adequate preventive measures have not
been forthcoming.’* In summary, it is evident that
the attenuated BVD vaccine either plays an active
part in post-vaccination disease outbreaks or does
not prevent the BVD infection.

One means of avoiding BVD post-vaccination out-
breaks should be the use of inactivated (killed) vac-
cines. Preliminary investigations indicate that an in-
activated BVD vaccine is an effective means of pro-
ducing antibody titers. Inactivated BVD vaccines
produce an anamnestic response, can be ad-
ministered safely to cattle of all ages, will never
revert to a virulent status and the producer will ngt
be introducing a disease producing agent into the
herd.:® ¢

EXPERIMENTAL PROCEDURE
Experimental Animals

Animals utilized in this investigation consisted of
dairy type calves at least three months of age. The
calves were purchased while under one week of age
and held in isolation until utilized in this investiga-
tion.
Investigational procedures

The vaccines utilzied in this investigation were
commercial vaccines prepared from the Singer
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Strain of BVD virus.*® The vaccines were ad-
ministered deep intramuscularly and in dosages
recommended by the manufacturers.

a. Triangle — Fort Dodge Laboratories, Fort
Dodge, lowa.

b. Attenuated BVD vaccine — Dellen Laboratory,
Omaha, Nebrasdka.

All calves were bled prior to the first vaccination
and at designated periods thereafter as presented in
the included data. Blood serum antibody titers to
BVD were determined by the serum neutralization
(SN) test.

Forty-four calves received the inactivated BVD
vaccine intramuscularly as prescribed by the
manufacturer. Fifteen calves received the at-
tenuated vaccine intramuscularly as prescribed by
the manufacturer.

RESULTS

The results of the investigation are presented in
Figure 1.
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Figure 1. Reciprocal of Mean Blood Serum Titers Follow-
ing Vaccination with Attenuated or Inactivated BVD Viral
Vaccines.

At the time of vaccination there was a mean serum
titer difference of 272 between the groups of caives
utilized for vaccination with attenuated and inac-
tivated BVD vaccines. Previous to the initiation of
the investigation, the calves to be utilized for each
vaccine were placed in separate groups and housing
areas. The group receiving the attenuated vaccine
apparently became infected with BVD and
developed titer during the pre-vaccination period.

The initial response to either attenuated or inac-
tivated vaccines was insignificant regardless of the
existing titers. The major response observed for
both vaccines occurred following the second
(booster) vaccination. Blood serum titers reached a
peak within 10 days following the second vaccina-
tion and an antibody titer was still demonstrable 30
days later. Additional investigations are continuing
to determine the response to the additional vaccina-
tions at approximately five months later as well as
the rate of decay of the existing antibody titer.

No clinical reactions were detected following
either of the initial or the booster administrations of
either vaccine.

DISCUSSION

itis frequently stated or implied without documen-
tation that it is necessary to vaccinate twice when
using an inactivated vaccine, but only a single vac-
cination is necesary when utilizing an attenuated
vaccine.'* This study and several others have
demonstrated that two administrations of vaccine
are necessary to obtain maximum protective
benefits based on blood serum antibody titers with
either an attenuated or inactivated BVD
VaCCine.' 14 15 31 34

it has also been demonstrated that inactivated
BVD vaccines will provide comparabie protection to
that of the attenuated BVD vaccine as determined by
the blood serum antibody titers to the BVD virus. The
decay of biood serum antibody titers for the first 30
days following maximum serum titers are com-
parable. A more complete study of changes in blood
serum titers will require additional vaccination and
challenge with BVD vaccines or virus to determine
the possibei additional effect of titer existing during
the first 70 days post vaccination.

Based on this study and others, it is readily evi-
dent that the inactivated BVD vaccine has the ability
to produce optimum serum antibody titers to the
BVD virus, is capable of producing an anamnestic
response following the second vaccination and is
safe to use on young cattie.

SUMMARY

Based on this study and others, it is evident that
the inactivated BVD vaccine employed in this in-
vestigation will produce high levels of antibodies to
the BVD virus, will not produce BVD through vac-
cination and can be used on calves of feeder age as
well as pregnant cows.

The safety aspect of this vaccine as compared to
attenuated BVD vaccines is evident.: ¢ 10 2029 31 32
Cattlemen using the inactivated vaccine should have
no fear of introducing a disease virus into the herd.
In addition, the problem of post-vaccination reac-
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tions or disease outbreaks will be eliminated and
this vaccine will not revert to the virulent form that
could cause immense losses to the cattle industry.

REFERENCES

1.

10.

11.

12.

13.

Acland, Helen M., Gard, G.P., and Plant, J.W. Infec-
tion of sheep with a mucosal disease virus. Austra-
lian Vet. J. 48(1972)70.

Barlow, R.M., Rennie, J.C., Gardiner, A.C., Vantsis,
J.T. Infection of pregnant sheep with the NADL strain
of bovine virus diarrhoea virus and their subsequent
challenge with border disease IIB pool. J. Comp.
Path. 90(1980)67-72.

. Bognar, K. Foetal active immunization of calves

following inoculation of the dam with a bovine viral
diarrhoea vaccine. Acta Vet. Acad. Scien. Hungari-
cae. 23(1973)1-11.

Burki, F., and Germann, E. Letale pneumoenteritiden
bei kalbern,verursach durcch die erreger der bovine
virusdiarrhoe. Berl. Munch Tierarztl. Wchnschr.
16(1964)324-326 and 17(1964)333-335.

Carbrey, E.A., Stewart, W.C., Kresse, J.l., Snyder, M.L.
Natural infection of pigs with bovine viral diarrhea
virus and its differential diagnosis from hog cholera.
JAVMA 169(1976) 1217-1219.

Casaro, A.P.E., Kendrick, J.W., Kennedy, P.C.
Response of the Bovien Fetus to Bovine Viral Diar-
rhea-Mucosal Disease Virus. Am. J. Vet. Res.
32(1972)1543-1562.

Castrucci, G., Titoli, F., Ranucci, S., Castro Portugal,
F.L., Cilli, V., Pendini, B. Study of the experimental in-
fection of pigs with bovine viral diarrhea (BVD) virus.
Boll. 1st Sieroter. Milanese. 53(1974)5.

Chapek, M.L., McClaughry, L.E., Wilkins, L.M. Evalua-
tion of a bovine virus diarrhea vaccine. Mod. Vet.
Pract. 59(1978)755-757.

Clark, F.R. Immunologic aspects of mucosal disease
IBR and the MD-BVD complex. Mod. Vet. Practice
49(1968)38-43.

Classick, L.G., Fernelius, A.L. Bovine viral diarrhea
virus: Neutralizing antibodies in a calf obtained by
cesarean section from cow which was infected. Am.
J. Vet. Res. 31(1970)393-395.

Diderholm, H., and Dinter, Z. Interference between
strains of bovine virus diarrhea virus and their capaci-
ty to suppress interferon of a heterologous virus.
Proc. Soc. Exptl. Biol. and Med. 121(1966)976-980.

Dixon, F.J., Talmage, D.W., Maurer, P.H., and Deich-
miller, M. The half-life of homologous gamma globu-
lin (antibody) in several species.J. Exp. Med.
96(1952)313-138.

Evermann, J.F., Ph.D., Hall, J.A., D.V.M., Howlett, J.R.,
D.V.M. CLinical and diagnostic evaluation of post-
vaccination reactions. Bovine Practice. 3(1982)7-16.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Fernelius, A.L., Classick, L.G., and Smith, R.L. Evalua-
tion of B-propiolactone-inactivated and chloroform-
treated-virus vaccine against bovine viral diarrhea-
mucosal disease. Am. J. Vet. Res. 33(1972)1421-1431.

Fernelius, A.L., Classick, L.G., Smith, R.L. Evaluation
of B-propio-lactone-inactivated and chloroform-
treated-virus vaccines against bovine viral diarrhea-
mucosal disease. Am. J. Vet. Res. 33(1972)1421-1431.

Fernelius, A.L., Classick, L.G., Smith, R.L. Evaluation
of a soluble antigen vaccine prepared from bovine
viral diarrhea-mucosal disease virus-infected cell
cultures. Am. J. Vet. Res. 32(1971)1963-1979.

Fernelius, A.L., Lambert, G., Booth, G.D. BVD virus
host interactions: Serotypes and their relationship to
biotypes by cross-neutralization. Am. J. Vet. Res.
32(1971)229-236.

French, E.L., Hore, D.E., Snowdon, W.A., Parsonson,
.M., Uren, J. Infection of pregnant ewes with mucos-
al disease virus of ovine origin. Aust. Vet. J.
50(1974)45-54.

Fuller, D.A. When to vaccinate for IBR—VD. Mod. Vet.
Prac. 36(1965)40-43.

Gillespie, James, H., Bartholomew, Patricia T.,
Thompson, Reginald, G. and McEntee, Kenneth. The
isolation of noncytopathic virus diarrhea virus from
two aborted bovine fetuses. The Cornell Vet.
57(1967)565-571.

Gutekunst, D.E. Comments on vaccination for bovine
viral diarrhea-mucosal disease. JAVMA
152(1968)865-866.

Hoerlein, A.B., Marsh, C.L. Studies on the epizootiol-
ogy of shipping fever in calves.JAVMA
131(1957)123-127.

Howlett, J.R. Vaccine causes an outbreak of bovine
virus diarrhea (BVD). Veterinary Medicine/Small
Animal Clinician. 76(1981)1719-1721.

Irwin, M.R. et al. Bovine respiratory disease complex:
A comparison of potential predisposing and etiologic
factors in Australia and the U.S. JAVMA
175(1979)1095.

Johnson, D.W., Muscoplat, C.C. Immunologic abnor-
malities in calves with chronic bovine viral diarrhea.
Am. J. Vet. Res. 34(1973)1139-1141.

Johnson, R., McLean, G. Field tests demonstrate the
safety and efficacy of muscovax and rhinovax used
simultaneously. The Prac. Vet. 21(1967)34-43.

Jorgenson, C.E. Some studies on Pasteurella bovi-
septica. Cornell Vet. 15(1925)295-302.

Kahrs, R.F. Studies on combination vaccines for
dairy cattle. Ph.D. Thesis, Cornell Univ., Ithaca, N.Y.
1965.

Kendrick, J.W. Bovine viral diarrhea-mucosal disease
virus infection in pregnant cows. Am. J. Vet. Res.
32(1971)533-544.




30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

Kniazeff, A.J., Huck, R.A. Jarrett, W.F., Prichard,
W.R., Ramsey, F.K., Schipper, |.A., Stober, M. An-
tigenic relationship of some bovine viral diarrhea-
mucosal diseases viruses from the United States,
Great Britain and West Germany. Vet. Rec.
73(1961)768-769.

Kolar, J.R., Jr. Schechmeister, I.L., Kammlade, W.G.,
Jr. Use in cattle of formalin-killed polyvalent vaccine
with adjuvant against infectious bovine rhinotrachei-
tis, bovine viral diarrhea, and parainfluenza-3 viruses.
Am. J. of Vet. Res. 3(1972)1415-1420.

Lambert, G., McClurkin, A.W., Fernelius, A.L. Bovine
viral diarrhea in the neonatal calf. JAVMA
164(1974)287-289.

Lambert, G. Bovine viral diarhea: Prophylaxis and
postvaccinal reactions, JAVMA 163(1973)874-876.

Lambert, G., Fernelius, A.L,, and Smith, R.L. Im-
munogenicity in calves of a bovine viral diarrhea vac-
cine inactivated with Beta-Propiolactone. U.S Animal
Health Assoc. 75(1971)84-89.

Lambert, G., and Fuller, D.A. Post vaccinal problems
in cattle. Mod. Vet. Prac. 51(1970)34-37.

Lambert, G. Fernelius, A.L. and Cheville, N.F. Ex-
perimental bovine viral diarrhea in neonatal calves.
JAVMA 154(1969)181-189.

Maurer, F. Laboratory culture of North Dakota
mucosal disease virus. Proc. of NC34 Committee on
Mucosal Disease, Chicago, lll. (Nov. 1956).

McClurkin, AW., Coria, M.F. Bovine Viral Diarrhea
Virus (BVDV) serotiters stimulated in cattle in isola-
tion and under field conditions by inactivated BVDV
vacine. Proceedings of the 84th Annual Meeting of
the United States Animal Health Association. Louis-
ville, Kentucky, (1980) 223-231.

McClurkin, AW., Coria, M.F., Cutlip, R.C. Reproduc-
tive performance of apparently healthy cattle per-
sistently infected with bovine viral diarrhea virus.
JAVMA 174(1979)1116-1119.

McClurkin, AW., Coria, M.F., and Smith, R.L. Evalua-
tion of acetylethylene-iemine-killed bovine viral
diarrhea-mucosal disease virus (BVD) vaccine for the
prevention of BVD infection of the fetus. U.S. Animal
Health Assoc. 79(1975)114-123.

McKercher, D.G.M., Saito, J.K., Crenshaw, G.L., Bush-
nell, R.B. Complications in cattle following vaccina-
tion with a combined bovine viral diarrhea infectious
bovine rhinotracheitis vaccine. J. of the Am. Vet.
Med. Assoc. 152(1968)1621-1624.

Malmquist, W.A. Bovine viral diarrhea-mucosal
disease: Etiology, pathogenesis, and applied immuni-
ty. JAVMA 152(1968)763-768.

Muscoplat, C.C., Johnson, D.W., and Stevens, J.B.
Abnormalities of in vitro lymphocyte responses dur-
ing bovine viral diarrhea virus infection. Am. J. Vet.
Res. 34(1973)753-755.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Noice, Frank, and I.A. Schipper. Isolation of mucosal
disease virus by tissue culture in mixture 199,
Morgan, Morton and Parker. Proc. of the Soc. for Ex-
perimental Biology and medicine. 100(1959)84-86.

Noice, F., Schipper, I.A. Cortisone acetate as a
biological stressor. Proceedings 27(1959)181-183.

Peter, C.P., Tyler, D.E. Characteristics of a condition
following vaccination with bovine virus diarrhea vac-
cine. JAVMA 150(1967)46-52.

Ramsey, F.K. The Pathology of a mucosal disease of
cattle. Proc. Book AVMA 91st Ann. Mtg.
(1954)162-167.

Ramsey, F.K. Chivers, W.H. Mucosal disease of cat-
tle. North Am. Vet. 34(1953)629-633.

Richards, S.H., Schipper, LA, Eveleth, D.F., and
Shumard, R.F. Mucosal disease of deer. Vet. Med.
51(1956)358-363.

Romvary, J. Incidence of virus diarrhoe among new-
born calves. Acta Vet. 15(1965)341-347.

Rosner, S.F. Complications following vaccination of
cattle against infectious bovine rhinotracheitis,
bovine viral diarrhea-mucosal disease, and parainflu-
enza type-3. JAVMA 152(1968)898-901.

Roth, J.A., Kaeberle, M.L., Griffith, R.W. Effects of
bovine viral diarhea virus infection on bovine poly-
morphonuclear leukocyte function. Am. J. Vet. Res.
42(1981)244-250.

Schipper, I.A., and Noice, F.M. Intra-herd transmis-
sion of mucosal disease. Vet. Med. 54(1959)442-445.

Schipper, I.A., Eveleth, D.F. Mucosal disease in
calves. Vet. Med. 54(1957)73-91.

Schipper, 1.A. Six answers to the mucosal disease
problem. North Dakota Agr. Exp. Stat. Bimonthly
Bulletin, 440(Sept.-Oct. 1956).

Schipper, |.A., Eveleth, D.F.,, Shumard, R.F., and
Richards, S.H. Mucosal disease of cattle. Vet. Med.
50(1955)431-435.

Scott, R.W., Kahrs, R.F., De Lahunta, A., Brown, T.T.
McEntee, K. Gillespie, J.H. Virus induced congenital
anomalies of the bovine fetus. I. Cerebellar degenera-
tion (hypoplasia), ocular lesions and fetal mummifica-
tion following experimental infection with bovine
viral diarrhea-mucosal disease virus. Cornell Vet.
63(1973)536-560.

Smithies, L.K., Moderman, E. BVD virus in commer-
cial fetal calf serum and normal and aborted fetuses.
Proc. 18th Ann. Mtg. AAVLD. (1975)113.

Sweat, R.L. Comments on bovine viral diarrhea-
mucosal disease, JAVMA 152(1968)867-868.

Thomson, R.G., and Savan, M. Studies on virus diar-
rhea and mucosal disease of cattle. Canad. J. Comp.
Med. and Vet. Sci. 27(1968)207-214.



61. Underdahl, N.R., Grace, O.D., Hoerlein, A.B. Cultiva- 63. Ward, G.M., Roberts, S.F., McEntee, K. and Gillespie,

tion in tissue culture of cytopathogenic agent from J.H. A study of experlmentally induced bovine viral
bovine mucosal disease. Proc. of the Soc. for Exp. diarrhea-mucosal disease in pregnant cows and their
Biol. and Med. 94(1957)795-797. progeny. Cornell Vet. 59(1969)525-538.

62. Vonderfecht, H.E. Why | recommend vaccinating cat-
tle against bovine virus diarrhea (BVD). Vet. Med./SAC
75(1980)853-858.









