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ABSTRACT

Lung, kidney, intestine, aorta, turbinate epithelium,

endothelium, cornea, and spleen were extracted from bovine fetuses.

These cells were grown into monolayers and inoculated with serial

dilutions of BVD virus.

After a 96-hr period, the effects of BVD virus upon these cell

cultures were studied.

Our results demonstrated a difference in the susceptibility of

these cell cultures towards BVD virus. The intestinal cells were the

most susceptible to BVD viral infection and the least susceptible

were cornea cells. There was a 4.5-fold difference in the amount of

viral particles needed to cause infection.
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INTRODUCTION

Bovine Viral Diarrhea virus (BVD virus) is an obligate, intracellular parasite 

whose infectivity causes Bovine Viral Diarrhea-Mucosal Disease (BVD-MD) in 

cattle. BVD-MD disease is an immunosuppressive disease. The symptoms that 

characterize this disease range from mild signs consisting of fever (103°-108°F), 

salivation, falloff of appetite, mild oral lesions and mild diarrhea. The symptoms 

of more severe cases include high fever, total loss of appetite, diarrhea, 

depression, dehydration and erosions and hemorrhages of the alimentary tract. 

Erosion and hemorrhage may also appear in the feet at the skin/hoof junctions 

(1,10).

To prevent this disease, there are two basic types of BVD vaccine: the 

modified live virus (MLV) vaccine and the killed virus (KV) vaccine. The 

advantages of the MLV vaccine are that it generally requires only one dose for 

adequate protection, produces hight serotiters, results in long-term immunity and 

costs less than the KV vaccine. The disadvantages of this vaccine are it's 

preceived association with clinical disease, and should not be used during 

pregnancy (2).

Advantages of the KV vaccine are that it is safe and provides short-term 

immunity. The disadvantages are that it produces a limited duration of immunity,
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requires at least two doses for protective immunity and costs more than the MLV

vaccine.

Occasionally, a "vaccine break" will occur during the administration of 

either vaccine. A vaccine break is when the vaccine that is supposed to prevent 

a disease induces it. There are several theories on how a vaccine break may 

occur, but the one that this paper is most concerned with is the theory of 

improperly attenuated vaccines. However, this is unlikely in light of the 

technological improvements industry has implemented in the past decade (2).

The study that follows deals with the theory of improperly attenuated vaccines by 

looking at the susceptibility of bovine cells to varying concentrations of BVD

virus.
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LITERATURE REVIEW

Classification

Bovine Viral Diarrhea virus (BVD virus) belongs to the genus Pestivirus 

along with other viral species that cause diseases like hog cholera (Swine fever) 

in swine and border disease (BD) in sheep. The genus Pestivirus belongs to the 

family Togaviridae which includes three other genera, Alphavirus, Flavivirus, and

Rubivirus.

Characteristics

Table 1. Characteristics of togaviruses.

Morphology

Nucleic acid

Protein
Lipid

Enveloped spherical particle, 40-70nm in 
diameter, with icosahedral symmetry, and an 
envelope in close association with nucleocapsid. 
Surface projections protrude from the envelope.

Single molecule of positive single-stranded (ss) 
RNA, mw is 4 x 106D, 5-8 percent of particle 
weight.

3-4 polpeptides, of which one or more are 
Cell-derived lipid envelope.

Carbohydrate Glycoproteins.

(Adapted from Topley 1984.)

Togaviruses are small to medium in size, 40-70nm diameter, spherical,
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enveloped viruses having a genome of linear single-stranded RNA with a 

molecular weight of approximatelyu 4 X 106 daltons. The name is derived from 

word 'toga', which means a cloak or mantle, indicating the lipid viral envelope. 

Surface projections protrude from the envelope (Table 1, 16,18).

Replication

Pestivirus is similar to Picornavirus because they both are icosahedral 

enveloped viruses and have a positive single-stranded RNA [ (+)ssRNA ] 

molecule. In these cases, the cellular RNA(cRNA) serves as the negative 

template for the positive viral RNA (vRNA). The polymerase responsible for this is 

called the replicase (18).

This (+)vRNA can be directed (1) to a replication complex, bound to 

smooth endoplasmic reticulum, where it serves as a template for transcription by

the RNA polymerase into the (-)cRNA which can make more (+)vRNA; (2) to a 

polyribosome, free in the cytoplasm or rough endoplasmic reticulum, here it 

serves as mRNA for translation into polyproteins; or(3) to a procapsid, with which 

it associates to form a virion (16,19).

Icosahedral Assemblage

The basic sequence for icosahedral assemblage involves precursor 

protein aggregates to form a pentamer which is then cleaved. Twelve of these 

cleaved pentamers form a procapsid which will house the (+)(ss)vRNA. When
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this happens, the association is called a provirion. The provirion now matures 

into a virion after another cleavage ( Figure 1, 19).

Procapsid Provirion Virion

Figure 1. Icosahedral assemblage of Picornavirus.

Glvcosvlation

The glycosylation for BVD proteins is similar to that of other enveloped 

viruses (10). The amino terminal end of the viral envelope proteins initially 

contains a sequence of 15-30 hydrophobic amino acids known as the signal 

sequence. This signal sequence characterizes the protein as one that will insert 

into the membrane or will be exported form the cell (Figure 2, 10,16,19).

Pathogenicity

There are two kinds of BVD viruses with respect to pathogenicity. Those
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Ribosome

Cytoplasm

Figure 2. Glycosylation of viral proteins (adapted from White, 1986).

that are cytopathic and those that are noncytopathic. There seems to be 

little antigenic variation between the two kinds because both show seven distinct 

protein peaks (3,5,9) within the envelope when separated out by 

high-performance liquid gel-permeation chromatography (HPLGPC).

However, a slight difference was demonstrated between the noncytopathic 

virus (NY-1) and the cytopathic virus (Singer). Antiserums were made for the 

seven protein peaks of each virus. The viruses only developed an 

antiserum-antigen reaction with their own antiserums except at protein peak 3. 

NY-1's protein peak 3 was not susceptible to either peak 3 antiserums. 

Because of this observation, it was hypothesized that the peak 3 proteins are 

responsible for the cytopathic nature of a virus (Table 2, 3). Protein peak 2 is 

shown to represent the similar antiserum-antigen reaction experienced by the
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rest of the protein peaks.

Table 2. Antiserum-antigen reaction of envelope proteins.

Viral neutralization
NY-1 Singer

Antiserum NY-1
Peak 2 +
Peak 3

Antiserum Singer
Peak 2 - +
Peak 3 - +

Previous Experimentation

One of the most prominent works that deals with the subject of cell culture 

susceptibility to BVD virus was performed by Ferrari (4). He did a comparative 

study of the susceptibility of primary bovine embryo kidney (pBEK) cells, Primary 

calf testicle (pCT) cells, bovine embryonic trachea (EBTr) cells, and cells from the 

buffalo lung (IMR-31).

According to his results, the BVD virus reached the highest titer in the 

pBEK cells. Ferrari also noted that the number of passages did not seem to 

enhance viral replication in any of the bovine derived cell cultures; however, 

there was an increase of two log. units in the cell line derived from the buffalo 

IMR-31 cells (4,15).

Another study that influenced us to perform our work involving
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attenuated BVD virus was the work done by Shope (14) on the pseudorabies 

virus. His experiments strongly suggested that the passage of pseudorabies 

virus through guinea pig brain tissue and through rabbit brain tissue showed a 

difference between the species and between the tissues within the animals

themselves.

Shope demonstrated that the rabbit brain will tolerate approximately ten 

times more titratable virus than the guinea pig brain. He also showed that when 

the virus was injected intracerebrally, it would initiate the disease at a lower 

concentration than if the virus was injected subcutaneously (14).
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MATERIALS AND METHODS

Specimens

The bovine fetuses used were obtained from Holstein-Friesian pure bred 

dairy cows. They were retrieved from the discarded internal genitalia and the 

alimentary tract during the kosher killing of these dairy cows. The two female 

fetuses used were 4 in and 6 in in length.

These fetuses were kept in the intact uterus which formed a sterile vessel 

when severed from the rest of the gentilia on the vaginal side of the cervix.

Once in the laboratory, the fetuses were exposed aseptically. tissue 

sections and/or scraped cells from different regions of the fetal body were 

removed. The types of cells or tissue sections obtained included turbinate cells, 

endothelial cells from the lining of the ventricles, aortic tissue, lung tissue, the 

spleen, intestinal tissue , kidney, and cornea of the eye.

Cell Cultures

The tissues obtained from the fetuses were grown out into monolayers in 

separate T-flasks. Cell cultures derived from other fetuses were also used. The 

cells to be inoculated with attenuated BVD virus were taken directly from primary 

cultures. The cells were referred to by a combination of size, the person who 

originally grew the cells, and the cell type abbreviation (Table 3).
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Table 3. Pattern for naming and identifying cell cultures.

SIZE= 4", 6", 10", Unk
SEX = All cells were derived from females except the10" 

intestine which were male.
CELLTYPE=

cells abbr. cells abbr.
lung lung turbinate turb
kidney kid endothelial endo
intestine int cornea corn
aorta aort spleen sple

DATE= 4" and 6" cells were obtained 8/7/86.
10" intestinal cells were obtained 7/24/86.
Chike turb. cells were obtained 7/26/86.
B.Lee kidney cells were obtained 7/26/86.

Any other names that might be added such as Chike,
B.Lee, Warner, or Dick; refer to the people who grew the 
original primary cell culture.

EXAMPLE: 6" DICK LUNG

Virus

The virus used was a cytopathic BVD virus strain which we referred to as 

(MN-1). This virus was obtained from the Virology laboratory at the University of 

Minnesota. Bovine kidney cells have demonstrated the ablilty to house a titer of 

106TCID5q per ml of infectious BVD viral units (15). Therefore, we assumed our

original stock concentration to be of that titer.

The original stock concentration was placed through serial dilution

ranging from 10'1 to 10*6 (Figure 4). Each dilution had a final volume of 2.0 ml.
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Therefore, .2 ml of each tube was passed to the following one.

10&TCIDcn
permru

io5rciDrn io4rciD«-n io3rciD,-n io2rciD,-n icHrciDr,, io°rciD«-n
perml5U perml perml3U permr perml3U perml50

Figure 3. Serial dilutions of stock BVD virus.

Medium:

The medium used was Eagle's Minimum Essential Medium with 10% fetal 

calf serum (MEM-10). The recipe for preparation of (MEM-10) is:

MEM Amino Acid solution (50X) 20 ml.
(Difco Laboratories, Detroit,Ml)

MEM Vitamins (100X) 10 ml.
(Difco Laboratories)

MEM Non-essential Amino Acid (100X) 20 ml.
(Difco Laboratories)

Fetal Calf Serum 100 ml.
L-Glutamine (100X) 10 ml.

(Difco laboratories)
NaHCO3 (7.5%) 5 ml.
NaOH (0.2N) up to 15 ml.
H2O 720 ml.
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Once a monolayer had developed on the surface of the T-flask, the old

medium is removed and the cells were washed with sterile saline solution to

removed any remaining serum. The cells were then removed from the surface of 

the T-flask with a versene-trypsin(IOX) mixture (13). The preparation of this

mixture was as follows:

NaCI 80.0gm

KCI 4.0gm

Dextrose^gH-^Og) 10.0gm

NaHCO3 5.8gm

Trypsin(1:250)
(Difco Laboraroies)

5.0gm

Versene(EDTA) 2.0gm
(Fisher Scientific Company, Cincinnati, OH)

The trypsination process takes approximately 15 min at 37°C. The cells 

floating free in the trypsin mixture were removed by pipette and suspended in 10 

ml of MEM-10 medium. The result was a stopping of the trypsin reaction and a 

dilute suspension of the cells which can now be transferred to the microwell 

plates. A microwell plate has 96 wells. The plate was divided into four sections, 

each having 24 wells. Out of the 24 wells, 21 were filled with the ceil 

suspension.

The cells were allowed to attach to the well surface over a 24-hour period. 

The cells demonstrated attachment to the growing surface by spreading out flat 

against it. This attachment was observed under the reversed light microscope.
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After the 24-hr period, the old medium was replaced in each well with fresh 

medium. Next, the cells were inoculated with the serial dilutions in a descending 

order (10‘1 being higher on the plate than 10‘2). The plates were then placed in 

a CO2 incubator at 37°C for approximately 72-96 hr. Tnen the plates were 

examined for infectivity.

CORETTE LIBRARY
CARROLL COLLEGE
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RESULTS

The microwell plates were examined 96 hr after inoculation. Of the 

cultures, two bovine kidney sections and one aortic tissue section were 

contaminated but were still included in the results (Tables 4-9).

Table 4. Microwell plate I showing BVD infectivity.

4"DICK LUNG 4-"DICK TURB 4"DICKINT 4"DICK KID

10-1

c c c c c c c c c c C c
+ c c c 4 + c 4 4 ■4 4 c

SERIAL 10-2 + + + — - — 4 4 4 4 4 4
DILUTIONS io"5 + + - — - — 4 4 4 + — 4

OF IO"4 4 4 - — -
BVD

IO"5 - —

io-« -

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well

Infection caused by BVD virus was detectable by the appearance of a dark 

cell membrane which was caused by the presence of lesions (7,15). The cells 

also began to round-up off the growing surface.

To say that a cell type is susceptible to the virus at a particular serial titer 

was determined at a 50% endpoint. A 50% endpoint was when a serial dilution

caused
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Table 5. Microwell plate II showing BVD infectivity.
4" DICK SPLE 4'DICKCORN 4"DICKA0RT 4"DICKENDO

C C c c c c 0 c c c 0 c

IO"1 4 + c c ♦ + c -1- + + + c

SERIAL IO"! + + + — - — + + — — 4 -

DILUTIONS IO"3 - — - — - — - + — — - -

OF 10-4
BVD 10

IO-« - — - — - — - — — — - -

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well

half the individuals of a cell type to be infected by the virus at that dilution. 

Therefore, two out of the three wells would need to show infection to be

considered susceptible to BVD virus.

Table 6. Microwell plate III showing BVD infectivity.

6'VfiRNERLUNG S"VARNERTUR& CVARNERINT S”VflRHER KID
c c c c c c c c c C c C

in
SERIAL |0-2 

DILUTIONS ,0-3 
OF |(r4

BVD
10-5

+ c c c -P + c 4 4 + + c
+ + -1- 4 4 - 4 + + + 4 4

+■ — -F — — - 4 4- + + + —
4 4 — - -

- — — - — - 4 + - — — —

10- s - — — - — - — — - — - —

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well
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Table 7. Microwell plate IV showing BVD infectivity.

«" WARNER SPLE {"WRRNERCORN {"WARN ERROR! {"WARNER ENDO

IO"

C c c c c c c c c c c c

4 4 C C 4 C C 4 4 4 4 C
SERIAL 10-2 

DILUTIONS 10-3
OF 10-4

BVD
10-5

4 — 4 — — — + - 4 - 4 4
-

— - - — - — - X — - — —
— — - — — — X - X - - —

10" $ — — - — — - - X X - — —

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well

Table 8. Microwell plate V showing BVD infectivity.
UNKCHIKE TURB UNKB.LEEKID UNKB.LEEKID 10”WCKINr

1O‘1
C C C c c c C c c c c c
4 4 C c 4 4 c 4 4 4 4 C

SERIAL 10'2 - - - 4 4 4 4 4 4 4 4 4
DILUTIONS 10-5 - - - 4 X 4 4 X X 4 4 4

OF 1O-4 - - X 4 4 - 4 4 4 4 4
BVD

10-5 - — - X X - X X X - 4 4

io-« - - - - - - - X - - - —

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well
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Table 9. Microwell plate VI showing BVD infectivity.
UN KB. LEE ENDO UNK B.LEE LUNG UNKCHIKELUNG UNK CHIKE INT

IO-1
c c c c c c c c C C c C

+ + c c c + + 4 C 4 4 4

SERIAL io-2 - 4 + + 4 4 4 4 + + 4 +

DILUTIONS IO'3 - — — 4 + + — + 4 4 4 4

OF IO'4 — — — + — 4 — — - 4 4 —
BVD I0T5 4 -

io-«

LEGEND: C = Control
+ = Virus present at 50% endpoint 
- = Virus absent
X = Contaminated well

In order to give a clearer representation of the difference in susceptibilty 

between the cells, the average infectivity of each tissue type was calculated 

(Table 10) and represented in a bar diagram (Figure 4).

Table 10. Average susceptibilty calculations.

TURB END AORT LUNG SPLE INT KID CORN

10'1 IO'2 IO’2 10‘3 IO'2 10’4 104 z 10‘1

10'1 10'1 IO'2 10’3 IO'2 10‘5 104 10’1

10-2 IO'2 10’3 W4 10'3

10‘4 10'5 10'3

10-1-33 10-1-67 10-2 10-3-25 IO’2 10‘4-5 10’3-5 10'1
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CELLTYPE

Figure 4. Bar graph of cell susceptibility.
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DISCUSSION

Since BVD-MD disease destroys the mucus membranes of the respiratory 

and digestive tract (10), it would stand to reason that the most susceptible tissues 

would be from these areas. The intestine and the lung tissues examined did 

indeed show high susceptibility towards BVD virus. The kidney tissue also 

demonstrated a high infectivity level. This infectivity may explain why an animal 

experiences severe dehydration and can't maintain a proper electrolite balance 

(2,10). The rest of the tissues tested showed a low susceptiblity towards BVD 

virus. Comparing this to BVD-MD disease, these tissues would only show 

infection in the more advanced stages of the disease.

Two surprising results were the low susceptiblity of the spleen tissue and 

that none of the cells showed any signs of infection at the 10‘6 dilution. Since 

BVD-MD is an immunosuppressive disease, Presumably the spleen would be 

very susceptible towards BVD virus because of the spleen's involvement in the 

immune response. However, it may be because of its ability to fight off disease 

that allows the spleen cells to withstand a higher titer of BVD virus and BVD-MD 

disease may only become immunosuppressive in more advanced cases (1,2,10).

The nonsusceptibility of the cell cultures at the dilution of 10"6 may have 

occurred for two reasons, (1) at such a high dilution it is possible that there are
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no virions present, (2) one virion may not be enough to cause the infection by

itself.

Improvements that could be made on this experiment are further repetition 

or using other methods to test for the presence of infectivity such as flourescent 

antibody tests instead of simple visual examination, and allowing more time for 

infectivity. Wafula (17) has shown that the envelope of the BVD vius can be easily

labeled with flourescent antibodies.

The significance of this project lies in the fact that there does appear to be 

a difference in the susceptibility between cells in the in-vitro environment. If this 

is also true for the in-vivo environment, then there is a possibility of developing 

new vaccines that will improve the degree of resistance at the cellular level.
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