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INTRODUCTION

The virus of infectious bovine rhinotracheitis (IBR) has
been incriminated as the cause of a number of different
disease syndromes in cattle. These include abortion (22, 32),
conjunctivitis (1), encephalitis (9), infectious pustular
balanoposthitis (27, 52), infectious pustular vulvovaginitis
(IPV) (11), fatal disease of newborn calves (5), mastitis
(15), and a mild to severe upper respiratory disease (30).
The viruses which were assoclated with these syndromes were
found to be serologically related or identical by cross serum
neutralization tests. It has been suggested by Manktelow and
Hansen (24), and Lukas et al. (22) that undetected antigenic
differences may exist between isolates.

The objective of this study was to compare selected
characteristics of four strains of IBR in a semi-standardized
virus-cell culture system. Characteristics compared included
plaque sizes, thermal stability, growth curves, and cross
reciprocal serum neutralization kinetlics among strains.

Part II of this research consists of experimental animal
inoculation with the ISU-IBR 2 strain of IBR virus. This

strain is a recent field isolate.
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REVIEW OF LITERATURE

In 1954 Schroeder and Moys (47) reported that an acute
upper respiratory infection had suddenly appeared in dalry
cattle in the vicinity of Los Angeles, California. The main
signs observed were a sudden drop in lactation, pyrexia, and
loss of appetite. The nasal mucosa was inflamed, and a
stringy mucus discharge was observed which later became
mucopurulent. Signs referable to the respiratory system ln-
cluded increased respiration rate and coughing. DMost of the
affected cattle returned to normal in approximately 7 days.

The most characteristic post-mortem lesion was a severe
hemorrhagic tracheobronchitis. Necrotic lesions approxi-
mately 4 mm in diameter were scattered throughout the larynx
and pharynx. McIntyre (26) was able to reproduce the disease
in experimentzal calves by lnoculating combinations of blood,

nasal discharge and feces by various routes. The signs and

ct

post-mortem lesions resembled those observed in natural out-
breaks. McKercher et al. (28) in 1954 described an influenza-
like disease in California, but was unable to reproduce the
disease experimentally at that time. The name of "infectious
necrotic rhinotracheitis™ was given to a disease entity in

Colorado in 1955 by Miller (37). Sizns of the diseass condi-

CLlon werse similar to those described in California.



McKercher et al. (29) in 1955 were able to reproduce ths2

influenza-like disease condition using bacteria-free nasal
washings. This finding strongly incriminated a virus as the
etiologlcal agent. It was demonstrated by cross protectlon
tests in cattle that the syndromes observed in California and
Colorado were identical. The recommendation was made that
the disease be referred to as "infectious bovine rhinotrache-
itis."

The virus of infectious bovine rhinotracheitis was first
isolated in cell culture by Madin et al. (23) from nasal
exudate of affected cattle. They reproduced the disease in
experimental animals using various passages of cell culture
fluid. In these experiments both a Califormia and a Colorado
isolate were utilized. Both strains produced similar cytopath-
ic changes in cell cultures of bovine embryonic kidney, testi-
cle, and lung. Both strains also produced similar clinical
syndromes when inoculated intranasally 1into experimental
cattle. Results of cross serum neutralization studles indi-
cated that the strains were serologically identical. York et
al. (58) in 1957 compared three strains of IBR (Colorado I,
Blythe and Los Angeles) using reciprocal cross neutralization
tests. They concluded that the viruses studied were closely
related.

With the development of cell culture systems for virus

isolation, »ropagation, and serum neutralization tests, the
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possibility of developing vaccines to IBR was realized. 1In
1957 Schwarz et al. (48) developed a modified live virus
vaccine by rapid serial passage in cell culture. It was
demonstrated that cattle inoculated intramuscularly with ZLOI‘L
50 per cent tissue infective doses (TCID5O) of the fortieth
passage were resistent to challenge with a virulent IBR
virus. The virus was also shown to be stable to lyophiliza-
tion. In 1961 Zuschek and Chow (59) developed a modified
live virus vaccine and compared it with a formalin-killed
vaccine. Both of the vaccines induced immunity in cattle to
virulent IBR challenge virus.

Gillespie et al. (11) in 1957 reported that IBR could
be transferred from infected calves to others by contact.
Clinical signs included pyrexia, salivation, lacrimation,
anorexia, and depression. By reisolation studies, it was
determined that high virus concentrations occurred in the
nasal mucosa after intranasal and intratracheal inoculation.

McKercher et al. (30) in 1958 reported that IBR could
be transmitted to goats. It was also reported that cattle
exposed by the ocular route underwent a mild form of the
disease. Cattle inoculated by the intranasal route developed
a rapid rise in antibody by 12 days after inoculation and
were refractory to challenge for at least a year.

Some of the biochemical properties of IBR virus were

investigated by Griffin st al. (16) in 1958. The virus was




shown to be stable over a pH range of 6.0 to 9.3 at 4 C for

25 days. It could be stored for 9 months at -60 C with no
loss of titer. At 4 C it was stable for 30 days and at 22 C
dropped only 1 log in 5 days. At 37 C a ten-fold decrease was
observed by the third day with complete inactivation taking
place by day 10. The virus was completely inactivated in 21
minutes at 56 C. When the virus was subjected to lyopﬁiliza-
tion a ten-fold drop in titer was observed. Subjecting the
virus preparation to equal parts of ether, alcohol, or acetone
resulted in rapid inactivation.

Tousimis et al. (53) in 1958 reported on some of the bilo-
physical characteristics of IBR virus. The size of IBR was
estimated to be 145-156 mu in diameter based on ultracentrifu-
gation studies. Examination of infected cell culture fluids
by electron microscopy revealed particles 136 mu in diameter.
Similar size particles were observed in ultrathin sections of
infected cell cultures.

In 1958 Nadel (38) reported results of a growth curve
study using IBR virus in a calf kidney cell system employing
roller tubes. Two doses of inoculum were used, 104'5 and
101'5 TCIDSO per 2 ml. The virus was maximally adsorbed in 2
hours. With the low inoculum, virus release started at 48
hours and reached peak ylelds at 146 hours. However, the high
inoculum virus was released at 18 hours reaching a peak yield

at 146 hours.
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Gillespie et al. (12) in 1958 reported that a relation-

ship existed between IPV and IBR. Cytopathic changes, virus
growth and production of intranuclear inclusion bodies in
bovine kidney cell culture were similar. Both IPV and IBR
were capable of producing similar clinical and pathological
features in cattle; however, some differences in intensity
were noted. The IPV strain produced a milder illnsss when
inoculated intranasally. Cattle immunized with IBR virus
were protected against challenge with IPV and vice-versa.
Reciprocal cross serum neutralization tests indicated that
these agents were serologically related. Wagner and Gillespie
(54) in 1959 reported similar findings when they compared a
Canadian IPV strain to Gillespie's IBR isolates. McKercher
et al. (31) confirmed these findings in 1959 by comparing a
New York IPV isolate to a California IBR isolate.

After the initial report of IBR isolation in the United
States by Madin, reports of similar disease syndromes came
from various parts of the world. Two New Zsaland researchers,
Webster and Manktelow (57), in 1959 reported the isolation of
a virus from a cow with nasal catarrh. They were able to
reproduce the disease in susceptible cattle. Two of the ani-
mals infected experimentally with the virus exhibited nervous
symptoms, and two had adrenal lesions. The isolates were

ldentified as IBR by the use of specific antiserum in nsu-



tralization tests. In 1960 similar findings were reported

from Germany by Liess et al. (21). The virus was isolated
in cell culture and experimental inoculation reproduced both
the IBR and IPV disease syndrome. Serological tests identi-
fied the virus as IBR virus.

The effect of IBR-IPV virus on young calves was studied
by Baker et al. (5) in 1959. Calves were exposed intra-
venously, orally, or by contact shortly after birth. All of
tha calves became ill, and some died. By virus reisolation
studies and post-mortem lesions it was concluded that the
virus also has an affinity for the digestive and lymphatic
tissues in young calves. Before this report it was generally
assumed that only the respiratory or vulvovaginal tracts were
involved.

In 1951 Manktelow and Hansen (24) compared an IBR strain
isolated in New Zealand to a New Zealand IPV strain. Their
results confirmed the findings of Gillespie et al. (12) and
McKercher et al. (31) that these agents were serologically
related. Manktelow and Hansen (24) also noted that IBR virus
induced vulvovaginitis indistinguishable from the disease
induced by IPV virus. Whereas, IPV virus inoculated intra-
nasally produced a mild febrile response, but none of the
characteristic respiratory signs usually assoclated with IBR.

These authors suggested that undetected antigenic differences
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among virus strains may account for the different clinical

diseases observed.

Conjunctivitis, which is another manifestation of IBR
infection, was reported by Abinanti and Plumer in 1961 (1).
In the feeder cattle affected, no respiratory signs were
observed. The infectious agent was isolated in bovine
embryonic kidney cell cultures. Cytopathic effects of the
isolate resembled those of IBR. The agent was identified by
serum neutralization tests using specific antiserum. Con-
junctivitis could be reproduced in cattle by intrapalpebral
inoculation of this isolate and a California IBR isolate.
However, the Califorania strain did not produce as severe a
conjunctivitis as ths original conjunctival isolate.
Serological results by cross serum neutralization indicated
that the viruses were closely related.

Armstrong et al. (3) proposed that IBR be classified
with the Herpesvirus group. They based this proposal on the
type of cytopathic effect (CPE) produced in cell culture,
ether sensitivity, particle size (150 mm) and morphology as
observed in the electron microscope. The mode of viral
replication as observed in ultrathin sectlions of infected
cell cultures resembled that of other members of the
Herpesvirus group. Grinyer et al. (17) in 1962 confirmed

these findings.



In 1962, French (9) reported the isolation of a virus

from the brain of native Australian cattle dying of enceph-
alitis. The disease condition was reproduced by intranasal
inoculation of experimental animals. Transient ocular dis-
charge as well as clinical signs referable to an encepha-
lomyelitis were observed. However, no rhinotracheitis was
recorded for any of the cases. The isolated virus was
identified by serum neutralization tests with IBR antiserum.
French suggested that the apparent neurotropism of this
strain represented a unique genetic nature of the viral
genome.

McKercher (27) in 1963 reported the results of studies
comparing the Los Angeles IBR strain to the etiologic agents
of Bldchenausschlag (Coital Vesicular Exanthema). The latter
disease had been described in central Europe, particularly in
Germany for many years and was believed to be synonymous
with the IPV syndrome in the United States. The Blachenaus-
schlag viruses used were identified as the Riems (German)
isolate, the Vienna (Austrian) isolate, and the Ghent (Belgian)
isolate. Cross immunity tests in calves established that the
four isolates were immunologically related. Reclprocal cross-
neutralization and cross complement-fixation tests using post
jnoculation serum samples established the fact that all

strains were serologically related.
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In 1963, McKercher et al. (33) reported the results of a
study on the distribution and persistence of IBR virus in
cattle following intranasal inoculation. They concluded that
the virus multiplied in the upper respiratory tract and spread
via the lacrimal ducts to the ocular tissue where secondary
multiplication may occur. The virus was also reisolated from
some of the lymph nodes draining these areas. Virus was
isolated occasionally from the aqueous humor, brain, kidney,
mesenterlic lymph nodes, peritoneal fluid and cecum from some
animals. It was suggested that the virus was transported to
these areas by migrating leukocytes.

The first report of the use of the plaque technique for
the quantitative study of IBR virus was by Rouhandeh and
Werder (43) in 1963. They described the procedure for plaque
production of IBR virus on primary bovine embryonic kidnsy
cells. It was stated that the production of plaques could be
inhibited by IBR hyperimmune serum.

Later in 1963 Sabina and Parker (46) reported plaque
production by IBR virus on monolayers of a bovine kidney cell
line (MDBK). The multiplication of IBR virus on MDBK mono-
layers was studied by one-step growth curves. With a multi-
plicity of 1 plaque forming unit (PFU) per cell, the eclipse
Phase was complete at approximately 6 hours. Extracellular
Virus increased logarithmically until the twelfth to four-

teenth hour. Maximum free virus was obtained 24 hours post




infection, and the infective virus yield per cell was 210 PFU.

The kinetics of thermal inactivation and serum neutralization
were also investigated. The kinetics of both of these re-
actions were found to follow first order rates over the
period studied. BResults indicated that the half 1life of IBR
virus at 37 C and 42 C were 16 and 3.5 hours respectively.
Experiments on the kinetics of neutralization showed that
anti-IBR bovine and anti-IBR rabbit sera had the same virus
neutralizing potential. The IBR strain used throughout this
study was an isolate from Colorado cattle.

Stevens and Groman (49) in 1963 also reported on a quan-
titative virus-cell culture system. The MDBK tissue culture
cells and the Cooper strain of IBR virus (Colorado) were used
in this study. In a one-step growth curve using a high multi-
plicity of virus (6 PFU/cell) an eclipse phase of 4.5 hours
was observed. During the next 7 hours intracellular virus
increased to a peak and remained at that level for the next
10 hours. The extracellular virus did not begin to increase
until approximately 8.5 hours and then gradually reached a
peak at 25 hours. The yield of virus per cell was estimated
to be between 115 and 270 PFU. Data on thermal stability

indicated that this strain had a half life of 10 hours at

37 C.
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Hahnefeld et al. (18) in 1963 reported results on the
stability of the Blaschenausschlage virus. Most of their
findings were similar to results reported for IBR virus.

Lukas et al. (22) in 1963 reported that IBR virus had
been isolated from a large number of cases of abortion in
California. The abortions had occurred in herds with differ-
ent histories such as IBR vaccinated and unvaccinated, upper
respiratory signs, ocular signs alone, rhinitis only, or no
clinical signs of IBR. They also produced abortion experi-
mentally by inoculating pregnant cattle with a virus isolate
(Fresno No. 229&).7 It was shown by serum neutralization tests
that the abortion isolate was identical to the IBR virus.
However, the authors suggested that this strain may posses
different infective and antigenic properties which would
account for its apparent tropism for the fetal tissue.
McKercher and Wada (32) confirmed the above results in 1964.
They were able to induce abortion with two isolates of IBR
from aborted fetuses. These isolates were found to be in-
distinguishable from a known IBR strain (Los Angeles) by cross
Immunity tests in cattle and reciprocal cross serum neutrali-
zation tests in cell culture.

In 1964, Studdert et al. (52) reported on the experi-
mental reproduction of infectious pustular balanopostitis

using a field isolate from a case of IPV. Clinical syndromes
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of bulls inoculated intrapreputially were divided into three
categories depending on the severity of the disease. In
general, the early lesions consisted of pustules distributed
over the preputial folds and penis. Later, after sloughing

of the pustular material, the lesions healsd. An elevated
temperature response, varying degrees of inappetence and
neutropenia, were usually associated with the clinical disease.

McKercher (34) in 1964 compared the viruses of IBR, IPV
and rinderpest. By using various serological procedures,
antigenic similiarity was demonstrated between IBR and IPV. |
No antigenic relationship was detected between these two
agents and rinderpest. In a study (35) using a plaque assay
system, it was shown that the plaques produced by IBR and IPV
were indistinguishable. However, these plaques could be
readily differentiated from plaques produced by rinderpest.
It was also reported that the plaques produced by IBR and IPV
virus could be inhibited by their homologous or heterologous
antiserum, but not by rinderpest antiserum.

Straub et al. (51) in 1964 reported on a study comparing
an IPV isolate with an IBR isolate. These isolates had
jdentical serological characteristics, as well as identical
buoyant densities. By using carrier-free virus zone elec-
trophoresis in a glucose density gradient, the two viruses

showed different mobilities. The authors, therefore, con-
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cluded that the viruses were not identical but su
the virus group.

Peter (41) in 1964 studied the pathogenesis of an in-
fection produced by IBR virus (ISU-IBR 1) isolated from a
calf dying of mucosal disease. Fluorescent antibody technique
was utilized to detect the viral antigen at various locations
in the tissue of experimentally inoculated calves. The viral
antigen was primarily located in lymphoid tissue; however,
the organs being involved depended upon the route of inocu-
lation.

In 1965, Greig and Bannister (15) reported on the pro-
duction of mastitis by inoculation of IBR virus into the
teat canal of the bovine mammary gland. The virus could be
relsolated from the second to the fifteenth day in high titers.
Shortly after the disappearance of virus from the mammary

gland, serum and milk antibodiss were detected.



PART I. VIRUS STRAIN COMPARISON



MATERIALS AND METHODS

Tissue Culture System

Glassware washing

New glassware was rinsed in triple distilled water before
sterilization. Used glassware was rinsed in tap water im-
mediately after use, and any glassware contaminated with
bacteria, viruses, or molds was autoclaved and then subjected
to the washing procedure. Most of the glassware was washed
in a commercial laboratory dishwasherl, using washing cycles,
tap water and distilled water rinses as specified by the
manufacturer. In addition to the machine distilled water
rinse, all glassware was rinsed 3 additional times in dis-
tilled water and once in triple distilled water. After the
glassware had drained dry, the bottles were capped and the
other glassware appropriately wrapped for autoclaving. All

glassware was autoclaved for 30 minutes.

Triple distilled water

Tap water was first distilled by a large steam distiller.

This water was then passed through an ion exchange resin into

1Heinicke Instruments Co., Hollywood, Florida.
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a glass laboratory distilling apparatus. The water collected

from this apparatus was stored in plastic carboys until used.

Solutions

Hanks' balanced salts solution with lactalbumin hydroly-

sate and yeast extract. (Hanks' LY) This medium supplemented

with 10 per cent inactivated lamb serum was used for cell
propagation. The formula of Melnick (36) was modified by re-
ducing the amount of lactalbumin hydrolysate to .1l per cent

and adding .1 per cent yeastolate.

NaCl 8.00 gm.
KC1l .40 gm
MgSOu.?HZO .10 gm
Mg012.6H20 .10 gm
NaHCO4 .35 gm
CaCl, .14 gm
Na,HPO), .06 gm
KH,PO), .06 gm
Glucose 1.00 gm
Phenol red .02 gm
Lactalbumin hydrolysatel 1.00 gm
Yeastolate2 1.00 gm

1

Difco Laboratories,

Incorporated, Detrolt

2Dif‘co Laboratories, Incorporated, Detroit

1, Michigan.

1, Michigan.
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Triple distilled water q.s. 1000 ml

The medium was sterilized by pressure filtration through a
.22 mun Millipore filter. After filtration, the medium was
incubated at 37 C for 48 hours as a sterility check. An
antibiotic mixture containing 10,000 units of psnicillin and
10,000 ngs of streptomycin was added per 100 ml of medium.
This medium was then stored at 4 C. Lamb serum was added

prior to seeding cells in culture plates and tubes.

BEagles' basal medium This medium was used in the

maintenance of cell cultures after inoculation of virus.
Horse serum in concentrations of 2 to 5 per cent was usually

added prior to use.
Eagles' basal medium 10x' 100 ml
- with Earle's salts
- with L-glutamine

NaHCO3 2.2 gm
Penicillin 10,000 u

Streptomycin 10,000 ug
Triple distilled water qg.s. 900 ml

This medium was sterilized by pressure filtration through a

.22 mu Millipore filter and stored at 4 C.

Saline used for cell washing procedures and virus dilu-

tions. (Saline G) The saline used was prepared according

lGrand Island Biological Company, Grand Island, New York.



to the formula of Ham and Puck (19).

NaCl 8.00 gm
KC1 40 gm
MgSOu.?HBO .15 gm
N32HP04.7H20 .29 gm
KHEPOu .15 gm
CaClz.szo .016 gm
Glucose 1.10 gm
Phenol red .0012 gm
Lactalbumin hydrolysate 2.00 gm
Triple distilled water q.s. 1000 ml

This saline solution was sterilized by autoclaving at 15
pounds pressure for 20 minutes. After cooling, an antiblotic
solution was added to give a final concentration of 100 units
of penicillin and 100 ug of streptomycin per ml. The solution
was stored at 4 C until used. If the saline G was to be used
for virus dilutions, 1 per cent inactivated horse serum was

added prior to use.

Trypsin solution This solution was used for the dis-

persion of cells. It was prepared according to the following

formulation:
NaCl 8.00 gm
KC1l L40 gm

NaZHPOu.?HZO .0L5 gm
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KH2P04 .03 gm
CaCl,.2H,0 .016 gm
Glucose 1.00 gm
Phenol red .0012 gm
Trypsin 2.00 gm
Triple distilled water q.s. 1000 gm

In order to dissolve ths trypsin, the solution was incubated
in a 37 C water bath for 1 hour. Penicillin and streptomycin
were added, and the solution was sterilized by pressure
filtration through a .22 mu Millipore filter. The trypsin

solution was stored at -20 C until used.

Overlay medium for plague assay Eagles' solution was

prepared as a 2X concentrate from powder media as described
bzalow.
Powder Medium BMEL | 9.29 em

- with Earles salts
- with L-Glutamine

Sodium bicarbonate 2.20 gm
Penleolllin 100,000 units
Streptomycin 100,000 ug
Triple distilled water qg.s. 500 ml

The medium was sterilized by pressure filtration through a

Millipore .22 mu filter and stored at -20 C. When used for

lGeneral Biochemicals, Chargin Falls, Ohio.




overlay, this medium was supplemented with horse serum to give

5 final concentration of 5 per cent. This mixture was warmed
to 48 C and mixed with an equal volume of agueous 2.2 per cent

of Special Noble Agar.l

Serum
The lamb and horse serum were supplied by Grand Island

Biological Company, Grand Island, New York.

Cell culture procedure

Bovine testicles were supplied by Rath Packing Company,
Waterloo, Iowa. The testicles were removed from slaughtered
calves, packed in plastic bags, and shipped in a container
wWith ice. A time lapse of about six hours occurred between
removal and processing the tissue.

The bovine testicles were processed as described by
Gratzek (13). After the testicular tissue was trypsinized
the cells were strained through 4 layers of sterile gauze.
The cells were sedimented by centrifugation and washed twice
with saline G. The packed cells were resuspended in saline G
and 50 per cent serum before counts were made. Cells were
added to Hanks' LY containing 10 per cent lamb serum to make

o final concentration of 1 million cells per ml. This mixture

lDifco Laboratories, Incorporated, Detroit 1, Michigan.



was dispensed into disposable petri dishesl or disposable

glass tubes.® After 24 hours of incubation at 37 C, the cell

culture medium was changed. Confluent monolayers usually

formed in 3 to 4 days.
Virus Strains

Four isolates of IBR virus were compared. The Colorado
vaccine strain and the Los Angeles strain were used as proto-
types.3 The passage level of these two strains was unknown.

The ISU-IBR 1 strain was isolated by Gratzek et al. (1K)
in bovine testicle cell culture from deep scrapings of a
Peyer's patch from a calf that had died of mucosal disease.
This virus was identified as IBR by neutralization with
specific IBR antiserum. The pathogenesis of this isolate for
calves was reported by Peter in 1964 (41). This strain had
been passed 10 times at the onset of this study. |

The ISU-IBR 2 strain was 1isolated in the fall of 1964
by Buening in cell cultures of bovine testicle from nasal

swabs of beef cattle having a mild upper respiratory disease.

lFalcon Plastics, Los Angeles, California.
2Scientific Products, Chicago, Illinoils.

3These strains were obtained through the courtesy of
Phillips, C. H., National Animal Disease Laboratory, Ames, Iowa.
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This strain was identified as IBR by neutralization of cyto-
pathic effects in cell. cultures by specific IBR antiserum.
Besults of intranasal inoculation of experimental calves will
be reported in Part II of this thesis. This strain had been
passed 10 times at the onset of this study.

All of the strains were cloned by plaque selection.
This process was repeated at least twice at the beginning of
this study. The four strains were passed simultaneously in
primary bovine testicle cell monolayers which were derived

from the same trypsinized batch of cells.
Propagation of Stock Virus

For the propagation of virus stocks, primary bovine
testicle cell monolayers were grown in 32 oz. prescription
bottles. In order to insure uniformity the same trypsinized
batch of cells was used for all strains.

Stock viruses used to hyperimmunize rabblits were propa-
gated in monolayers maintained in Eagles' medium without
serum. Cloned virus strains were inoculated onto the mono-
layers at concentrations of about 104 PFU per monolayer. When
75 per cent of the cells showed CPE the tissue culture fluids
were harvested. The fluids were centrifuged at 2000 RPM for
20 minutes and the supernatant dispensed in screw cap vials.

These vials were stored at -69 C until used. Virus prepared
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in this manner was used in the plaque size study and serum
neutralization kinetics study.

Stock viruses used in the one-step growth curve and
thermal inactivation study were propagated in monolayers
maintained in Eagles' medium with 2 per cent horse serum. In
this case, the cloned virus strains were inoculated onto the

5

monolayer at concentrations of about 10° PFU per monolayer.
After 90 per cent of the cells showed CPE the bottles con-
taining the tissue culture monolayers and fluids were frozen
and thawed once. The fluids were centrifuged, and the

supernatant fluid dispensed into screw cap vials and stored

at -69 C.
Production of Specific Rabbit Antiserum

Rabbits were bled prior to inoculation and the serum
tested for non-specific inhibitors of IBR virus. Hyperiﬁmuni—
zation was carried out with cell culture fluids which con-
tained approximately 106 PFU per ml. Two rabbits were inocu-
lated with each of the virus strains. The inoculation
schedule used 1is described in Table 1.

Hyperimmune serum was collected one week after the last
inoculation. It was heat inactivated at 56 C for 30 minutes

and stored at -20 C until used.
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Table 1. Hyperimmunization schedule

Day Amount of inoculum Route Freund's adjuvanta
1 1 ml I/Vb none
1 ml 1/D 1 ml
7 1 ml /v none
14 1 ml /v none
21 1 ml /v none

8Difco Laboratories, Incorporated, Detroit 1, Michigan.
bThe intradermal (I/D) injection consisted of equal

parts tissue culture virus and Freund's adjuvant. Injections
were made over the back with about 0.1 ml injected per site.

Assay Procedure

Infectious virus was assayed throughout this study by a
modification of the plaque technique as described by Dulbecco
and Vogt (7). Monolayers of primary bovine testicle cells
were grown in disposable pstri dishes at 37 C in an incubator
gassed with 5 per cent CO2 in air. When complete monolayers
had formed, the medium was decanted, and the monolayers were
washed with 4 ml of saline G. A 1 ml aliquot of virus dilu-
tion was added to szach 60 mm cell culture dish, and the virus
was allowed to absorb for 2 hours qt 37 C. During this period
the plates were frequently rotated to insure even distribution

of plaques. After the absorption period, the inoculum was
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decanted and the monolayers washed twice with saline G. Five
ml of overlay medium containing 95 per cent Eagles' medium
and 5 per cent horse serum in a 1.1 per cent agar solutlion
(48 C) was added to each petri dish. After the overlay had
solidified, the petri dishes were returned to the 002 incu-
bator.

Plaques could be observed unstained in 48 hours, but
visualization was enhanced by the addition of a second over-
lay of 1:10,000 neutral red in a 1 per cent aqueous agar
solution at the third or fourth day of incubation. After

a staining period of 6 hours, the plagues were counted.

Plaque Size Study

Thirty monolayers of primary bovine testicle cells in
60 mm petri dishes were inoculated with 20 to 50 PFU per
monolayer of each virus strain. Virus was allowed to absorb
for 2 hours, after which the monolayers were washad twice with
saline G. The monolayers were overlayed with 4.5 ml of over-
lay medium and after solidification were returned to the 002

incubator.

From the third day through the seventh day of incubation,

six plates of each virus strain were randomly selected for

@

plaque size analysis. These plates were stained, the agar

overlays were removed, and five plaques per plate were selected
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at random for measurement using a grid positioned below the
plate. Plaque size was determined to the closest 0.1 mm by
the use of a vernier caliper measuring the smallest diameter
of the plaque. The daily mean plaque size and standard de-

viations were calculated.
Thermal Stability

Heat inactivation rates of the virus stralns were
measured at 37 C and 42 C. The diluent used in this study
consisted of saline G containing 1 per cent horse serum.
Screw cap tubes containing the diluent were prewarmed to the
desired temperature in a water bath. At zero time a virus
dilution was added to give a final virus concentration of
approximately 1 x 106 PFU per ml. Samples were taken at O,
6, 12, 18, 24 hours for the 37 C study and at 0, 3, 6, 9, 12
hours for the 42 C study. All samples were frozen and stored
at -69 C until assayed by the plaque procedure. In experi-
ments at a given temperature the same bottle of diluent was
used. All virus strains were subjected to the treatment and
assayed simultaneously in order to reduce experimental error.

At least three monolayer plates were used per dilution.
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Single-Step Growth Curves

In order to minimize experimental error due to the cell
culture system, primary bovine testicle cell monolayers which
had been derived from the same trypsinized batch were used for
single-step growth curves for all IBR strains. The procedure
was to inoculate monolayers with a specific IBR strain at
half hour intervals, thus all strains were inoculated at
least within 1.5 hours of each other. Such a method allowed
all samples to be collected within a 26 hour period. Also
monolayers which had been derived from the same trypsinized
batch were used to assay all samples.

Single-step growth curves of each IBR virus strain were
performed according to the method of Stevens and Groman (50).
Monolayers containing approximately 1 x 106 cells were inocu-
lated with 2 x 10’ PFU of virus. This input multiplicity
(20 PFU per cell) according to Poisson distribution statistics
would insure infection of 99.99 per cent of the cells with at
least 1 PFU. After virus absorption for 2 hours at 37 C, the
plates were washed four timss with 4 ml of saline G to remove
unabsorbed virus. Pooled washings were sampled to determine
the proportion of unadsorbed virus. Four ml of Eagles'
medium containing 5 per cent horse serum was added to each

plate prior to incubation.
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At various time intervals over a 24 hour period, mono-
layers were removed from the incubator and the supernatant
fluid sampled for extracellular virus. The monolayers were
washed four times with 4.0 ml of saline G followed by the
addition of 3.0 ml of saline G containing 1 per cent horse
serum. The monolayers were sonicated for 1.5 to 2.0 minutes
at 15 kilocycles with an ultra-sonic pr'obe1 in order to
determine intracellular virus. Samples were quick frozen and

stored at -69 C until assayed.
Neutralization Kinetics

Antigenic comparison of the IBR strains was determined
by reciprocal neutralization kinetics. The method used was
a modification of the procedure reported by Sabina (45, 46).
By preliminary experiments the dilution of hyperimmune rabbit
serum which would neutralize 1.5 to 2.0 logs of its homologous
IBR strain in 30 minutes was determined. Diluted serum and
approximately 2 X 105 PFU of virus were prewarmed to 37 C in
3 water bath. At 15 seconds prior to zero time, 1 ml of virus
was added to 1 ml of serum dilution in a test tube covered

with a metal cap and mixed. At O time plus 15 seconds, 0.1

1Bronwill Scientific Division, Will Scientific Inec.,
Rochester 3, New York.
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ml of the serum virus mixture was removed and immediately

added to 100 ml of cold (4 C) saline G containing 1 per cent
horse serum. This sample (10'3 dilution) and an additional
1:10 dilution (1o‘b) were assayed for residual infective virus.
This procedure was repeated at 5, 10, 15, and 20 minutes. The

3

30 minute sample was diluted 1072 and 1077 and assayed for

residual virus.

Two monolayer plates were used for assay of each dilu-
tion. The plaque assay was carried out as previously
described, and the average number of plaques per dilution was
recorded.

Since neutralization of IBR virus has been shown to bs
a first order reaction by Sabina and Parker (46), the log-
arithm of the reciprocal of the per cent of surviving virus
plotted against time on a linear plot will result in a
straight line. The method of simple linear regression
analysis was employed to determine a straight line which best
fitted the experimental points. The procedure of regression
analysis used was that described by Ostle (40). The slop=s
of this line will equal the neutralization rate constant
divided by 2.3 x the reciprocal dilution of the antissrum.
Thus, the reciprocal neutralization slopes of a given anti-
serum can be compared statistically by using Student's t-
test. 1In all cases the slops of the homologous system was

compared to heterologous systems.
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The neutralization rate constant (K) can also be calcu-
lated by using the following equation: K=D/t 2.3 logy,
VO/Vt as described by McBride (25). In this case only two
observations need be considered, the initial amount of wvirus
(VO) and the residual virus at time t (Vt). The term D or
1/C is equal to the dilution of antiserum used in the experi-
ment. When this formula was used, an estimated value for
log,, VO/Vt at 30 minutes was calculated from the regression
analysis data.

Letting C equal antibody concentration as described by
Ashe and Scherp (4), K is then the expression of serum titer
derived from the initial rate at which a concentration of
virus is neutralized by a large excess of antiserum. The K
values of different antiserums cannot be compared directly
due to the fact that the absolute concentration of antibodies
canmot be determined. However, this difficulty is surmounted
by normalizing the K values (NK). In this calculation, the K
value for the homologous antiserum-virus combination is as-
signed a value of 100. The heterologous systems are calcu-
lated as a percentage of the homologous system. Ashe and
Scherp (4) used the criterion that combinations giving
reciprocal NK values of 90 to 100 were serologically homo-

logous.
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Analysis of the data from reciprocal neutralization

kinetics were subjected to both of the procedures described.

By using both methods, conclusions relative to the serological

relatedness of the strains could be drawn with more confi-

dence.
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RESULTS

Plaque Size Study

Plates inoculated with each IBR virus strain were re-

moved from the incubator from the third through the seventh

day. These plates were removed at approximately the same time

each day and stained with a second overlay of 1: 10,000
neutral red agar solution. Approximately 6 hours after the
second overlay, the entire agar overlay was removed by ream-
ing the edge of the petri dish with a spatula and inverting
the plate. Plaque size to the nearest 0.1 mm was determined
by measuring the smallest diameter of the plaque with a
vernier caliper.

A total of 30 plaques, picked at random, were measured
per strain each day. This data was compiled and programed
for computer analysis, in order to determine the mean plaque
size, standard deviation, and coefficient of variation. Re-
sults of this analysis are presented in Tables 2 through 5.
Coefficient of variation of plaque size tended to be higher,
except for the ISU-IBR 1 strain, on the first three days of
measurement. However, as the plaque diameter increased, the

coefficient of variation decreased.
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ISU-IBR 1 plaque size variability pattern

Mean plague Coefficient
size Standard deviation of variation
Day mm mm %
3 1.0233 0.0177 9.0
Iy 1.1433 0.0297 14.3
5 1.6767 0.0409 13.4
6 2.0667 0.0399 10.6
7 2.4300 0.0609 337
Table 3. ISU-IBR 2 plaque size variability pattern
Mean plague Coefficient
size Standard deviation of variation
Day mm mm %
3 1.0000 0.0292 14.3
Ly 1.1233 0.0292 14.2
5 1.5667 0.0365 1'S.1
6 2.0467 0.0358 9.6
7 2.2400 0.0426 10.4
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Table 4. Colorado plaque size variability pattern

Mean plaque Coefficient
size Standard deviation of variation
Day mm mn %
3 .9U67 0.0359 20..77
L 1.1433 0.0347 13.3
5 1.4700 0.0560 20.8
6 2.2267 0.0356 8.8
7 2.2933 0.0387 9.3

Table 5. Los Angeles plaque size variability pattern

Mean plaque Coefficient
size Standard deviation of variation
Day mm mm %
3 .9433 0.0346 20.0
L 1.1067 0.0394 19.6
5 L5039 0.0395 14.6
6 1.9767 0.0433 12.0

7 2.1700 0.0539 13:6
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Histograms of plaque size distribution per day were
constructed. These histograms are presented in Figures 1
through 5. Plaque size classes were assigned usling a range
of 0.3 mm. The variation in plaque size of each virus strain
appeared to increase with time, however, the histograms
tended to follow a normal distribution curve.

By plotting the mean daily plaque size of the various
strains against time, a curve was obtained which is illus-
trated in Figure 6. A sigmoid curve can best be fitted to
the experimental points. Mean plaque size of the different
virus strains ére very similar on day 3 and 4. Subsequently
increased variation in mean plaque size existed between
strains, but these variations fell within the confidence
intervals of the entire experiment and wesre judged as in-
significant.

Representative monolayers containing plaquss of each of
the IBR virus strains were photographed on day 4. The photo-
graphs were taken after the monolayers were stained and
before removal of the agar overlay and are presented in

Figures 7 through 10.
Thermal Stability

The rates of thermal inactivation of the four IBR virus

strains were compared at 37 C and 42 C. Experimental points
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Flgure 2. Histogram of plaque sizes of four IBR strains on the fourth day
after inoculation
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Figure 3.

Histogram of plaque sizes of four IBR strains on the fifth day
after inoculation
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Figure 5. Histogram of plaque size of four IBR strains the seventh day after
inoculation




PLA -
mz%uc ISU IBR 1

DAY 7

GROUPS

D 14-1.6mm
E 1.7-1.9mm

F 2.0-2.2mm
G 2.3-2.5mm

H2.6-28mm
I 2.9-3.1mnC
K3.5-3.7mm

COLORADO

10

K

D

sl el

ISU IBR .2

e W L L :
E F
LOS ANGELES

9t



Figure

7
O.

Curve of mean plaque progression of the four strains of IBR
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Figure 7.

Figure 8.

Plaque size of ISU-IBR 1 four days after
inoculation

Plaque size of ISU-IBR 2 four days after
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were determined by calculating the per cent of surviving
infective virus at various time intervals. Since thermal
inactivation has been shown to follow first order kinetics
by plotting experimental points for surviving virus on a
logarithmic scale versus time on a linear scale, these
points should delineate a straight line.

Percentage of surviving virus at time intervals for each
IBR strain at 37 C are presented in Table 6, and at 42 C in
Tablz 7. Graphs constructed from this data are presented in
Figures 11 and 12. Lines which best fitted the. experimental
points were drawn. In Figure 11 it will be observed that the
ISU-IBR 2, Colorado and Los Angeles strains had similar in-
activation rates. However, ISU-IBR 1 appeared to be more
thermolabile at 37 C. In Figure 12 it can be observed that
all of the IBR strains are inactivated at similar rates at 42
C. Therefore, only one line was fitted to the experimental
points, since no individual strain was consistently low or

high.,
Single-Step Growth Curves

Samples which had been stored at -69 C were assayed
using the plaque technique. In order to minimize variation,
all of the monolayers used were derived from the same batch

of trypsinized cells, and samples of all strains taken at a




AR s AR R s

gt TR e T

54

Table 6. Percentage of surviving virus at various time
intervals at 37 C
IBR strains
ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles
Hours % % % %
6 80.68 85.80 95.24 87.86
12 6L4.11 7912 73.99 75.72
18 50.92 65.89 65.67 55.56
24 L2.64 58.09 57 .14 52.26
Table 7. Percentage of surviving virus at various time
intervals at 42 C
IBR strains
ISU-TIBR 1 ISU-IBR 2 Colorado Los Angeles
Hours % % % %
3 75.00 55.78 91.78 63.24
6 37.50 34.63 L8.89 39.71
9 25.00 27.89 2107 28.68
12 15.63 14.97 20.25 20.59




Figure 11. Thermal inactivation of four IBR strains at 37 C
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Figure 12.

Thermal inactivation of four IBR strains at 42 C
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given hour were assayed simultaneously. Because of the large
number of samples and dilutions to be assayed, a single mono-
layer per dilution was used. BResults of the dilution which
produced between 10 and 150 plaques were recorded and used 1in
the calculations.

Data representing the rate of multiplication of ISU-IBR
1 virus during a 24 hour period is presented in Table 8. A
graphical representation of this data is given in Figure 13.
It can be concluded from Figure 13 that the eclipse phase of
the growth cycle lasted approximately 7 hours. This was
followed by a rapid increase of intracellular virus until a
peak at 16 hours. Thereafter, the concentration of intra-
cellular virus gradually decreased. At 20 hours the concen-
tration of extracellular virus surpassed the intracellular
concentration.

Data compiled for the one-step growth curve of ISU-IBR 2
strain over a 24 hour period is presented in Table 9. The
graphical representation is given in Figure 14. In this case
the eclipse phase terminated at approximately 7 hours. This
was followed by a rapid increase in intracellular virus until
a peak was reached at approximately 20 hours. Extracellular
virus was detected at 8 hours with the peak occurring at 2L
hours. Extracellular virus concentration did not equal

intracellular concentration at that time.
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Table 8. Results® obtained from a one-step growth study of

ISU-IBR 1

Hours Intracellular virus Extracellular virus
> 2.10 x 10° 2.21 x 100 P
I 2.40 x 107 6.32 x 103
6 1.95 x 10* 5.96 x 10°

8 2.76 % 106 9.30 x 1o3
10 2.41 x 107 1.16 x 10°
12 1,86 % 16° 1.04 x 107
16 3.71 x 10° 6.60 x 107
20 1.90 x 10° .28 x 108
2l 3.10 x 10° 3.52 x 10°

a
Expressed as PFU per monolayer.

bUnabsorbed inoculum, which was approximately 16.8 per
cent of the total.

Data for a one-step growth curve for Colorado IBR virus
1s presented in Tablzs 10. Using this data, a graph was con-
structed which is presented in Figures 15. Intracellular viral
multiplication was initiated at approximately 7 hours increas-
ing rapidly until a peak was reached at 18 hours after which
tine it slowly decreased. Extracellular virus was released

beginning at approximately 9 hours reaching a peak conceatra-



Figure 13.

Growth curve of ISU-IBR 1 virus over a period
of 24 hours
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Table 9. Results? obtained from a ons-step growth study of
ISU-IBR 2

Hours Intracellular virus Extracellular virus

2 6.00 x 107 2.04 x 100°P

L 2.10 lOLL 4,18 x 103

6 2.10 x 10 2.96 x 10°

B 6.90 x 10° 6.40 x 10°

10 6.58 x 107 2.80 x 107

12 2.53 x 10° 1.60 x 10°

16 7.82 x 10° 3.76 x 107

20 9.47 108 2.04 x 108

2.5 9.00 x 10° 4.36 x 10°
aExpPessed as PFU per monolayer.
bUnabsorbed inoculum, which was approximately 9.5 per

cent of the total.

tion at 24 hours.

At this time the concentration of intra-

cellular and extracellular virus were about equal.

Data for a one-step growth curve of the Los Angeles IBER

strain is presented in Table 11 and graphically represented

in Figure 16.
eclipse phase is approximately 7 hours.
a rapid multiplication of intracellular virus which reaches

a peak at 20 hours.

At ' about 8 hours extracellular virus

From this graph it may be concluded that the

This is followed by




Figure 14.

Growth curve of ISU-IBR 2 virus over a period
of 24 hours
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Flgure 15.

Growth curve of Colorado virus over a period
of 24 hours

AH—A Intracellular virus

A—A Extracellular virus

g
4
;
:

gty L e

i

r o el

g g



16

e T R e A R N N

o — gt o g8



68

Table 10. Results® obtained from a one-step growth study
of Colorado virus

Hours Intracellular virus Extracellular virus
2 9.00 x 10% 3.74 x 10° P

n 2.40 x 107 5.32 x 10°

6 3.51 x 10 6.56 x 10°

8 6.00 x 10° 2.80 x 10°

10 1.4 x 10° 6.00 x 10°

12 1.51 x 108 1.20 % 106

16 6.77 x 10° 5.68 x 107

21 7.44 x 108 2.88 x 10°

2l 5.20 x 10° 4.68 x 10°

aExpressed as PFU per monolayer.

bUnabsorbed inoculum, which was approximately 12.9
per cent of the total.

can initially be detected reaching a peak concentration at
2L hours after inoculation.

Comparisons of the growth curves of the four IBR strains
reveals that the period between maturation and release for

the ISU-IBR 1 was shorter than that noted for the other




Table 11. Results® obtained from a one-step growth study
of Los Angeles virus

Hours Intracellular virus Extracellular virus
2 1.50 x 107 2.55 x 10% P

I 9.00 x 10° 3.72 x 10°

6 2.10 x 107 4.08 x 10°

8 2.40 x 107 6.80 x 10°

10 2,19 X 15° 1.60 x 10°

12 2.22 x 10° 4.00 x 10°

16 6.04 x 10° 2.60 x 107

20 1.36 x 107 1.48 x 10°

24 8.60 x 108 2.48 x 108

aExpressed as PFU per monolayer.

bRepresents unabsorbed inoculum, which was approximately
12.6 per cent of the total.

three strains. By reference to Table 12 and Figure 17, it
will be noted that the ISU-IBR 1 strain gave less total

virus yield per cell than the other three strains.



Figure 16. Growth curve of Los An
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Table 12.

Comparison of infectious virus produced per cell
by the four IBR virus strains

IBR strains

Hours ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles
2 212 .06 .09 .15
L .03 .025 .029 L
6 .026 .024 042 .021
8 2.76 6.90 6.00 24.00

10 75 .30 66.10 145.00 219.00

12 166.00 254.00 162.00 226.00

16 437.00 820.00 734.00 630.00

20 618.00 1150.00 1030.00° 1510.00

2L 662.00 1340.00° 988.00 1110.00

SNumbers represent the total PFU per cell and were
estimated by dividing total virus yield by the estimated
number of total cells in a monolayer.

bThis sample was taken at 21 hours post inoculation.

CThis sample was taken at 24.5 hours post inoculation.

Neutralization Kinetics

The procedure used for antigenic analysis by neutrali-

zation kinetics has been described previously.

The dilution

of strain specific antiserum which neutralized 1.5 to 2.0




Figure 17.

Comparison of infectious virus produced per cell
by the four IBR strains over a 24 hour period
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logs of the homologous virus strain in 30 minutes was deter-
mined by preliminary experimentation. These results are
recorded in Table 13.

Results derived from the experiments were transformed to
1og10VO/Vt values. The inclinations of the slopes were
calculated using this data and are presented in Table 1M4.
Estimated values for 1og10Vo/Vt were calculated by using
regression analysis. This data for strain specific anti-
serum is given in Tables 15 through 18.

In order to statistically compare the slopes of the
homologous virus-antiserum system to heterologous systems
the pooled standard deviation of the slopes had to be calcu-
lated. BResults of such calculations for each antiserum are
given in Table 19.

Graphs constructed from the regression analysis data
for each strain specific antiserum are presented in Figures
18 through 21. The assumption is usually made that the homo-
logous virus-antiserum system neutralizes faster than other
systems. However, in Figure 18 it is apparent that both the
ISU-IBR 2 and Colorado viruses were neutralized considerably
faster than the homologous system. This seemed to be a re-
flection of the antigenic nature of the ISU-IBR 1 virus since

antiserum prepared by hyperimmunizing another rabbit demon-

strated a similar effect.
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Table 13. Dilution of strain specific antiserum used in
neutralization kinetic experiments

Antiserum Dilutiona
Anti-ISU-IBR 1 1:64
Anti-ITSU-IBR 2 1:128
Anti-Colorado 1:260
Anti-Los Angeles 1:40

aReferred to as D.

Table 14. Calculated value of the slope® of the regression
line for the various virus-antiserum systems

IBR virus
Antiserum ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles
ISU-IBR 1 0427 .0L4555 .07124 .05118
ISU-IBR 2 . 0729 .08188 .09173 .08964
Colorado .0691 .04787 .08499 .07849
Los Angeles .0224 .06215 06649 .09631

%The slope is equal to K/2.3D.



Table 15. Data from neutralization kinetic experiments and regression analysis

for ISU-IBR 1 antiserum against four IBR strains

IBR virus strains

ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles

Minutes = ¢P ¥ ¥ Y ¥ ¢ ¥
5 .13490 2344 .22475 .1789 .22621 .4188 .11919 .0322
10 49894k L4679 .53018  .5434 76447 7643 .11919 1442
15 .77728 L6814 .81531 . 9079 1.26211 1.1098 16749 ,2562
20 .98726 . 8949 1.32331 1.2724 1.70997 1.4553 .33723 .3682
30 1.22188 1.3219 2.01055 2.0014 1.93181 2.1463 64975 ,5922

8This term represents Log10 Vo/vt'

bThls term represents the estimated value of 1og10 VOVt calculated from

regression analysis.

L




B i, i e e T e TR R

Table 16. Data from neutralization kinetics experiments and regression analysis
for ISU-IBR 2 antiserum against four IBR strains

IBR virus strains

ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles
Minutes o &P ¥ ' Y i 3 ¥
5 .62120 .55266 323351 .25821 .20512 - W6 L1 7653 311111
10 .81816  .78041 .59688  .66761 .33913 41546 40561  .42186
15 .75945 1.00816  1.04144 1.07701 .69897  .65481 66354 .73261
20 1.36151 1.23591 1.51856 1.48641 .90319  .89416 1.00000 1.04336 &
30 1.70774 1.69141 2.30521 2.30521 1.36351 1.37286 1.71670 1.66486

%This term represents 1og10 ')

bThis term represents the estimated value of 1og10 VO/Vt calculated from
regression analysis.

O/Vt'




Table 17. Data from neutralization kinetics experiments and regression analysis
for Colorado antiserum against four IBR strains

IBR virus strains

ISU-IBR 1 ISU-IBR 2 Colorado Los Angeles
Minutes &b Y e Y g ¥ 7
5 14691 13457 Lokso  .39360 .27572 34415 22841  .18769
10 55440  .49077 .89620  .35225 74473 L76960 (44855 52014
15 67161 84697 1.31336 1.31090 1.20412 1.19405 .84164 .85259
20 1.30803 1.20317 1.66154 1.76955 1.82391 1.61900 1.23518 1.18504 3
30 1.91009 1.91557 2.73755 2.68685 2.34679 2.73755 1.84164 1.84994

SThis term represents loglO Vth.

bThis term represents the estimated value of loglo Vth calculated from

regression analysis.




Table 18. Data from neutralization kinetics experiments and regression analysis
for Los Angeles antiserum against four IBR strains

IBR virus strains

ISU-IER 1 ISU-IBR 2 Colorado Los Angeles
Minutes y2 i Y ¥ Y ¥ Y ¢
5 .35262 43962 27737 .26439 .35262 .38168 .27084 41932
10 .77728 .69552 74473 .71259 .74958 .77393 1.03621 .90087
15 .99140  .95142  1.03621 1.16079 1.23807 1.16658 1.49485 1.38242
20 1.20135 1.20732 1.69897 1.60899 1.57349 1.55903 1.79588 1.86397
30 1.69037 1.71912 2.49485 2.50539 2.31158 2.34393 2.79588 2.82707

%This term represents logy VO/Vt.

bfhis term represents the estimated value of 10g10 VO/Vt calculated from
regression anslysis.
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Table 19. Pooled standard deviation of slopes compared to
homologous virus-antiserum systems

Heterologous system

Virus Antiserum Standard deviation®
ISU-IBR 2 ISU-UBR 1 .00485
Colorado ISU-IBR 1 .00971
Los Angeles ISU-IBR 1 .00516
ISU-TBR 1 ISU-IBR 2 .00725
Colorado ISU-IRR 2 .00304
Los Angeles ISU-IBR 2 .00340
ISU-IBR 1 Colorado .00700
ISU.-IBR 2 Colorado .00588
Los Angeles Colorado .00578
ISU-IBR 1 Los Angeles .00584
ISU-IBR 2 Los Angeles .00616
Colorado Los Angeles .00549

@pooled value of homologous and heterologous systems
compared, and used in calculating t values for significant

tests.




Figure 18, Neutralization kinetic slopes for ISU-IBR 1
antiserum
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Figure 19. Neutralization kinetlcs slopes for ISU-IBR 2
antiserum
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Figure 20.
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Figure 21.

Neutralization kinetic slopes for Los Angeles
antiserum
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Statistical comparisons of the reciprocal neutralization
slopes are summarized in Figure 22. It will be noted that a
non-reciprocal relationship existed between the ISU-IBR 2
and Colorado IBR strain and between ISU-IBR 2 and the Los
Angeles IBR strain.

A comparison of reciprocal neutralization rates by
calculating the K and NK values is summarized in Figure 23.
This method of analysis correlated very closely with the
other procedure. This method has the added advantage of
being able to compare various antiserums. The NK values
for ISU-IBR 2 and the Colorado strain were very similar
except in the reciprocal cross of the Colorado strain with
ISU-IBR 2 antiserum. This would tend to indicate a close
antigenic relationship between these strains. There 1is also
a non-reciprocal relationship shown between the Los Angeles
strain and the ISU-IBR 2 strain. This would indicate an
overlapping of minor antigenic components by these three
strains.

The ISU-IBR 1 strain appeared to express more antigenic

individuality than the other three strains.




Figure 22.

Comparison of reciprocal neutralization slopes
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COMPARISON OF RECIPROCAL NEUTRALIZATION SLOPES

NEUTRALIZATION SERUM
SLOPES ANTI ANTI ANTI ANTI
ISU IBR 1 ISU IBR 2 COLORADO |LOS ANGELES
VIRUS t-value t- value t- value t - value
ISU IBR 1 m———— 5.0M1 M- 1.972 ¥ 7.728 %
ISU IBR 2 6.227 X | --—==--- 1.136 1:083
COLORADO 2.719 % 11.188 X% | ~--=--em = 3.246 *
LOS ANGELES 3.934 »# 5.803 X% 3.200 % o AR
¥ = SIGNIFICANTLY DIFFERENT SLOPE AT THE 5°/, LEVEL
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Filgure 23. Comparison of reciprocal neutralization rates
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COMPARISON OF

RECIPROCAL NEUTRALIZATION RATES

SERUM
VIRUS ANTI ANTI ANTI ANTI
ISU 1BR 1 ISU IBR 2 | COLORADO |LOS ANGELES
K NK K N K K NK K NK
ISU IBR 1 66| 100 | 166 | 73.5| 38.4| 77.6| 5.3| 60.7
ISU IBR 2 10.0| 152 | 22.6[100 | 54.0|109 7.7 | 885
COLORADO | 10.7| 162 | 13.5| 60 | 49.5/100 7281 827
LOS ANGELES| 3.0| 455| 16.3| 72 | 37.1| 75 8.7 100
. D Ve
Kz < 2.3 LOG

t

116
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DISCUSSION

Since plaque size has been observed to be a relatively
constant characteristic of a plaque purified strain under
defined conditions, it was used as a parameter of virus
characterization in this study. It had been previously
demonstrated that plaque size variation is often correlated
with the virulence of a strain of virus. Clones derived
from small plaques of a strain are frequently less virulent
than those derived from large plaques (42).

In 1963 Rouhandeh and Werder (43) reported plaque for-
mation of IBR virus in primary bovine embryonic kidney cells.
They observed plaques 5-7 mm in diameter after 7 days incu-
bation. Sabina and Parker (46) reported that plaque sizes
of the Colorado strain of IBR varied with the nutrients
incorporated in the overlay medium. They reported observing
plaques 1.0 -2.0 mm in diameter in 3 days on monolayers of a
bovine kidney cell line. Two other strains of IBR gave
similar results.

McKercher (35) compared plaques produced by IBR and
IPV virus. He observed both small and large plaques in the
IBR and IPV strains. An IBR vaccine strain produced only
large plaques. Plaques of different sizes were cloned and
when passed retained the size characteristic. However, both

the small and large plaques were neutrallzed equally well by
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homologous and heterologous antiserum. Plaque sizes of 5-7
mm in 7 to 9 days on primary bovine kidney cell monolayers
were reported.

In this study plaque sizes of the stralns studied were
very similar. The size varied from approximately 1.0 mm at
day 3 to 2.4 mm on day 7. Occurrence of two plaque sizes
was not observed prior to or after plaque selection. The
marked differences in plaque size with strains used in tThis
study compared with those reported by Rouhandeh and Werder
(43) and McKercher (35) most probably reflsct differences in
the assay system. Results of this study are consistent with
those reported by Sabina and Parker (46) who observed a
single plaque size produced by three strains of IBR.

The wvariability of plaque sizes obtained in this study
as determined by the coefficiznt of variation tended to de-
crease as incubation progressed. A range in coefficient
variation from 8.8 per cent to 20.8 per cent was noted for
all the data, and these values compare favorably with the
accepted values for other blological systems.

Thermal stability characteristics of the four strains
were studied primarily to more accurately interpret the re-
sults obtained from 24 hour growth studies. Variations in
thermal stability of virus strains may refl=ct differencs=s
in the protein configuration of the viral capsid and may be

related to other virus-cell interactions.
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Thermal stability has been used as a marker for strains
of poliovirus by Wallis et al. (56). They reported that
attenuated type 1 poliovirus could be differentiated from
virulent strains by the rate of inactivation at 50 C in the
presence of 12.5 mM AlClB. Virulent strains demonstrated
an increassd thermolability compared to vaccine stralns.

Concerning the thermal stability of IBR virus at 37 C,
Griffin et al. (16) reported a half-life of approximately
22 hours. Sabina and Parker (46) indicated that the half-
1life of the strain which they studied was 16 hours. Stevens
and Groman (50) reported a half-life of 10 hours for an IBR
strain. A half-life of approximately 8 hours was reported
for a strain by Blichencusschlages (Coital Vesicular Exan-
thema) by Hahnefeld et al. (18).

Sabina and Parker (46), Stevens and Groman (50), and
Hahnefeld (18) indicated that thermal inactivation at 37 C
was a first order reaction during the inactivation period.

Strains ISU-IBR 2, Colorado, and Los Angeles used in
this study had similar inactivation rates (Figure 11) with
a half-life calculated to be approximately 30 hours. Strain
ISU-IBR 1 had a half life of approximately 20 hours.

The differences in inactivation rates for the IBR
strains reported in the literature may represent true differ-

ences of thermal stability or they may represent differences

in the test system. For example, Hahnefeld et al. (18) used a
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diluent free of serum, whereas other researchers incorporated
serum in the diluent. The protective effect of colloids on
thermal stability of wviruses has been well established.

In 1963 Sabina and Parker (46) reported that the inac-
tivation of an IBR strain at 42 C also followed first order
kinetics-over the period studied with a half-1life of approx-
imately 3.5 hours. When the four IBR strains used in this
study were heated at 42 C, all appeared to have similar
inactivation rates with a half-life of approximately 4.5
hours (Figure 12).

Besults of the present study on the thermal inactivation
rates of the four IBR strains at 37 C indicate that the ISU-
IBR 1 strain is slightly more thermal labile than the other
strains; howsver, at 42 C all of the strains had similar in-
activation rates. Although only the data from ons experiment
was reported, preliminary experiments using fewer replicates
indicated similar trends.

The trend toward increased thermolability of the ISU-
IBR 1 strain at 37 C suggested the presence of minor config-
urational differences in the capsid protein. These slight
differences appeared insufficient to affect growth curve
results obtained over a 24 hour period.

Since the rate of virus replication and release may be
related to virulence, single-step growth curves of each

respective virus strain were compared.
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One-step growth curves for IBR virus in an established
bovine kidney cell line were reported by Sabina and Parker
(46) and Stevens and Groman (50). Sabina and Parker (46)
used multiplicities of .1 PFU per cell and 1.0 PFU per cell.
In this system a latent period of 6 hours was followed by a
logarithmic increase of total virus until the twelfth to

fourteenth hour. A yield of 30 PFU per cell for the lower

multiplicity and 210 PFU per cell for the higher multiplicity
was reported.

Stevens and Groman (50) used a high multiplicity of IBR
virus and determined that an average of 6 PFU per cell was
absorbed: They reported a lag phase of 4.5 hours, followed
by intracellular virus increase for the next 7 hours which
remained stationary for the next 10 hours. Extracellular
virus was detected at 7 hours and reached a peak at 18 hours.
Virus yields per cell varied between 115 to 270 PFU. 1In
later experiments they reported (49) obtaining yields of 500
PFU per cell with maximum virus yields at 20 hours after
infectlon.

Graphical representations of one step growth curves
obtained for the four IBR strains used in this study are
presented in Figures 13 through 16. Duration of the eclipse
phase for the ISU-IBR 2, Colorado, Los Angeles strains was

approximately 7 hours. Rapid multiplication of intracellular
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virus followed until a peak was reached at 18 to 20 hours.

Extracellular virus was detected at 8 hours and peaked at 24
hours.

One-step growth for the ISU-IBR 1 strain appeared to
deviate from the others in that intracellular virus replica-
tion reached a psak sooner, and extracellular virus was de-
tected sooner indicating accelerated release after virus
maturation. In addition, at 20 hours the concentration of
extracellular virus surpassed intracellular virus. This
finding was unique for the ISU-IBR 1 strain and suggests ac-
celerated cell lysis as compared to the other three strains.
The fact that peak virus yields per cell were considerably
less than for the other strains would support this view. The
accelerated lysis of cells by ISU-IBR 1 strain as compared
to the other strains studied 1is probably under the control
of the viral genome in the form of toxic accumulative
products or inhibitor and is probably related to the in-
creased virulence of this strain as demonstrated by Peter (41).

As previously mentioned, the ISU-IBR 1 strain is slightly
more thermolabile at 37 C than the other strains. However,
the difference between 1ts growth curve and those of the
other strains could not be attributable to this factor.

In comparing the data of this study to the one-step
growth curves reported for IBR virus by others (46, 50),

differences were noted. Stevens and Groman (50) using bovine
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kKldney cell line monolayers established that IBR virus peaked
at 14 hours with a virus per cell yield of about 240 PFU. In
this study the growth cycle of the strains studied lasted
from 18 to 20 hours with a much higher PFU yield per cell.
Since the relationship between cell size and virus yield is
well established (8), it is difficult to compare studies
where different cell systems were used.

ISU-IBR 2, Colorado and Los Angeles strains produced
over 1,000 PFU per cell, while ISU-IBR 1 produced approxi-
mately 650 PFU per cell. These results would indicate that
the ISU-IBR 1 strain differs significantly in its replicative
cycle from the other strains studied.

Serum neutfalization kinetics have been used to reveal
fine antigenic differences between strains of bacterlophages
(2) and animal viruses (4, 25).

McBride (25) in 1959 demonstrated that serum neutrali-
zation kKinetics afforded a very sensitive method of antigenic
analysis for poliovirus strains. Nakano et al. (39) in 1963
compared a large number of poliovirus type 1 strains, and
they were able to distinguish vaccine-like strains from non-
vaccine strains. In 1963 Ashe and Scherp (4) reported that
15 strains of herpes simplex virus could be classified into

four groups using serum neutralization kinetics.

Sabina and Parker (46) reported that the rate of serum

neutralization of IBR virus by anti-IBR bovine and anti-IBR




rabbit serum were the same. The reaction was observed to

follow first order kinetics. Later Sabina (45) reported
serum neutralization kinetic experiments with a strain of
IBR virus and analogue-resistant variants. Antigenic
differences between the parental strain and one analogue-
resistant strain were noted.

Results from the reciprocal serum neutralization kinetic
studies of the four IBR strains are summarized in Figures 21
and 22. While close serological relationships were detected
between the Colorado strain and ISU-IBR 2 strain and between
the Los Angeles strain and ISU-IBR 2 strain, the ISU-IBR 1
strain was unique in that the neutralization constants
differed from all other strains. These findings suggest
that the ISU-IBR 1 strain differs from the other strains in
minor antigenic components. This finding is supported by
the fact that antiserum produced against the ISU-IBR 1 strain
neutralized the Colorado and ISU-IBR 2 strains much faster
than the homologous system. This was not an idiosyncrasy of
the individual rabbit's response, but was shown to be a
property of the virus because antiserum produced in another
rabbit acted similarly. Although this was not an expected
result, a similar phenomenon using other virus-antiserum
systems have been reported. For example, Wallis and Melnick
(55) reported in 1965 that two serologically related type 4

echoviruses behaved quite differently in reciprocal serum
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neutralization experiments. Either antiserum readily neu-
tralized the Dutoit strain, whereas, the Pesascek strain was
not readily neutralized.

An overall conclusion can be made that, of the four
strains compared, the ISU-IBR 1 strain possesses distinct
characteristics. Such distinct characteristics could be
related to the pathogensis of this strain. Peter (41)
demonstrated that this strain generalized following experi-
mental inoculation of calves. It is noteworthy that the
original isolation of this strain by Gratzek et al. (14) was
from the deep scrapings of a Peyers patch from a calf which
had died of mucosal disease.

A mild upper respiratory disease was produced 1in calves
following the intranasal inoculation of the ISU-IBR 2 virus.
These results are reported in Part II. Prototype strains in
this study were the Colorado (vaccine) strain and Los Angeles
strain. The Los Angeles strain had been isolated from upper
respiratory disease in cattle.

Taken collectively these differences in experimental
disease induced by the various strains and from the differ-
ences obtained by neutralization kinetic studies, would
suggest that the factor or factors responsible for antigenic
individuality is related to a virulence factor.

This hypothesis 1is supported by the work of Straub

t al. (51) who reported that IBR virus and IPV virus, which
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appeared to be identical by the serological method they used,
could be differentiated by carrier-free virus zone electro-
phoresis in a glucose density gradient. These findings
indicate that minor surface differences exist between IBR and
IPV strains and may account for the differences in the
disease syndrome which they produce.

Lukas et al. (22) suggested that IBR virus isolated
from aborted fetuses "may possess infective and antigenic
properties not shared by the virus of IBR." McKercher and
Wada (32) reported that IBR isolates from aborted fetuses
when inoculated intranasally could readily be recovered from
the blood, whereas the respiratory isolate (L.A.) in parallel
studies could not be recovered from the blood. They sug-
gested that the virus had acquired new properties, but that
these were not antigenic in nature because they could not be
detected by standard neutralization tests.

Considering the above reports and the results of the
present study it can be postulated that the IBR virus strains
may vary slightly in their antigenic make-up and that these
antigenic variations may be related to the type of disease
syndrome produced.

The relationship between slight antigenic differences
and virulence remains speculative; however, several possi-
bilities exist. Since NK values measure differences in

surface antigenic configuration, a speculation can be made
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that such differences are related to an altered affinity for
receptor sites on diverse cell types within the body. This
could result in increased virulence. Another possibility is
that these antigenic differences are eventually attributable
to the nucleotide sequence in the viral DNA. This cannot be
disputed in the light of modern concepts of nucleic acid and
protein synthesis. Thus, if nucleotide sequences code for
minor antigenic determinants, the question concerning other
fine differences arise. For instance, is the accelerated
growth potential and the decreased virus per cell yield seen
with the ISU-IBR 1 strain directly or indirectly related to
these antigenic differences? Does a particular antlgenic
mosalc of an ISU-IBR 1 virus subunit exhibit increased
allosteric inhibition to host DNA? Is the antigenic differ-
ence only a convenient marker which has a casual relationship
to the virulence factor?

From these results, a theory may be constructed which
holds that observed differences in virulence and tropism
patterns as seen in field cases are referable to basic
virus-cell mechanisms. These would consist of receptor

affinity and accelerated growth rates.
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SUMMARY

Selected characteristics of four IBR strains were com-
pared in a semi-standardized cell culture system. All of the
strains studied produced plaques of similar size. The ISU-
IBR 2 Colorado and Los Angeles strains had a similar thermal
inactivation rates at 37 C and 42 C and similar growth
curves. Non-reciprocal relationships were detected between
these strains by serum neutralization kinetics studies.

The ISU-IBR 1 strain was slightly more thermal labile
at 37 C. In comparing single-step growth experiments, it
was found that with the ISU-IBR 1 strain both intracellular
and extracellular virus reached a peak sooner in the growth
cycle than did the other strains. Extracellular virus sur-
passed intracellular virus at 20 hours suggesting an ac-
celerated cell lysis as compared to the other strain. Virus
yield per cell was approximately 650 PFU per cell for ISU-
IBR 1 compared to over 1000 PFU per cell for the othsr strains.

The relationship between these basic differences and
observed differences in the experimental disease which these

strains produce are discussed.



PART II.

ANIMAL INOCULATION
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MATERIALS AND METHODS

The ISU-IBR 2 virus was isolated from nasal exudate of
beef cattle exhibiting signs of a mild upper resplratory
disease. After the initial isolation, the lsolate was passed
several times and identified as IBR by the neutralization of
CPE in cell culture by specific IBR antiserum. Cell culture
fluids of the fourteenth passage were used for animal inocu-
lations.

The purpose of this study was to determine the virulence
of this isolate for calves exposed by the intranasal and oral

routes.

Source of Animals

Three calves between the ages of 4 and 6 months were
used. These calves were obtained by Caesarean section from
cows in the dairy herd maintained by the Department of
Veterinary Clinical Sciences and were housed in modified
Rockfeller type isolation units. All calves were negative
for serum neutralizing antibodies to IBR virus before

inoculation.
Virus Inoculation

One week prior to inoculation daily temperature and

total leucocyte counts were recorded. Calves were inoculated
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intranasally using an 18 gauge needle attached to a 5 ml
syringe. The head was raised and the infective cell culture
fluid sprayed into the extermal nares. Calf A was inoculated
with 5 x 105 PFU, calves B and C were initially inoculated
orally with 3 x lO3 PFU, and reinoculated thirteen days
later by the intranasal route with 1 x 106 PFU.

Calves were observed twice daily at which time rectal
temperatures were taken. Blood samples for total leucocyte
counts and virus reisolation were taken every other day.
Nasal and fecal swabs were also collected for virus re-
isolation every other day. Serum samples for assay of anti-

body titers were collected at various intervals after inocu-

lation.
Virus Isolation

Nasal and fecal swabs were placed in tubes containing
5 ml of saline G diluent plus 25,000 units of penicillin and
25,000 ng of streptomycin. These tubes were incubated for
30 minutes at 37 C and then centrifuged at 2,000 BRPM for 20
minutes. Approximately 2.5 ml of the supernatant was with-
drawn and recentrifuged, and approximately 1.5 ml of this
supernatant was removed and 0.1l ml inoculated into each of

four tubes containing monolayers of primary bovine testicle

cells.
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Blood samples were collected in sterile vacuum tubesl
containing EDTA as the anti-coagulant. These tubes were
centrifuged at 2,000 RPM for 15 minutes and the serum with-

drawn. The buffy coat was removed with a sterile Pasteur

pipette and inoculated into four cell culture monolayer tubes.

Samples tested for virus isolation were allowed to
absorb onto monolayers for one hour at room temperature.
Maintenance medium consisting of Eagles' medium with 2 per
cent horse serum was added to each tube. All tubes were ob-
served dally for cytopathic changes and cell culture fluids
from suspected cultures were passed a second time.

Samples which produced typical cytopathic changes in
cell cultures were regarded as positive. Also, at least
once during the reisolation study on each calf, a virus
isolate was plaqued and neutralized using specific IBR

antiserum.

Serum Neutralization

Serum samples collected before and after inoculation
were assayed for the presence of IBR neutralizing antibodies.
The neutralization test employed constant virus and variable

serum using plaque reduction as an indicator system. Serizal

lBecton, Dickson and Company, Rutherford, New Jersey.
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2-fold dilutions of heat inactivated serum were mixed with
an equal volume of a virus dilution containing 200 PFU per
ml. The virus-serum mixtures were incubated for 30 minutes
at room temperature. One ml aliquots were inoculated onto
each monolayer in 60 mm petri dishes. After adsorption for
one hour at room temperature, the inoculum was decanted and
the monolayers overlayed with the overlay medium. When the
agar had solidified, the plates were returned to the CO2 incu-
bator.

At 3 days after overlay, the plates were stained with
a second overlay of neutral red solution. Plagues were
counted and the number per dilution recorded. The neutral-
izing end point of the serum was determined as the reciprocal
of the serum dilution which caused a 90 per cent reduction

in plaque number as compared to virus control plates.
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RESULTS

Clinical Observations

When initially inoculated by the oral route calves B
and C showed no clinical signs or febrile response. These
calves were later exposed by the intranasal route, and again
no febrile response was noted (Figures 25 and 26). Six days
after inoculation both calves were slightly off feed. Calf
B also exhibited a serous nasal discharge at this time. On
closer examination, the nasal mucosa of both calves appeared
inflamed and discrete white foci were observed. Two weeks
after inoculation the areas were completely healed.

Calf A responded with a biphasic febrile response
starting approximately 24 hours after inoculation (Figure 24).
The peak of the febrile response occurred 4 days after inocu-
lation. At this time a serous nasal discharge was observed.
The nasal mucosa was inflamed, and numerous areas of focal
necrosis were seen. During this period the calf was weak and
inappetent. Two weeks after inoculation the calf had com-

pletely recovered.

Hematologic Observation

The total leucocyte count of calf A fell approximately

20 per cent during the febrile response (Figure 24). Totzl




Figure 24, Clinical and laboratory data obtained on calf A exposed to ISU-
IBR 2 virus
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Figure 25.

Clinical and laboratory data
IBR 2 virus
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Figure 26. Clinical and laboratory data obtained on calf C exposed to ISU-
IBR 2 virus
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leucocyte counts on calves B and C did not follow a con-
sistent pattern. Differential leucocyte counts were made
and were found to be within normal limits throughout the

study.
Virus Isolation

Virus was reisolated from the third through the eleventh
day from nasal swabs of calf A following intranasal inocula-
tion. The virus was not reisolated from nasal and fecal
swabs or from the leucocytes of calves B and C following oral
administration of the virus (Figures 25 and 26). However,
when these calves were reinoculated by the intranasal route,
virus was reisolated from nasal swabs from the fourth through
the twelfth day after inoculation as illustrated in Tabls 20.
At no time was the virus isolated from fecal swabs, leuco-
cytes or the serum of the 3 calves after intranasal inocula-

tion.
S=rum Neutralization

The presence of IBR neutralizing antibodies in the serum
of calf A were detected on the eleventh day after inoculation.
Antibodies appeared on the twelfth day after intranasal ‘
inoculation in calf C and on the fourteenth day after intra-

nasal inoculation in calf B. The correlation netween the
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Table 20. Correlation of virus reisolation with serum neutralizing antibody

titers
C4alf Day after inoculation
number Sample 0 2 i 6 8 10 12 14 16 18 20
Reisolation + + + + + =
A
SN titer® 0 0 0 0 2 8 16 16 16
Reisolation - = + + + - - = -
B
SN titer 0 0 0 0 0 2 L 8 8
H
4]
o
Reisolation - - + - & 4 - - i
C
SN titer 0 0 0 0 2 L 8 16 16

gSerum neutralization titer expressed as the reciprocal of the serum
dilution with neutralization of 90 per cent of the plaques.




disappearance of virus in the nasal secretion and the appear-

ance of antibodies in the serum is presented in Table 20.
None of the calves developed serum neutralizing antibodies

over 1l:16.
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DISCUSSION

Experimental reproduction of IBR with a field 1isolate
by oral and intranasal inoculation of susceptible calves was
studied. The isolate (ISU-IBR 2) was isolated from nasal
exudate of cattle exhibiting signs of a mild upper

respiratory disease.

When inoculated by the oral route calves B and C were
not infected as judged by clinical signs, reisolation studies,
and subsequent successful challenge. Baker et al. (5) pro-
duced a fatal disease in newborn calves by feeding high
concentrations of IBR-IPV virus. Peter (41) reported a

marked diarrhea in calves following the oral administration
of ISU-IBR 1 strain.

It would appear that this strain (ISU-IBR 2) was unable
to infect these calves by the oral route. The dose adminis-
tered to these calves should have induced an experimental
reaction. The possibility remains that the inability of this
strain to infect by the oral route is due to a relatively
narrow receptor tropism which it possesses for cells of the
respiratory tract.

Various workers (23, 11, 58, 30, 6, 11) have inoculated
cattle intranasally with cell culture fluids of IBR virus and
have produced clinical signs of the disease. The mild clini-

cal signs which they describe were consistent with those
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observed for calf A (Figure 24). Calves B and C exhibited a
very mild form of the disease following intranasal inoculation
in that no febrile responses were observed (Figures 25 and 26).

In contrast to these milder syndromes, a more severe
form of the disease has been reported by Webster and Manktelow
(57) and French (9) which involved the central nervous system.
McKercher and Wada (32) reported abortion in pregnant cattle
following intranasal inoculation.

Total leucocyte counts of calves A, B, and C did not
vary more than 30 per cent from the normal preinoculation
1eye1. No marked or prolonged decrease or increase was ob-
served. These findings are consistent with those reported
by McKercher et al. (29) and Gillespie et al. (11) following
intranasal inoculation.

Variation in the clinical IBR signs following intra-
nasal inoculation with various strains could be due to minor
antigenic variations in the virus strains. For example, 1t
was reported (32) that the Australian IBR strain has been
isolated from the leucocytes of cattle following intranasal
inoculation. Such data would indicate that the virus would
be able to spread to many tissues. The concept of tropism
variability of virus strains 1s well established. Differ-
ences in tissue tropism by virulent and avirulent poliovirus

type 1 strains was shown by Sabin (44) in 1957 and confirmed




by Holland and Hoyer (20) in 1962. The avirulent strains

did absorb to cells of the gastrointestinal tract, but not

to cells of the nervous system. However, the virulent strain

absorbed equally well to both cells of the gastrointestinal
tract and nervous system.

Virus was reisolated only from nasal swabs. Swabs from
calf A were taken from the same nostril which had been
inoculated with the virus, whereas, with calves B and C the
virus was recovered from the "uninoculated" nostril. Virus
was 1solated from the third through the twelfth day after
intranasal inoculation. These findings are consistent with
those reported by Gillespie et al. (11), McKercher et al.
(30), and Brown and Bjornson (6).

In this study detectable serum neutralizing antibodies
were detected between 11 and 14 days after inoculation.
These results agree closely with those of other workers
(11, 30, 6).

Correlation between the presence of serum neutralizing
antibodies and the disappearance of virus from the nasal
secretions are i1llustrated in Table 20. IBR neutralizing
antibodies could be detected beginning at day 11 in calf A,
day 14 in calf B, and day 12 in calf C. Failure in reiso-
lation attempts correlated closely with the presence of

detectable serum neutralizing antibodies.
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McKercher and Wada (32) in 1964 reported that 2 isolates

from aborted bovine fetuses could readily be recovered from
the blood following intranasal inoculation. However, a
respiratory IBR isolate could not be recovered from the
blood in parallel studies. It was also reported that the
Australian strain which is associated with encephalitils
could be isolated from leucocytes following nasal exposure
of cattle. These reports would tend to indicate that the
ability of a particular strain to cause a viremia is a
strain characteristic.

The general conclusion can be drawn from the clinical
observations, virus isolations, and serological data that a
mild upper respiratory disease was produced by the IBR iso-
late (ISU-IBR 2) in susceptible calves. Since virus was
not reisolated from leucocytes or form fecal swabs, the
isolate is considered to be relatively non-virulent as
compared to the ISU-IBR 1 strain.

Tt is interesting to note that on the basis of NK and

regression values, the "svirulent" Colorado strain and Los

Angeles strains are closely related to the ISU-IBR 2 strain.

The relationships between antigenic differences, growth

characteristics, and virulent mechanisms have been discussed

above.




!
5
e
53

e =
B,
Cak
3
l,ﬁ‘
o
5
.‘:‘J
¥4

SUMMARY

A field isolate (ISU-IBR 2) of IBR virus experimentally
produced a mild upper respiratory disease in susceptible
calves following intranasal inoculation. Efforts to infect
calves by the oral route were unsuccessful.

The virus was readily reisolated from nasal swabs,
but could not be detected in fecal swabs, blood or leuco-
cytes. Nasal swabs were positive for virus until IBR

neutralizing antibodies could be detected in the serum.
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