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The propagation of infectious bovine rhino-
tracheitis (IBR) virus(1.2) and its modifica-
tion in bovine kidney tissue culture(3). as
well as the adaptation of this virus to Hela
cells(4) have been previously reported. How-
ever. McKercher ¢t ol.(5) failed in attempts
to isolate a cytopathogenic agent in porcine
kidney tissue culture from nasal washings of
cattle containing IBR wvirus. This report
shows that IBR virus can be isolated and
propagated serially in porcine kidney tissue
culture (PKTC) with production of a typical
cvtopathogenic effect (CPE). Furthermore.
such passages can result in a virus which does
not produce any disease when inoculated in-
tramuscularly or intranasally into susceptible
cattle.

Material and methods. Virus. A 109%
suspension of turbinate, larvnx and trachea
from 2 cows in acute phase of IBR infection
was used to demonstrate primary isolation of
IBR virus in PKTC. From part of the same
respiratory tissues. IBR virus had been previ-
ously isolated in bovine kidney tissue culture
(BKTC) and designated as Colorado I(2).
The 7th passage of this virus in BKTC was
also employed to initiate further passages in
PKTC. Tissue culture procedurc. The por-
cine kidney tissue cultures were prepared by
trypsinizing kidney cortex of 1 to 8-week-old
pigs, and suspending the cells in nutrient me-
dium consisting of 0.59% lactalbumin hydrolyv-
sate and 5% horse serum in Earle's basic salt
solution, to which 200 units of penicillin and
200 pg of streptomycin ml was added. This
mixture was dispensed in 0.5 ml amounts into
culture tubes, and allowed to stand in a sta-
tionary position until good cellular growth
was observed, following which the tubes were
placed in roller drums. In the course of this
work, it was noted that more extensive and
rapid growth occurred when calf serum was
used in the medium. Therefore, 10% calf
serum which did not contain IBR antibodies

was substituted for the horse serum in the
growth medium but before use, the growth
medium was replaced with the 5% horse se-
rum medium. The propagation and mainte-
nance of embryonic bovine kidney tissue cul-
ture cells has been described(2). Neutraliza-
tion tests. Tests for IBR antibodies in the
sera of cattle were performed in calf kidney
tissue culture exclusively, as described previ-
ously(2.3), with IBR virus propagated in
BKTC. Cattle. Cattle 4-8 months old,
weighing 350-500 lb, regardless of sex or
breed, were used for virulence and antigeni-
city studies. The susceptibility of these cat-
tle to IBR was determined by absence of neu-
tralizing antibodies in the serum. In addition,
they were held in isolation for at least 2 weeks
prior to inoculation, and daily temperature
records as well as other observations were
made to insure that the animals were normal
before use. After inoculation, in addition to
the use of serum-neutralization tests to dem-
onstrate antibodies, some of the animals were
challenged intranasally with 1-2 ml of viru-
lent (low passage BKTC fluid) virus as de-
scribed(3). No response was considered defi-
nite unless fever and one or more signs of ill-
ness such as increased respiration, anorexia,
nasal discharge, hyperemia of the nasal mu-
cosa, serofibrinous exudate covering the nasal
mucosa, were observed.

Results.  Propagation of virus. A 10%
suspension of upper respiratory tissues from
acutely ill cattle was centrifuged at 1,000 rpm
for 10 minutes and 0.2 ml of the supernatant
inoculated into each of several PKTC tubes.
Two-three days after inoculation, a cytologi-
cal change was observed, consisting of granu-
lation and rounding up of the cells. This ef-
fect progressed until all cells became involved
and finally fell off the wall of the tube. When
50-100% of the cells were affected, tissue cul-
ture fluid from the tubes was transferred in
0.2 ml amounts into each of several new tis-
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sue culture tubes. A total of 10 serial pas-
sages in PKTC was made. The 10th passage
material, referred to as 0-10, was titered si-
multaneously in PKTC and BKTC, using the
CPE as an indicator of end point. Ten-fold
serial dilutions of the virus were prepared in
tissue culture medium without serum, and 0.2
ml amounts inoculated into each of several
tissue culture tubes for each dilution. The
titer in PKTC was 10*® 50% tissue culture
infectious doses (TCID;y), and 1033 TCID3,
in BKTC per 0.2 ml. This indicated that the
virus had multiplied in the PKTC, since the
end point of titration for the 10th passage
would represent a dilution of at least 10-1%8
of the original tissue suspension.

IBR virus was also propagated in PKTC
using as seed material virus that had been pre-
viously passed 7 times in BKTC. The tubes
were inoculated with 0.2 ml of the infected
tissue culture fluids, and all subsequent pas-
sages were made by transfers of the
same amounts of infected fluid. Serial pas-
sages of the virus were performed in two
ways: 1) transferring the tissue culture fluid
when 90-100% of the cells showed a CPE;
and 2) transfers at 1-2 day intervals or when
approximately 25-50% of the cells were in-
volved. In the first series after 60 passages,
terminal dilution titrations were performed
to select the virus particles that were present
in the greatest number at that time. Ten-fold
dilutions of the infected tissue culture fluids
were prepared and at least 3 tissue culture
tubes were inoculated with each dilution. The
fluid from the culture inoculated with the
highest dilution which produced a CPE was
harvested. and the procedure repeated. Three
such terminal dilution transfers were made.
Several larger batches of virus were then pre-
pared, using this third terminal dilution virus
as seed material. This virus is henceforth re-
ferred to as P-60. Titrations of 2 batches of
this virus material were performed simul-
taneously in porcine and bovine kidney tissue
culture, with titers of 10*5 and 10%% TCID5;,
in PKTC. and of 10*8 and 1088 in BKTC per
0.2 ml. In the series where transfers were
made when only a part of the cells were in-
volved, 100 serial passages were performed,
followed by 3 terminal dilution steps. Again
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2 batches of infected tissue culture fluid pre-
pared from the third terminal dilution virus
(RP-100) had titers of 10*® and 10°8
TCID;y per 0.2 ml in PKTC, and of 10%8
and 10%3 per 0.2 ml in BKTC. One lot
titered only in BKTC had an end point of
1075, The cytological changes occurring with
the use of P-60 as well as RP-100 in BKTC
could not be differentiated from those caused
by BKTC-propagated IBR virus.

Identification of the virus. Identification of
0-10, P-60, and RP-100 virus passage ma-
terial was performed with known IBR im-
mune sera, utilizing neutralization tests in
tissue culture. As controls either normal bo-
vine sera or tissue culture media were em-
ployed. Equal quantities of undiluted im-
mune sera or control fluids were mixed with
concentrations of virus ranging from approxi-
mately 10-3200 TCIDj;o. These mixtures
were incubated at 37°C for 2 hours and each
serum-virus mixture inoculated in 0.2 ml
amounts into each of 2-4 culture tubes, using
either porcine or bovine kidney tissue culture,
or both simultaneously. These cultures were
observed regularly, with the final reading ap-
proximately 5-7 days after the beginning of
the test. It was found that IBR immune sera
neutralized each of the 3 virus lines as indi-
cated by the absence of any cytological
changes in the cultures while normal serum
or tissue culture medium did not prevent the
CPE.

Tests in cattle. Further evidence that the
cytopathogenic agent propagated in PKTC is
IBR was obtained by inoculation of 1-2 ml
amounts of infected tissue culture fluid intra-
muscularly and intranasally in cattle, using
each of the 3 virus lines (0O-10, P-60, and RP-
100). All virus lots were titered simultane-
ously in porcine and bovine kidney tissue cul-
ture prior to inoculation. Serum samples
were taken from the animals at the time of
inoculation and again 3 weeks later. None
of the animals had IBR antibodies prior to
inoculation. Some of the animals were chal-
lenged intranasally with known virulent virus
at the time the second serum sample was
taken. The results of these tests (Table I)
show that none of the virus lines inoculated
intramuscularly produced any significant evi-
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TABLE 1. Results of Intramuscular and Intranasal Inoculation of Cattle with Pig Kidney
Tissue Culture Adapted IBR Virus.

TCID,, Clinieal response
inoe. Antibody  Challenge
Route of inoc. Virus (logs) Fever  Other responsel| response
Intramuse, P-60 5.5 1/1% 0/1+ 1: 3 0/1
" 1.5 0/1 h 1: 7 v
RP-100 6.5 N " 1:19 "
” 5.5 ” 1: 3 "
6.0 0s2 0/2 1: 7; 1: 9 NT¢
v 5.0 ” " 1:11; 1: 6 ”
" 1.0 " ' 1: 6; 1: 7 ”
" 3.0 v 1: 3; 1: 6 ”
0-10 6.3 0/1 0/1 1: 7 0/1
Intranasal P-60 7.3 01 2 trace 0/1
RP-100 7.3 ” 0/1 0 1/1
" 8.5 0/2 0/2 0; 0 NT
B 2.2 /2 1:19; 1:23 "

0-10 6.
* Fever of 103.8 for one day. Y

1 A slight hyperemia and nasal discharge noted for two days.

against 50-200 TCID;, of virus.

dence of disease. Al inoculated animals pro-
duced neutralizing antibodies. even when as
little as 1,000 TCID;, of RP-100 virus was
used, and all those challenged proved to be
immune. Following intranasal inoculation.
O-10 produced a typical IBR and a good anti-
body titer. On the other hand, P-60 in one
test caused only a slight clinical illness aid a
trace of antibodies, while RP-100 preduced
no disease or antibody response.

Discussion. As shown in results when
either suspensions of IBR-infected respiratory
tissue or low passage BKTC virus was in-
oculated into PKTC, a cytopathogenic agent
was isolated. In one instance this agent was
serially transferred for at least 100 passages.
It may be noted in titrations of virus batches
that the dilution end point was, in most in-
stances, lower in PKTC than in BKTC tubes.
This difference does not necessarily indicate
a lower sensitivity of the virus for porcine
tissue, but was probably due to the deteriora-
tion of the porcine kidney cultures before the
virus reaction in the bovine cultures was com-
plete, thereby preventing an accurate estimate
of the end point with the higher dilutions of
virus in PKTC. Evidence that this agent is
IBR virus and not some other CPE-producing
virus is shown by the fact that the effect is
prevented by use of known immune sera. and
that cattle inoculated intramuscularly devel-
oped antibodies which neutralized standard
BKTC-propagated IBR virus. As shown in

t Numerator = No. responding ; denominator — No. tested.

§ Not tested. I Tested

previous work(2,3), it is only by the intra-
nasal route of inoculation, however, that all
signs of illness observed in the field could be
reproduced in experimental cattle. Thus,
whether any change in the virulence of the
virus occurred during passage in PKTC could
be evaluated only by this route of inoculation.
It appears that a definite change had taken
place, because low passage virus (O-10) pro-
duced characteristic signs of IBR: P-60 only
a questionable response; while as much as
320,000,000 TCID;o of RP-100 produced no
signs of illness. Tt is also of interest to note
that in spite of this large amount of RP-100
virus inoculated, no antibody production
could be demonstrated. The comparison be-
tween the results in cattle inoculated intra-
nasally with high PKTC passage material
(RP-100) and other animals inoculated with
low PKTC material (O-10) demonstrates that
passage in PKTC results in a virus population
which lost much of its infectivity for the nat-
ural host. However, this phenomenon ap-
pears not to be dependent entirely on the por-
cine tissue itself, since it could also be ob-
served to a lesser degree previously with
BKTC passage virus. The same virus, Colo-
rado I strain, after more than 40 passages in
BKTC. did not produce any disease, and only
2 out of 4 animals developed neutralizing
antibodies when inoculated intranasally with
200,000 TCIDj;,. On the other hand, 320
TCIDso of low passage virulent virus did
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cause typical signs of IBR and a definite anti-
body response(3). In spite of this decrease
of infectivity, however, the antigenicity of the
virus when inoculated intramuscularly, re-
gardless of passage level or tissue culture em-
ploved, was not significantly changed as
shown by serum neutralization titers of ex-
perimental cattle. Thus, the PKTC-propa-
gated virus could be used as a vaccine with
the additional advantage that such a product
would be free of cattle viruses which might be
present in bovine kidney.

Summary. 1. IBR virus was isolated in
porcine kidney tissue culture from infected
respiratory tissues of cattle, and produced a
typical CPE on these cells. The virus was
maintained for 10 passages and, when in-
oculated intranasally into susceptible cattle,
produced signs of illness characteristic of
IBR. 2. IBR virus passed previously
through 7 passages in BKTC could be suc-
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cessfully propagated in PKTC in 2 separate
attempts, and was passed 60 times (P-60) and
100 times (RP-100), respectively, in PKTC.
3. Inoculation of P-60 and RP-100 did not
cause disease when inoculated either intra-
nasally or intramuscularly into susceptible
animals. Intramuscular inoculation of these
viruses resulted in a specific antibody re-
sponse.
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Previous studies with isolated calf adrenals
have demonstrated production of sodium re-
taining activity following perfusion with an
artificial medium, hoth with(1) and without
(2) added progesterone. The zone containing
this activity migrated with cortisone in the
toluene-propylene glycol(3) paper chromato-
graphic system and with cortisol in the Bush
C system(4), thus resembling aldosterone.
Because of low yield of this bio-conversion,
chemical identification of the aldosterone has
not thus far been practicable. With isotopic
technics, we have been able to show defini-
tively that perfused calf adrenals can produce
aldosterone from progesterone. Tritiated al-
dosterone was added to aldosterone-4-C* iso-
lated from a perfusate containing progester-

* Present address: Naval Medical Research Unit 1,
Berkeley, Calif.

one-4-C'*, and the mixture shown to have a
constant C'* to H2 ratio through 3 chromato-
graphic systems before, and 2 after, acetyla-
tion to aldosterone diacetate.

Methods. Seven left calf adrenals were
perfused for 2 hours with one liter of artificial
perfusion medium(5) containing 101 pc/40
mg progesterone-4-C'%.t  The progesterone
was added to the medium in 5 ml of propy-
lene glycol. The perfusion fluid was ex-
tracted 5 times with 500 ml of dichlorome-
thane, and the wash fluid from the apparatus
(800 ml) extracted 3 times with 400 ml di-
chloromethane. These extracts were dried over
sodium sulfate, combined, and evaporated in

t Progesterone-4-C14 was obtained from Tracerlab,
Boston, Mass., (sp. act. of 1.71 m¢/mM). The 20.5
mg obtained was diluted with 19.5 mg of non-radio-
active progesterone,



