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Infectious bronchitis virus (IBV) isolates that cause nephrosis with the accumulation
of urates have been reported in America??), Australia”®, Italy?¥), and England2l.
In Japan, however, no papers on the isolation of the virus have been published as yet.

WiNTERFIELD and HITCHNER?) suggested that there might be some cross protection
between the “classical” IB types and the nephr051s 1nduc1ng types. The immunological
relationship between the nephrosis-inducing type and any other known serotype of IBV
was studied in detail by HircHNER et al1® and WINTERFIELD et al2®) Qu1te recently,
Horxin16) reported that about 10 different serotypes were established’ in cross' neutrali-
zation tests with the IBV strains isolated up to the'present. Identification of nephrosis-
inducing IBV is based only on the immunological relationship determined by using
cross neutralization tests. No nephrosis-inducing virus has been properly characterized
as yet in cell cultures. ‘ ‘

In their previous paper?s), the authors reported the isolation of infective agents
in embryonating eggs from the natural outbreaks of chicken nephrosis. The infective
agents were confirmed to be the causal agents of nephrosis from their pathogenicity for
chickens experimentally or naturally infected with nephrosis.

' This paper deals with the isolation of ‘the agent in primary chicken embryo kidney
(CEK) cell cultures, and its biological, phy51cochem1ca1 and morphological properties.

MATERIALS ano METHODS

Virus: The GN-2 strain of the nephrosis virus isolates was mainly used?). It was
prepared from the 10th and 20th passage of the virus in primary CEK cell cultures. The
stock of all the strains of viruses was stored in frozen state at —20°C until use. The
Beaudette 42 and Gray strains of IBV used were kindly supplied by Dr. J. Fujira of
the National Institute of Animal Health, Kodaira, Tokyo.

Cell cultures: Primary CEK and DEK cell monolayers were prepared from the
kidneys of 18-day-old chicken and duck embryos. 'The cells were grown in Hanks’
balanced salt solution containing 0.59, lactalubumin hydrolysate (LH) and 109, calf
serum, and maintained in Medium 199 containing 29, calf serum. All the media
contained penicillin (100 units/ml) and streptomycin (100 xg/ml).

Virus assay: All the viras samples were assayed by inoculating CEK cell cultures
contained in small bottles with their serial tenfold dilutions. Each dilution was inocu-
lated into 4 cultures. The cells were observed for 5 days after inoculation. Virus titer
was calculated by the method of Reep and MueNcu?3) and expressed as TCGIDg.

Growth curve: FEach of the CEK cell cultures contained in small bottles was
inoculated with 1010 TCID,,. After absorption, the cultures were washed 3 times with
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LH to remove unabsorbed virus. After addition of maintenance medium, the cultures
were incubated at 37°C. At given intervals of time during the period of incubation
thereafter, medium was collected from three bottles and frozen. All the harvests were
stored at —20°C for the subsequent titration of virus content.

Exposure to ether: The virus in capped tubes containing 209, ethylether was
allowed to stand at 4°C for 18 hours after shaking. The ether in the virus suspension
was evaporated by aspiration. The virus was titrated immediately after treatment.

Exposure to chloroform: The virus was exposed to 5.09, chloroform for 20 minutes
in the same manner as it was exposed to ether.

Exposure to heat: Two 2-ml samples of virus were sealed in small tubes. One of
them was placed in a water-bath heated to 56°C, and the other allowed to stand at room
temperature. Samples were harvested from both cultures four times at 15-minute
intervals. They were titrated for virus content immediately thereafter.

Exposure to pH 38: The pH of two equal portions of the virus was adjusted by a
dropwise addition of 1.0 N hydrochloric acid, while the virus suspension was manually
agitated. The pH was reduced to 3.05 in ene portion and to 7.05 in the other. Both
samples of virus were maintained at 4°C for 30 minutes and then titrated for viable virus.

Exposure to 5-bromodeoxyuridine (BUDR): | Cultures of CEK cells in small bottles
were incubated in excess for 4 hours with maintenance medium containing 50 ug of
BUDR/ml.  Control ‘cul‘tures,included those incubated with 50ug of BUDR/ml and
those incubated with maintenance medium only. After incubation, each culture was
inoculated: with 1010 TCID,, of virus in the three groups. At each interval of time
during the périod of incubation thereafter, medium was collected from three bottles,
pooled, and maintained at —20°C for the subsequent titration of virus content.

Filtration of virus: The virus suspension was centrifuged at 2,500 rpm for 15
minutes at 4°C for clarification. The resulting supernatant fluid was divided into 3.5-ml
quantities, which were. forced to pass through a membrane filter once (Millipore Corp.,
Bedford, Mass.). The membrane was held in a Swinnex-25 filter holder (Millipore).
Filtration was accomplished by manually applied positive pressure in a 5-ml syringe.
In the various filters used, the pores were 220, 100, and 50 mu in average diameter.
The filtrates obtained were titrated immediately for virus content.

Exposure to sodium deoxycholate (SDC): One per cent stock solution of SDC was
made in distilled water and sterilized by boiling. The virus was mixed with an equal
volume of 0.29, SDC solution in distilled water. The mixture was incubated in a
water-bath at 37°C for 1 hour.

Antisera: Immune séra were prepared in Tabbits by intravenous injections with
the partially purified virus from the allantoic fluid.

Neutralization test: The virus suspension was mixed with an equal volume of a
1:10 dilution of control or irnmune serum and incubated at 4°C for 24 hours. Small-
bottle cultures and embryonating eggs were inoculated with the virus-serum mixture.

Electron microscopy: - Materials for negative staining were prepared by partial
purification of virus. For this purpose, virus was cultivated in embryonating eggs by
allantoic inoculation. The allantoic fluid was clarified by low-speed centrifugation at
5,000 rpm for 30 minutes, ard then centrifuged at 40,000 rpm for- 60 minutes in the
angle rotor, Hitachi RP 40, of ultracentrifuge. The pellets obtained were resuspended
in LH. About 4.0ml of the resulting suspension was laid on 1.0ml of 509, sucrose
solution contained in-a cellulose tube, which was placed in the swinging rotor, Hitachi
RPA 40, and spun at 40,000 rpm for 60 minutes. A band formed at the boundary
between ‘the sucrose and the suspension was collected from the bottom punctured with
a needle. The virus fraction was dialyzed in phosphate-buffered saline at 4°C for 24
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hours to remove the sucrose. A drop of the partially purified virus was mounted on a
collodion-coated mesh, dried, and negatively stained with 29, phosphotungstic acid (P TA)
at pH 7.0. Photomicrographs were taken by a JEM-100 B microscope at 80kv and a
magnification of 50,000 times.

RESULTS

CPE on CEK cell cultures: Viruses were recovered from 5 specimens collected from
the nephrotic kidneys. No CPE was found in the 5th serial passage in CEK cells inocu-
lated directly with these specimens. All of these viruses, however, produced CPE only
after 2 or 3 blind passages in CEK cells starting from the 5th or 6th passage in embryo-
nating eggs. Of the viruses which had produced CPE in CEK cells, the GN-2 strain
was chosen as the prototype strain and purified by 3 serial selections at limiting dilutions
in CEK cells. In these cells, CPE was shown as the first change at 24 hours of incubation
(Fig. 1). At 48 hours, the cell monolayer became granulated or shrunken in appearance
(Fig. 2). The appearance of many small vacuoles in the cytoplasm was the first change
noted in the stained cells. No inclusion bodies were found in cells stained with Giemsa
stain.

Growth curve in CEK cell cultures: The growth of virus in CEK cells for 120
hours is plotted in Chart 1. Viral replication was evident within 8 hours after inocula-
tion. No CPE, however, was obvious until 24 hours after inoculation. A peak of con-
centration of virus was reached some time between 48 and 60 hours after inoculation.
‘The highest virus titer, or 109-8 in the culture medium, was observed at 48 hours.

The virus also replicated in primary duck embryo kidney cell cultures, showing CPE.

Nucleic acid inhibition: No replication of the virus was inhibitied by the incorpo-
ration of 50 ug of BUDR in the culture medium for 120 hours (Table 1). By inference,
the nucleic acid of the virus is ribonucleic acid (RNA).

Chart 1. Growth curves of the GN-2 strain in CEK cell cultures with and without
BUDR, DNA inhibitor
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Table 1. Titer of virus following chemical and physical exposure

Ip— o f et T of oo

20% ether, 4°C, 18 hours No viable virus 108-0
5% chloroform, 4°C, 20 minutes No viable virus 105.0
0.1% SDC, 37°C, 1 hour No viable virus 105.0
pH 3.0, 4°C, 30 minutes 102-5 1050 (pH 7.2)
56°C, 15 minutes 101-8 1045

30 101.0 104-5

45 No viable virus 1045

60 No viable virus 1045
Filtration (mp) 105-0 (ynfiltrated)

220 102-3

100 1003

50 No viable virus

Table 2. Nevutralization tests in CEK cell cultures and embryonating eggs

Strain No. of isolate

Antiserum GN-2 GN-5 GN-7 GN-10 GN-11

CPE Curling CPE Curling CPE Curling CPE Curling CPE  Curling

Anti—GN=-2 —_ — — —_ — — — — — —
Anti-GH-10 — — - — — — —_ — — _
Anti—Be42 — — — — — — — — — —

Anti-Gray — — - — — — — — —_ -

Effect of lipolytics on virus: No viable virus was detectable after exposure to ether
or chloroform (Table 1).

Effect of SDC: The virus was inactivated completely with 0.1%, SDC (Table 1).

Acid stability of the virus: The virus was not inactivated at pH 3.0, but decreased
in titer by 2.5 log (Table 1).

Heat stability of the virus: Exposure to 56°C for 30 minutes destroyed 99.9%, of
virus. After exposure for 45 minutes, no viable virus was detectable (Table 1).

Filtration of virus: Virus passed through filters 100 mu or more in average pore
diameter. It did not pass through filters 50 mu in average pore diameter (Table I).

Neutralization test: Necutralization tests were carried out with the virus isolates
and the known IBV strains (Table 2). There was a cross reaction showing no CPE on
CEK cells. The curling of embryos was not noticed. The homologous titers determined
ranged from 1:128 to 1:256.

Electron microscopy: NNegative staining of partially purified, concentrated virus
usually revealed round or elliptical particles, many of which were pleomorphous particles
(Fig. 3). A characteristic feature of those particles was wide-spaced club- and pear-shaped
surface projections, which were narrow at the base, about 10 mu wide at the outer edge
and approximately 20 mu in length (Fig.4). The diameters of the particles (including
the projections) were within a range of 60 to 220 mu, averaging 110 mu. No nucleocapside
structure was seen in the virion. ‘
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DISCUSSION

The evidence obtained from this study indicates that the virus isolates capable of
passing in CEK cell cultures are similar to Coronavirus in physicochemical and morphol-
ogical properties, and that they are immunologically related to the known IBV strains.

The growth and CPE of the classical type of IBV in cell cultures have been reported
by several investigators%5:6:9,12,18,19) It is known that IBV, such as the embryo-adapted
Beaudette strain, grows in cell cultures, showing CPE after a few serial passages in
embryonating eggs. No growth of the nephrosis type of IBV has been reported as yet
in cell cultures. As shown in the present study, the growth and CPE of the nephrosis
virus were induced by blind passages in CEK cell cultures after the adaptation to
embryonating eggs. The nephrosis virus is considered to require more blind passages
in cell cultures than the classical type of IBV.

The GN-2 and GN-10 strains of the isolates passed 5, 10, and 20 times in CEK cell
cultures. When inoculated intraocularly into susceptible one-day-old chicks, these strains
at the 5th and 10th passages in embryonating eggs produced no kidney lesions. The
viruses, however, were recovered from the kidneys of chicks 21 days after inoculation.
Both of the viruses from CEK and embryonating-egg passages were neutralized by anti-
IBV serum of the Be 42 and Gray strains. Therefore, the virus which passed in CEK
cell cultures may have lost pathogenicity for chickens. It is known that IBV propagated
in the embryonating egg gradually loses its ability to infect chickens1).

The biological and physicochemcial properties of the nephrosis virus presented here
are in general agreement with those of the classical type of IBV described by other
workers!5), except the lability to heating at 56°C for 30 minutes which was reported
otherwise in some paperslo 14), . The criteria for the heat. stabxhty described above are
based on the occurrence of dwarfing in embryos inoculated with exposed virusl0.14),
Dusosk et al.10) reported that of 18 classical-type strains of IBV examined, 15 strains were
labile to heating at 56°C for 30 minutes and the remaining $ strains stable. HoFsTADI4)
indicated that 60 classical-type strains of IBV had been destroyed after exposure to 56°C
for 15 minutes, but that only one such strain had resisted to heating at 56°C for 45
minutes. He suggested that there might be a considerable variation among strains. On
the other hand, CumminG® reported that all the nephrosis-inducing types of IBV had
been inactivated when heated at 56°C for 45 minutes. Thus, the heat stapility of IBV
may be considered to vary noticeably among strains. To determine whether the
variation among the strains of IBV is a genetical character or not is an interesting subject
for research in future. _

The viral particles were sometimes round or elliptical, but many of them were
.markedly pleomorphous. A characteristic feature was the presence of wide-spaced,
club-shaped surface projections, which were narrow at the base, about 10 mu ‘wide at
the outer edge, and approximately 20 mu in length.

The nephrosis-inducing virus showed morphologically characteristic features of
coronavirus®11), The virions of the nephrosis-inducing virus is indistinguishable from
those of IBV3), IBV-like viruses of human beings27.22.26), or mouse hepatitis virus20
in negatively stained preparations.

The authors presented the biological, physicochemical, and morphological properties
of avian nephrosis—inducing IBV. Purification of the virus is of value in performing
chemical analysis of structural elements and studying the biological significance of the
virion. The genetical differentiation of the classical type from the nephrosis-inducing
type of IBV will be an interesting essential subject for research in future.
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SUMMARY

The nephrosis-inducing infectious bronchitis virus (IBV) was isolated on primary
chicken embryo kidney .(CEK) cell culture from the kidney lesion of chickens. The
cytopathic effect (CPE) was produced only by blind passages of the virus in CEK
cell cultures after the adaptation of the virus to embryonating eggs. The maximum
infective titer in culture medium appeared in 48 hours after inoculation.

The virus was sensitivei to ether, chloroform, and sodium deoxycholate, stable at
pH 3.0, and was inactivated. after heating at 56°C for 45 minutes. No replication was
inhibited by 5-bromodeoxyuridine. The virus passed through filters 100 mu or more
in average pore diameter, but not through filters 50 mu in such diameter. Its viral
particles negatively stained exhibited pleomorphism, were 110 mu in average diameter,
and had club-shaped projections on their surfaces. No nucleocapside structure was
seen in the virion,

Thus, the virus exhibited such properties as typical of coronavirus. It was neutral-
ized by the known IBV strains. It is therefore concluded that the virus inducing
nephrosis in chickens is the nephrosis-inducing type of IBV in Japan.
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EXPLANATION ofF PLATE I

Fig. 1. Cytopathic effect of the GN-2 strain in chick embryo kidney monolayer cells. 24 hours
after inoculation. xX200.

Fig. 2. Cytopathic effect of the GN-2 strain in chick embryo kidney monolayer cells. 48 hours
after inoculation. Xx200. ‘

Fig. 3. Viral particles of the GN-2 strain negatively stained with phosphotungstate. X200,000.

Fig. 4. Single virus particle of the GN-2 strain negatively stained. Club-shaped projections are
evident. No internal structure is visible in these preparations. X200,000.
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