








2. MATERTALS AND METHODS

2.1. VIRUSES

2.1.1. Avian infectious bronchitis virus (IBV)

Three strains were obtained from Dr. D.J. Alexander, Poultry
Department, Central Veterinary Laboratory, Weybridge, Surrey,
England. The Beaudette strain originally described by
Beaudette and Hudson (1937) has been completely egg-adapted.
The Massachusetts-41 (M41l) strain was originally isolated

by Van Roekel at the University of Massachusetts in 1941

(a number of common designations are also in use for the
same strain, e.g. IBV 41, M41l, strain 82828). The Australian
'T' strain was isolated in 1964 by Winterfield et al. from
outbreaks of a disease in chickens known at that time as
'uraemia'. All three strains\of ATIBV have been maintained
by chick embryo passage. They were received as freeze-
dried allantoic fluid. A cell culture adapted 'T' strain

at the seventh péssage in cbick kidney cells was obtained,

also freeze-dried.

2.1.2. Human coronavirus 0C43 (0C43).

This was obtained from Dr. Harold S. Kaye, Respiratory
Virology Unit, National Communicable Disease Center, Health
Services and Meﬁtal Health Administration, Public Health
Service, U.S. Department of Health, Education and Welfare,
Atlanta, Georgia. The 0C43 virus had been isolated in

organ cultures of human embryonic trachea from patients

with respiratory illness (McIntosh et-al., 1967a) and
adapted to growth in suckling mouse brain (SMB) (McIntosh et
al., 1967b). The virus was received as frozen mouse brain:

homogenate (20% in PBSA) in dry ice.
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2.1.3. Mouse hepatitis virus-3 (MHV-3) x

This was obtained from Dr. L. Mallucci, Department of
Microbiology, Guy's Hospital Medical Schocl, London.

The virus was maintained in weanling mice infected by
the intraperitoneal route. The virus was received as

10% liver homogenate.

2.2. "EGGS

Specific pathogen-free (SPF) Rhode Island Red eggs were
purchased from Houghton Poultry Research Station, Houghton,
Huntingdon, Cambs. SPF White Leghorn eggs were purchased
from Wickham Laboratories Limited, Wickham, Hants. The
flocks from which these eggs came were certified Iree

for a range of common pathogens, on the basis of sero-
logical tests. At Wickham Laboratories Limited the
flocks were tested foftnightly, whereas at Houghton

the flocks were tested less frequently. The pathogens
tested for included: the virus of infectious bronchitis,
Newcastle disease, infectious laryngotracheitis, infect-
ious bursal agents, aviag‘influenza, fowl pox, chicken-
embryo-lethal-orphan, and avian adenoviruses; Mycoplasma

gallisepticum, Mycoplasme synviae and Salmonella pullorum.

Freshly laid fertile eggs (non-SPF) were purchased from
Poyndon Farm, Silver Street, Cuffley Hill, Herts. The
non~-SPF eggs were used fcr virus isolation, virus
titration and the preparation of antigens for the haem-

agglutination tests.

2.2.1. Allantoic inoculation

All embryonated eggs were used after 9-10 days' incubation.
When candling, a mark was made about 3 mm. from the edge
of the air sac over the chorioallantoic membrane and a

emall slit was drilled through the shell. The area was
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then wiped with a damp spirit swab. A one'ml.hdisposéble
syringe with a 25G %" needle was used to inoculate the
egg; 0.2 ml. of virus in PBSA containing antibiotics
(Penicillin 200U/ml., streptomycin 200 ug/ml.) was
inoculated by inserting half the length of the needle
through the <lit. When required, the slit was sealed
with nail varnish. After inoculation, the eggs were in-

cubated at 37°C.

Before harvesting, eggs were chilled in the ccld room (40C)
for a few hours to kill the embryos and prevent bleeding.
The shell over the air sac was swabbed with spirt and
broken with sterile forceps. The allantoic fluid was

collected with a 10 ml. syringe fitted with an 18G 1%" needle.

2.2.2. Hatching.

Eggs were incubated for 19 days in a Western incubator
and candled once at 10 days to discard any non-fertile
eggs. Nineteen-day-old chick embryos were then trans-
ferred to a laboratory incubator at 35°C or 38°C accord-
ing to requirement. Chicks were hatched between the
twentieth and the twenty-second day. When the feathers

were dry, they were transferred to the animal house for

accommodation.
2.3. ANTIMALS.
2.3.1. Chickens

Two breeds of chicken, Rhode Island Red and White Leghorn,‘
were used. They were hatched from SPF eggs (2.2) in the

laboratory incukators.

2.3.2. Mice

All mice used were Swiss albino mice (strain CFLP) pur-
chased from Anglia Laboratory Animals, Huntingdon, Cambs.,

U.K.



2.3.3. Housing of animels.

Mice: Great care was taken to ensure that transfer of
infected materials from experimental animals to cther
mouse stock did not occur. When MHV was inoculated, no
animal house staff were allowed to enter the room. All
experiments were carried out in an 'infected animal area’
where each room was supplied with filtered air and main-
tained at negztive pressure. The rooms were visited by
wearing protective clothing consisting of gown, disposable
mask, disposable rubber gloves, and boots. The gowns
were autoclaved before re-use and boots were washed in
5% Lysol upon leaving the room. Before and after the

experiments, rooms were sterilised with formaldehyde

vapour. Mouse cages were autoclaved and cleaned.
Chickens: Chicks were reared in metal cages on pith-

moss and were kept in the 'infected animal area' as
described for mice. Heat was supplied to chicks up to
five weeks old by infra-red bulbs. Birds older than ten
weeks were kept in large metal cages on pith-moss. They

were not kept in the 'infected animal area' but in a

separate building where few animals were kept. Ail the
birds were fed on a commercial diet: layer no. 16 meal
(Labsure Diet Ltd., Poole, Dorset), and water was available

at all times.

2.3.4. Mouse technigues.

Inoculation of suckling mice: Litters of mice ranging in

age from one to three days were used for injectivity
titration. The litters were pooled and randomly re-
distributed among foster mothers. Non-anaesthetised mice
were inoculated intracerebrally in the right hemisphere

with 0.02 ml. of inoculum. Mice dead within the first 24
hours after injection were discarded. Seced virus was ob-
tained from mice that showed encephalitic syndrome between
fourty-eight and sixty hours after inoculation. The meth6ds
for harvesting, hbmogeni$ing and re-suspension of mouse

brain were as suggested by Dr. Harold S. Kaye, and are

described below.
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Harvesting of suckling mice: The moribund mice were

anaesthetised by placing in an ether jar and were then E
frozen at -70°c. To harvést the brain material they were
thawed completely, and a 1.0 ml. syringe with a one inch
18 or 19 gauge needle was used to pierce the cranium for
its occipital aspect. The viscous brain material was
then drawn up. Five or six mice were harvested by the
same syringe, and the material discharged into sterile
PBSA contéining penicillin(200 u/ml.)and streptomycin
(200 ug/ml.). When the appropriate amount of brain
material had been harvested, the entire suspension was

’ completely homogenised using a safety bulb and a sterile
l 10 ml. pipette. The suspension was adjusted to 207 by
weight of brain in weight of PBSA. It was then iightly
centrifuged at 1500 rpm for twenty minutes, and the super-
natant was subjected to three cycles of freezing and
thawing at ~-70°C. The material was clarified at 2000 rpm
and the final supernatant was available for use as seed
virus or antigen. Aseptic téchniques were used at every
step and the brain material was kept in an ice bath when-

ever possible. \\

2.3.5. Chicken technigques.

The methods used for obtaining blood samples were from

" the wing vein when small volumes of samples were needed,

and by heart puncture when birds were to be killed. The
detailed procedures were as described by Harry and Cooper

in the UFAW Handbook on the Care and Mangement of Laboratory
Animals (5th edition, 1976). Ether was used as anaes-

thetic and for killing the birds.

For antiserum production, emulsified antigen was inoculated
by .inserting.a needle into ‘the breast muscle from the
anteriorAparallél to and away from the breast-bone, to a

depth of 1 cm.



2.4. CELL CULTURES

L1

All work was carried out with aseptic precautions, and
the apparatus, instruments and reagents were sterilised
at all stages. All manipulations were carried out in a
Hepaife.laminar flow cabinet (Storrington, Sussex).
Details of enzymes, buffers and media used were described

in Appendix I.

2.4.1. Primary cell culture preparction

Choriocallantoic membrane (CAM) cell cultures: The methods

used were basically those of Cursiefen and Becht
(Cursiefen, C. and Becht, H., 1975). Eleven-day-old
embryonated chicken eggs were used., After the embryo
had been removed, the CAM was harvésted and washed clear
of blood with warm PBSA, minced with scissors and washed
until supernatant appeared clear. They were then sus-
pended in warm GKN-buffer, containing 0.01% collagenase
and 0.001% hyaluronidase, and stirred for Fifteen minutes
at room temperature. The tissues were then treated with
0.25% trypsin in versene buffer (0.2% EDTA, pH 7.2),
with continuous stirriné\for twenty minutes at room
temperature. This procedure was repeated once. The
cell suspension harvested was centrifuged at 1200 rpm
for ten minutes in an MSE Mistral 6L. The cells were
re-suspended in medium 199 containing 10% fetal calf
serum (FCS), and 2 x 10° cells were seeded into plastic

flasks.

Chick embryo kidney (CEK) cell cultures: CEK were

collected from 18-day-old chick embryos. Kidneys were
rinsed in warm PBSA, minced with scalpels and further
washed till supernatant was clear. The tissues were
incubated at 37°C in 50 ml. of 0.05% trypsin in PBSA,
with continuous stirring for ten minutes in a conical
flask. This procedure was repeated twice. After each
treatment the cell suspension was transferred to a

chilled (4°C) centrifuge pot ccntaining 10 ml. of fetal
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calf serum. The pooled suspensions were strained through .
two layers of fine wire gauge and centrifuged at 1000 rpm
for ten minutes in an MSE Mistral 6L centrifuge. The
pellet was re-suspended in Eagle's minimum essential
medium (MEM) supplemented with 8% FCS, 5% tryptose
phosphate broth, 2mM/ml glutamine, 100 units/ml. penicillin
and 100 mg/ml. streptomycin (P & S). Cell numbers were
estimated by using a Neubauer haematocytometer. Cell
viability was assessed with 0.1% Trypan Blue in PBSA.
After overnight plating, unattached cells were discarded
and the attached cells washed once with warm PBSA. Fresh
medium was added and cells reached confluence twenty-
four to forty-eight hours later. Cells were grown in
plastic flasks on coverslips in Leighton tubes and in
Petri dishes. About fourteen coverslips, 35 mm. x 9 mm.
were placed in a 9 cm. diameter Petri dish, and a piece
of bent glass rod was‘ﬁsed to anchor the coverslips.

Cells were seeded at 1 x 105 cells per square cm. of

growth surface.

Chick kidney (CK) cell cultures: CK cells were grown

in the same way as CEK cells, except that the kidneys

were obtained from two- to four-week-old chicks.

Chicken peritoneal macrophage culture: The macrophages

were obtained and cultivated by slight modification of

the standard techniques used for mammals (Weir, 1973).

A 3% solution of NIH Thioglycolate Broth (Difco Laborat-
ories, Detroit, Michigan, USA) in distilled water was
prepared and autoclaved for 15 minutes at 15 lb/in2

Eight ml. of the solution was inoculated intraperitonealiy
into each bird (five to six. weeks old) to stimulate macro-
phage production, and.the macrophages were harvested four
days later. Birds were anaesthetised by .ether, and the
peritoneél cavity opened and washed with 25 ml. of growth

medium containing 10 units heparin/ml. medium. The cell



suspension was aspirated and centrifuged at 2000 rpm for
ten minutes and the cell pellet was re-suspended in medium.
The cells were counted and 2 x 105 cells were seeded into
standard glass tissue culture tubes. The tubes were
incubated at 37°C in an atmosphere of 5% COZ’ and after
one hour the non-adherent cells, mainly lymphocytes. and
erythrocytes, were washed off with medium. The growth

medium was medium 199 supplemented with 5% FCS and P & S.

Mouse brain (MR) explant cultures: Brains were collected

from two l-day-old suckling mice. The tissues were minced
to about mm3 pieces with scalpels in a Petri dish contain-
ing growth medium (Eagle's MEM with 15% FCS), and were
reading for seeding into plastic flasks or Leighton

tubes. After seeding, the explants were incubated at

37°C undisturbed for four to seven days. Thne unattached
tissue fragments were decanted and fresh growth medium
added. Confluent growths wére attained from ten to

fourteen days after explantation.

Mouse brain (MB) cell cultures: Brains were cbtained

and minced as described above. Tissue fragments were

washed in PBSA and the cells dispersed using 0.25%

trypsin in Versene buffer. The procedure for trypsination

and harvesting of cells was as described for chick kidney

cells. The growth medium used was Eagle's MEM(vith 10%
S

FCS, and confluent growth was attained after eight days

when seeded at 2 x 10° cells/cm2 of glass surface.

2.4.2. Subcultivation of cells.

'The method described below was applicable to primary
and contiruous cell cultures. Trypsin at 0.25% and
Versene at 0.02% in PBSA were used to detach and dis-
perse cells. Confluent growth of heaithy, uncontamin-~

ated cells in flasks were passaged. The media were
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removed and the cell sheets washed twice with @arm PBSA
and then twice with trypsin/Versene solution. The last
trypsin wash was decanted off. The flasks were incub-
ated for a few minutes at 370C, and most of the cells
were seen to detach from the plastic. Cells were re-
suspended and well dispersed in a small volume of fresh,
_pré—warmed, growth medium and distributed in new bottles
containing growth medium. For primary cell cultures,
the split ratio was 1:2, while containuous cell cultures
were split at ratios between 1:2 to 1:4. All cells were

grown at 37°c.

2.4.3. Continuous cell lines.

The following cell lines were employed, and were sub-

cultured as described in 2.4.2.

NCTC clone 1469 (derived from mouse liver) was obtained

from Flow Laboratories., Initially, the cells were
grown using NCTC 135 medium (Flow) supplemented with
iO% heat-inactivated horse serum, glutamine (200 mM)
and P & S. Later on, standard Eagle's MEM with 10%
FCS was used. The cells were incubated at 37°C in an

atmosphere of 5% CO_,and were confluent after forty-eight

2
hours.

Vero cells derived from African Green Monkey kidney and

obtained from the clinical laboratories, were propagated

in Eagle's MEM supplemented with 8% FCS.

BHK-21 was derived from one-day-old Syrian hamstér

kidhey and was obtained and propagated as for Vero celis.

MRC-5 derived from human embryonic lung was supplied
by the clinical laboratory and grown in Eagle's MEM
supplemented with 15% FCS.
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Cell storage: Cell suspensions from healthy cultures

at a concentration of at least 2 x 106/m1. in growth
medium were prepared and dimethyl sulphoxide to a final
concentration of 10% was added. The suspensions were
distributed in sterile polypropylene ampoules and frozen
slowly by insulating a batch of ampcules in a poly=-
styrene box and placing this in a deep freeze.at -70°¢C
overnight. The ampoules were then transferred to liquid
nitrogen containers. When the cells were needed, an
ampoule was thawed rapidly and growth medium added to

the culture vessel. After a minimum of four to six hours,

the medium was removed and fresh medium replaced.

2.4.4. Staining of cell monolayer.

Cells grown on coverslips were rinsed several times
with PBSA at room temperature before fixation. Two

staining techniques were employed: Harris Haematoxylin -

this stain was used for studying the general appearance
of the cells after infection, e.g. rounding up, inclusion
bodies,igross'changes iﬁ\ﬁhe nuclei and syncytium form-
ation. Cells were fixed for thirty minutes with 10%
buffered formaldehyde and then rinsed in water. They

were stained overnight in a weak solution of haematoxylin
(a few drops of stain in 10 ml. water) and then washed in
running tap water before counter-staining in 0.5% eosin.
Coverslips were air-dried before mounting in DPX. May -

1" .
Grunwald Giemsa - this was more useful for cytoplasmic

changes and gave a more impressive result because of the
wider range of polychromasia. The cultures were fixed

in methyl alcohol for ten minutes and were then stained
in May- Grunwald for five minutes and then ten minutes in

Giemsa, diluted 1:10 with dlstllled water. After rinsing

~in distilled water, the coverslips were air-dried and

mounted.
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2.4.5. Photomicrography

Cells in the living state were observed with a Nikon
inverted microscope'(FMN Optics, Ltd., London, England).
A Leitz microscope (2.6.4.) was used for all photomicro-
graphy with stained preparations and for unstained phase-

contrast work.

2.5. IMMUNOLOGICAL TECHNIQUES.
2.5.1. Production of antiserum

Hyper-immune mouse sera.

Antigen preparation: For mouse-adapted coronavirus,

the antigens used were 20% suspensions of SMB prepared
as described under mouse techniques (2.3.4.), and were
further clarified at 5000g before use. - For MHV, antigens
in the form of liver from infected moribund adult mice,
and virus harvest from'c§ll culture, were also used.
The preparation of liver suspension, 20% in PBSA, was
as described for SMB. For virus antigen derived from
cell culture, infected NCTC-1469 cells were maintained
in serum-free medium and harvested when extensive cpe
was apparent. The cell culture flasks containing cell
and media were frozen and thawed once, and the harvest

centrifuged at 3000g.

Immunisation schedule: The virus suspensions were

mixed thoroughly with én equal volume of incomplete
Freund's adjuvant by a syringe method (Weir, D.M., 1973).
FEach mouse was inoculated intramuscularly with 0.1 ml.

of the mixture on the first, fourteenth and twenty-eighth
day. When inoculation without Freund's adjuvant was
used, the mice were given four, weekly, 0.5 ml. intra-

peritoneal inoculations. The animals were bled and



killed ten days after the last inoculations. Sera
collected were stored at -20°C. Control sera were
obtained using the same schedule with animals inocul-

ated with normal mouse brain material.

Hyperimmune fowl sera: IBV 'T' strain was grown in

embryonated eggs as described in 2.5.2. Apart from

the virus harvested from the allantoic fluid, infected
chcricallantoic membranes were alsd used as a source of
viral antigen for antiserum production. Infected CAM
harvested 40 hours after infection were washed and
homogenised with an MSE homcgeniser at 4°C. The cAM
suspension was then frczen (-70°C), and thawed once

and clarified at 5000g for 20 minutes at 4°C. A 20%
CAM suspension was used tc immunise the bird. For
inactivation of virus, 40 ul of 10% B-propiolactone

was added to each ml. of vipus suspension.and incubated
at 37°C for two hours. Inactivated virus was stored at
-70°C.

N\

Immunisation schedule: The virus suspensions were mixed

thoroughly with an equal voiume of incomplete Freund's
adjuvant using a syringe. The chicks were given intra-
muscular inoculation with 0.3 ml. of virus mixture on

the first, fourteenth, twentieth and twenty-eighth day.

The birds were bled and killed seven days after the

last inoculations. The blood clots were incubated at

37°C for three hours and then transferred to 4°C overnight.
The sera collected were stored at -20°C. Control sera
were obtained using the same schedule with birds inocul-

ated with uninfected material.

2.5.2. Haemagglutination (HA) and haemagglutination
inhikition test (HAI)

Two systems of HA and HAI were employed: (a) based on

the egg-grown IBV where the haemagglutinin was revealed

only after enzyme treatment, and (b) based on the mouse

\\
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brain grown virus where no pre-treatment was necessary

for haemagglutination.

Red blood cells: Several species of red cells were

used. Blood was collected in Alsever's solution which

prevents clotting and also preserves the erythrocytes

for about two weeks at 4°c. Rat, mouse and fowl eryth-

rocytes were obtained by bleeding animals by heart
puncture. Day-old chick erythrocytes in Alsever's
solution were obtained from Tissue Culture Services
Ltd., Slough, Bucks. Human 'C' type blood, kept up
to twenty-one days after collection, was cbtained
from the Blood Transfusion Bank. All erythrocytes
were washed until supernatant became clear, with PBSA,
immediately before use. All cells were used as 0.5%

in the appropriate diluents.

Serum: For system (a), tesf sera were used from
infected chicks or older chickens for measurement of
antibody response to IBV. System (b) was used mainly
to detect serological crgss—reactions among corona-
viruses. In (b), hyperimmune sera were mainly used.
The production of hyperimmune sera was as described
in 2.5.1. All sera were heated at 56°C for thirty
minutes to destroy non-specific agglutinin, and also

any non-specific inhibitors of haemagglutination.

(a) Test using egg-grown IBV

Virus strain growth and purification: Nine or ten-

day-old emkryonated eggs were infected by inoculating
100 EID,, of M4l strain of IBV in 0.1 ml. into the
allantcic cavity. Infected eggs were incubated at
37° for seventy-two hours but eggs that died up to

forty-eight hours after infection were discarded.

<
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The remaining eggs were chilled at 4OC for a minimum
of three hours before harvesting the allantoic fluid.
At all times, during harvesting and subsequent prep-
aration, infectious allantoic fluid was kept chilled
in an ice bath or refrigeréted at 4°C. The allantoic
fluid was clarified at 5000g for fifteen minutes and
then centrifuged at 35000g for forty-five minutes.

The virus pellet was re-suspended qt 100-fold concen-
tration in 0.01 m Tris/HC1l pH 6.5 buffer (congentrated

virus).

Enzyme treatment cof virus: An equal volume of phospho-

lipase C type 1 (Sigma Ltd.) containing one unit of
enzyme pér ml. in PBSA at pH 7.2 was added to the virus
~suspension and the mixture incubated for thirty minutes

at 37°cC.

Haemagglutination test: Tests were carried out in

microtitre 'V' plates using the microtitrator system
(Ccoke Engineering Company, Alexandria, Virginia, USA).
Virus was diluted in.O.dés ml. volumes of PBSA, and

an equal vclume of fowl erythrocyte suspension was
added to each cup. The procedure was carried out at
4°c. Agglutination readings were taken at ninety
minutes. HA titres were recorded as the reciprocai
of the highest antigen dilution (in 0.025 ml.) causing
at least 75% agglutination.

Haemagglutination inhibition test: Sera were serially

diluted in the cups of a microtitre plate in 0.025 ml.
as above. 0.025 ml. of the antigen, adjusted to 4 HAU,
-was added to each well and the plate allowed to stand

at 4°C for one hour before £he addition of the red cells
(0.025 ml.). HAI titres were recorded as the reciprocal
of the highest serum dilution (in 0.025 ml.)'causing a

complete inhibition of the agglutination.
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(b) Test using mouse-adapted virus. :
Virus: The viruses used were mouse brain-adapted IBV, 1
strains 'M', 'T' and 'B'. The growth and preparation of

the virus stock are described under mouse techniques (2.3.4.).

Haemagglutination: The method employed was similar to

(a), except that erythrocytes from rat, mouse, humans and
chickens were used. Also, tests were performed using
various diluents and varying temperatures of incubation

(room temperature, 37°c and 4°C).

Haemagglutination inhibition test: The test was carried

out as described in (a). Human and fowl erythrocytes were

used and the temperature of incubation was 4.

2.5.3. Complement fixation tests.

The antigens and antisera employed were similar to those
described under 2.5.3. The tests were carried out in the
microtitre 'U' plates using the microtitrator system (Ccoke
Engineering Company, Alexandria, Virginia, USA). All re-
agents were used in volumes of 0.025 ml. The titrations

of haemolytic serum and complement were standard techniques
as described by Bradstreet and Taylor (Bradstreet, C.M.P.
“and Taylor, C.E.D., 1962). The optimal sensitising concen-
tration of haemolytic serum was defined as that diiution
which gives mosthlysis with the highest dilution of comple-

ment. One unit of complement (HC__.) was expressed as that

dilution which gives 50% lysis atsghe optimal sensitising
concentration of the haemolytic serum. In the test paper,
three units of complement were used. To determine the
optimal concentration of the antigen and the tire of the
homolcgous immune serum, doubling dilutions of the antigen
were titrated against doubling dilutions of the antiserum.
After adding to each well one volume offcdmplément (3HC505;
the plates were incubated overnight at 4°c. The following

morning, the plates were placed at 37°C for thirty minutes



and the sensitised red cells (2%) were pre-warmed at

37°C in a water bath. One volume of sensitised red cells
was added to each well and the plate was covered with
Sellotape. It was then incubated at 37°C for thirty
minutes on a microtitre plate-shaker. After incubation,
the plate was placed at 4°c for two hours to allow cells
to settle before reading én a mirror. Other details of

test technique were as described by Bradstreet and Taylor.

2.6, IMMUNOFLUORESCENCE.

2.6.1. Preparation of reagents.

For details of chemicals and buffers used, see Appendix II.

Production of antiserum:

(a) Hyper-immune mouse sera: (see 2.5.1.).

(b) Fowl antisera: Chicken antisera to IBV were

obtained from infectéd birds which were killed

at 29 weeks of age. A serum sample (A9) which
showed high levels of antibodies against IBV

(by both HAI and IFA test) and which was: negative
to antibodies to normal chicken kidney and chorio-
allantoic membrane, was selected for FITC-labelling.
Non-immune sera were collected from ten-week-old
SPF birds. Control serum which was negative for
antibodies against virus or normal tissues was

selected for labelling.

Fluorescent labelling of sera:

Obtaining gammaglobulin fraction from serum: A crude

globulin fracticn of fowl sera was obtained by two precipit--
ations by the addition of 27% Na, S0, solution. The
precipitations were carried out at 37°C and precipitates
were collected by centrifugation at room temperature.

These temperatures were important because the Na2504
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solution crystallized readily at lower temperatures. The
initial precipitation was performed by adding ohe volume
of serum (pre-warmed) to two volumes cof 27% Na,80,, by
dropping from a pipette. The sera, now in 18% Na, S0,
solution, were allowed tc stand at room temperature for
one hour. The precipitates were collected and re-dissolved
in distililed water, e.g. precipitates from 10 ml. of serum
were re-dissolved in 5 ml. water. This was the starting
material for the second precipitation. The amount of

27% Na,S0,

centration of 16% Na2504 was calculated as below.

solution to be added to yield a working con-

I+ the volume of water added to p.p.t. was Z and the

volume of dissolved p.p.t. (total) be X,

.

volume of p.p.t. = (X - Z) ml.

If Y is the volume of 27% Na2504 needed to make

a final concentration of 16% Nagso4

i.e. 16(X + Y) (X - Z)18 + 27Y

N

' Y = 54 - 2X

11 ;

After one hour of incubation, the final precipitates were
collected and re-dissolved in a minimal volume of distilled
water. The re-dissolved giobulin precipitates were
transferred to dialysis tubings and were then securely
knotted to prevent leakage and any significant increase
in volume of the content. These were dialysed against
five hundred times the volume of PBSA. Eighfeen hours
of dialysis with one change éf PBSA were sufficient to
rendervthe globulin solution sulphate-free by the barium
chloride test. A few hours of further'diéiysis against.
the COS—HCO3 buffer were performed to equilibrate the pH

of the content. The globulin solutions were finally



centrifuged at 3000g for twenty minutes at 4°C. The
total globulins were measured spectrophotometritally by

reading at 280 nm and using the formula:

1%
E = 14.3
1 cm
i.ed 1 gm % IgG = 14,3 0.D. at 280 nm.

a 1:100 dilution in COB—HCO3 buffer was suitable for

reading the optical density (0OD).

Conjugation with FITC: The labelling was performed

using 1.0 mg. of FITC per each 60.0 mg. of protein.

The FITC was completely dissolved in a small volume of
C03—H003 buffer. The FITC was added drop by drop to the
protein solutions which were stirred continuously without
frothing. The mixXtures were allowed to stand at 4°c for
eighteen hours with continuous stirring. The conjugates
were then dialysed against PBSA and the unbound FITC
removed by filtration through a Sephadex G25 column.

The first colour band to\?lute was collected. The FITC

to protein ratios were calculated as descriked by Nairn,

1876.

2.6.2. Immunofluorescence techniques.

Staining techniques for the direct (FA) method:

1. Slides were placed across a bijou rack in a
plaster box containing moist polythene foam,
and with a tight-fitting 1lid.

2. The conjugated antiserum was applied to the
specimen with an Eppendorff pipette. The
conjugate was then spread over the specimen

when necessary.



The plastic box was incubated at 37°C for

thirty minutes. .

The slides were rinsed free of conjugate
with PBSA applied with a Pasteur pipette.
They were then completely immersed in PBSA
in a plastic box with a gently stirring
magnetic stirrer. A washing time of ten to

twenty minutes was employed.

The slides were rinsed with distilled water
to remove PBSA. They were drained and allowed

to dry at room temperature, in air.

The speéimens were mounted in buffered
glycerol-PBSA and examined immediately.
They were then able to be stored in the
dark at 4°C for a day or two.

Staining techniques for the indirect (IFA) method:

1.

The slides were placed in plastic boxes in a
. N\ . - A .
humid atmosphere as described for the direct

technique.

A drop of unlabelled virus antiserum was

spread over the preparation.

The slides were incubated at 37°C for thirty

minutes.

The slides were rinsed and washed in PBSA as

described for the direct method.

The slides were drained before they were
completely dry, a drop of the appropriate
antiglobulin conjugate was then spread over

each preparation.
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6. The slides were incubated at 37°C for thirty ‘
minutes. -
7. The slides were rinsed and washed in PBSA,

rinsed in water and air dried. They were

mounted as for the direct method.

Control tests for specificity (Gardner and McQuillin, 1974)

Direct FA method:

1. Specimen + conjugated non~-immune serum.

2. Uninfected specimen containing the same type
of cells as those in the specimen under test
+ conjugated antiserum.

Indirect FA method:

1. Specimen + conjugated antiglobulin.

2. . Specimen + non-immune serum + conjugated
antiglobulin. \\
3. Uninfected specimen containing the same type

of cells as those in the specimen under test +

virus antiserum + conjugated antiglobulin.

Adsorption of conjugates by tissue preparations: Fresh

or frozen-stored tissue homogenates were very effective

at removing non-specific staining. The tissues selected
should be the same species as that of the microscopic
preparation to be studied with the adsorbed conjugate.

The homogenates were'prepared as described by Nairn.
Normal chicken kidneys collected from SPF birds were washed
in PBSA, diced with scissors and re-washed. The diced
material was then mixed with an approximaﬁély'equal

‘velume of cold PBSA and homogenised in the cold with an



’ >

MSE homogeniser. The product was frozen at -70°C and
thawed to facilitate centrifuging and washing, centri-
fuged at about 4000g for ten minutes and the deposit
washed twice in PBSA. Finally, the suspension was
centrifuged at about 10,000g for fifteen minutes in
separate amounts designed to give 0.5 ml. volumes of
packed tissue in each centrifuge tube, which weré drained,
stoppered and frozen at -20°c. Adsorption was carried
out by stirring each ml. of conjugate with 0.5 ml. of
thawed homogenate, incubating at 37°C for thirty minutes,
and leaving to stand overnight at 4°C. The conjugate

was recovered by centrifuging at 10,000g for twenty

minutes.
2.6.3. Preparction of specimens.
Cell culture: Cells grown on coverslips were washed

twice with PBSA to remove serum from the medium. Cells
were then Fixed in cold acetone (-20°C) for ten minutes.
The dried coverslips were stored in closed Universal
bottles at -20°C. If the cell growth on coverslips was
confluent and the viral CPE widespread, a small portion of

the coverslip would be aaequate for the fluorescent test.

Cells from allantoic fluid: The fluid was centrifuged

at 100 rpm fer ten minutes in a bench centrifuge, and the

\\resulting pellets re-suspended in small volumes of FBSA.

In order to obtain an optimum amount of cells, a small drop
of the cell suspension was examined under the microscope.
Small drops of re-suspended cells were allowed to dry on
Teflon-coated multi-spot slides at room temperature. The
cells were fixed in cold acetone (—EOOC) for ten minutes.
The slides, if not stained immediately, could be stored

at -20°c.

Tracheal smear: A short length of trachea was opened and

the inner surface pressed lightly on Teflon-coated multi-""
spot slides. A 1 cm. length of trachea gave twelve

satisfactory spots for fluorescent tests. The
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smears were allowed to dry in air at room temperature
and were fixed and stored as described for allantoic

fluid cells.

Preparation of tissue blocks for frozen sections: This

was carried out with samples of kidney,trachea, caecal
tonsil, bursa of Fabricius, duodenum and jejunum, collected
from the fowl. Suckling mouse brain in whole or in part
was also frozen for sectioning. All tissue blocks were
snap~frozen with liquid nitrogen and isopentane. The
mixture was prepared by pouring liquid nitrogen into a
small plastic beaker half filled with pre-cooled iso-
pentane. The addition of liquid nitrogen was continued
until solidification of the isopentane began; beyond
this point the mixture became a semi-solid gel. Goggles
were worn during the addition of liquid nitrogen because
of the danger of splashing. While the isopentane was
mélting (—16000) tissue preparations were plunged into
the liquid using a pair pf forceps. Before freezing,
small or thin pieces of %issue were partially embedded
in OCT compound on a piece of cork or card. The orient-
ation of the tissue surface for sectioning was best
performed at this stage. After immersion for a minute
or two, specimens were transferred by forceps to bijou
bottles pre-cooled to -20°C. These were tightly capped
to prevent loss of moisture from the specimen and

stored at -70°C.

Preparation of frozen sections: Snap-frozen tissue

blocks were mounted on a frozen microtome chuck with
a small drop of GCT compound and kept in the microtome
for a few minutes to cool déwn to -25°C. A Pearse-Lee
or Slee refrigerated microtome, Type was employed

for cryostat sectioning. Sections were cut on the



[ :2

o

microtome with the section thickness control set at '
5 um. Sections were picked up directly on to Teflon-
coated multi-spot slides and allowed to dry at room
temperature. For ease of operation, the slides were
attached to a long piece of glass rod with either
plasticine or a rubber sucker disc. Sections were
fixed immediately in acetone at -20°C for ten minutes,
and could then be stored in plastic slide boxes for a

prolonged period at —20?C.

2.6.4. Fluorescent microscopy

A Leitz Ortholux II Universal Research Microscope

fitted for both transmitted and incident illumination,
and with water immersion, high aperture achromatic
objectives, was used to produce all the photomicro-
graphs. Ectachrome 200 (ASA 200) was used for ail
colour transparencies. All the black and white
photographs were taken on Kodak HP5 (ASA 400) and
developed with undiluted Ilford ID11l at room temperature.
Enlargements were made with a Beseler enlarger on
Kentmore (Kenthene) paperhdeveloped for two minutes

in an Ilford Universal developer.

2.7. HISTOLOGICAL METHODS

Immediately after killing the selected birds and making

a rapid evaluation of the postmortem lesions, tissue
specimens for histology were removed and fixed in 10 per
cent neutral buffered formaldehyde. The tissues collected
were kidney, trachea and bursa of Fabricius. Mouse
brains. for histology were also collected and fixed in

the same way; They were kept in fixative for at least

two weeks before being processed for wax embedding.
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Sections were cut with a microtome at a thickness of

5 Fm, and were stained with haematoxylin and eosin

(H. & E.) and periodic-acid-Schiff (PAS). Procedures
describing dehydration and paraffin embedding of tissue

and subsequent staining are given in Appendix III.

Photomicrography: The microscope used was as des-
cribed under fluorescent microscopy (2.6.4.). All
black and white photographs were taken through a
medium green filter on Ilford Pan F 35 mm film, which
was subsequently developed in ID1l. The colour photo-
graphs were printed from Kodak photomicrography colour

film 2483 daylight, using Wratten filters 82A and 82B.

2.8. ELECTRON MICROSCOPY

A Phillips EM 300 was used. The photographs were taken
with the film camera and with instrumental magnifi-
cétion from 3190 to 1029@. The subsequent optical
enlargement was up to 4 x. The photographic paper
used was Ilford grades 1-4. The final magnification
was obtained using the top number on the instrument
and the corresponding tables provided in the instrument

handbook.

2.8.1. Negative staining

Formvar and carbon coated Athene grids mesh 400 were

used, prepared to standard methods. Phosphotungstic

acid (PTA) 3% was adjusted to pH 6.4 with sodium hydroxide.
The virus specimens examired were sedimented pellets
re-suspended in distilled water. A drop of this material
was mixed with an equal quantity of FTA on a microscope
slide with a Pasteur pipette. A coated grid was

immersed in the mixture and the excess fluid recovered
with a piece of filter paper, while holding the grid in

the forceps.
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‘Immune electron microscopy: The virus pellet was re-

suspended in one ml. of PBSA and a suitable dilution of
an immune serum was added. After incubation at room
temperature for two hours, the mixture was centrifuged
at 3500g for twenty minutes. The pellet was very gently
rinsed once with distilled water and re-suspended in a
small volume of water. This material was examined as
described above, using negative staining techniques.

»

2.8.2. Ultra-thin sectioning

For ultrastructural studies, small pieces of kidney
cortex and medulla obtained immediately after the death
of the birds, were placed in thw 2.5% gluteraldehyde
fixative on a piece of dental wax. The tissues were

then cut into 1 mm3 blocks with a razor and transferred
to bijou bottles for overnight fixation at 4°c. They -
were then washed in buffer rinse for three hours with
three changes of rinsing solution, and post-fixed in one
per cent osmium tetroxidé\for one hour at 4OC in the dark.
Tissues were washed in buffer rinse as before and then
dehydrated in graded series of ethanol. The dehydration
was carried out by two 10-minute washings in each of 50,
K'70, and 90% ethanol solutions and three 20-minute washings
in absolute ethanol solutions, and three 20-minute wash-
ings in absolute ethanol. This was followed by two
10-minute washings in proplylene oxide and then the tissues
were placed in propylene oxide-Epon (50:50) mixture for
two hours. The blocks were finally embedded in Epon in
polythene capsules and were polymerised at 60°C for

18 hours. Ultra-thin sections were cut with a Reichert
OmU3 microtome, and stained for one minute in saturated
uranyl acetate in methanol, followed by five minutes in
Reynoldsllead citrate. The same procedure was performed
for suckling mouse brain which was obtained immediately

after killing the moribund mice.
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'2.9.° " VIROLOGICAL TECHNIQUES

2.9.1. Infection of cell cultures.

All cell cultures were inoculated by the following
procedures. The inoculum was first clarified by cen-
~trifuging at 2000 rpm for five minutes in an MSE cen-
trifuge. Cell cultures were washed twice with pre-
warmed PBSA or maintenance medium (MM) not containing
FCS. Sufficient inoculum was used to cover the cell
monolayer and the culture was inoculated at 37°C for
ninety minutes to allow ‘for adsorption. Control cultures
were inoculated in parallel with the virus diluent
(PBSA or MM), After virus adsorption, cultﬁres were
maintained in MM and the media were changed every 4-5
days. The MM used for the various cell types was the
respective growth médium which reduced the amount of

FCS (Appendix I).

2.9.2. Infection of chicks.

Infectious allantoic fluid containing 107 EID50/ml. IBV
'T!' strain was diluted i?lb in sterile PBSA containing

P & S and 0.05 ml. was allowed to come in contact with
the eyes and nostrils of day-old chicks with a 1 ml.
syringe without a needle. For infection through drink-
ing water, a 1:20 dilution of virus containing allantoic

fluid was made in sterile distilled water.

2.9.3. Storage of virus

All virus stock and virus-infected tissues were stored

at —7GOC in sterile viéls, bijoux or Universals.

2.9.4. Azssay of virus

For infectivity, a quantal assay which measures an all-

or-nothing reaction was used.

)
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‘Egg-grown IBV: Infectivity for chick embryo was measured

by inoculating embryonated eggs with 0.1 ml. volume of
serially diluted virus suspension by the allantoic route.
The eggs were used per virus dilution and were dandled
daily to observe for dead or dwarfed embryos. The 50%
embryo infectious dose per ml. (EIDSO/ml). was estimated

by Karber's method.

Mouse-adapted virus: Infectivity for suckling mice

(2-4 days old) was measured by intracerebral inoculation
with 0.02 ml. volume of serially diluted virus. Six to
eight mice were inoculated per dilution and mice were
observed for two weeks. The 50% mouse lethal dose

(MLD O) was estimated as above.

5

Cell culture-grown MHV: Infertility was assayed by

inoculating 0.1 ml. of serially diluted virus into NCTC
cell cultures in tubes. Sixntubes were inoculated per
dilution and cultures were examined daily for cyto-
pathic effect for up to an days. The 50%  tissue culture

dose (TCD__.) was estimated as for egg-grown IBV.

50

Assay of haemagglutination: This was a very convenient

assay of the titre of virus particles for mouse-adapted
virus which agglutinates'red cells. . The method was

described under Haemagglutination (2.5.2.).

2.9.5. Haemadsorption test

The media were removed from cell cultures and small
volumes of a washed red cell suspension added and incub-
atéd at 4°c for thirty minutes. They were examined
microscopically for red csll attachment at once, and

again when cultures had reached room temperature.
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3. RESULTS

3.1. HAEMAGGLUTINATION AND THE HAEMAGGLUTINATION
INHIBITION TEST FOR INFECTIOUS BRONCHITIS VIRUS.

Three strains of IBV including the Beaudette, M4l and

'T' strains were tested for haemagglutination activity.
None of these strains showed any HA éctivity when freshly
harvested allantoic fluids were tested, although the in-
fectivity titre was lOSEIDSO/ml. Eyen when the allantoic
fluid was concentrated 100-fold by ultracentrifugation

and re-suspension in buffer, no HA activity was detected.
Electron microscopic examination of negatively stained
concentrated virus showed that the majority oi virus

particles had a normal appearance (Fig. 1).

Enzyme treatment of virus: After treatment with the

enzyme phospholipase C, the M4l strain agglutinated
chicken red blood cells (RBC), the Beaudette and the 'T!'
strains did not show any HA activity. Electron microscopic
examination of the enzyme-treated M4l virus did not reveal

any difference from the non-treated control.

The enzyme treatments were carricd out at a final phospho-
lipase concentration of 0.5 unit/ml., and were incubated
for 30 minutes at‘37OC. Increasing enzyme concentration
and the length of incubation period did not show any
significant difference in HA titre. The HA titres of
enzyme-treated virus were stable for up to two weeks

when stored at 4OC.

With doubling dilutions of virus in microtitre weils,

the agglutination observed tended to 'tail off', and there
was no distinct end point. In order to standardise the
technique, 2 setflingpattern covering at lesast 75% of

the area of full agglutination, estimatced by cye, was

used for end-point determination,



FIG. 1. Picture shows typical 1BV particles with
club-shaped projections, negatively stained (3%
phosphotungstate, pH 6.5). (Bar 106 nm).



Conditions affecting HA titres: There was little

difference in titre when Hepes- saline albumin-gelatin
(HSAG) buffer was used instead of PBSA as the diluent

for the test, when adult fowl RBCs were used, although
the HSAG buffer produced less 'tail-off' at end-point
and the HA patterns were more stable. However, with
day-old chick RBCs the HSAG buffer was a much more satis-
factory diluent than PBSA. The HA titre was higher and

a more stablie agglutination pattern was obtained. The
HA in PBSA is often incomplete, and a large 'tail-off’

makes end-point determination difficult.

The temperature of incubation was important. The titre
was higher and more stable at 4°C than at room temper-

ature. At 37OC an even lower HA titre was observed.

Different batches of haemagglutinating virus produced
under similar conditions gave HA titres of between 1:128&
to 1:256 with adult fowi RBCs. Fowl RBCs collected and
stored in sterile Alsever's solution for up to ten days
at 4°c may be used with léttle difference on the HA titre.
However, day-old chick RBés have to be used fresh, and
there was marked reduction in titres wilh cells kept
longer than two days. Under similar experimental con-
ditions, the day-old chick RBCs consistently gave a

lower HA titre than aduit fowl RBCs, usually a two-fold

difference.

Stability of HA tests: The stability of IBV-HA was
tested at 4OC, room temperature, and 37°cC. The HA

pattern was stable at 4°C for several days and for

24 hours at room temperature. At 370, the highest HA
titre was recorded at 60~90 minutes after the addition

of RBCs. Thereafter, there was a steady decline in titre,
and by 18 hours all HA had disappeared. The stable HA
observed at 4OC, however, rapidly settled out (within

90 minutes} con warming the plate to 37°c.
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HI tests: HI tests using sera from normal, uniﬁfected
chickens usually gave titres of less than 1:4, although
some sera gave titres of 1:16. These non-specific
inhibitors of HA were easily inactivated by heaf treat-
ment of sera at 56°C for 30 minutes. HI tests were
carried out at 4°C and maximum serum titres were ob-
served from one hour after the addition of RBCs. The

titres remained unchanged for 48 hours at a”c.

Standardisation of HA and HI tests: A standard procedure

was adopted for HA and HI tests which incorpcrated the

following points:-

(a) M4l virus was grown and concentrated as

described in Materials and Methods (2.5.2.).

(b) The concentrated virus was treated for 30
minutes at 37°C with a final phospholip=se

concentration of 0.5 unit/ml.

(c) Aliquots of concentrated virus were treated
with enzyme and stored at 4%¢ on the day of

use.

(d) HA and HI tests were read 20 minutes after the

zddition of RBCs at 4°C.

3.2. GROWTH AND CYTOPATHIC EFFECTS IN CELL CULTURES

Two strains of IBV, M4l and 'T', grown in embryonatesd
chicken eggs, were inoculated into various avian and
non-avian cell cultures. A total of six 10-day p&assages
were carried out for each cell culture, and both stezined
and unstained cell layers were examined for cytopathic

effect (CPE). The avian cell cultures used were primary
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chick embryo kidney cells, cells from the choricallantoic;
membrane of chick embryos, and chick peritoneal macro-
phages. The non-avian cell cultures included a mouse
liver cell line (NCTC 1469), the African Green Monkey
kidney cells (Vero), baby hamster kidney cells (BHK-21), _
and human embryonic lung cells (MRC-5). Apart from the
primary chick kidney cells, no CPE was observed in any

of the other cell cultures. The early CPE of IBV (both
strains) in chick kidney cells is seen in Fig. 2. Apart
from the refractile rounded cells, the cell layer appeared
normal several days after infection. Later, many rounded
cells were seen floating in the media, and the cell layer
appeared degenerated and with foci of necrotic cells. No
inclusion bodies were seen in coverslip preparations

of infected cells stained with either haematoxylin/eosin
or May-Grunwald Giemsa. However, small syncytia were

occasionally seen.

In a separate experiment the growth of IBV on chick
kidney cell cultures wa§ investigated by immuno-
fluorescent staining. It was observed that specific
fluorescence was present in scattered small Toci of
célls as early as 24 hours after infection. By 48 hours,
numerous large foci of fluorescent celis were seen

(Fig. 3), although no CPE was detectable by crdinary
light microscope with both stained and unstained prep-
arations. From 72 hours, fluorescent staining revealed
foci of necrotic areas on cell layers (Fig. 4). Although
there were large numbers of infected cells, syncytia

were only occasionally seen (Fig. 5). The fluorescence

exhibited was clearly cytoplasmic and granular in appear-

S ance.



FIG. 2. Primary chick kidney cell culture show-
ing early cytopathic effect (24-28 hours) consist-

ing of refractile rounded cells. Phase-contrast x
100.

FIG. 3 Primary chick kidney cell culture showing
foci of infected cells at 48 hours after infection.
Anti~IBV antibody- FITC. x 100.



FIG. 4. A similar culture to the one in Fig. 3
showing necrotic cells at 72 hours after infection.
Anti-IBV antibody-FITC. x 250.

FIG. 5. IBV-inFfected primary chick kidney cell
culture showing a syncytium at 72 hours post-infection.
Anti~-IBV antibody FITC x 280.
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3.3, GROWTH AND ADAPTATION OF IBV IN SUCKLING MICE

Adaptation: Three strains of IBV, M41l, 'T' and Beaudette,

were adapted to grow in suckling mice. Passages of virus
in suckling mice were performed as described in Materials
and Methods (2.3.4.). The first passage was performed

with the egg-adapted IBV, using as inoculation 10_1

dilution of infectious allantoic fluid.

With the 'T' strain all the inoculated mice showed signs
of disease at the second passzage, whereas with the M41
strain this happened only in the third passage. The
disease was characterised by hyper-irritability in the
early stages, leading to various degrees of flaccid hind
leg paralysis, culminating in death. For both M4l and
'T' strains, signs of disease were noticeable at 72 hours
post-inoculation. The same clinical pattern was elicited
in further passages and the incubation period was stabi-
lised to 48 hours. However, with the Beaudette strain,
the mice were sinmilarly affected but in the first passage.
Controlled serial passages with normal allantoic fluid
were carried out in parallel with the infected passage

series. None of the control mice developed encephalitis.

The brain-grown viruses were stored in the form of infect-
jous brain suspension (10%), and the infectivity titres
for all three strains of IBV were éimilar and increased
with further passages. At the 11lth passage, the infectiv-

ity titre in suckling mice was 107LD per ml. of brain

50
suspension.

Also, it was interesting that mice older than 12 days ol

age werc not susceptible to any of these viruses.

Electron microscopy: In thin section electron microscopy

of the suckling mouse brain the virus was found to
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replicate in foci of cells. Virus budding and mature
particles were seen in cytoplasmic vesicles (Fig. 6).
The interesting and striking findings were the presence
of single membrane-bound inclusion bodies containing
amorphous granular material, and also:round, smocth,

dense particles without an envelope (Fig. 7).

Immunofluorescent examination: Immunofluorescent stain-

ing of sagittal and horizontal sections of suckling mouse
brain showed that there was widespread infection of the
neural parenchyma. In particular, many cells in the
cerebrum showed cytoplasmic fluorescence, and these cells
had very scanty cytoplasm, often with cytoplasmic pro-
cesses. The fairly even distribution of fluorescent cells
may, perhaps, indicate that both neuronal and non-neuronal

cells were infected.

Complerent-fixing antigen: The infectious brain suspen-

zions were found to contain complement-fixing antigen
when titrated with the homologous mouse antisera. This
antigen was not detected\in the initial passages when the
gsuckling mice appeared normal. With further passaging

there was a two-fold increase in the complement-fixing

titre.

Haemagglutination: The mouse-adapted IBV, M41 and 'T'
strains were found to aggliutinate fowl, human '0', rat
and mouse red blood cells. However, the mouse-adapted

IBV Beaudette strain does not share this property} This
haemagglutination was inhibited by the homologous hyper-

immune sera.

Infectivity in chick émbryo and chick kidney cell cultures:

Attempts to re-isolate the mouse-adapted IBV, 'M' and 'T'
strains in chick embryos were not successful. These

viruses, at the third and 11th brain passage, were
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passaged five times in chick embryos incubated at both
34°C and 38°C. There was no embryo mortality and IBV
was not detected by either immunofluorescence or electron

microscopic methods as described under 3.5.

The 'B' strain of IBV, however, was re-isolated in chick

embryo.

The allantoic fluids collected at the 5th passage were
then inoculated into primary CEK cells, and were sub-
passaged six times. CPE was not seen in culture and
virus (IBV) was also not detected by fluorescent antibody

tests.

The brain-adapted IBV was also used to infect CEK cells
without prior chick embryo passage. After five sub-
passages in culture, no evidence of viral growth was
detected by the observation of CPE and immunoflucrescernt
tests. The subsegquent inoculation of CEK cell passaged
brain IBV to chick embryg, also produced no virus growth.

\\

Infectivity in chicks: Attempts were made to infect the

new-born chicks with the mouse-adapted IBV, 'M' and 'T'
strains, since the chick is sometimes more sensitive than
the chick embryo to infecticn with IBV. For each strain

of virus 20 chicks were infected by eye and nare instill-

ation of infectious brain suspension. However, no respir-

atory distress was seen in any of the chicks and they

remained normal for 21 days after infection.

Infectivity in cell cultures: The brain-adapted IEV, 'M!

?

'T' and 'B!' strains were also inoculated into several cell

lines, including MRC-5, Vero, BHK21 and NCTC 1469. A
total of six subpassages were carried out in each cell
line. No evidence of virus growth was detected by CPE

and Tluorescent antibody tests using the homologous mouse

antisera.
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3.6. THE PATHOGENESIS OF NEPHRITIS IN THE FOWL INDUCED BY

IBV

3.6.1. Acute nephritis

3.6.1.1. Experiment to investigate the susceptibility to

nephritis of two breeds of fowl to two strains of I8V.

Design of experiment: The chicks used for the experiment

were hatched from specific pathogen-free eggs and all chicks
were kept in isolation rooms throughout the experiment. A
total of 120 one-day-old chicks were infected with IBV:
these consisted of 60 White Leghorn (WL) and 60 Rhode

Island Reds (RIR). Two strains of IBV, 'M' and 'T' strains
were used to infect each breed of fowl. There were, there-
fore, four groups of infected chicks. Each consisted of

30 chicks infected with either the '™™M' or the 'T' strains
_ of IBY. The '™M' and the 'T! IBV-infected chicks were

housed separately.

~

The chicks were infected by eve and nare instillation of

a 1/10 dilution of infectious allantoic fluid. The control
birds consisted of 20 Rhoae Isiand Reds and 20 White Leghorn
chicks, and they were inoculated with normal allantoic

fluid in a similar manner. Infected chicks were examined
daily and were kept for four weeks. All dead birds were
renoved for postmortem examination. Moribund birds were
killed and sera were collected and tested for HI antibody.
The faecal materials collected from the cloaca were exam-

ined for virus particles by electron microscopy.

Clinical observations: Mild tracheal rales and occasional

gasping were observed in most of the WL chicks infected

with IBV 'M' strain between day 2 to day 7. However, with
the RIR chicks infected with the same virus, far fewer chicks
showed respiratory signs. Apart from the early respiratory

signs both breeds of IBV 'M' infected chicks appeared normsl.
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In contrast, the IBV 'T' infected chicks showed only very
mild respiratory signs. Only an occasional chick showed
mild rales. However, severely ill chicks were seen,
beginning from the third day after infection. The chicks
often stood in a hunched position, eating very little.

They appeared depressed and the feathers were ruffiled.

Some chicks also had faeces and urine matted to the down
below the vent. The disease ran a rapid course, with some
chicks becoming ill and dying within 24 hours. Some chicks
which lingered on for several days recovered. A typical
moribund chick and a healthy control chick are shown in
Fig. 12. From the third week after infection, most
infected chicks recovered. There was increased weight gain,
but many chicks remained stunted. Fig. 13 shows a stunted

and a normal chick at 5 weeks of age.

Mortality: Mortality was observed four days after infection.

Death was either sudden or followed depression lasting one
or two days. Table 4 shows the total mortality observed

for each group. It was obvious that IBV 'T' strain produced
a higher mortality and that both breeds of fowl were equally
. susceptible. However, the 'M' strain of IBV produced a

much lower mortality, and the WL Iowl appeared to be five
times less susceptible than the RIR fowl to die of IEV 'M!

strain infection.
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-FIG. 12. Infected and control chicks at 13 days of age.

FIG. i2. InYecled and control chicks at 5 weeks of age.
Note (he ruflled feathers and small size of the infcect-
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‘FIG. 14. Gross anatomy of normal fowl kidney (2-week
old chick). Note the two large kidneys lying extra-
peritoneally and deep within the bony recesses of the

pelvis drained by ureters which terminate in the uro-
derm of the closaca.

FIG. o Grw v obnormality of W-infected
g old), o uniformly enlarged
kidncys with mottlcd
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TABLE 4. Intection ot twec breeds o2f fowl with two
strains ot IBV.

Rhode Island White Leghorns
Red
16 15 e
30 = 53.3% 36 = 50.0% Mortality
ITI
strain| 5-13 5-11 Duration of
mortality
Day P.I.
1/16 1/16 Mean HI titre
Day P.I.
R : R
(1/8-1/32) : (1/8-1/32)
S - 17.2% 1/30 = 3.3% Mortalit
|Ml 29 . . = . (4 y
strain{ 4--12 10 Duration of
\\ Mortality
Day P.I.
1/128 1/64 Mean HIT !
R p| titre §
(1/32-1/256) (1/32-1/256) Day P.I. :
A
P.I. = post-infection
R = range of titre
Postmortem observation: All dead and moribund birds were
examined for gross pathology. Except for congestion and

dehydration, abnormality was seen only in the kidney.
Kidneys were uniformly enlarged from two to four times
normal size and with prominent tubules, which is obvious

from Figs. 14 and 15. The enlarged kidneys were§usua11y
much paler in colour and often with distended ureters
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containing a whitish fluid, probably of urate origin.

All the 'T'-infected moribund and dead chicks examined
showed this kidney lesion. Of the five IBV 'M' strain-
infected RIR chicks which were found dead, three were found
to have similar kidney lesions. Kidney abnormality was not
seen in the only IBV 'M'-infected WL chick which died. The
faecal contents of the dead birds were frequently liquid,
and often whiticsh, and were distended with air. A1l other
visceral organs, including the bursa of Fabricius, appeared
normal. All carcases examined were dehydrated and emaciated.
An increase of mucus in the trachea was observed in some
cases. Between four and five weeks after infection, sur-
viving birds were killed and postmcrtem examinations were

carried out for each bird. No abnormalities were observed.

Serology: At 28 days post-infection, samples were collect-
ed from surviving birds. Ten birds from each grcup of the
infected chicks were bled (Table 4). Each serum sample

was tested separately fbr HI antibody, using as antigen

the enzyme treated M4l virus. Both the mean and the range
of HI titre for each grodb\was as shown in Table 4. All
the chicks tested had significant antibody rises against
IBV. This suggested that IBV infection was established

in all the four groups of infected chicks. The HI antibody
\level of the 'M' strain infected chicks was much higher
than the 'T' infected group. This was because the antigen
used for the assay was the 'M' virus and the HL titre was
then always much higher in the homologous system. Sera
collected from mcribund chicks at about two weeks of age
usually had an HI titre of 1/8. Control chicks had no,

or a low, PA titre (1/4).

Virus particles in faeces: Faecal material collected from

moribund chicks was examined for virus particles by negative
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staining with phosphotungstic acid and examined “in the
electron microscope. Four pcols of material were examinedi
two from IBV 'M' infected, and two from 'T'-infected birds.
An abundance of viral particles was detected in both groups
of infected birds. No viral particles were seen from the

control material collected from normal chicks.

Conclusion:

The nephritogenic potential of IBV is largely dependent on
the strain of virus. The 'T' strain is highly nephrito-
genic, and both RIR and WL fowls were equally susceptible
to the virus when infected at one day of age. The *M!
strain, however, is much less nephritogenic and there

appear to be breed differences in susceptibility to nephritis.

3.6.1.2. Infection of RIR fowl with IBV 'T' strain.

Studies by virological, immunoflucrescent, histological

and electron microscopy techniques.

The RIR fowl and the 'T! Etrain of IBV were selected for
detailed study on the pathogenesis of nephritis. The
effect of the age of infection on the mortality and on the
proportion of nephritis induced in birds was investigated.
Chick embryos were included, because it was hoped that by
allantoic route inoculaticn the virus might have a chance
to replicate in the kidney without a primary involvement
of the respiratory tissue. The other age groups of chicks
infected were one day and 15 days of age. Older chicks

were not employed because of housing difficulties.

The aim of the infection study was to obtain evidence Tfor
viral replication in néphritic kidneys, and,more importantly,
to localise viral antigen in kidney. A histopathological
study was carried out in parallel so asftd ﬁofrelate the

pathology with the virological findings.
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Experimental design: The chicks used for the experiment

were hatched from specific-pathogen-free eggs, and all
chicks were kept in an isolation room throughout the
experiment. Table 5 shows the three groups of infected
birds with two groups of controls. Twenty-nine one-day-
0ld chicks and 28 15-day-old chicks were infected with
IBV 'T' strain through eyes and nares. Fifty-four chick
embryos at the 16th day of incubation were infected by
the allantoic route. The control consisted of 15 chick
embryos and 15-~day-old chicks, and these were inoculated
similarly using sterile PBSA. All chicks were examined
daily for up to six weeks post-infection. All dead birds
were removed for postmortem examination. Moribund birds
were killed and sera were collected for HI test for IBV.
Kidney specimens collected from both dead and moribund
birds were examined by virus isolation study and by immuno-
fluorescent staining. Virus isolation was attempted in
embryonated eggs with both homogenised kidney suspensions
and cell culture fluids from kidney explant cultures.

For histopatheclogical studies, portions of kidney were
usually collected from killed moribund birds. However, a
few specimens of kidney were collected from dead birds.
Kidney samples for electron microscopy were collected from

moribund birds only.

Results: Ciinical observations: Of the 54 chick =zmbryos

infected on the 16th day of incubation, 27 chicks wcre

hatched. The propcrtion of chicks hatched was the same

as in the preliminary exXperiment (See Table 3, Section 1.4.2.

Most of the chicks hatched from infected embryos were
smaller, less alert and active than the control chicks.
Mild rales were noticeable from some chicks between day 2
and day 9 post-infection. Between day 6 andday 9, a few
chicks with tracheal rales were also seen to have dlarrhoea

The 1nfected cPlcks had a much reduced welght gain and a

reduced feed oonsumptlon compared to the normal chicks.

)



From about four weeks post-infection, affected chicks were |
recovering, and there was increased weight gain. The
clinical picture for chicks infected at one day of age

was similar to the chick embryos, but much milder. Two
chicks had diarrhoea between day 4 and day 6. In contrast,
the chicks inf'ected at two weeks of age appeared ncermal,
although a few had ruffled feathers and were stunted.

There was only an occasional rale, and the smaller birds

gained weight from 16 days post—infeétion.

Table 5 summarises the mortality up to 23 days post-infection
of the three groups of infected chcks and the two groups of
contrels. It was obvious that the total mortality decreases
markedly when older chicks are infected. The majoritly
of chicks died between day 6 and day 16 post-infection.
Of the eight chicks which died within five days post-
infection, five died within the first two days. These were
chicks hatched from infected émbryos, and were very ill
when hatched.

\

Postmortem observations: ‘Both moribund and dead birds

were examined for gross kidney abnormality. The propor-
tion of these chicks with abnormal kidneys was asshown

in Table 5. The only kidney abnormality observed was the
greatly enlarged, pale kidney with ureter distended with
urate.material. Cf the chicks infected at one day old,
about 80% of the moribund and dead birds showed typical
kidney lesions. 1In contrast, the younger and older age
groups of infected chicks showed a much lower incidence of
kidney lesions. It is sﬁrprising that the chick embryos

had the lowest incidence of kidney lesions.

Apart from the kidneys, no abnormality was observed in the
abdominal viscera, although the bursa of Fabricius appeared-

much smaller in a few chicks.



TABLE 5. The mortality and pathology of RIR fowl
infected with IBV 'T' strain.
Age Total Swollen Kkidney Virus
infected mortality (dead or isolation
at D23 moribund birds
Kidn=y { Faeces
ex— '
plants
16 days CE 23/27=85.2% 1/23=4.4% 3/3 6/7
(27/54 )N Age D1-D23
Control
N
(1a/15)" 0/14 0/3 0/6
1 day~old 13/29=44.8% 10/13=76.9% 4/4 6/6
chick Age D5-D13
PT )
Control 0/10 0/3 0/6
14 day-old 7/28=25.0% 1/7=14.3% Not 3/3
chicks D7-D14 PI done
D = Day
PI = Post-infection

N Ratic of

1

chicks

hatched.
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Virus isoclation: Table 5 shows that virus was recovered

from all moribund chicks tested.

Faecal material: Faecal samples from both dead and

moribund birds contained large numbers of viral particles
which were readily demonstrated in the electron microscope
by negative staining. Typical coronavirus particles (Fig.1l)
were seen, and IBV particles were confirmed by immune
electron microscopy. Virus was isolated from the same

samples inoculated into embryonating eggs.

Kidney explant cultures: Kidney samples collectecd from

moribund birds with acute nephritis were grown as explant
cultures in conventional cell culture medium. The tissue

explants required several days to become 'anchored' onto

the culture vessel. However, once 'anchorage' was estab-
lished, the culture grew rapidly to confluence. The cells
appeared normal and no obvious CPE was detected. However,

in stained preparations small syncytia werve occasionally
seen. Virus was consisteptly isolated from the explant
culture fluids when inocuiéted into embryonating eggs
(Table 5). Virus was not isolated from control kicdney

explant cultures.

Histological observations: Kidney samples were obtained

from moribund chicks infected at various ages (Table 5)
and examinecd histologically. All kidney samples examined

showed various degrees of inflammatory and tubular changes.

The histology of normal chick kidney is shown in Fig. 16.

The basic structure of the avian kidney is similar to the
mammalian one. However, a major difference is in the
glomeruli, where the avian type shows a simple arrangement

of the capillary loops with a large central core of mesangial

cells.
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The histopathology of moribund birds which showed no gross
renal abnormality often showed a mild inflammatory reaction.
This consisted of an interstitial infiltration of mainly
mononuclear cells in the medullary tracts and in focal
areas of the cortex. The histopathology of enlarged Kidneys
was characterised by varying degrees of interstitial infil-
tration and tubular damage. Enlarged kidneys of moribund
chicks dying within the first two weeks of infection showed
a mild interstitial infiltration of mononuclear cells and
some polymorphs, but with extensive tubular damage. The
tubular damage involved proximal and distal convoluted
tubules and also collecting tubules. The epithelial cells
of affected tubules were swollen and were so vacuolated
that many tubules appeared disrupted, and dark staining
inclusion-like bodies were frequently seen in these areas
(Fig. 17). The enlarged kidneys of moribund chicks older
than two weeks showed a similar picture, but with more
extensive cellular infiltration of mononuclear cells and
polymorphs, especially in the medullary area. Tubular
disofganisation and destruction was extensive, with vacuol-
ation and desquamation (Fiés. 18, 19). The lumens of most
of’ the tubules were enlarged and whole tubule necrosis was

often seen (Fig. 18).

Urate crystals: - Cryostat sections of frozen kidney were

airudfied and fixed in cold acetone. The sections were
then stained in a methanol base stain, May-Grunwald stain.
When viewed in polarising light, widespread accumulation of
crystals was seen in the section. Moribund birds with en-
larged kidneys showed severe Impaction of tubules with salt
crystals (Fig. 20). 1In normal kidneys, crystals seen were
small and sparsely distributed. Fig. 21 shows a similar
sectibn stained with héematoxylin and eosin and viewed by
non—polarising light. Vacuolations in tubular cells and
lumens were clearly visible where the crystals had been

dissolved.
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FIG. 16. Photomicrograph of 14-day-old normal chick
kidn€§7 Section showing proximal convoluted tubules
(P), distal convoluted tubules (D) and glomeruli with
prominent mesangium (M). PAS. x 250.

FIG. 17. Section of an enlarged kidney from a chick
infected at 1 day old ond at 12 days after infection.
Note vacuolation of tubular cells and dark staining

inclusion bodic:s (arrows). PAS. x 250.
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FIG. 18. Section of an enlarged kidney from a chick
infected at l-day-old, and at 18 days after infection.
Note cellular infiltration, enlarged lumen and whole
tubule necrosis (arrows). HE x 100.

FIG. 10 dome kidney section #¢ for Fig. 18. DNote

figures. HE x 500.



‘FIG. 20. A cryostat section of enlarged chick kidney,
air-dried and fixed in acetone, viewed with polarising
filter. Note the prominent crystals. May-Grunwald
stain. x 100.
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Similar cryostat section Lo Fig. 18.
A L dissclved and showed vacuoliation Tormed by
urate crystal impaction. M . 100.
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Immunofluorescence findings: Viral-specific [luorescence

was always demonstrated in tracheal smears from a&l1ll moribund
and dead chicks (Fig. 22). Preliminary experimenfs showed
that viral antigens were present in the trachea of all IBV-

infected birds, whether clinically normal or not.

Viral antigens were demonstrated in the tubules of the
enlarged kidneys from all dead or moribund chicks (Fig.22).
The cytoplasmic nature of the fluorescence is clearly shown
in Fig. 24. The specific viral flucrescence was cseen as
scattered foci of tubular cells in both cortex and medullary
area (Fig. 25). The specific fluorescence was present in
various tubules, namely, the proximal, intermediate and
distal tubules (Figs. 23, 26}. However, most of the tubules
stained were proximal ones. Figs. 26A, B and C show the
various forms of infected tubules, and Fig. 26D shows a
ureter branch with large amounts of virus corntaining necrotic
cell debris. In moribund chicks which did not show gross
kidney abnormality, the viral-specific fluorescence in

kidney sections was sparse and usually in isoclated tubules.

No viral-specific fluorescence was detected in‘the gicmeruli
of moribund or dead chicks: However, immunoglebulin
deposits were detected in the capillary loops of glomeruli

using FITC conjugated rabbit anti-chick IgG antibodies

(Fig. 27). The IgG staining in glomeruli was frequently
seenn in the kidneys of moribund chicks, although such

staining was not detected in all moribund chicks.

IBV was not detected by fluorescent staining in the bursa
of Fabricius. However, by using FITC-conjugated anti-chicken
IgG, the distrikution of immunoglobulin in the lymphoid

tissue appeared normal (Fig. 28).



FIG. 22. A chick tracheal smear showing speciflic

TBV Tluorescence in several cells.
staining. x 500.

cytoplasmic

FIG, 23. A cryostal section of enlarged chick kidney

showing specific IBV fluorescence.
of tubules being stained. x 100.

Note various types

o P



FIG. 24. A proximal tubule showing intense cyto-
plasmic fluorescence. x 500.

FIG. 25. A focus of necrotil tub & Wit

icd , int ced celis x 250.
rounded , infected SebiEs < 25



] 26. Specific fluorescence in infecled, enlarged
]{idné&ﬁ (A), a proximal tubule; (B) a medullary
tubule with a cellulur cast; (C) a distal tub:

(D) a urcteral branch containing



FIG. 27. A cryostat section of an enlarged kidney
showing immunoglobulin staining in the

loops of the glomerulus. Rabbit anti-chicken
FITC. x 500.
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FIG. 28. A cryostat section of the bursa of Fabricius
showing the localisation of immunoglobulin in a lymphoid
follicle. Rabbit anti-chicken IgG-FITC. x 100.

FIG. 29. A cryostat section of the caecal tonsil in
fowl intestine showing immunoglobulin staining of
lymphoid tissue. Rabbit anti-chicken IgG-FITC. x 100.




[N
&3
oD

In cryostat sections of the intestines of moribund chicks,
viral—specific fluorescence was not seen in the “gut epi-
thelium or lining the lumen. The presence of lymphoid
tissues tin the gut, for example the caecal tonsil, was
confirmed ky specific IgG fluorescence (Fig. 29). No

viral antigen was detected in these lymphoid tissues.

Ultrastructural findings: Examination of ultrathin sections

of the enlarged kidneys from moribund birds revealed that
infection involved mainly the proximal convoluted tubules
in both the cortex and medullary areas. Degenerative
changes were seen in intact tubules, often with desquamated
cellular material. Foci of disrupted tubS5les lying within
the cellular infiltrates were often seen. Morphologically,
viral replication occurred entirely in the cytoplasm of
infected cells (Figs. 32, 33). In these cells, cytoplasmic
vesicles containing mature virus particles were also seen.
The cytoplasm of the infected cells contained many vacuoles

and some contained necrotic cellular debris (Figs. 33, 35).

Another striking finding was the large number of single
membrane-bound viral inclusion bodies found in the cyto-
plasm of many proximal cenvoluted tubules (Figs. 33, 34,
35), and also in desquamated cells (Fig. 30); These in-
clusion bodies were usually round, electron-dense, and con-
tained many dense particles of between 60-120 nm in diameter
Figs.. 31, 33, 34). The insert in Fig. 33 shows two in-
clusion bodies with different affinities for staining.

The particles in both were electron-dense, but only the
matrix of one was electron-dense. In the cytoplasm of

some proximal tubules were also seen very large inclusion
bodies which contained numerous virus particles and large

masses of necrotic cellular material (Fig. 35).
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In contrast to these smooth particles, numerous enveloped
virions with projections were seen lining the lumen and
the microvilli of the brush borders of tubules (Figs. 34,
36). Virus particles appeared adsorbed by, and trapped

within, the microvilli (Fig. 37).

Evidence of viral replication was less often found in
distal convoluted tubules. Cytoplasmic vesicles contain-
ing virus particules were only occasiocnally found in distal
tubules. However, enveloped virions with projections

were found adsorbed by the lumen, although fewer than in
proximal tubules. The glomeruli of all moribund birds
examined appeared normal (Fig. 39). Virus-like particles

were often seen.in some foot processes (Fig. 40).

Serelogy: Sera collected from moribund birds had a
significant increase in HI1 antibody levels against IBV.
The mean HI titre was 1/16 for the birds infected at 15
days of age, and was lower for the birds infected at one

day of age.

At four weeks after infeétion, all surviving birds showed
significant levels of HI antibody to IBV. These surviving
birds were kept for an extended period for study on chronic
~ nephritis. The HI antibody levels of these birds up to

29 weeks after infection are described under section 3.6.2.



FIG. 30 A cellular cast in the lumen of an infected

proximal tubule. The degenerating cell (A) contains
viral particles and viral inclusion bodies (Bar = 1000 nm)
(M = Microvilili).
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30.

Complete virus particles with projections are present in

cytoplasmic vesicles (CV).

= 500 nm).

Inclusion bodies (IB) contain-
({Bar

31 Enlargement of area similar to square in Fig.

ing smooth particles are also present.

-FIG.
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FIG. 32. Part of cytoplasm of infected proximal tubular
cells. The dense cytoplasm of one cell contains many
complete virions. Budding particles are clearly visible

(arrows).

(Bar = 500 nm).



FIG. 33. Part of an infected proximal tubule. Note the.
numercus electron-dense inclusion bodies found in the
cytoplasm of one cell. The upper part of the cytoplasm

is degenerated. (Bar = 1000 nm). The insert shows two
inclusion bodies with different staining aifinities.
(Bar = 100 nm).
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FIG. 34. Part of cytoplasm of several cells near the
lumen of proximal tubule similar to the one shown in Fig.
33. Arrow indicates a large, membrane--bound inclusion
body containing smooth, electron-dense particles. 1In the

brush-border cf the tubule many complcte virions are seen.

(Bar 500 nm). Insert is an enlargement of area similar
to the square. Note the internal structure of one virion
(arrow). (Bar = 100 nm).
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FIG. 35. Part of a proximal tubule showing several dis-

organised tubular cells and containing a large inclusion
body. {Bar = 1000 nm).

LD



.FIG. 36.
of Fig. 35.

An enlargement of area of top right hand corner
Adsorbed to the lumen and the microvilli are

numerous viral particles (Bar = 1000 nm).

(S



A transverse section of brush-border showing

viral particles adsorbed tc and trapped within the micro-

37.

TIG.

= 500 nm).

(Bar

villi.
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FIG. 38. Part of a distal tubule. Viral particles are
seen lining the lumenal surface of one cell. (Bar = 1000nm).



FIG. 39. Part of glomerulusof acute nephritic kidney.
Note the normal appearance of the glomerular capillary
showing epithelial and endothelial cell foot processes,
capillary basement membrane and endothelial cell forming
a fenestrated layer around the lumen of the capillary.
(Bar = 1000 nm).
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.FIG. 40. Part of a lumen of a glomerular capillary show-
ing a uniform thin basement membrane with foot processes.
Virus-like particles are seen in some foot processes
(arrows). (Bar = 500nm).
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3.6.1.3. Infection of WL chick embryos with IBV 'M' strain.

Experimental design: The 16~ to 17-day-old chick embryos

(WL) which were infected with IBV 'M' strain, and which

are described under section 3.4.2., were used in this
study. A total of 57 chick embryos were infected and 26
survived the in ovo infection and hatched successfully

(see Téble 2). These chicks were examined daily, and were
kept for up to 8 weeks. All dead birds were removed for
postmortem examination. Moribund birds were killed and
sera were collected and tested for HI antibody. Portions
of the kidneys and the bursa of Fabricius were collected
for expiant cultures. Kidneys, liver and the bursa of
Fabricius were also colliected from moribund birds and

were fixed in 10% buffered formol saline for histological
study. These organs were also snap-frozen in liquid
nitrogen for fluorescent antibody staining. Kidney samples
were also collected from moribund birds for electron micro-

SCOopYy .

Results: Clinical observations: From day 3 to day 6 post-

hatching, about 50% of thg chicks developed respiratory
symptoms (dyspnoea and gasping). About half of these
affected chicks died within 48 hours of the development

of symptoms. By day 10, the affected chicks had recovered
from the respiratory illness and they were rapidly gaining
weight. All the birds appeared normal up to the 8lh week.

The total mortality recorded was 23%.

Postmortem observations: Gross pathological lesions were

not seen in any of the viscera, including lungs, liver,
and the bursa of Fabricius c¢f both moribund and dezad birds.
However, an increase of mucus in the trachea was observed

in most of the birds examined.
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Virus isolation: Virus i1solation was attempted by inocul-

ating embryonating eggs with media harvested from the
bursa and the kidney explant cultures. No virus'was
isolated from a total of 8 explant cultures. The growth
of the explant cultures was similar to that described for
the IBV 'T'-infected RIR birds (see section 3.6.1.2).

However, no CPE was seen in these explant cultures.

Serology: Sera collected from moribund birds showed a
significant increase in HI antibody levels against 1BV,
The sera collected from surviving birds between four to
eight weeks of age, also showed a high titre of HI anti-
body similar to thét of the WL chicks infected at oﬁe day
of age (See Table 4).

Histological observations: The kidneys from moribund birds

which showed no gross renal lesions were also normal histo-
logically. However, some foci of degenerating and necrotic
tubules were seen very occasionally. By electron micro-

- scopy virus particles and inclusion bodies were not seen.
The bursa of TFabricius and the liver, which were examined

histologically only, also\appeared normal.

Immunofluorescent findings: Viral-specific fluorescence

was not seen in the kidneys of either dezd or moribund
birds. The fluorescent staining was also negative for

“the liver and the bursa of.Fabricius.
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3.6.2. Chronic nephritis.

LN

Infection of RIR fowl with IBV 'T' strain: Studies by

virological, immunofluorescent, histological and electron

microscopic techniques.

The aim was to investigate the long-term effects on the
kidneys of RIR fowl infected with the nephritogenic 'T'
strain of IBV. The studies in chronic nephritis were

made on birds that survived the acute renal disease and

were kept for up to 29 weeks after ihfection.

Experimental design: The same two groups of chicks which

were infected at one day and at 15 days of age for the
experiment on acute nephritis, were used in this study

(see Section 3.6.1.2.). At 28 days after infection, the
birds that survived the initial infection were kept in an
isclation Pbom for up to 29 weeks post-infection. The
birds were divided into two groups. Group 1 consisted of
13 chicks that were infccted‘at one day of age, and Group 2
consisted of eight chicks'which were infected at 15 days

of age. For Group 2, only eight birds were selected at
random from the acute expériment because of the limited

hcusing facilities.

The two groups of chicks were observed for signs of ill-
health. At regular time intervals, all or some of them
were bled and tested for HI antibody levels. All dead

and moribund birds were removed for postmortem examination.
The various samples for study were collected in the same
way as acute nephritis (3.6.1.2.). The experiment was
terminated at 29 weeks bost—infection by killing all the
surviving birds. Postmortem examinations were carried

out for all the birds that were killed and sera and tissue

csamples collected for study.
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Clinical observations: Most of the birds appeared normal

throughout the observation period (Table 6). Respiratory
signs were not seen in any of the birds. Howevef, at 77
days post—fnfection, one bird from Group 1 was not able
to stand, and was killed. No abnormality was seen at
postmortem. Another bird from Group 1 was found dead on
the 126th day. Postmortem examination showed that the
bird had greatly enlarged, pale kidneys, but no other
gross abnormality was seen (Fig. 41). In-Group 2, also
at 126 days post-infection, one bird also could not stand,
and appeared to have diarrhoea. Gross abnormality was

not seen at postmortem.

Postmortem observations: At 2¢ weeks post-infection, all

surviving birds were killed and postmortem examination
was performed on each bird. A total of four birds from
Group 1 and two birdé from Group 2 were found to have '
gross kidney abnormality (Table 6). The affected kidneys
of most birds were pale and greatly enlarged, similar to
the birds which died on day 126 (Fig. 41). However, one
bird from each gioup was also found to have an atrophied
right kidney, while the lgft kidney was pale and slightly

swollen. All other organs appeared normal.

Virus isolation: At the termination of the experiment

when the remaining birds were killed, four birds with

gross kidney lesions and two birds with normal kidneys

" were seclected for virus isolation study. Virus was isolated
from the Taecal sampies of all these birds. However, virus
was isolated from the kidney homogenate of three of the

four birds with enlarged kidneys. Virus was not isolated
from kidneys of birds with no sign of chronic nephritis.
Virus isolation from kidney explént cultures was not.attempt~
ed bhecause the kidneys from birds with established chronic

nephritis proved very difficult to grow in culture.



Serology: Serum samples were collected from birds at i
the 4th, 8th, 12th, 16th, 20th and 29th weeks after infect;
ion. Individual serum samples were collected from six ;
birds at the 4th, 8th, 12th and 16th weeks. At the 20th
week, birds were marked individually and serum samples

were collected from each bird. All the birds were killed
at the 29th week and serum collected from each. All serum
samples were found to have a moderate to high level of HI
antibody against IBV (Tables 6,7). The HI antibody titres
of individual birds at the 20th and 29th weeks post-

infection are shown in Tables 8 and 9.

Table 8 also shows the level of anti-IBV antibody in
individual sera from Group 1 fowls tested by indirect
fluorescent antibody (IFA) method. The substrate used

for the test was IBV-infected primary chick kidney culture.
The IFA method gave a narrower range of antibody level.
However, the IFA serum titre corresponded well with the

HI titre. This showed that the difference in antibody
titres of individual birds was stable, and that the differ-
ences may not have been large enough to be important.

N\

Correlation of HI titre to chronic nephritis: Although

all birds at the termination of the experiment were found

to have moderate to high levels of HI antibody to IBV,

many fewer birds were found to have gross kidney abnormality
at postmortem (Table 9). Furthermore, no correlation was
observable between kidney lesions and the level of HI anti-
body titre of individual birds. Of the four birds which
showed chronic nephritis, the HI titres ranged from moderate

to high.



TABLE 6.

Chronic nephritis induced by IBV.

Group

Total

mortality
at week 29

Birds killed

at week 29

Gross Specific HI titre Antibody
kidney fluores- to
lesions cent normal
staining kidney
2/13 4a/11 4/11 Mean=1/80 5/11
1 (p77,D126)" (1/20-1/320)"
1/8
2 (p126)™ 2a/7 27 Mean=1/160 2/7
\. (1/40-1/320)%
D = Day
a = Included one bird with kidney atrophy
R = Range of titre
A = Age of dead bird
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TABLE 7.
at up to 29 weeks after infection
with IBV.
Week Mean HI titre
Group 1 Group 2
4 1/16 (1/8-1/32)% 1/16 (1/16-1/32)
8 1/32 (1/16-1/64) 1/64 (1/16-1/128)
12 1/64 (1/32-1/64) 1/64 (1/32-1/128)
16 1/128(1/32-1/256) 1/128{(1/32-1/256)
20 1/128(1/32-1/512) 1/128(1/16-1/256)
29 1/256(1/32-1/512) 1/128(1/64-1/512)
R

Range of titre



TABLE 8. Immunologic studies on sera from
individual birds at 20 weeks
post-infection.

[
No. { HI titre | Antibody | Antibody | FA titre
to NCK to NCAM cell
culture
1 1/128 4+ 0 1/160
2 1/64 0 0 1/80
3 1/32 0 0 1/80
4 1/256 2+ o 1/160
5 1/64 0 2+ 1/80
Group 6 1/32 0 2+ Not done
' 7 1/32 2+ 0 1/80
! 8 1/32 4+ 2+ Not done
o | 1/512 0 0 1/320
10 1/128 0 Not done
11 1/64 4+ 0 Not done
N\
1 1/256 44 0
2 1/256 0 0
Group 3 1/64 0 0
4 1/128 o 0
2 5 1/64 0 o
6 1/128 0 3+
7 1/64 0 2+
NCK = Normal chick kidney
NCAM = Normal choricallantoic membrane

+

Arbitrary scale of fluorescent intensity
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TABLE 9.

Long-term effects of infection with IBV on
individual fowl at 29 weeks post-infection.

No. | HI titre | Antibody 1Antibody Gross Virus
to NCK to NCAM kidneyv 150~
lesions lation
' kidney
i 1/256 0 0 0
2 1/128 0 S&P 0
3 1/64 0 S&pP +
4 1/512 2+ 0 0
Group 5 1/32 0 0 0
1 6 1/32 0 0 S&P 5
7 1/32 2+ 0 0 0
8 1/64 2+ 0 0 Not done
9 1/128 0 0 Not done
10 1/64 0 0 Not done
11 1/512 4+ N 0 0 Not done
1 1/512 4+ 0 0 0
2 1/512 0 0 0
3 1/128 0 0 0
Group 4 1/256 4+ 0 S&P 0
2 5 1/32 0 0 Not done
6 1/64 0 "Not done
7 1/64 o] 0 Not done
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Histological observations: Kidney samples for histclog- ;

ical examination were collected from all the birds killed
at the 29th week post-inflection. The enlarged kidneys
showed massive interstitial infiltration of predominantly
lymphocytes, with some polymorphs (Fig. 42). 1In both the
cortex and the medulla many tubules, especially distal
convoluted and collecting tuEules, showed evidence of
degenerative changes with swollen and vacuolated epithelial
cells. In intact tubules, individual cells were seen
'rounded’', and separafed from neighbouring epithelial cells.
These 'rounded' cells often contained basophilic particles.
Foci of more severe tubular necrosis were also present
where the cellular organisation of tubules was destroyed.
The nuclei of these cells became pyknotic and the cytoplasm
eosinophilic. Some isolated tubules lying within the

cellular infiltrate were completely degenerated.

Polymorphs were often seen penetrating the tubular epi-
thelium and mingling in large numbers with degenerating
epithelial cells and cell debris in the lumen. The medull-
ary ccllecting ducts were so often affected that they became
distended and impacted with polymorphs and other necrotic
cells (Fig. 43). Fig. 4§‘also shows several disrupted
tubules and a focus of disorganised cells. Amorphous
material in which seems to be the remains of urate impacted’
- tubules were present, with surrounding giant cell reaction.
Dilatation of the distal convoluted tubules, collecting
tubules and ducts were most prominent in the medullary
area. These dilated tubules often contained eosinophilic

and PAS-positive hyaline casts (Fig. 44).

Lying within the cellular infiltrates large foci were often
seen of what appeared to be fused degenerate tubules with

a strong PAS-positive centre., Giant cells with numerous
nuclei were commonly pfesent at the edges (Fig. 45). 1In
Fig. 46, some mononuclear cells infiltrating between tubular

cells can be seen.
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The atrophied kidney showed extensive scar tissue with
fibrosis and isolated foci of cellular infiltration,
mainly lymphocytes (Fig. 47). However, kidneys which did
not show gross abnormality showed an occasional small
focus of lymphocytic infiltration. The tubules were

largely unaffected (Fig. 48).
The glomeruli of all birds appeared normal, although very
occasionally PAS-positive material was seen within the

Bowman's capsule (Fig. 49).

Fluorescent antibody findings.

Viral antigens: Specific viral fluorescence was demon-

strated in the tubules of the kidneys from dead and all
moribund birds with enlarged kidneys. Similar staining
was not seen in kidneys with no gross abnormalities
(Table 6). Atrophied kidney also showed viral staining,
although much fewer foci of fluorescence were seen. The
distribution of viral fluorescence in chronic nephritic
kidney was similar to acu%e nephritic kidney. However,
one striking difference was that many fewer tubules were

seen with specific fluorescernce.

Chorioallantoic membrane (CAM) antigens: Sera of three

birds -from Group 1 and two birds from Group 2 at 20 weeks
post-infection were found to have antibodies to normal
CAM antigen by IFA methods (Table 8). However, at 29
weeks post-infection these normal CAM antibodies were not
detected in any of the birds killed at termination of the
experiment (Table 9). The five birds which were positive
at the 20th week appeared to have lost the antibedies to
normal CAM by the 29th week.
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Auto-~antibodies to normal chick kidney: Serum samples

were also tested for auto-antibodies to normal c%icken
kidneys by the IFA method (Tabkles 8, 9). At the 20th

week post-infection, sera of five birds from Group 1 and
one bird from Group 2 were found to have antibodies against
the brush-border and apical cytoplasm of kidney tubular
cells (Fig. 50). The antibodies persisted in these birds
at the termination of the experiment at the 29th week.

By this time, one more bird in Group 2 was found to possess
the antibody. '

Correlation of auto-antibodies to chronic nephritis: The

antibodies to normal CAM were not identical to the anti-
bodies to normal kidney tubules. Only one bird at 20 weeks
post-infection possessed both antibodies (Table 8). Further-
more, neither auto-antibody had any obvious correlation with
the occurrence of chronic nephritis. Table 9 shows that

of the three birds with strong auto-antibodies to kidney
tubules, and also three others with weaker antibodies,

none was found to have macroscopic kidney lesions. However,
one bird in Group 2 which showed chronic nephritis also
showed strong auto-antibodies to kidney. It is interesting
that most sera which showed strong auto-antibodies to kidney
tubules also had very high HI antibody titres to IBV

(Table 9), although the converse is not true.

* IgG staining in glomeruli: 'In contrast to acute nephritis

no IgG staining was detected in the glomeruli of fowl kept

up to 29 weeks post-infection.



Ultrastructural findihgs: Evidence of virus reﬁiication

was also found in the chronic nephritic kidneys. Although
voth virus particles and viral inclusion bodies were

seen in the chronic enlarged kidney, these were much less
frequently seen (Fig. 51). It was striking that cyto-
plasmic vesicles containing mature and budding viral
particles were not seen. In the microvilli of the brush
border, small numbers of viral particles were only occasion-
ally seen. However, large viral inclusion bodies were

often seen containing smooth, electron-dense particles,

and with large masses of necrotic cellular material

(Fig. 52).

The ultrastructure of the glomeruli of most birds appeared
normal (Fig. 53). However, some enlarged kidneys showed

an irregularity of the capillary basement membrane (Fig.54).
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-FIG. 43, Same kidney section as for Fig. 42. Note
cell cast in collecting duct and two urate deposits

with surrounding inflammatory and giant cell reaction.
(Arrows = polymorphs). H. & E. x 250.

FIG. 44, Scection siwvilar to Vig. 42, showing
tubules with distoended ILwunen and widespread occurrence
of eosinophilic casts., H. & F. x 100.
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PAS x 250.

A focus of necrotic tubules within cellular
Note syncytia formation (arrow).

45,
infiltrate.

FIG.

Same section as for Fig. 42, showing mono-
ell infiltrating betwecen tubular cells (arrows) .
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FIG. 47. Section of an atrophied kidney showing

extensive scar tissue with infiltration. H. & E.
x 100.

FIC. 48. Scction of 2 '"normal-looking' kidney from

a fouvwl infected at 1 day of zyec, and at 29 weeks

atter infection showing a sm.ll focus of cellular

indiltratcion, ras x 100.



FIG. 49, A glomerulus showing cellular exudate in

the Bowman's capsule. PAS x 250.

50. A cryostat section of anormal chick kidney

€3

showing anti-tubular brush-border flucrescence. x 250.
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Part of the cytoplasm of a proximal tubular cell

showing several inclusion bodies and scattered viral part-

51.

FIG.

= 1000 nm).
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FIG. 52. A large inclusion body in the cytoplasm of an
infected tubular cell showing smooth, round particles and
necrotic cell components. {(Bar = 500 nm).



FIG. 53. Part of a glomerular capillary showing normal

structure. (Bar = 1000 nm).
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FIG. 54. Part of a fowl's glomerulus showing some thicken-

Tng and irregularity (arrows) of the capillary basement
membrane (Bar = 1000 nm).
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4. DISCUSSION

4.1, Some biological properties of IBV.

4.1.1. Haemagglutination by IBV,

The treatment of purified IBV with phospholipase C to
reveal its haemagglutinating ability was first. reported by
Bingham et al. in 1975. The HA and HAI tests used in this
study were basically those described by Alexander et al.
(1976). However, although Alexander et al. (1976)
reporied that the overnight storage of enzyme-treated virus
at 4°C caused a 16-fold drop in HA titre, in this study it
was Found that the enzyme-treated virus could be stored at
4°c for up to 14 days without any'drop in titre. More
recently, this stability of treated IBV was also reported
by Alexander and Chettle (1977) in a more detailed study
which showed that the treated virus can be stored at 4°C
for up to 20 days with little drop in titre. The treated
virus was also stable at sub-zero temperatures (—ZOOC,
—GOOC and —7OOC), althéugh repeated freezing and thawing
usually lowered the HA titre.

\.
It was also foﬁnd that the adult fowl RBCs were much more
satisfactory for HA testing than the day-old chick RBCs.
The fowl RBCs may be stored in sterile Alsever's soluticn
at 4°C for up to ten days with little effect on HA titre.
The fowl RBCs also produced a more stable HA pattern, and
thus a moré reproducible HA titre. Previously, Alexander
and Chettle (1977) reported that chicken cells had to be
used within 48 hours of collection; and Bingham et al.
(1975} reported that chicken cells kept longer than four
days égglutinated poorly or not at all. However, these
anthors have not stated whether the RBCs used were from
dav-0ld chicks or adult fowl. The findings in this study
-showed that it is important to state the source of RBCs
used so that HA titres reported by different laboratories

may be mcaningfulily compared.
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One other interesting characteristic of haemagglutination
by IBV was its instability, especially on warming. On
warming to room temperature or 37OC, the agglutinated
RBCs rapidly settled out. Bingham et al. (1975) showed
that the virus eluted, and suggested that the prozones
and instability of HA might be due to viral enzymes such
as neuraminidase. Alternatively, the residual effect of
phospholipase C on either RBC membrane or the .attached
virus may be important because, after freatment, the
residual enzyme in the preparation was not inactivated.
Therefore, it is important that further experiments on HA
should exclude any possibility of the interfering effect

of this residual activity of phospholipase C.

4.1.2. Cytopathic effect in cell culture.

Attempts were made fo infect various avian and non-avian
cell cultures with IBV. Apart from primary chick kidney
cells, CPE was not detected in any of the other cell
cultures used. Cursiefen and Becht (1975) reported that
the B strain of IBV produced CPE and can be plaque assayed
in choriocallantoic membr;ne cell cultures. However, in
this study the 'M' and 'T\xstrains of IBV did not produce
any CPE in these cells. Unfortunately, the 'B' strain of

IBV was not used.

IBV did not precduce dramatic CPE. The infected cells became
rounded and 'f'ell off' the glass ovef several days. Hence,
in a confluent cell monolayer the rate of cell loss was too
slow to produce any marked CPE. In odler, infected cultures,
the CPE was usually more prominent. However, at this time
the control cultures of'ten showed many degenerated cells,

thus contfusing the CPE seen in the infected cultures.

For both IBV 'M' and 'T' strains (at about the 8th CEK cell
_passage) the infected kidney cells appeared normal for

several days after infection with only occasional rounded,
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refractile cells seen in the light microscope. However,
specific fluorescent antibody staining of the.same ceil
monolaher showed that over 50% of the cells were infected
(Figs. 2, 3, 4 and 5). Thus, it seems that the replication
of IBV in cell cultures can only be adequately detected by
specific immunofluorescence or immuncoperoxidase staining
techniques. In the absence of a rapid cytocidal effect,
ordinary light microscope viewing is not suitable for
detecting IBV ¢rowth in culture. For this reason, it is
believed that the negative findings on CPE reported in
this section on the growth of IBV in various cell cultures,
cannot rule out the possibility that the virus may have

replicated but had not been detected by the method used,.

With a few exceptions, e.g. MHV-infected NCTC cellis, the
mild CPE characteristic of IBV in culture was also true

for most other coronaviruses. The often conflicting repcrts
on the growth capability of various coronaviruses in cell
cultures (reviewed by McIntosh, 1974) were partly due to

ine fact that different methods of detection have been

used. Most of the earlier reports relied completely on

the demonstration of CPE. This of'ten gave a negative

report when the cell culture passage level of virus was
low (Kawamura et al., 1961) with virus of high passage level,
CPE was more commonly reported (Gillette, 1973; Coria and

Ritchie, 1973; Hopkins, 1974; Chubb and Vanessa, 1974).

In spite of the difficulties experienced in growing most
coronaviruses in cell cultures, it is interesting to note
that most authors who have reported successful growth of
coronaviruases in culture have used the immunofluorescent

method of detection (Lukert, 1966a; Hamre et al., 1967;

Coria, 1969; Lukert, 196%; Bruckova et al., 1870;
Pensaert, 1970; Bito et al., 1971; Mengeling et al., 1972;

Coria, 1969; Monto and Rhodas, 1977; Pedersen eb al,,; 1278).

In other reports, the growth of virus in cell culture was
H R

assayed by its infectivity in the original host, in vitro
¥ Y . LI
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or in vivo. This apoproach is unreliable because often, |
after several passages in a novel cell culture, the progeny |
virus may become less efficient in infecting the original i
host. Therefore, with increasing passages the progeny

virus would be inadequately assayed in the original host.
Furthermore, if the 'adapted' virus failed to induce any

CPE in the novel culture, the virus would be"lost'.

Such a possibility cannot be ruled out in some of the

adaptation studies.

In conclusion it is suggested that demonstration of CPE
should not be relied on to detect coronavirus replication

in cell cultures. More sensitive methods, such as immuno-
fluorescence or immunoperoxidase staining, should be regular-

ly used.

4.1.3. Growth of coronaviruses in suckling mouse (SM)

brain culture.

There have been numerous attempts to grow coronavirus in

- various cell culture systems. However, only a relatively

few cell cultures have been shown to supportv coronavirus
growth. Most coronaviruseg are regarded as species-specific
in host requirement and would generally replicate in cell
cultures derived from the usual host. ‘However, in rare
exceptions and with greaﬁ difficulty some corcnaviruses can
be adapted to grow in novel cell cultures. This requires
prolonged sub-passaging in the novel cell culture systems,
and thus raised doubts about the similarity of the progeny
virus to the original virus. To a varying extent this also
applied to viruses adapted to growth in cell cultures
derived from the usual hosts. Hence, the present findings
that several of the brain-adapted coronaviruses would grow
with relative ease in the SM brain culture is important,

and should be valuable for coronavirus research,

There appear to be no previous attempts to grow corcna-

viruses in brain cell cultures. This is perhaps mainly due
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to the historically strong associlation of. coronaviruses
with respiratory and enteric infections. In addition,
brain culture has keen a less commonly used cell system ;
in most animal virus laboratories. These cells were regard-
ed as more difficult to grow, and the cell populations were

of heterogeneous cell types.

However, in this study brain cells were found to grow as
easily as most other primary cell cultures, although they
generally required a few extra days to attain confluent
growth. There was also some evidence.that all the various
cell types in the brain culture may support coronavirus
replication. Although the cell types were not definitively
identified, neurone-like cells in the initial cell culture
were seen by specific viral fluorescent staining. Other
cells of various shapes and forms were also seen to show
such fluorescence (Figs. 8 and 9). After several sub-
cultures (up to ten) the cell cultures which consisted
viftually of non-neuronal cells were also sensitive to virus
replication. The neurones being non-replicating had almost

entirely disappeared from these cultures.

Thus, the result of the iﬁﬁunofluorescent examination

showed that both enurones and neuroglial cells were suscept-
ible to infection. It seems that in culture there is no
apparent difference in the various cell types that may

affect virus replication.

Since the intracerebral inoculation of SM has now proved
to be a very useful in vivo host system for coronavirus
growth, it is perhaps not surprising that the brain cell

culture is equally promising.

Recently, it has been reported that coronavirus-like particles
have been seen in . the brain of a multiple sclerosis patient
(Tanaka et al., 1976). However, the evidence implicating
coronavirus was not convincing. Neverthéless, the corona-

virus family has a much more direct acssociation with
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diseases of the nervous system, for example, the JHM
stain of MHV has long been known to cause demyelination
in the central nervous system (CNS) (Bailey et ;1., 1949),
and has recently been suggested as a possible model fér
human demyelinating encephalitis. FUPtherore, HEV 1is
known to cause encephalomyelitis, and more recently,
other members of the coronavirus group have also shown
neurotropism {(Robb and Bond, 1978). Thus it becomes
important to examine the growth properties of ccrona-
viruses in brain culture. The SM brain culture would
then be a very useful model cell culture system for the

study of the neurotropic properties of ccoronaviruses.

It would be important for pathogenesis studies to see
whether there is any target cell type in the brain for
coronavirus infection. The susceptibility to infection

of the various cell types would have to be more definitive-
ly investigated by using more specific staining methods

to identify the cell types. Until recently, the identi-
Tication of CNS cell types has been a major problem.
Criteria relying on the histological marker at the light
microscope level have been of limited value (Mirsky et al.,
1978). However, there noﬁ\exist immunofluorescent'stain~
ing methods which can identify the three major celi types
(astrocytes, oligodendrocytes and nsurcnes) of the CNS
»(Raff et al., 1978). Tetanus toxins have been shown to
bind selectively to neurones and thus the toxin served as
a marker for distinguishing neurones from non—neﬁronal
cells (Mirsky et al., 1¢78). For astfocytes and cligo-
dendrocytes, the specific cell-surface antigenic markers
were glial fibrillary acidic protein (GFAP) and galacto-
cerebroside respectively. (Antanitus et al., 1975; Raff et
al., 1$78). The GFAP is a protein associated with glial
Tfilaments, while gélactocerebroside is the major glycolipid

in myelin.

By employing these techniques, it would thus be fruitful

to carry out closer examination of coronavirus infections



of the (NS poth in vivo and in vitro.

4.1.4. Adaptation.
4.1.4.1. Adaptation of coronsviruses to suckling mice (SM).
In this study, three strains of IBV: 'M', 'T' and 'B' were

successfully adapted to SM. It was interesting that the
'B' strain killed the SM in the first transfer, whereas
the 'T' and 'M' strains killed the SM in the second and
third pass respectively., The ease with which the 'B°
strain can be adapted to the SM has also been demonstrated
by other workers (Simpson and Groupe, 1959; Estola, 1967;
Cunningham et al., 1970).~ However, although Estola {1967)
reported that the 'M' strain can be adapted to SM,
Cunningham et al. (1972) were unable to adapt this strain
to SM. There had been no attempts to adapt the 'T' strain
in SM previously. Simpson and Groupe (1959) reported that
IBV of low embryc passages were not adaptable to mice,
while Estola (1967) was unable to adapt the Connecticut
and Holte strains. Thus, it seems that there is wide
variation in the ease with which various strains or IBV
can be adapted to SM. Indeed, this is also true for the
adaptation of other coronqyiruses to SM. For instance,
while Kaye et al. (1977) have reported the successful
adaptation of HEV and CDCV to SM, Garwes (Personal
Communication, 1977) was unable to adapt these viruses.

" Furthermore, in this study attempts to adapt HEV and TGEV

were unsuccessful, even after eight blind passzges.

Of the various reports on adaptation mentioned above,

the method used was that of blind passaging and the
criteria for adaptation were the signs of encephalitis
induced in the host, and the subsequent recovery of a
corcnavirus, usually confirmed by its serclogical closeness
to the original virus. Recently, Kaye et al. (1977) also
reported the presence of coronavirus particles in HEV-
infected brain by thin secticn electron mic¢roscepy. 1n

this study, coronavirus-like particles were seen in the
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brain of SM infected with any of the three strains of

BV ('B', 'T" or '™M'). However, a more important finding
is the widespread presence of single membrane--bound, cyto-
plasmic inclusion bodies. These inclusion bodies contained
a large number of round and smooth particles similar in
size to coronavirus, but without projections (Fig. 7)
Both complete coronavirus particles and inclusion bodiss
similar appearance were also seen in 0C43 and MHVY-
infected SM brain. Thus, there is strong evidernce o
associate the characteristic inclusion bodies in coronz-

virus infection.

Fluorescent antibody staining of similar brain sections
showed widespread focal cytoplasmic f uorescence. The
fiuorescence seen was granular in appearance and was
especially prominent in partly degenerated cellis. It is
significant that the inclusion bodies were found most
frequently in degenerating cell cytoplasm. Thus it seems
that the inclusion bodies most probably represent aggreg-
ates of incomplete virus particles, or aggregated viral
sub-units. Previously, it was reported tliac cytoplasmic
inclusions had been seen-%n coronavirus (Linder strain -
antigenically related tc 229E) infected human fetal luﬁg
cells (Oshivo et al., 1971). More recently, boughri and
Storz (1977) also reported viral factories in cali corona-
virus (LY—ISS) infected calf intestine cells. However,
lilks the inclusicns reported by Oshive, these were mainly
small vesicles containing up to 12 particles and had a
granular matrix. The inclusion bodies descrived nhere were
usually large and contained between 20 and 100 particles
or more, oiten closely packed. Such inclusion bodies have
not previcusly been reported. The significance of these

is that, in brain tissue, they may be indicative oi corona-

nd

virus infection, even in the absence of typical corona-—

virus particles.

Other studies on the adapted TBV.

cont. ..
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Infectivity in chick embryos: The SM—adapted IBV 'B!

strain retained its inflectivity for chick embryo even
al'ter ten pacssages in SM. This agrees with the findings
of Simpson and Groupe (1959) who reported that the virus
titre for chick embryo remained about the same after
fifteen passages in SM. However, he also reported a
preferential selection of virus which was pathogenic.for
mice, and which killed the chick embryo at 34?8. This
temperature~dependent property. of IBV was not detected in

this study.

In contrast, repeated attémpts to infect chick embryos
at both 34°C and 380C, and day-old-chicks with the
adapted 'M' and 'T' strains were not successful. It
appears that these strains of adapted IBV lose their

ability to infect the original host.

Infectivity in cell cultures: Apart from the SM bkrain

culture, these adapted IBV did not grow in other cell
cultures, including MRC-5, VEﬁO, BHK31 and NCTC 1439.
However, Cunningham et al. (1971) reported that the
adapted 'B' strain produc§d extensive cytopathic effect

in VERC cells. Although MﬁC—S cells have been repcrted to
support the growth of SM-adapted 0C43 readily, the cells

were not susceptible to the adapted IBV,

§g£ologz: The SM-adapted 1BV, both 'M' and 'T' strains,
were capable of agglutinating red blood cells spontaneously
without enzyme treatment. However, the adapted 'B' strain
does not share this property. Cunningham et al. (1971)

have also reported that the SM-adapted 'B' strain woﬁld
not agglutinate red blood cells. This agglutination
activity can be used to assay the virus titre and is
inhibited by homologous antisera., It is interesting that
the fowl antisera tc the egg-grown TBV showed little
cross—reaction with the adapted IBV. "In visw ol the
reported heterogenicity of egg-grown IBV (Collins et al.,

1977), it would be interesting to see whether there is
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any major change in the polypeptides of the adapted 1BV.

4.1.4.2. Age reguirements for adaptation.

In this study, it was found that mice older than 12 days
of age were not susceptible to any oif the three strains
of SM-adapted IBV. This finding is in agreement with
previous reports by Simpson and Groupe (1959) and by
Estola (1966). In other reports where IEV has been grown
in SM, the animals used were less than six days of age,
and age requirement was not mentioned (Estola, 1967;

Bradburne, 1970; Cunningham et 21., 1972).

The animals were considered refractory to infection when
neither illness nor mortality was apparent. However,

there was the possibility that the the virus might have
replicated in the older mice without producing any ill-
effects upon them. In this study attempts were made to
detect viral antigen and infectious virus from the brain

of SM which appeared normal after intracerebral inocul-
aticn of IBV. Both specific fluorescent antibody staining
and infectivity studies in brain cultﬁre showed no evidence

of virus present in these‘older mice.

This limitation of susceptibility to infection at about

12 days of age is interesting, and may perhaps be important
in the understanding of the pathogenesis of CNS diseases.
It seems that there may be specific change(s) during the
maturation of an animal that is cruciai for virus suscept-
ibility. iIn terms of susceptibility to infecticn, the
events occurring during the maturation cf an animal may
conveniently be divided into two aspects: immunological
and non-immunological. The immunological aspect would

include both the specific immune response {antibody and

response (phagocytosis, interferon, etc.). The non-
immunological aspects may include the physiological and

biochemical changes; cell and organ maturation. 1t is



-~

<

intended herc fto give a brief indication of the relative }
importance of these aspects of maturation in the suscept-
ibility tobinfecticn. As the mice used in this study were |
all derived from specific pathogen-free stock, maternal

antibodies would be unlikely to play an important role.

It has been known that mice are immunocompetent very soon
after birth (Solomon, 1971), and that complete maturity

of the immune response would require longer tiﬁe. However,
they appear to have no crucizl maturaticn step at about

12 days of age that might account for the resistance ob-

served in the adaptation study.

Furthermore, since the SM were inoculated intrecerebrally,
both immune response and non-specific defence mechanism
would be less important than in the case cf natural infect-
ions. Therefore, this age-dependent resistance may then

be better explained at the level of the intrinsic sensitiv-
ity of the brain cells to infection. This may be supported
+to some extent by the fact that for many viruses the
immature, or young cells,were susceptible to viral repli-
catién. Unfortunately, such age-dependent sensitivity of
cells to infection can be very difficult to study in vitro
since it is known that cultured cells have a broader spectrum
of sensitivity to viral infection which may well be due to
the predominance of young cells in culture. Nevertheless,
it appears worthwhile to carry out further study by com-
paring fhe maturation of brain cells to the timing of age~-
dependent susceptiéility in vivo. It seems that immune
reactions may not provide all the answers, and that the

non-immune factors may have been neglected.

4,1.4.3. The nature of adaptation.

The process of adaptation nust necessarily involve some
modification of the original virus to enakle it to grcw

in the novel host. This modification can be brought about
in three ways: (i) the selection of virus variants to a

more favourable environment by spontaneous mutation, and
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also the acquiring of hcst genetic material, or (ii)
non-genetic means, that is, by chemical modification of
virus surface with host material, such as enzymes; and

(iii) complementation by latent or endogenous virus.

However, in practice, very few clues are available as to
what may have induced a particular adaptation event. This
is mainly because the criteria which are commonly employed
for adaptation are vague, and generally only indicate
whether the virus has grown in the novel host. Further-
more, although in most cases adaptation is facilitated by
blind passaging, this empirical method alsc leaves the
experimenter in the dark. This has become the major
obstacle to systematic study ot adaptation. For instance,
the effect of inoculum strength, ineffective virus,
selection of variants, and many other {factors, cannot be

readily investigated.

Lastly, the adaptation of IBV to SM described in this study

may be attributable to any one of the possible mechanisms.
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4.2. The pathogenesis of avian nephritis, i

Avian nephritis has long been associated with IBV, and
because of its economic importance to the poultry industry
the disease has attracted much investigation. There has

also been much basic virological research on IBV itself.

Natural outbreaks of IBV have been much reduced by the
practice of active immunisation with-live, attenuated
strains of IBV. However, in spite of the widespread use
of live vaccines, kidney lesions remain as the largest
single pathological finding in birds dying under field
conditions. For instance, a recent survey of mortality

in this country reported that kidney lesions were the
commonest single cause of death (20% mortality) in laying
fowl (Randall et al., 1977). Furthermore, recent studies
have shown that some vaccine strains of IBV could, them-
selves, induce kidney disease in infected birds (MacDonald
and McMartin, 1976; Alexander et al., 1978). Indeed, one
year aiter the introduction of these vaccine strains (H120
and H52), an increase in kidney discase was reported
(Barber~Lomax, 1971). Thus it can be seen that the import-

ance of avian nephritis is yet to be fully realised and

. that its pathogenesis should be actively pursued.

In moest previous studies, the aetiological evidence impiicat-
ing the pathogenic role of IBV in avian nephritis has relied
heavily on isolaticn of virus from the kidneys of dead birds
during natural outbreaks of the disease (Winterfield and
Hitchner, 1962; Cumming, 1962; Cumming, 1963; Julilan

and Willis, 1969). These IBV isoclates have also been

shown to produce nephritis when inoculated into normal

chicks (Winterfield and Hitchner, 1962; Cumming, 1969;
Heath, 1970}. These studies have thus implicated a causzl

relationship of IBV with nephritis.
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Another well studied aspect of the disease was its histc-
patholcgy. This has cstablished a clear picture of the
kidney pathology as consisting essentially of tubular
damage, accompanied by interstitial infiltration with
inflammatory cells (Ponhl, 1974; Siller and Cumming, 1974;
Purcell et al., 1976).

However, in contrast there has been very limited study con
avian nephritis using the more modern virological approaches,
such as electrsn microscopy and specific immunofluorescence.
The only reports of fluorescent antibody study on nephritic
kidney was by Jones (1974), who mentioned that 'specific
fluorescent staining occurred in damaged cells lining each
tubule’'. These findings ar=s kased on a study on two birds
found dead six days after a group of 23 fowl (30 weeks of
age) were infected with the M-41 strain of IBV. However,
the breed of fowl used was not mentioned, and viral repli-
cation was not coni'irmed by electron microscopic study.
Furthermore, it was noted in this study that kidneys
collected from dead birds were rarely suitable for fluores-
cent study because of tissue autolysis and the strong back-
ground fluorescence. Hence, in spite of the abundance of
effort in investigation 55 avian nephritis, direct evidence
implicating the destruction of kidney by the replication

of IBV was stili lacking. This thesis has therefore
emphasised these aspects. The extent and site of repli-
\cation of IBV in the diseased kidneys were examined both

by electron microscopy and immunofluorescent methods.

These findings were correlated with the histopathological
and infectivity study carried out in parallel. The results
obtained are discusscd for both acute and chronic nephritis

in the follo&ing sections.

4.2.1. Direct evidence for virus involvement in nephritis.
The evidence implicating the destruction of Kidney as &
result of viral replication can be conveniently discussed

under three headings:



(i) the isolation of virus ifrom the kidney;

(ii) the detection of viral antigen in the kidney
by specific immunofluorescence;

(iii the demonstration of evidence of viral replication
in the kidney by electron microscopy.

The basic findings were similar for both acute and chronic
nephritis. However, where difl'zrences existed, these are

discussed separately.
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(1) Isolation of virus from the kidney: Th

0]

of" IBV from kidney during an outbreak of nephritis has
provided the primary link between the virus and avian
nephritis. However, all isolation studies repcorted (for
references see 1.3.2.) have relied on methods which require
the homogenisation of kidney tissue. Since several studies
have shown that IBV can be isolaled from tne blood of in-
fected birds for up to two weeks after infectign (Kawakubo
et al., 1961; Hottad and Yoder, 1966; Dohert} 1970; Jones
and Jordan, 1972), it is important to determiﬂé whether the
source of virus isolated From kidney homogenate is the
kidney cells themselves. In this study, in both acute and
chronic nephritis IBV was isolated from homogenised kidney.
Moreover, the virus was also isolated from tissue explants
of kidney from chicks with acute nephritis. This reccvery
of virus from explant culture fiuids gave a better indication
- of the presence of infectious virus in the kidney. However,
in the case of fully established chronic nephritis, ridneys

are difficult to culture.

(ii) Detection of viral antigen in the kidney by specific
immunofluorescence: Viral antigen was detected by specifiic

immunofluorescence in the kidneys of all chickens with
acute nephritis. In kidneys which appeared pale and en-

larged, fluorescence was easily Jocalised as foci of

<

infected tubules scattered extensively in boeth the cortical
(

rigs. 22, 23, 25, 26).

and medullary regions of the kidney

As expected cof a coronavirus, the fluocrescence seen in IBV-

infected tubular kidney cells was in the cytoplasm (Fig.24),



Since fluorescence was seen in various segments of the
tubules, it appears that the whole nephron was infected
except for the glomeruli and Bowman's capsule. .?urther- |
more, the absence of specific fluorescence in the glomeruli
and the interstitial vessels would indicate that the target
of virus infection in kdiney is the tubule. Similar
fluorescent findings were seen in the affected kidneys of

fowl with chronic nephritis. However, the tubular fiuo
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escence was more widely scattered.

Although specific fluorescence was easily detected in
kidneys with macroscopic lesions (i.e. pale and swollen,

with distended tubules), similar fluorescence was rarely
seen in kidneys which showed no sign of nephritis at autopsy.
Furthermore, before and after the time of onset of mortality
cdue to nephritis, specific fluorescence in kidney was also
rarely demonstrable in infected chicks. However, virus ca
be isolated from the kidney, and viral antigen can also be
demonstrated in the tracheal smears of these chicks. Thus,

it seems that nephritis is directly related to the extent

of viral replication in the kidney.

(iii) Demonstration of\viral replication in the kidney

by electron microscopy: The electron microscopic findings

confirm that IBV replicates extensively in kidneys which
show signs of nephritis. As with the immunofluorescence
study, evidence of viral replication was absent from both
the glomeruli and the interstitium. Mature virus particle
and viral inclusion bodies were most frequently seen in
proximal <tubules and in desqumated cells in the lumen

{Figs. 30, 32, 33, 34 and 35). In acute nephritic'kidney,
virus in different stages of morphogenesis can be seen

(Fig. 32). Many vesicles containing mature virus particle
and also budding viruses were seen in tubular cell cytoplasm
which remained intact. " In areas where cytcplasmic disorgan-
isaticn and disruption were apparent, scattered virus

particles and large inclusion bodies with necrotic cellular

material were more often seen (Figs. 33, 35). These suggesind

that, in acute nephritis, active replication of IBV was



taking place in the renal tubular cells and that cellular
disruption was most likely due %o the direct effect of

virus replication.

There was also evidence that abundant mature virus particles
were released Ifrom the tubular cells into tubular lumina.
Mature virus particles attached readily to the lumen wall
and also seemed to be trapped in the microviili of the
proximal tubules (Figs. 34, 36, 37). In distal tubules,
virus particles were also seen lining the surface of the
lumen (Fig. 38). This re-attachment of released virus back
to the cell surface has also been reported in other in vitro
studies on coronav%yus morphogenesis {(Hamre et al., 1967;
Oshiro et al., 1970). The released virus particles and the
virus-containing desquamated cells in the tubular lumen
also provide evidence of virus shedding via the urinary
tract. This may account for the isolation of virus from

the faecal material - to be discussed later.

In the case of chronic nephritis, cells with replicating
virus were less obvious. Evidence of the presence of virus
was usually seen in tubular cytoplasm which had undérgone
greater cellular disorganisation. Scattered in the dis-
rupted cytoplasm were seen many mature virus particles,

and also large, membrane-bound inclusion bodies containing
aggregates of virus particles and necrotic cellular material
(Figs. 51, 52). Unlike acute nephritis, viral particles
were only occasionally seen in the lumen wall and micro-
villi. This lack of evidence of active viral excretion in
chronic nebhritis may, perhaps, indicate fewer and more

widely scattered active sites of viral replication.

4.2.2. The role of urate crystals: Although deposition

of urate crystals has been suspected to play a part in
maltunctioning of the kidney, there have been no reports
of microscopic studies on these drystals in the kidney.

. In this study, large crystals of urate were detected in
diseased kidneys by using polarising light (Fig. 20).

These crystals were seen blocking the lumena of the tubules
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and also in tubular cell cytoplasm. In stained prepar-
ations, vacuolation in tubular cells was clearly visible
where the crystal had been dissolved (Fig. 21). ‘Since
similar crystals were not seen in normal kidneys, it ﬁay
be assumed that the crystals play a pathological role in

nephritis.

Functional or biochemical tests were not carried out in
this study. However, a detailed chemical patﬁological
study was reported by Heath (1970). It was reported that
there was reduced sodium and petassium retention and that
terminal uricaemia was accompanied, and probably precedéd,
by intracellular depletvion of water and electrolytes. It
was also reported that the high levels of plasma urate in
'very sick' fowl were in excess of the accepted maximum
true solubility of urate in plasma water. However, other
studies have shown tﬁat only small fractions of the greatly
elevated plasma urea were in solution, while a large portion

was transported as a protein-bound urate.

~

4.2.3. The velotion of breed of fowl and strain of virus

to avian nephritis.

N,
\
N
\

The results of this study conifirmed that the 'T' strain of
IBV is unusual in that, unlike other strains, it produces
greater damage in the kidney than in the respiratery tract.
Indeed, most of the infected chicks in this study showed
little or no respiratory distress, and vet developed a
fatal acute nephritis within two weeks after infection.

011 the other hand, the 'M' strain produced severe respir-
atory distress and most chicks recovered. It is interest-
ing that the 'T' strain produced 50% mortality in both

RIR and WL fowl when inoculated at one day of age. However,
under similar conditions the 'M' strain produced 17% mortal-
ity in RIR and only 3% mortality in WL. Thus, it appears
that mortality due to acute nephritis is dependent not

only on the strain of IBV but also on the breed of fowl.
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Although the 'T' strain produced acute nephritis in both
"breeds of fowl .used, it seems to produce chronic nephritis
much more readily in the RIR fowl. Initial attempts in .
this study to induce chronic nephritis in WL fowl failed,
partly because the number of birds used was small. However,
this agreed with the report by Alexander et al. (1978)

which showed that, while 50% of RIR fowl developed chronic
nephritis, only 4% of WL did so.

1t is not clear what factors may have iniluenced this
dependence of susceptibility to nephritis upon fewl breed
and virus strain. Before examining the role of tissue-
type, it may be mere useful at this stage to investigate
the nephritogenic properties of other strains of IBV, and
also the susceptibility of other breeds of fowl. 1In
addition, investigations on cellular immune responsc may

also throw light on these aspccts of virus-induced nephritis.

4.2.4. The role of immune mechanisms in avian nephritis.

In view of the importance currently attached to the immunc-
pathogenic mechanism in the production of glomerular and
tubular nephritis, it becomes necessary to view the patho-
genesis of avian nephritis ageinst such a background. In
this study,granular deposits of . IgG was detected along the
glomerular basement membranc of the enlarged kidney from
chicks with acute nephritis. This linding indicates
probable specific immune ccmplex deposits and is discussed
Tully in a separate section. On the other hand, anti-
hasement membrane antibodies against either glomeruli or

tubules were not detected.

In chronic nephritis, the demonstration of antibodies
against normal tubular antigen suggests the production and
involvement of auto-antibodies, which is discussed under =z

separate section,

Immune complexes: The IgG detected in the glomeruli

probably represents deposits ol immune complexes. This
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could be conflirmed in a future study by using fluorescein-
labellied anti-fowl complement. Howevef, this was not
done in this study because of the unavailability of con-
jugate from commercial sources, and also, because of the

lack of time, preparation of the conjugate was not attempted.

The results of the histological studies showed that the
glomeruli appeared normal, both in acute and chronic
nephritis. There was also no evidence of direct IBV in-
fecticn of glomeruli by either immunofluorescent or electron
microscopy studies. Thus, it appears unlikely that the

complexes demonstrated were formed locally in the gilomeruli.

Since there is substantial evidence that there is a
viraemia during acute IBV infection, it is probable that
circulating immune complexes are formed at this time, and
are then deposited in the glomeruli. However, IgG deposits
were not detected in any of the adult fowl with chronic
nephritis. Since these chronically infected Fowl often
have high antibody titres, it may be that there is little
or no viral antigen in circulation for immune complex form-
ation. Furthermore, virus cannot be isolated from most
organs at this time, whicQ probably indicates that there

+ \,
is no viraemia at this stage.

Auto-antibodies: It was surprising that some anticera

frem chronically infected fowl were found to have antibody:
against normal kidney tubules, particularly the brush-
border and apical cytoplasm. These were detected accident-
aliy in sera of infected birds, when the indirect method

of fiuorescent staining was used to detect IBV in frozen
kidney sections. This tubular fluorescence was olten
intense and would mask the specific viral fluorescence,
Therefore, to avoid coniusing results, sera to be used

for the test has to be screened for these 'auto-antibodies'.
For direct staining methods, seraAto be used for fluores-

1]

‘cent conjugaticon should also be free of such auto-antibodic

«

The occurrence of these antibodies is not only asscciated
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with IBV infection, but also with the breed of fowl in-
fected. In this study, RIR fowl were used, and nearly
half the chronically infected birds possescsed these anti-
bodies. With fowi sera obtained from Dr. Alexander
(Alexander, 1978) it was found that kidney auto-antibodies
appeared in RIR fowl from six weeks after infection, when
chicks were infected at three weeks of age. However,

with sera from a group of WL fowl, similarly infected with
'T"virus, these auto-antibodies were not detected. Thus,
it appears that RIR fowl were more prone to develcp these
antibodies. Furthermore, infection with tihie vaccine
strains of IBV (H52 and H120) were also found to induce

these antibodies in susceptible birds.

The auto-antibodies to kidney have not been reported before
in IBV-infected fowl. Although there was no obvious
correlation with the occurrence of chronic nephritis, the
common occurrence and the persistence of these antibodies
in fowl suggest that they may be induced as the result of
kidney damage, probably associated with IBV infection.

This is supported by the finding that most sera with

strong auto-antibodies to kidney also had high antibody

titres to IBV. \

On the other hand, the fluorescent staining of chorio-
allantoic membrane is probably non-specific. This is
because its occurrence in sera is less consistent and the
strong fluorescence is usually encountered in hyperimmune
sera. Moreover, cther workers who have used the indirect
fluorescent antibody method of detecting IBV in sectioned
CAM have also reported the occurrence of non-specific
staining in both infected and uninfected tissue (Lucio

and Hitchner, 1270; Jones, 1975).
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4.2.5. The significance of virus isolated from faeces.

After infection of chicks with the 'T' strain of IBV,

the virus can be recovered from the faeces of most chicks
as early as 24 hours post-infection. Furthermore, at 29
weeks post-infection, virus can still be isolated from
Towl with chronic nephritis. This finding is in agree-
ment with a recent report by Alexander and Gough (1577)
that IBV (both vaccine and 'T' strain) could be recovered
from the faeces of fowl for more than 20 weeks after in-

fection.

The ease with which IBV can be recovered from the laecal
material of infected fowl indicates that the virus is
being actively excreted via the cloaca. It has been
speculated that the virus may replicate in the intestinal
tract or in the caecal lymph nodes (Alexander and Gough,
1977). Indeed, in a more recent report, Alexander et al.
(1978) showed that virus can be isolated from the caecal
tonsil as frequently as from the faeces. However, it is
important to determine whether the virus isolated from
caccal lymph nodes was due to replication of virus in
these sites. Because of %he proximity of the caecal

lymph nodes and the caecal faecal content, contamination
of the lymph nodes with faecal material seemed unavoidable.
Therefore, in order to ascertain whether 1BV replicates

in caecél lymph nddes, methods such as electron microscopy

and Fluorescent antibody staining would be more suitable.

In this study, specific fluorescent antibody staining of
the intestine and caecal lymph nodes showed no evidence
of IBV replication. In .a later, more extensive study
involving larger numbers of chicks, evidence of viral
replication in these sites was also not detected by
immunofluorescence and electron micrbscopic methods
(Fonseca and Chong, unpublished results). Therefore, it
seems that neither the caecal lymph nodes nor the inter-

stitial tract itself is likely to be the site ofl
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replication and source of virus found in the caecal

material.

On the other hand, there is evidence to suggest that the
virus foqnd in faeces is, in fact, derived from the kidney.
Unlike the mammalian counterpart, the urinary system of
the fowl has the same outlet with the intestinal tract.

In fowl, the ureters open into the cloaca and the semi-
solid urates are excreted together with the faeces.

Hence the evidence of active virus shedding in renal

tubules (see 4.2.1. iii), which would account for the

L3

virus found in the cloaca and caecal contents. Furthermore,

attempts to isolate virus from the ileum were not success-
ful. Other workers have also found that IBV cannot bc
isolated from the gut content further up in the caecum
(Alexander, personal communication). Therefore, the
present evidence shows that virus shedding from infected
renal tubules was largely responsible for the virus found

in the faecal material.

4.2.6. Possible mechanism of avian nephritis.

4.2.6.1. Acute nephritis.\

An acute fatal nephritis was consistently produced in
about 50% of day-old chicks infected with the nephrotropic
strain of IBV. Since the chicks were readily infected via
the respiratory route, it appears likely that the trachea
is the primary site of lodgment of virus. Indeed, as
early as 24 hours after infection, when chicks remain
normal, specific viral fluorescence can be readily demon-
strated in the epithelial celils lining the trachea. On
the other hand, specific viral fluorescence in renal
tubular cells was only demonstrable in chicks which had
developed illness with gross kidney lesions. Thus it
appears that the early events of IBV infection, even with
the nephroﬁropic strain, invelve the establishment and

multiplication of the virus in the trachea. The subsequent

=
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viraemic spread was responsible for the invasion of
secondary sites, which involved virtually all the visceral
organs. The infection of renal tubular epithelium may
have resulted from infected peritubular capillary endo-

thelium.

Infected tubular cells often appeared to have desquamated
into the lumena of the tubules. In this way, virus
released from these cells could have infected tubular
epithelium at lowéf levels of the nephron. This would
explain the finding that the whole length of the nephron

!
was infected.

Both é}ectron microscopic and immunofluorescence studies
showedaactive and extensive viral replication in renal
tubula% cells of infected chicks. Furthermore, in very
young %hicks (less than two weecks of age) this extensive
viral replication was accompanied by little cellular in-
filtration, but with severe tubular necrosis. Moreover,
at this stage little or no serum antbody level rises

were apparent. This means that complement-mediated lysis
of cells may play only a minor role. Thus, it seems that
in acute nephritis, much of the tubular necrosis which
ocrurred was undoubtedly due to the direct lysis of virus-
infected cells. However, bhecause of the presence of immune
complex deposition in glomeruli of some infected chicks,
the possible involvement of immune-mediated cytotoxic

effect cannot be ruled out.

Since there appearced to be no damage to the glomeruli,

the renal abnormality is more likely to have been caused
by impaired tubuiar function. This damage is probably
accelerated in the later stages by the mechanical blockage

of tubular lumena by the crysfallised urate.



4.2.6.2. Chronic nephritis.

After acute infection with IBV 'T' strain, about 50% of
chicks survive and tﬁey develop signifticant levels of
serum antibody. At.this stage, virus could not be demon-
strated in the respiratory tract or the visceral organs,
including the kidneys. However, virus could still be
isolated from the faeces and cloacal contents of most
chicks. 1In this study, virus was isolated from fowl with
established chronic nephritis at about 30 weeks post-
infeétion,,from the kidneys as well as the faecal material.
Virus was also demonstrated in the kidneys and cloacal
contents of dead birds with chronic nephritis. This persis-
tence of virus has also been reported by Alexander and
Gough (1977), who showed that virus could be recovered
from the Taeces of infected fowl for over 20 weeks after
infection, although not from the trachea, liver, spleen,

bursa of Fabricius or kidriey alter 29 days post-infection.

In the present study, throughéut the observation period of
30 weeks, infected fowl maintained a high level of serum
antibody. Therefore, it is unlikely that these fowl could
be re-infected. Similar findings were also reported by
Alexander et al. (1978). Hence it appears that these fowl
were chronically infected and that, during recovery from
acute nephritis, virus had not been completely eliminated
from the body. However, it is not known for certain where
the virus persists in the host -before the onset ol chronic
nephritis. Although isolation from faecal material indicates
virus release from kidney in perSistently infected fowl,
evidence of viral replication is not demonstrable in the
kidney by electron microscopy and immunofluorescent studies
during this long period. It may be that in the chronically
infected fowl there are only very few active sites of

viral repiication, and that the very small amount of viral
‘antigen is below the threshold of detection by methods such

as electron microscopy and immunofiuorescent staining. For



[N
ore!

further study, it would be necessary to employ moré sensi~
tive methods, and also to search more intensively for
virus. However, in another situation, it is significant
that Morrison et al. (1976) have reported the persistence
of canine adenovirus in only the kidney tubular epithelial
cells after experimental infection of dogs. There is also

excretion of virus in the urine.

It is now well established that persistent infection can
occur in immunologically competent hosts, and that some
viruses can remain infectious in the presence of neutral-
ising antibodies (Notkins, 1974). Although there. are many
factors that may account for such persistent infection
(Porter et al., 1975), most of these have not been investig-
ated for IBV infection. However, there are two features

of coronavirus replicétion which may contribute to the
persistence of the infection. Firstly, corconaviruses do

not appear to induce new viral antigens on the cell surface
(Oshiro et al., 1971). Secondly, most coronaviruses,
including IBV, readily induce cell fusion. The combined
effects of these properties of 1BV infection mean that IBV
may replicate without aleﬁting the host immunological sur-
veillance and that by cell fusion both humoral and cellular
host defence mechanisms would be denied the opportunity to
prevent viral spread. However, the eventual lysis of in-
fected cells, and the accompanying release of viral antigens,
would then attract inflammatory cells to the site of infect-
ion, and also boost antibody pfoduction‘ However, it is

not clear whether the direct effect of the virus upon the
immune system may also be responsible for the failure to
arrcest the persistent inflection. Hence it is of critical
importance to investigate whether IBV can infect the 'B!'

and 'T' lymphocytes and macrophages, and how these may

aifect the immune mechanism.

In chronic nephritis, the prominent migration of mononuclear

cells into the foci of necrotic tubules suggests that they
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are probably specifically primed lymphocytes. However,
until further immunological studies are carried out the
role of cell-mediated immunity in the pathogenesislof

avian nephritis remains unclear.

As has been discussed previously (4.2.4.), immune complex-
mediated damage does not appear tc be important in chronic
avian nephritis. However, virus-induced autc-antibody-
mediated damage could contribute to the pathogenesis of
chronic nephritis."ln conclusion, it is suggested that
chronic, progressive nephritis in IBV-infected fowl is
causedlby direct virus-induced damage. This is probably
aggravated by. other localised immune reactions triggered

\ . . N .
by theirelease of viral, as well as virus-induced, antigens

from démaged tubules.
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4.2.7. Avian nephritis as an animal model for chronic,

progressive nephritis in man.

As has been discussed previously (section 1.4.), there is
now an urgent need for extensive virological investigation
of chronic renal disease in man. Despite the importance
currently attached to immune complexes and other immune-
mediated damége in nephritis, the antigens concerned in

the great majority of cases are still of an unknown nature
and origin. Recently, it has been reported ky Apostolov et
al. (1975) that a fatal chrcnic kidney disease of uncertain
aetiology, known as Balkan nephropathy, may be caused by &
coronavirus. An animal model for nephritis induced by a
virus would facilitate the understanding of the role of
viruses in the pathogenesis of nephritis. Although neonatal
infection of mice with lymphocytic choriomeningitis virus
has been used as a model for immune complex-mediated
glomerulonephritis, this is not so useful for other forms

of nephritis.

The results of this thesis indicate strongly that the

nephritogenic strain of IBV and the RIR towl satisfies
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many of the criteria for ¢ good.animal'model; Although
unlike mammals, the end product of nitrogen metabolism

in the fowl is uric écid, the structure and function of
fowl kidney is basically simiiar to the mammalian counter-
part (Siller, 1971). Unlike other animal models; chronic
nephritis is a spontaneous disease in fowl, and clinical
nephritis can ve readily induced experimentally. This
model would also facilitate investigation into the role

of viral-~induced auto~antibody-mediated nephritis.
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5. CONCLUSION

1. The findings in this study strongly suggest a
direct virus-induced lysis of tubular cells as the primary
cause of nephritis. In the case of acute nephritis, the
presence of immune complex deposition in the glomeruli

of some chicks may also indicate possible immune-complex-
mediated damage. In chronic nephritis, there is evidence
of auto-antibody which may be virus-associated. However,
the relative role of humoral, cellular and auto-immune
factors in the pathogenesis of nephritis would require
further investigaticon. It is concluded that avian neph-
ritis is a useful animal model for the study of the role

of viruses in chronic nephritis in man.

2. The adaptation study shows that IBV can be adapted
to grow in the brain of suckling mice (EM). The adapted
virus appears to have lost infectivity for the chick
embryo, i.e. for the original host. SM krain culture is
a sensitive cell culture system for several SM-adapted
coronaviruses, including 0C43, MHV and IV, and it may
be useful for the study of the neurotropic properties of

coronaviruses.
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APPENDTIZX I

CELL CULTURES

A. Buffer and balanced salt solution

Phoéphate buffered saline 'A' (PBSA). PBASA is made

(b)

from tablets of phosphate buffered saline 'A'
(Dulbecco and Vogt, 1954). Obtained from Oxoid Ltd.,

London.

Hanks balanced salt solution x 10, without 'aHCOS,

(¢)

was obtained from Flow Laboraties, Irvine, Scotland.

Hanks balanced salt solution, without Ca+ and Mg++,

(d)

(GKN buffer). A 10x stock solution was made by
dissolving the following in de-ioned, distilled water

and making up to one litre in a volumetric flask:

D-glucose - 16.00 g
Potassium chloride 4.00 g
Potassium dihydrogen 0.60 fos
phosphate *

Sodium chloride 80.00 g
D-sodium monohydrogen 4.75 g
phosphate

Phenol red 0.1 g

The stock solution was dispensed as 100 ml. aliquots

and autoclaved at 115°C for 15 minutes.

Sodium bicartonate (4.4% solution). This sterile

solution of sodium bicarbonate contains phenol red
as indicater and was saturated with carbon dioxide.
This was obtained from Wellcome Reagents Ltd.,
Wellcome Research Laboratories, Beckenham, Kent,

BR3 3BS.



(e)

267

APPENDIX I.

CELL CULTURES (cont.)

Zwitterionin buffers. HEPES (N-Z hydroxyethylpiper-

(a)

azine N'2 ethane sulphonic acid) was obtained from
Hopkin and Williams, Chadwell Heath, Essex. A 2M
HEPES solution was prepared by adding 47.7 gm. of
powdered HEPES to about 50 ml. water and making up
to 100 ml. in a volumetric flask. The solution was
sterilised by autoclaving at 10 1b/sq. in. (115°C)

for ten minutes.

B. Chelating agent

Versene (EDTA sequestric acid) was obtained from
ethylene diamine tetra-acetic acid. A stock scolution
of 1% (wt/vol.) versene was prepared and sterilised

at 1150C for ten minutes.

C. Enzxme

Trypsin. This was obtained from Wellcome Reagents

(b)

Ltd. in the form of 5 per cent trypsin solution
(sterile, freeze-dried). For disaggregation of

tissue fragments in primary cell culture, 0.25%

trypsin solution was preparedwﬁy aseptically dissolving
one vial (10 ml. of 5% solution) in 200 ml. of sterile
PBSA.

For rapid detaching of culture cells from glass

surféces, 0.25% trypsin in 0.02% versene solution
was used and prepared by adding 4 ml. of 1% versene

solution to 200 ml. of 0.25% trypsin solution.

Collagenase, type IV (150 units/mg), was obtained

from Sigma No. 5138.

One per cent stock solution was prepared by dissolving
0.1 mg. into 10 ml. GKN buffer. It was filter steril

ised using a 0.22 um pore size millipore filter.



(c)

2n9
e 3

e

T—

APPENDIX I

CELL CULTURES (cont.)

Hyaluronidase, type II. (365 NF u/mg) was obtained

(a)

from Sigma No. H2126. A 0.1% (w/v) stock solution
was prepared and sterilised and stored as for collagen-

ase.

D. Media and constituents

Serum: fetal calf serum (FCS). Virus and myco-

(b)

plasma screened, membrane filtered, sterilised
(500 ml.) was obtained from Gibco Biocult, Glasgow,
Scotland. This was dispensed aseptically in 20 ml.

volumes in Universal bottles and stored at -20°¢.

DConor horse serum - virus and mycoplasma screened,

filter-sterilised (100 ml.) was obtained from Flow

Laboratories Ltd., Irvine, Scotland.

Antibiotics. Streptomycin and pericillin (crysta-

(c)

mycin) was obtained from Glaxo Laboratories Ltd.,
Greenford, England: Four vials (each containing
500,000 i.u. and ué respectively) of penicillin and
streptomycin were aseptically dissolved in 200 ml.
of sterile PBSA (i.e. 10,000 i.u. and ug/ml).
Aliquots of the solution in Universal bottles were

stored at —BOOC.

Fungizone was obtained from E.R. Squibb and Sons Inc.
Princeton, New Jersey,  USA. One vial (50 mg) was
aseptically dissolved in 200 ml. of sterile distilled
water, i.e. 250 ug/ml. Stored in Universal bottles

at -20°cC.

Glutamine 200 mM (sterile) was obtained from Gibo-

(d)

Biocult, Glasgow, Scotland.

Tryptose phosphate broth (sterile) was obtained from

Gibco-Biocult, Scotland.
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CELL CULTURES (cont.)

Lactalbumen hydrolysate was purchased as a dry powder

(£)

from V.A. Howe & Co. Ltd., London. Prepared as a 5%
solution in Hanks BSS and sterilised by autocclaving

at 115°C for ten minutes (LAH 5%).

Eagle's Minimum Essential Medium (10x) with Earle's

(g)

Salts and L-Glutamine, without sodium bicarbcnate,

obtained from Gibco-Biocult, Glasgow, Scotland.

The Eagle's Cell Culture Medium

Eagle's MEM x 10 20 ml
DDW# 186G ml
FCS 0 to 30 ml
Glutamine 200 mM 2 ml
P & S (10,000 u-ug/ml) 2 ml
NaHCO, 4.4% ‘ 10 ml

For growth, the FCS concentration was varied from 5%
to 15%, while for maintenance, zero to 2% FCS as
specified in the text.

*DDW - glass distilled, de-mineralised water, sterile.

Medium 199 (10x), with Earle's Salts and L-glutamine,

without sodium bicarbonate, obtained from Gibco-Bio-

cult, Glasgow.

The Medium 199 cell culture medium.

Medium 199 x 10 20 ml
DDW . 180 ml
FCS . 0 - 20 ml
Glutamine 200 mM A2 ml
P & S (10,000 u-ug/m1) 2 ml
NaHCO, 4.4% ' 10 ml

For growth, the FCS was used at 10%, while for main-

tenance 0 to 2% was used.
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'D. Cont.

(h) Hanks' Media. This was prepared from Hanks' balanced

salt solution.

Hanks'! BSS x 10 20 ml.

DDW - 180 ml.
FCS 4 2-20 ml.
LAH 5% 20 ml.
NaHCO3 1M 2 ml.
HEPES 2M _ 2 ml.
P&S (10,000 u-ug/ml.) 2 ml.

(pH adjusted to neutrality with 2M NaOH).

(i) NCTC 135 medium, single strength solution, with glutamine,
obtained from Flow Laboratories, Scotland. Growth medium
was supplemented with 10% heat-inactivated horse serum
(2% for maintenance medium). Extra glutamine and P &

(100 u and ug/ml. respectively).
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IMMUNOLOGICAL TECHNIQUES

(a) Haemagglutination

HEPES Saline-albumin-gelatin buffer (HSAG). This was prepared

as below:

(i) HEPES saline made as a 5 X stock solution
HEPES _ - 29.8 g.
NaCl 40.95 g.
caCl,.2H,0 0.74 g.
Dissolve in 900 ml. de-ionized water; adjust pH

to 6.5: 1if below 6.4, by adding 1 N NaOH (usually
12-18 ml), if above 6.6, by adding 1 N HCl. Muake up
to 1 litre with de-ionized water; sterilize by filt-
ration through Millipore membrane 0.22 um pore size.

Store at 4OC; usable for 2 months if sterile.

(ii) Bovine albumin (2 x stock solution)
Bovine albuminA _ 20 g.

De-jonized water 900 ml.

Dissolve and make up to 1 litre with de-ionized water.
Sterilize by filtration through Millipore membrane

220 nm pore size; store at 4°c.
(iii) Gelatin (10 x stock solution)

Gelatin .025 g.

De~ionized water 1 1litre

Autoclave at 120°C for 15 minutes to dissolve gelatin

and sterilize the solution.
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To make complete HSAG buffer

(v)

HEPES saline § x stock solution 2 parts

Bovine serum albumen 2 x stock 5 parts
solution

Gelatin 10 x stock solution 1 part

Sterile de-ionized water 2 parts

pH should be 6.2%.If below 6.15 or above 6.25 adjust
with either 1 N NaOH or 1 N HCl respectively. Store

at 4OC; usable for up to 2 months if sterile.

Complement fixation test

(c)

Diluent - CFT diluent tablets 'Oxoid' were
obtained from Oxoid Limited, England.

Complement - Guinea pig complement (Richardson's

Preserved) 5 ml. freeze-dried, obtained from L.I.P.
(Equipment and Services) Ltd., Shipley, W. Yorks.
It was reconstituted with 5 ml. distilled water and

aliquots were storedxgt -70°c.

Haemolysin - rabbit haemolytic serum was obtained from

Wellcome Reagents Ltd., Wellcome Research Laboratories.

Sheep red cells in Alsever's solution were obtained

from Tissue Culture Services Ltd., Slough, Bucks.

Other reagents:

Heparin - (1000 u/ml.) was obtained from Weddel

Pharmaceuticals Ltd., London.

B-propiolactone, hydracrylic acid B-lactone, was

obtained from Fluorochem Ltd., Dinting Vale Trading

Estate, Glossop, Derbys. SK13 9NU.
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IMMUNOLOGICAL TECHNIQUES (cont). APPENDIX 11X

(d) Immunofluorescence - chemicals and buffers

Fluorescein-isothiocynate (FITC Isomer 1, cryst.)

Purchased from Nordic Laboratories, Maidenhead,

Berks., SL6 1EQ.

FITC-conjugated animal antiglobulin - purchased from

Nordic Immunology, Tilbury, Berchem, (Antwerpen)

London.

Sephadex G25, medium grade - Pharmacia, Uppsala, Sweden.
Tissue-Tek II O.C.T. Compound - Lab. Tek Products,
Division Miles Laboratories, Inc., Naperville,

Illinois, USA.

27% sodium sulphate solution - 27.0 gm. sodium sulphate
Na,S0, anhydrous (BDH) dissolved in 73.0 ml. of 0.1M
phosphate buffer pH 7.8.

0.5M carbonate—bicarbonaté buffer, pH 9.0:

Stock scolutions: 1M Anhydrous, Na2C03

M NaHCO3

Mix one part of carbonate solution to 9 parts of
bicarbonate solution and titrate pH to 9.0. The
buffer was then diluted to 0.5M with saline (0.14 M

NaCl in water).
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HISTOLOGY

Buffered 10% formaldechyde (pH 70)

(b)

Sodium dihydrogen phosphate (anhydrous)

Disodium hydrogen phosphate (anhydrous)

Formaldehyde 40%

Demineralised water

Paraffin wax embedding.

(c)

Cut tissue 0.3 cm. thick
50% and 70% alcohol in water

Absolute alcohol 74 OP

Chloroform

Chloroform
Melted paraffin was in oven
(56°C). Embed in paraffin

wax in plastic moulds.

Scott's tap water.

(d)

Sodium bicarbonate
Magnesium sulphate

Tap water

Haematoxylin and eosin staining

3.5 g.
6.5 g.
100.0 ml.
900.0 ml.

30 minutes each

4 changes

2 changes
each

Overnight

2 changes

3.5 ¢g.
20.0 g.

1,000.0 ml.

of lhr. each
of half hour

1 hr. each

Contece.n
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APPENDIX IIT

HISTOLOGY. (cont.)

(d) Haematoxylin and eosin staining

1. Bring paraffin section to xylene, through 2 baths

2. Bring section to absolute alcohol, through 2 baths.

3. Bring section to 70% alcohol-in-water, once.

4. Wash in waterb

5. Stain in Harris's haematoxylin for 10 minutes

6. Wash.

7. Differentiate in acid alcohol for 10 seconds.

8. Blue in Scott's tap waﬁer.

9. Stain in 0.5% aqueous eosin for 5 minutes

10. Wash.

11. Differentiate in 70% alcohol for 5 seconds.

12. Bring through 3 baths of absolute alcohol and
 two of xylene to clear, and mount in D.P.X.

(e) Periodic Acid-=Schiff staining.

1. Bring section to water as above,

2. Wash in distilled water.

3. Immerse in periodic acid for 10-15 minutes.

4. Wash with distilled water. -

5. Leave in Schiff's reagent for 20 minutes.

6. Wash with distilled water.

7. Leave in running tap water for 10 minutes.

8. Haematoxylin for 10 minutes.

9. Wash and differentiate for 3 seconds in acid

alcohol.

10. Blue in Scott's tap water.

11. Wash in 70% alcohol.

12. Dehydrate and mount as for (d).
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ELECTRON MICROSCOPY

Fixatives and washing solutions.

" (a) Gluteraldehyde fixative (freshly made each time).

1.2 ml. 25% Gluteraldehyde

3.3 ml. 0.2M Sodium Cacodylate

5.5 ml. Distilled (acidified 2 ml1/900 ml).
water

(b) Buffer rinse (stored at 4OC)

0.2 M Sodium cacodylate )
" -
0.5 M Sucrose )Equal P“P“S
1% 0S 04

(2%) 1 gm. Osmium tetroxide dissolved in 50 mls.

distilled water.

2% O0s 04 ) Equal parts = 1% 0s04 in
0.2 M PO4 buffer )

0.2 M PO4 buffer (stock solutions)

(A) 0.2 M monobasic sodium phosphate
NaH2 PO4 - 28.4 g/1.
Mix: 18 ml. A
82 ml. B
Adjust to pH 7.3 by adding A to reduce pH, or B to

increase pH.

Epoxy resin.

Mix B - the following were mixed thoroughly:
Taab resin 50 g.

DDSA 45 g.
MNA 5 g.
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Epoxy resin (cont.) ‘ . APPENDIX IV

=

The resin components were supplied by Taab Laboratories
3

Reading, Berks., England.

Taab embedding resin

DDSA - Dodecenylsuccinic anhydride hardener 964
(EM grade, specially distilled)

MNA - Methyl nadic anhydride -

DMP-30 - 2,4,6~Tri (dimethylaminomethyl) phenol.
Resin 1. Mix B without DMP-30 for scaking 0/N at 45°C.
Resin 2. Mix B with 2% DMP-30 (final concentration)

for embedding tissue fragment in capsules

by polymerising at 60°C for 48 hours.

For brain material, mix A was used, that is,

Taab resin: DDSA (50:50).




