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INTRODUCTION

Infectious bronchitis virus (IBV) does not ag-
glutinate erythrocytes, but modification of the virus by
trypsin will induce the hemagglutinating activity (HA)
of the virus which is inhibited by normal and specific
immune serum.

The objectives of the study were: (1) to deter-
mine the morphological characteristics of the virus before
and after modification by trypsin, and (2) to study the

morphological feature of the virus-erythrocyte interaction.



LITERATURE REVIEW

Infectious Bronchitis

Infectious bronchitis is a respiratory disease

of chickens caused by the virus Tarpeia pulli (von Rooyen,

1954). Infectious bronchitis virus (IBV) can be readily
propagated in embryonating chicken eggs (Beaudette and
Hudson, 1937; Cunningham and Stuart, 1947; Cunningham and
El Dardiry, 1948) and cell culture (Fahey and Crawley,
1956; Cunningham, 1957, 1960). When first isolated in
embryos by several routes of inoculation, the virus pro-
duces gross alterations such as curling and stunting of
the embryo, fibrosis of the amnion, improper development
of the feathers, and urates in the kidney and mesonephros
(Beaudette and Hudson, 1937; Delaplane and Stuart, 1939;
Fabricant, 1949; lLoomis et al., 1950). Mortality of em-
bryos is variable. With serial passage in embryos the
virus increases in pathogenicity for the embryo and mor-
tality is the characteristic finding (Beaudette and Hudson,
1937; Delaplane and Stuart, 1939). Completely egg-adapted
virus kills all embryos but is not immunogenic. It is
neutralized by specific immune serum.

The virus can also be propagated in the isolated

chorioallantoic membrane (CAM) (Ferguson, 1958; Ozawa,



1959), monkey kidney cells, and chicken embryo kidney cells
(CEKG) (Fahey and Crawley, 1956; Spring, 1960) but not

in mouse and rat liver cells. With the CAM and CEKC,
several passages of 1BV are necessary for adaptation of

the virus to the cultural medium. With CEKC but not the
CAM, cytopathic effects are produced by the virus and can
be used for infectivity assay (Chomiak et al., 1958; Spring,
1960).

With both embryo and cell culture, there are
definite lag, log, stationary and decline phases during
multiplication of the virus (Hitchner and White, 1955;
Fahey and Crawley, 1956; Spring, 1960).

There are at least two serotypes of IBV, and
possibly a third, based on immunogenic studies (Hofstad,
1958). The virus at 4 C is more stabile in an acid medium
(pH 3.0 for 14 days) than in an alkaline medium (pH 10.6
for two days) with maximum stability at pH 7.8 for 170
days (Cunningham and Stuart, 1946). Thermal inactivation
of IBV in early egg passages follows a bimodal reaction.

In the early egg passage the virus exists in 0 phase, in
which particles retain their original identity, and D

phase particles which are derived as a result of embryo
passage. The O phase is thermostabile while the D phase

is thermolabile (Singh, 1960). Horse serum has a protective

effect on the virus against heat (Hofstad, 1956).



The virus in allantoic fluid is from 60 to 100
mp in diameter with small projections being most prominent
in samples prepared in saline (Reagan and Bruchner, 1952;
Reagan et al., 1948). In the CAM in embryo culture, ele-
mentary bodies as large as 200 mp in diameter are present
(Domermuth, 1954). The virus may be partially purified
and concentrated by trypsinization and ultracentrifugation
following "salting out" of the infected allantoic fluid
with ammonium sulfate (Buthala, 1956), and adsorption to
and elution from anion exchange resin (Mallmann, 1960).
The density of IBV is approximately 1.15 (Buthala, 1956).
The isoelectric point is at approximately pH 4.15 (Cun-

ningham and Stuart, 1947a; Buthala, 1956).

Hemagglutination

Hirst (1941), and McClelland and Hare (1941)
independently reported that influenza virus was able to
agglutinate chicken erythrocytes. This capacity of hemag-
glutination (HA) has been reported for several other vi-
ruses such as those of Newcastle disease (NDV) and mumps.
Many problems of virus-cell interactions have been investi-
gated by means of this phenomenon.

Hemagglutination by these viruses is inhibited
by specific antiserum, nonspecific factors in normal serum

(Chu inhibitor) and a variety of mucoid substances of



biological origin such as human urine, egg-white, allan-
toic fluid, and the receptor destroying enzyme (RDE) of

Vibrio cholera.

Not all viruses possess the ability to agglu-
tinate erythrocytes and there are differences in the mode
of action of the viruses which possess this activity.
Based on their mode of action on erythrocytes, viruses
can be classified into two main groups: (1) those which
directly agglutinate cells, and (2) those which indirectly
cause agglutination of the cells. The first group is di-
vided into three subdivisions: (a) myxoviruses: influ-
enza, mumps, and Newcastle disease in which adsorption
of the virus to the cell and enzymatic action of the virus
resulting in receptor destruction, and finally elution
of the virus from the cell, are the three successive steps
involved in the virus-erythrocyte interaction; (b) some
viruses such as those of vaccinia, variola, ectrommelia,
and meningopneumonitis in which the hemagglutinin is sep-
arable from the virus by ultracentrifugation and ultra-
filtration (Lannett, 1959; Anderson, 1959), and is in
the form of a soluble lipoid antigen; and (c) some of
the arthropod-borne viruses such as Japanese B encepha-
litis in which the virus particle is believed to be the
hemagglutinin. No enzyme is present and there is no re-

ceptor destruction or elution of the virus (Anderson, 1959).



Hemagglutination of the second group can be demonstrated
only by an indirect method (Lennett, 1959). Herpes sim-
plex and adenoviruses, for example, do not possess direct
hemagglutination activity. If sheep erythrocytes are
treated with tannic acid and the virus is adsorbed to

them, the addition of specific antiserum will cause the
cells to agglutinate (Scott et al., 1957; Friedman and
Bennett, 1957). This is the opposite of the action of the
first group where hemagglutination is inhibited by specific

antiserum.

1. Adsorption: The initial rate of adsorption is fast

over a range from 4 to 37 C (Buzzell and Hanig, 1958).
Physical evidence suggests that adsorption is ionic in
nature while chemical observations indicate that attach-
ment is through the hydroxil group of a polysaccharide
chain present on the substrate. The pH and salt depend-
ency of adsorption indicates that ionization is responsible
for the initial attachment (Burnet and Edney, 1952; Sagik
and Levine, 1957). Adsorption can occur only to a limited
extent in the absence of salt. Bivalant cations are more
effective than monovalant cations (Burnet and Edney, 1952).
The firmness of attachment of the virus to the cell is
minimum with low concentration of salt at 4 C, but maxi-
mum with high concentration of salt (Buzzell and Hanig,

1958). Edney (1949) found that the action of RDE is



reduced at pH 6.5 when a calcium deionizing agent is present.
Porterfield (1952) concluded that a trace of calcium is

always necessary but is not a specific requirement.

2. Enzymatic action: Hirst (1942) reported that the

reaction of influenza virus and erythrocyte is that of an
enzyme-substrate complex. Cells once treated with a given
virus will not react with the same virus again, but will
react with certain other viruses. Hirst compared this

to the reaction of an enzyme combining with a substrate,
subsequent chemical change in the substrate, and release
of the enzyme. Burnet (1952) showed that the loss of
agglutinability of erythrocytes by one type of virus is
specific to the virus and might not be the same as with
another type of virus. A "receptor gradient" was con-
structed in which the lower member of the gradient could
not reagglutinate cells treated with higher members, but
the higher members were able to reagglutinate cells treated
with the lower members.

Hanig (1948) observed that the electrokinetic
mobility of negatively charged human erythrocytes was
reduced after treatment with strain PR8 of influenza A
virus. A parabolic curve with a high virus-cell ratio,
and a sigmoid curve with a low ratio, accompanied the
decrease of electrokinetic mobility of the cell. After

reaction with one site on the cell, the virus immediately



is adsorbed to another site with a resulting reduction
of the electrokinetic potential of the cell. This reduc-
tion in the charge of the cell may be the result of the

loss of charge, or adsorption of an opposite charge.

3. Elution: wWith the myxoviruses, receptor destruction

is followed by elution of the virus from the cell. Cells

thus treated are considered to be stabilized cells and

are refractory to the same virus (Hirst, 1942), but will

be agglutinated by higher members in the receptor gradient.

Elution is slow at O C (Stone, 1949), but rapid at 37 C

(Hirst, 1942). Cations are necessary for elution (Burnet

and Edney, 1952). Complete elution of Newcastle disease

virus does not occur at high virus-erythrocyte ratios,

thus enabling cells so treated to agglutinate fresh ery-

throcytes and to be agglutinated by the addition of specific

serum (Burnet and Anderson, 1946; Anderson, 1947). It is

assumed that elution of the virus is possible only when

new receptor sites are available. Anderson (1959) con-

cluded that the surface of the cells so treated may obtain

the same functional groups as those of the viral membrane.
Of the three properties of the virus, infectivity,

hemagglutination, and elution, infectivity is the least

stabile against all inactivating agents. The properties

of hemagglutination and elution are usually lost simul-

taneously, but it is possible to inactivate thermally the



ability of the virus to elute without the destruction

of the hemagglutinin (Buzzell and Hanig, 1958). Virus
thus treated is termed indicator virus. Lauffer and Car-
nelly (1946) observed that two hemagglutination components
are present in strain PR8 of influenza A virus and that
both are inactivated according to a three halves order
kinetics. Woese (1956) observed that both components are
inactivated according to first order kinetics. Formalde-
hyde inactivation of PR8 hemagglutinin was studied by
Brandon (1957) as a function of pH, temperature, and for-
maldehyde concentration. The reaction appeared to be com-
plex and approximated first order kinetics.

Infectious bronchitis virus does not possess
hemagglutinating activity, but the virus can be modified
with trypsin to induce hemagglutination (Corbo and Cunning-
ham, 1959; Muldoon, 1960). According to Corbo and Cunning-
ham (1959), the hemagglutinin is probably present in two
fractions: one associated with the virus particle, and
the other consisting of the greater part, distinct from
the virus particle. The rate of adsorption of the hemag-
glutinin varies directly with temperature. Elution varies
indirectly with temperature. Inhibitors of hemagglutina-
tion are present in specific antiserum, normal serum, and
in IBV-infected and normal allantoic fluid. Infectivity

of the virus for the chicken embryo is reduced almost 98
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per cent after trypsin modification. The hemagglutinin

of IBV reacts only with chicken and turkey erythrocytes
(Muldoon, 1960). Trypsin modified virus is stabile at

56 C for three weeks and retains its ability to agglutinate
erythrocytes after six and one-half hours at 56 C prior

to modification by trypsin. Infectivity is lost after

two hours at 56 C, but the virus is still antigenic for
chickens when inoculated intravenously. The highest titer
of the hemagglutinin is obtained 72 hours after inoculation
of the virus into the allantoic cavity of the chicken
embryo, while the infectivity titer is at its maximum 24
hours after inoculation. The hemagglutinin but not the
infective particle, is retained by Millipore filters having
a pore diameter of 50 mp. Hemadsorption does not occur.
There is no way as yet to destroy the nonspecific inhibitor
of the hemagglutinin present in the normal ;erum to permit
assay of antibody by means of the hemagglutination inhibi-

tion test.

Electron Microscopy

Electron microscopy has been used not only for
studies of the size and shape, but also for studies of
the internal structure of viruses, and their relation to

the host cell.

Erythrocytes agglutinated by influenza virus
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and other viruses of the myxovirus group have been studied
by this method in order to demonstrate the morphological
features of the virus-erythrocyte interaction as well as
studies of the virus and the hemagglutinin particle.

Owing to the thickness of the intact erythrocyte,
it is necessary to hemolyze the cell before treatment
with the virus, to visualize better the virus-cell inter-
action. Treatment with saponin or washing the cells in
distilled water will remove hemoglobin from the cell.
With cells thus treated, the membrane is thin enough to
permit the virus adsorbed to the membrane to be readily
observed with the electron microscope and to show the
virus particles to be arranged at random over the cell
surface.

Dowson and Elford (1949) found that the use of
hemolyzed erythrocytes treated with influenza virus was
a good procedure for studying the morphological character-
istics of the virus without the necessity of purification
of the virus. The number of particles per unit area of
erythrocyte membrane was determined by direct particle
count. A saturation level was found for each strain.
The number of particles per unit area was proportional
to the concentration of the virus and the number of cells,
and was a function of both temperature and time of contact.

The saturation number has been reported to be as small
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as 300 (Hanig, 1948) and as large as 7000 (Bateman et al.,
1955).

Donald and Isaacs (1954) found that the filament-
ous forms of influenza virus also adsorb to the erythrocyte
membrane. Filaments ruptured by ultrasonic vibration
yielded a greater number of spherical particles and a
greater HA titer.

The direct particle count of viruses adsorbed
to the cell membrane has been applied in estimating the
number of virus particles in the preparation. Using NDV,
mumps, fowl plague, and influenza C, Isaacs and Donald
(1955) obtained results by direct particle count similar
to those obtained by other methods of viral assay. Donald
et al. (1954) found that the ratio of virus to cell at
the end point of hemagglutination was 1l:1. It was con-
cluded that 10 HA units equal one embryo lethal dose.

Tyrrell and Valentine (1957) compared the direct
particle count method to the indirect method of Levine
et al. (1953) in which the absolute assay was by spectro-
photometric measurements, and concluded that the indirect
method underestimates the direct particle count by a factor
of about 10.

Incomplete forms of influenza virus produced
by different methods (Schkesinger, 1950; von Magnus, 1951;

Henle et al., 1955) were found to possess the same HA
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activity as the standard virus but lacked infectivity.
Incomplete virus is less uniform in size and shape than

the corresponding standard virus. The mean diameter is,
however, of a similar magnitude (Paucker et al., 1959).
Incomplete virus may contain only one-third of the quantity
of ribonucleic acid carried by the infectious agent (Ada
and Perry, 1955), all of which can be accounted for in

the soluble antigen (Hoyle et al., 1954).

Hoyle (1950 and 1952) showed that treatment of
influenza virus with ether will break the virus into two
fractions, both of which are in the aqueous phase. These
two fractions are the hemagglutinin and soluble antigen
(S antigen). The size of both components was found to be
about 12 mp.

Paucker et al. (1959) treated both infectious
and noninfectious forms of strain PR8 of influenza A virus
with ether. The virus prior to ether treatment was about
118 mp. When the infectious particles were treated with
ether, two fractions were obtained, the hemagglutinin and
the S antigeﬁ. The two fractions were completely separated
following three successive alternative procedures of ad-
sorption and elution of the hemagglutinin to erythrocytes
and concentration by ultracentrifugation. The hemagglutin-
in consisted of small particles from 35 to 40 mu, and a

few ghost-like particles. This heterogeneity of the
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hemagglutinin was also observed from sedimentation studies.
The soluble antigen consisted of small, 17 mp rod-like
structures without any subunits. When noninfectious parti-
cles were treated with ether, two fractions were obtained
as in the case of infectious particles. When the two frac-
tions were separated by adsorption of the hemagglutinin

to the erythrocyte, the hemagglutinin consisted mostly of
ghost-like structures with a few typical, spherical HA
particles. The appearance of the S antigen, however, was
not different from that of the complete virus, but it was
present in a lesser number than the infective particles.
The main difference between the complete and incomplete
virus was, therefore, the greater amount of S antigen

and typical HA particles in the complete form of the virus.
It was concluded that the rod-like structure of the S
antigen is not incompatible with the thread forms of nu-
cleic acid, and also that several HA units are present

in one infectious particle.

Schafer (1956) treated fowl plague virus with
ether and separated the two fractions obtained by adsorp-
tion of the hemagglutinin to erythrocytes. The virus
prior to ether treatment was about 72 mp in diameter with
three to four per cent ribonucleic acid (RNA). The hemag-
glutinin obtained from ether treatment of the virus was

about 33 mp with no RNA. The other component, G antigen
p
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or "bound" antigen, was from 10 to 15 mp and contained
10 to 15 per cent RNA. The S antigen, related to the
incomplete form of the virus, had a diameter of 10 to

15 mp and contained six to 14 per cent RNA.



MATERIALS AND METHODS

Virus

Infectious bronchitis virus strains 40-24 and 41-11
from the North Central Repository at Michigan State Uni-
versity were used because of the previous studies of these
strains for induction of hemagglutination by trypsin (Corbo
and Cunningham, 1959; Muldoon, 1960). Each strain is
designated with two numbers: the first is the Code number
of the virus and the second is the number of egg passages
following initial isolation from infected chickens. Strain
40-24 was originally isolated at the Department of Micro-
biology and Public Health, Michigan State University, in
1956. Strain 41-11 was originally isolated at the Depart-
ment of Veterinary Science, University of Massachusetts,

in 1941.

Propagation of Virus

Embryonating chicken eggs nine to eleven days
0ld were used for propagation of the virus using 0.1 ml
of undiluted virus inoculum per'embryo via the allantoic
cavity. The eggs were candled every 12 hours. At 36

hours post inoculation, the eggs containing living embryos

16
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were chilled overnight at 4 C and allantoic fluid was

harvested and stored at =30 C until used.

Erythrocytes

Erythrocytes were obtained by cardiac puncture
from Single Comb White Leghorns, using two ml of a two
per cent solution of sodium citrate as an anticoagulent
for each 10 ml of blood. The cells were washed by centrifu-
gation with three changes of 0.85 per cent NaCl and were
finally removed from suspension by centrifugation for 15
minutes at 1500 rpm. The supernatant fluid was removed
and the packed cells were stored at 4 C as long as three

days before being used.

Reagents

1. A one per cent suspension of trypsin (Difco
1:250) was prepared in double distilled water, incubated
at room temperature for 15 minutes, passed through a Seitz
filter, and stored at -30 C.

2. A one per cent suspension of egg-white tryp-
sin inhibitor (Nutritional Biochemicals, Inc.) was pre-
pared in sterile, double distilled water and stored at
=30 C. The suspension was not filtered because of the

decrease of activity from filtration.
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Diluents

l. Difco Nutrient broth was used for preparing
virus dilutions for infectivity assay.

2. Bacto hemagglutination buffer at pH 7.3 was
used as the diluent in all HA tests.

Infectivity Assay

Serial ten-fold dilutions of the virus were
prepared and five eggs were inoculated per dilution using
0.1 ml per egg via the allantoic cavity. The eggs were
incubated at 99 to 99.5 F for five days. Mortality during
the first 12 hours post inoculation was considered to be
due to nonspecific causes and was not used in calculations
of infectivity. The criteria for calculation of the in-
fectivity titer by Reed and Muench method (193%8) were
mortality, curling and stunting of the embryo, and urates

in the kidney.

Hemagglutination Test

Undiluted virus, two ml, was added to one ml of
a one per cent suspension of trypsin and the mixture was
incubated at 56 C for 30 minutes. Egg-white trypsin in-
hibitor, one ml of a one per cent suspension, was added

to the mixture to stop the action of trypsin. Serial
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two-fold dilutions of the modified virus were prepared

in 0.85 per cent NaCl. 1In each of 12 x 75 mm tubes, 0.25
ml of Bacto hemagglutination buffer and 0.25 ml of the
corresponding virus dilution were mixed, and 0.5 ml of a
0.2 per cent suspension of erythrocytes in saline was
added to the mixture. The tubes were shaken well, incu-
bated at room temperature for 50 minutes, and the reac-
tion was recorded according to the pattern method. The
HA titer was the reciprocal of the highest dilution of

the virus which showed complete hemagglutination.

Preparation of Specimens for Electron Microscopy

Number 200 EFFA grids were used to support a
thin film of Formvar in ethylene%ﬁhloride as the substrate.
After the film was established on the grid and completely
dried, it was kept at 4 C until used for preparation of
specimens for electron microscopy.

To prepare the specimens of the virus, the sus-
pension was sprayed directly on the film on the grid using
a No. 166 Pyrex Nebulizer. For preparation of specimens
in which cells were involved, a drop of the cell suspen-
sion was placed on the film with a micropipette and the
excess liquid was adsorbed with lens paper, leaving the
cells attached to the collodion film. The specimens were

then dried at room temperature and stored at 4 C for as
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long as one day before examination with the electron nmicro-
scope. Most specimens were shadowcast with tungsten at

30°, An KCA Model EIIO electron microscope was used.



RESULTS

Morphological Studies of the Virus Particle

Frozen, viral-infected allantoic fluid was thawed
at room temperature and centrifuged for 15 minutes at
2500 rpm. The supernatant fluid was removed and centri-
fuged for one hour, at 21500 g, in a Model PR-1 Interna-
tional Equipment Co. centrifuge with a multispeed attach-
ment, and a six place rotor containing five ml per tube.
The supernatant fluid was removed and collected in a 400
ml prescription bottle. Approximately 320 ml of partially
purified virus was prepared. The virus was used for ultra-
centrifugation using the Specialized Instruments Corpora-
tion ultracentrifuge, Model E. The following procedure

was used for nine cycles:

Cycle No. of Volune Speed (rpm) Time RCF
tubes per tube

1 10 35 ml 42040 One hour 114610 g
2 2 35 ml 42040 " " 114610 g
3 1 35 ml 42040 " " 114610 g
4 2 6 ml 42040 " " 114610 g
5 1 6 ml 47660 " " 142210 g
6 1 6 ml 47660 " 142210 g
T 1 6 ml 47660 " " 142210 g
8 1 6 ml 47660 " " 142210 g
9 1 6 ml 56100 " n 197040 g

After each cycle, about three-fourths of the supernatant

21
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fluid was removed and the sedimented virus was resuspended
in sterile, double distilled water. A bluish, opalescent
pellet was obtained from thie ninth cyclce narking the end
of ultracentrifugatiocon.

Serial ten-fold dilution of this concentrated
virus was made in sterile, double distilled water in order
to prevent aggregation of the virus. Electron microscopy
of the concentrated virus did not show any appreciable
number of virus particles. Only a few agéregates of small
particles were observed. Tests for infectivity and hemag-
glutinating activity of the virus were negative. This
indicated that the infectivity and HA activity of the
virus were somehow adversely affected during the course
of ultracentrifugation as well as the identity of the
virus particle as determined by electron microscopy.

Following the negative results obtained with
virus as processed above, another sample was partially
purified by centrifﬁgation at 21500 g for one hour. The
supernatant fluid was removed and serial ten-fold dilu-
tions of the virus were made in sterile, double distilled
water. Normal allantoic fluid was subjected to the same
procedure.

Electron microscopy of specimens shadowcast
with tungsten showed that a 10'3 dilution of the virus

was the optimum to obtain clear pictures of individual
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virus particles. This dilution was used for all subsequent
samples.

In the IBV 40-24 infected allantoic fluid, spher-
ical particles 60 to 80 mp and 20 to 40 mp were observed
(Figure 1). In the normal allantoic fluid spheres 20 and
40 mu were observed (Figure 2). This would indicate that
the 60 to 80 mp particles in the infected allantoic fluid
were the virus particles.

Infectious bronchitis virus adsorbs to anion
exchange resin in the chloride form and subsequently elutes
from the resin in 10 per cent Na2HPO4 solution. The eluted
virus has an infectivity titer of 0.5 to 1.0 log unit
higher than the original virus (Mallmann, 1960). Ten
ml of infected fluid and five ml of resin (Dowex, 12K)
were shaken intermittently by hand for 15 minutes in a
centrifuge tube and then centrifuged at 2500 rpm for 15
minutes. The supernatant fluid was removed and the sedi-
ment was restored to original volume with 10 per cent
NaZHPO4 solution. The mixture was again shaken inter-
mittently for 15 minutes, recentrifuged, and the super-
natant fluid removed with a capillary pipette (Mallmann,
1960) for tests of infectivity, HA, and for electron micro-
scopy. With strains 40-24 and 41-11, small and large
particles in aggregate form were observed prior to adsorp-

tion to and elution from the resin (Figures 1 and 3).
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After adsorption to and elution from the resin, only the
large particles were present with a few aggregates (Figure
4). There seemed to be more individual virus particles
than in the original sample, but this could not be sub-
stantiated due to the lack of quantitative procedures.
There were, however, fewer aggregates than in the original
sample. Comparison of the normal allantoic fluid and IBV
infected allantoic fluid before and after elution from the
resin showed that only the large particles were adsorbed
to the resin. If the small particles were also adsorbed,
the attachment was firm and not reversible with Na2HPO4.
The size and shape of particles after elution confirms
that the virus is from 60 to 80 mp.

When both strains were modified by trypsin before
and after elution from the resin, the modified virus was
able to agglutinate erythrocytes. During treatment with
trypsin, the virus remained spherical but was reduced to
25 to 35 mp after 30 minutes at 56 C (Figure 5). As a
general finding, clear electron micrographs were not ob-
tained from the samples after 5, 10, and 20 minutes because
of obscuring of the virus with trypsin and egg-white tryp-
sin inhibitor. It is possible that either a protein coat
of the virus was removed through the trypsin digestion
and that the free virus particle showed HA activity, or
that a mucoprotein inhibitor present on the surface of the

virus was removed by trypsin.
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The result of infectivity and HA tests with
both strains showed a slight decrease in infectivity of
the eluted virus but the HA titer remained the same (Tables
1 and 2). From the shape and size of the virus after
elution, and the fact that after elution there is no de-
crease in HA titer, it may be concluded that (1) the hemag-
glutinin of IBV is associated with the virus particle and
is not present in solution as a free antigen separate from
the virus particle, and (2) the homogeneity of the virus
after elution from resin suggests that there is resemblance
of shape and size between infective particles and HA parti-

cles even if they are actually independent of each other.
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FIGURE 1. Electron micrograph of IBV 40-24 infected allan-
toic fluid, shadowcast at 30°. X 40000

FIGURE 2. Electron micrograph of normal allantoic fluid,
shadowcast at 30°. X 40000
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FIGURE 3. Electron micrograph of IBV 41-11 infected allan-
toic fluid, shadowcast at 30°. X 40000

FIGURE 4. Electron micrograph of IBV 41-11 after elution
from resin, shadowcast at 30°. X 40000
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FIGURE 5. Electron micrograph of trypsin-modified IBV
40-24 (30 minutes at 56 C) shadowcast at 30°
X 40000
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TABLE 1. Infectivity and HA titers of IBV 40-24 before
and after treatment with anion exchange resin.

Size of the Size of the Infec- HA
particles trypsin modi- tivity titer
fied particles titer
Infected allan- 20 to 80 mp 25 to 35 mpu 7.2 640
toic fluid
prior to treat-
ment with resin
Infected allan- 60 to 80 mp 25 to 35 mp 6.6 640
toic fluid
after treatment
with resin
Normal allan- 20 to 40 mp ‘

toic fluid

TABLE 2. Infectivity and HA titers of IBV 41-11 before
and after treatment with anion exchange resin.

Size of the Size of the Infec- HA
particles trypsin modi- tivity titer
fied particles titer '
Infected allan- 25 to 80 mp 25 to 35 mp 6.5 1280
toic fluid
prior to treat-
ment with resin
Infected allan- 60 to 80 mp 25 to 35 mp 6.2 1280

toic fluid
after treat-
ment with resin
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lMorphological Changes of Erythrocytes Treated with Trypsin
Modified IBV

Morphological studies of erythrocytes agglutinated
with the virus did not permit visualization of the virus-
cell interaction due to the thickness of the intact ery-
throcyte. It was, therefore, necessary to hemolyze the
cells before treatment with virus. Treatment with saponin
or wasning the cells in distilled water wiil remove the
hemoglobin from the cell (Dounce et al., 1943). In the
present experiment 0.5 per cent NaCl solution was used.
After separation of the cells from the serum by centrifu-
gation, they were washed with several changes of 0.5 per
cent NaCl and the hemoglobin was gradually released.

Normal and hemolyzed erythrocytes were mixed
with trypsin-modified IBV, and incubated at room tempera-
ture for 20, 40 and 60 minutes. After each interval,
the specimens were examined with the electron microscope
following the procedure previously mentioned. In one
experiment, the suspension of the cells was allowed to
dry on the collodion mount in an attempt to obtain an

HA pattern.

l. Normal erythrocytes

a) Not treated: The edges of the cell were

smooth without any visible projections. Due to the opacity
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of the cell, no internal structure could be observed.

b) Agglutinated cells after reaction with trypsin-

modified IBV 40-24 for 20 minutes: These cells were also

opaque and nothing could be observed on the horizontal
plane, but adsorption of the virus was evident at the
periphery of the cell (Figure 8). At this stage, virus
was adsorbed to the cell but morphological changes of the

cell could not be observed.

c) Agglutinated cells after reaction with trypsin-

modified IBV 40-24 for 60 minutes: These cells were also

opaque, but a few projections were present from the peri-
phery of the cell, and were intermediate between the cells
(Figure 6). These projections were probably produced in
different directions but they were not observed because
of the opacity of the cell (Figures 7 and 9). Virus had
been released from the cell at this stage but was present
close to the surface of the cell. It appears that during
the first 20 minutes of exposure of the cell to the modi-
fied virus, the virus attaches to the cell membrane with-
out morphological changes of the cell being observed.
After a longer period of contact, the virus is released
from the cell and few projections are produced on the
surface of the cell. These projections seem to ac% as a
lattice for attachment of other cells to cause agglutina-

tion.
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2. Hemolyzed erythrocytes

a) Not treated: A very thin membrane was ob-

served with a fine network on the surface of the cell
giving the appearance of small pores to the surface of
the cell (Figure 10). An ovoid nucleus was observed at

the center of the cell.

b) Treated with IBV 40-24 previously subjected

to 56 C for 30 minutes: Infectious bronchitis virus-in-

fected allantoic fluid was incubated at 56 C for 30 minutes
(indicator virus) and was used for the HA test. Specimens
were prepared for electron microscopy after 20, 40 and 60
minutes of exposure of the cells to the indicator virus.
Attachment of the virus to cell was not observed in any

of the specimens. Morphological changes of the cell mem-
brane corsisted of small depressions which were only present
in the cells after 60 minutes, but not with cells after

20, and 40 minutes exposure (Figure 11).

c) Treated with trypsin-modified IBV 40-24 for

20 minutes: These cells resembled normal cells except

for the presence of small particles on the cell membrane
which were observed after sample was shadowcast. (Figure
12). The numbter of these particles was less than the
numoer of virus particles attached to the nonhesmelyzed

cell.
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d) Treated with trypsin-modified IBV 40-24 for

60 minutes: The changes of the cell were mostly small

depressions on the membrane with a diameter of about 200
mp. No virus was observed on the membrane (Figure 13).
It seems that these depressions may have been caused by
the virus on the cell membrane. With agglutinated, non-
hemolyzed erythrocytes, the virus was released from the
cells within 60 minutes. Small projections had been pro-
duced on the surface of the cell and were related to the
attachment of the cells (Figures 6, 7, and 9). Comparing
those projections to the depressions on the hemolyzed
cells, it may be considered that the depressions present
are either where the virus had been attached, or the bases
where projections could have been present on the agglutin-
ated cells.

The depressions were also observed on the mem-
brane of the cells treated with indicator virus. The
size of these depressions was, however, smaller than that

produced by trypsin-modified virus.
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FIGURE 6. £Electron micrograph of the agglutination pattern
of chicken erythrocytes treated with trypsin-
modified IBV 40-24. X 7600
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FIGURE 7. Electron micrograph of erythrocytes agglutinated
by trypsin-modified IBV 40-24 after 60 minutes
exposure, shadowcast. X 15200



FIGURE 8. Electron micrograph of erythrocyte treated with
trypsin-modified IBV 40-24 for 20 minutes.
X 40000

FIGURE 9. Electron micrograph of erythrocytes agglutinated
by trypsin-modified IBV 40-24 for 60 minutes,
shadowcast. X 22800



FIGURE 10. Electron micrograph of nontreated hemolyzed
erythrocyte, shadowcast. X 22800

FIGURE 11. Electron micrograph of hemolyzed erythrocyte
treated with indicator IBV 40-24 for 60 min-
utes, shadowcast. X 22800
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FIGURE 12. Electron micrograph of hemolyzed erythrocyte
treated with trypsin-modified IBV 40-24 for
20 minutes, shadowcast. X 22800

FIGURE 13. Electron micrograph of hemolyzed erythrocyte
treated with trypsin-modified IBV 40-24 for
60 minutes, shadowcast. X 22800



DISCUSSION

Modification of infectious bronchitis virus by
trypsin induces hemagglutination activity of the virus.
The mechanism of this induction must be determined in
order to understand the virus cell interaction and to
establish standard HA and HI tests.

With the myxoviruses and some of the arthropod
borne viruses, direct adsorption of the virus to the ery-
throcyte causes agglutination which is followed by enzy-
matic destruction of the cell receptor by the virus and
elution of the virus from the cell. With some of the
viruses of the pox group, hemagglutination is caused by
a soluble antigen separable from the virus particle.

It was suggested in previous studies that the
hemagglutinin of IBV is present in two fractions (Corbo
and Cunningham, 1959), one related to the virus particle,
and the other consisting of the greater part, distinct
from the virus particle, and that the hemagglutinin, but
not the infective particle is retained by filters of 50 mp
pore size (Muldoon, 1960). 1In chicken embryo culture,
infectivity is at the maximum 24 hours after inoculation
and the hemagglutinin is at the maximum at 72 hours.
Based on infectivity tests in embryos, IBV does not sedi-

ment at 44000 g (Buthala, 1956). The virus adsorbs to

38
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anion exchange resin and elutes from the resin subsequently
in 10 per cent NaZHPO4 solution. Eluted virus showed a
higher infectivity titer than the original virus (Mall-
mann, 1960).

Neither infectivity nor HA activity could
be demonstrated from the pellst obtained bty nine
cycles of centrifugation at 136000 g. Viral particles
in allantoic fluid after being partially purified by cen-
trifugation at 21500 g for one hour were from 60 to 80 mu.
Particles from 20 to 40 mp were also present in infected
and normal allantoic fluid. Particles eluted from resin
were more homogeneous in size and shape than those of in-
fected allantoic fluid prior to treatment with resin and
consisted almost exclusively of particles from 60 to 80 mp.
The number of virus aggregates was also less in the eluted
virus than in the original virus. The increase in the
infectivity titer of the eluted virus found by Mallmann
(1960) is possibly due to the disaggregation of virus
particles in the course of adsorption and elution of the
virus. Adsorption to and elution from resin offers a
possible means of separation of virus particles from
particles ordinarily present in normal allantoic fluid,
and for partial purification of the virus.

The hemagglutination titer of the eluted virus

was the same as with the original virus. This indicates
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that the hemagglutinin is not present in solution as a
free antigen, but is rather related to the virus particles
adsorbed to the resin. From the homogeneity of the eluted
particles,‘it may be concluded that there is a similarity
in the size and shape of infective and hemagglutinin parti-
cles even if they are, in fact, independent of each other.

Untreated virus, and virus eluted from resin,
were reduced from 60 to 80 mp to 25 to 35 mp when modified
with trypsin for 30 minutes at 56 C.

The activity of trypsin has been tested on a
variety of peptides and proteins (Dixon and Webb, 1958)
and has been found to be more specific than most of the
proteolytic enzymes. There are known cases in which tryp-
sin does not readily attack a bond at the carboxilic end
of basic amino acids as would be expected. Two such bonds
(one involving arginine and the other lysine) occur in
tobacco mosaic virus (Woody and Knight, 1959). Induction
of hemagglutination activity of IBV by tryptic digestion
of the protein of the virus may indicate that arginine or
lysine or both be present in the.molecular structure of
the virus (Corbo and Cunningham, 1959).

Since trypsin has specific activity on proteins,
it may be concluded that a protein coat from 17 to 22 mp
thick is removed from the surface of the virus by trypsin.

Influenza virus has an outer protein coat which is thought
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(Hotchin et al., 1958) to be analogous to the cell membrane
around the virus derived from the cell previously infected
by the virus. Hemadsorption, whereby cells infected with
influenza virus are able to adsorb erythrocytes, also indi-
cates that the membrane of the cell possesses the sane
function as influenza virus as reflected by hemagzlutina-
tion. It is possible that after infection of the cell,
the virus behaves as a cytoplasmic gene, the presence of
which is reflected as a phenotypic change in the host
which can be detected by the ability of the host cell
membrane to behave like the virus membrane. The protein
coat of 1BV might act similarly as‘an altered cell protein
wnich inhibits the hemagglutinative activity of the virus,
or as a mucoprotein inhibitcr of HA which covers the sur-
face of the virus. A nucoprotein present in the allantoic
fluid does not mask the HA activity of the myxoviruses,
but hemagglutination by IBV is not detectable until after
the virus has been modified by trypsin.

Neither nonmodified IBV, nor indicator IBV were
able to adsorb to the erythrocyte membrane. Trypsin-modi-
fied virus was adsorbed within 20 minutes after contact
with the cell. After 60 minutes, projections were pro-
duced on the surface of the cell by the virus which was
subsequently eluted from the cell. These projections

acted as a lattice for attachment of other cells to cause
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agglutination. With hemolyzed cells, small depressions

of 200 mp were observed instead of the projecctions from
the normal intact cells. The depressions were probably
where the virus had been attached to the cell or the bases
where the projections would have been present on the ag-
glutinated cells. No such morphological changes were
observed on cells treated with trypsin alone or with tryp-

sin and egg-white trypsin inhibitor.



SUMMARY

1. Infectious bronchitis virus in allantoic fluid is a
sphere from 60 to 80 mp in diameter.

2. The virus can be partially purified and separated
from particles, 20 to 40 mu, ordinarily present in normal
allantoic fluid by centrifugation at 21500 g and by ad-
sorption of the virus to anion exchaﬁge resin and subse-
quent elution in 10 per cent NazHPO4 solution.

3. The hemagglutinin of IBV is not present as a soluble
antigen in the supernatant fluid, but is related to the
virus particle.

4. The morphological characteristics of the infective
particle and hemagglutinin are similar.

5. A protein coat from 17 to 22 mu thick is present on
the surface of the virus and is removed by trypsin at 56 C
for 30 minutes. |

6. Trypsin-modified IBV attaches to the erythrocyte mem-
brane within 20 minutes.

7. The virus causes a few projections to be produced on
the membrane of the normal erythrocyte and small depres-
sions on the hemolyzed erythrocyte which is followed by

elution of the virus from the cell.
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