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Infectious bronchitis virus (IBV) exists in
Original (0) phase and Derivative (D) phase. This diphasic
characteristic resulting from egg propagation, is reflected
in several properties of the virus. In the present study
the differences in thermal sensitivity as reflected by
bimodal inactivation at %6 C., were the basis for char-
acterization of the two phases.

Isolation of thermostable C phase from O - D
populations was accomplished by differential inactivation
of thermolabile D phase at 56 C. The isolated O phase
was inactivated exponentially with a reaction-rate con-
stant similar to tnat for C phase in the respective C - D
populations.

The isolated C phase was maintained through
13 serial egg-passages by using the limiting dilution
technique, but therumostability decreased directly with
egg—passage.

Bimodal inactivation at 56 C., of mixtures of
isolated O phase and the Beaudette egg-adapted strain
considered to be in D phase, emphasized that inactivation

is due to heterogeneity of thernal sensitivities of the

virus.
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The O phase virus was antigenic and pathogenic
for chickens. Growth characteristics of O phase were
similar to those of IBV in low egg-passage.

Inactivation of 1BV in O - D population by
1:2,000 and 1:4,000 formalin at pH 7.5 and 37 C., followed
a curvilinear rate. The Beaudette egg-adapted strain
was inactivated exponentially by 1:4,C00 formalin. The
U phase was more resistant to 1:4,000 formalin and the
inactivation rate was less curvilinear as compared to
the O - U population. Since these features were in common
with thermal inactivation, the curvilinearity of the in-

activation rate was considered to be due to the hetero-

geneity of the two virus phases to formalin.
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INTRODUCTION

Infectious bronchitis virus (IBV) undergoes
modification of several of its characteristics as a result
of serial propagation in embryonating chicken eggs. Pre-
vious studies of thermal inactivation showed that IBV is
heterogeneous in its thermal sensitivity and that in early
egg-passage the virus possibly exists in thermolabile
Derivative (D) phase and thermostabile Original (0) phase.

The objects of the present study were: (1) to
isolate O phase by the differential thermal inactivation
method and to maintain it in serial egg-passage in order
to obtain a homogeneous population of IBV, and (2) to
evaluate the characteristics of O phase, and mixed O - D

populations by the kinetics of thermal and formalin in-

activations.



LITERATURS KREVIEW

iNFECTIOUS BrONCHIYIS

Infectious bronchitis is an acute and contagious
disease of chickens characterized by respiratory disturb-
ances. The disease was first recognized by Schalk and
Hawn in 1930, in the United States,86 and has since been

reported in England,l Canada,55 The Netherlands,5 Italy,76

and Japan.84

The etiological agent, a virus, has been classi-

73, 91

fied as Tarpeia pulli in order Virales. According

to electron microscopy, the virus in allantoic fluid is

spherical with a diameter of about 65 to 135 millimi-

cronsjs’ 79, 80 Intracytoplasmic elementary bodies of

an average diameter of about 200 willimicronsare found

29

in the infected chorio-allantoic membrane. An inclusion

body has not been reported.68

Infectious bronchitis virus multiplies readily
in the allantoic cavity, amnionic cavity, and the chorio-

allantoic membrane of embryonating chicken eggs.17’ 19,

20, 26, 30, o8 The virus in early egg-passage is rarely
lethal to chicken embryos but produces characteristic
macroscopic lesions, the most typical of which are stunt-

ing and curling of the embryos with deformed feet compressed






over the head; wry neck; and the amnionic membrane is

thickened, and resists removal of the embryo.4’ 19, 20,

25, 26, 30, 68

During the course of serial propagation in em-
bryonating chicken eggs, there is an enhanced virulence
of the virus for chicken embryos accompanied by progressive
loss of virulence and antigenicity for chickens.4’ 25
Complete adaptation of the virus to the embryo may require
60 or more passages depending on the strain. Completely
egg-adapted virus, such as the Beaudette strain, is non-
pathogenic and non-antigenic to chickens but highly viru-
lent to chicken embryos, killing all within 24 to 36 hours
post-inoculation.21 Egg-adapted virus still capable of
inducing the disease in chickens does not revert to its
original upon passage in chickens.25 Although the com-
pletely egg-adapted virus is non-antigenic, it is specif--
ically neutralized by antibodies produced by virus pos-

sessing antigenic properties,32’ 74, 75

Growth rate studies in chicken embryos indicate
that 1BV in low egg-passages enters the log phase in 6
hours and reaches the maximum concentration in 24 to 36
hours. Completely egg-adapted virus, such as the Beau-
dette strain, multiplies more rapidly, entering the 1log

phase in 4 hours and attaining maximum titer in 12 to 18

hours. 54



The EBeaudette strain can readily be cultivated,
after a few passages, in cell culture from chicken embryo
kidney,lz’ 23, 33 liver, heart,33 and whole embryo fibro-
blasts,lz’ 25 and in the isolated chcrio-allantoic mem-
branes.23’ 53, 35, 72 The Connaught R and Beaudette strain
do not infect mouse liver cells but do multiply in monkey
and chicken embryo liver and heart cells without the pro-

duction of cytopathogenic effects.33 I'he Massachusetts

and Connecticut strains do not infect chicken embryo kid-

ney cells.12

Interference occurs between active IBV and heat
inactivated 15V, 1BV and influenza, and 1BV and Newcastle
disease virus in chicken embryo culture.49’ 20, 51, 52, 53

Infectious bronchitis virus does not possess
hemagglutinating activity,B’ 51, 56 but when modified
by trypsin, chicken and turkey erythrocytes can be agglut-
inated.14 The degree of hemagglutination varies with
egg-passage level of the virus. The greatest hemagglut-
inating activity occurs with low egg-passage virus while
the Beaudette egg-adapted strain shows little or no activ-
ity. The hemagglutinin of trypsin-modified IBV is prob-
ably not associated with enzymic activity. Heat inacti-
vated virus can agglutinate chicken erythrocytes and the
cells from which the virus has eluted are reagglutinable.l4

The ability of 1BV to produce neutralizing anti-

bodies is associated with infectivity.25’ 21, 51



Inactivated or completely egg-adapted virus is non-anti-

genic for chickens. Antibodies can be measured in vitro

by the neutralization test.22’ 24, T4, 15 The lethal

dose50 neutralizing index (1'd‘50NI) of sera from 99.7
per cent of normal chickens by the alpha procedure (de-

creasing virus constant serum method) has been found to

te within the range of 101‘517 : 100.0376 or approximately

30 neutralizing doses.18

Neutralizing antibodies can be measured two
weeks after primary antigenic stimulus of chickens with
virulent IBV. The maximuin neutralizing index is reached
at the sixth week, remains constant up to the twentieth
week, and then gradually decreases. A secondary stimulus
at the twelfth week is followed by a further increase in
antibody titer for about three weeks, but at the twentieth
week the antibody level is the same as at twelfth week

following primary antigenic stimulus.28’ 74, 75

Immunological differences have been observed
between strains of 1BV by reciprocal neutralization tests.
At the present, there are two sero-types which have been

identified as Liassachusetts and Connecticut. There is

the possibility that a third sero-type may exist.sg’ 61
2
Antibiotics have no effect on the virus.”

adapted virus is inactivated in three minutes by 1

Ege-

per cent solutions of phenol, tincture of metaphen,



formalin; 25 per cent ethyl alcohol; 5 per cent sodium
hydroxide; 1:1,000 mercuric chloride and 1:10,000 potas-
sium permanganate.15

Polylysine inhibits the infectivity of IZV for
chicken embryos if injected prior to inoculation of the
virus. The inhibiting effect diminishes significantly
with the virus in high egg-passagze or completely egg-
adapted virus. 1t has been suggested that the mechanisn
of inhibition of viral infectivity by polylysine is per-
haps due to its combination with the acidic groups of the
protein component of tne virus particles. The decrease
in the inhibiting effect of polylysine on virus in high
egg—-passage may be considered to be due either to the
nodification of surface pattern of the virus or to in-
creased virulence of the virus for chicken embryos.47

Beta-propiolactone in a final concentration
of 0.025 per cent at 37° C., inactivates IBV in two hours
as measured in chicken embryos, without destroying its
immuncgenicity for chickens.13

Maximum stability of IBV at 4° C., is at pH
7.8.%% The iscelectric point is probably at pH 4.05.
The density ranges from 1.13 to 1.16 in glycerine and

sucrose solutions.8



TdirwAL INACTIVATICON

Considerable information about the kinetics of
thermal inactivation of animal viruses has been obtained
in recent years. Such studies are of interest because
they provide very meaningful information about the basic
properties of the virus. Inforiation usually sought from
studies of inactivation are: the relationship of infec-
tivity to antigenicity; structural relationship of com-
ponents and various chemical zroups of virus particle;
and homozeneity.

Based on experiences with bacteria, bacterial
viruses, plant viruses, and the fact that animal viruses
are largely composed of protein, it is usually assumed
that inactivation of animzl viruses by heat and other
physical agents follows a first-order reaction. Any de-
viation from such a course is to be considered in the
light of inhomogeneity, aggregation and impure prepara-
tions of virus, and possibly technical error. itecent
studies with animal viruses, however, have shown marked
deviations from a first-order reaction. Such deviations
are being viewed es a reflection of a phenomenon common
to animal viruses rather than an exception.

There are only a few reports that thermal in-
activation of animel viruses is according to a first-order,

at diffcerent tewperatures. The accumulating evidence in
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favor of the non-exponential behavior of the thermal in-
activation rate of animal viruses has stimulated consider-
able interest for review and re-evaluation of earlier
work. 3ronson and Parker7 reported that inactivation
of myxoma virus at 50° and 55° C., is exponential. Fen-
ner34 reached a similar conclusion with two strains of
vaccinia virus. Lauffer, W#heatley and MacDona1d65 re-
ported thast thermal inactivation of influenza A virus
is interpretable by a first-order reaction. Kaplan62
pointed out that Fenner34 and Lauffer gﬁ_gl.,Gs did not
continue their experiments to the point where heterogene-
ity might be observed. Under such circumstances, the
validity of the conclusion that these vaccinia and influ-
enza viruses were inactivated in an exponential manner
way remain doubttful until further work is done to obtain
complete inactivation of the virus.

Bourdillon6 reported that inactivation of a
partially purified mouse brain preparation of columbia
SK strain of poliomyelitis virus at 49.5°, 56.5° and 63° C.,
did not follow a first-order kinetics. There was no con-
clusion as to the possible reason of this behavior.

Lauffer and Carnelly64 and Scott and Lauffer87
showed that thermal destruction of influenza A virus hemag-

glutinin did not proceed according to first-order kinetics.

The data best fit to a three-halves order reaction, which



is indicative of a bimolecular reaction. Lauffer and

Wheatley°7 re-interpreted the data and showed that the

overall reaction on a semilogrithmic plot appeared to
consist of two first-order reactions with different slopes.

On this basis, they concluded that slow and fast reacting

hemagglutinin particles were present, each of which was

inactivated according to a first-order reaction.
, 2 . . : .
Bachrach et al.,” studied the inactivation of

foot-and-mouth disease virus, type A, strain 119, at

temperatures from 4 to 61° C. Inactivation curves at

55° and 61° C showed bimodal patterns similar to the
thermal destruction of influenza hemagglutinin. They
suspected that this was due to the heterogeneity of the
heat sensitivity of the virus. Inactivation at tempera-
tures below 49° C., followed a first-order reaction.
Activation energies calculated from the Arrhenius plot
of results obtained below 43° C., and above 43° C., were
found to be 27.2 and 120.6 K calories/mole, respectively.
It was concluded that loss of infectivity by heat may be
due to two different processes.

Kaplan62 reported similar experiences at 50°
and 60° C., with the Lister Institute strain of vaccinia
virus adapted to the chick embryo. It was concluded that
the virus was heterogeneous with respect to its heat

stability and represented 2 mixture of heat sensitive



10

and heat resistant virus particles. The fast inactivation
rate of heat sensitive virus particles was temperature
dependent, and that of the slow inactivation of resistant
survivors was independent of the temperature. [Heat re-
sistant virus isolated from a single pock lesion did not
differ in its thermal inactivation rate from that of the
original virus.

Youngner98 found that 11 strains of poliomyeli-
tis virus, representing three immunologic types, were not
inactivated at 50° C., according to a first-order. The
thermal inactivation curves indicated heterogeneity of
the heat sensitivity of the virus. Heat resistant virus
isolated from a single plague was more thermostable than
of the parental population. Serial passage of the virus
in monkey kidney cell culture had no effect on the inacti-
vation rate. The various strains of virus at 36.5° C.,
were inactivated at identical exponential rate. No re-
sistant variants could be isolated. It was concluded
that different mechanisums are responsible for inactiva-
ting the virus at the two temperatures.

Page25 studied inactivation of the Beaudette
egg-adapted strain of 1BV at 4°, 22°, 37°, and 56° C.,
and concluded that the rate was exponential with the

activation energy for inactivation being of the order of

24 K calories/mole at 40° C.
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838 found that inactivation of 10 strains

Singh
of IBV at 56° C., proceeded in a two-component fashion.
The reaction was considered to be complex and it was as-
swaned that 1BV as used in this study represented a mixture
of thermolabile and thermostabile virus particles, each
of wnich was inactivated according to a first-order.

The thermolabile particles were identified as Derivative
(D) phase and thermostabile particles as Original (0)
phase.

The D phase particles were considered to be
a modified foru of the 0 particles as the result of adap-
tation to cultivation in the embryo. The O phase parti-
cles were those which had not been modified and had re-
tained their original characteristics.

Thermal inactivation of strains of IBV diluted

10™°

in nutrient broth with 20 per cent horse serum fol-
lowed a first-order reaction. This was considered to be
due to stabilization of the virus particles by serum pro-
teins. As a result of this, the virus particles were
uniformly inactivated and differencesin the heat sensivi-
ties were not exhibited.SC

he interesting feature of the thermal inacti-
vation of animal viruses thus far reportzd has been the

similarities of the mode of inactivation rates at differ-

ent temperatures. Interpretations of the observed deviations
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from a first-order reaction, in general, have been pointed
to the heterogeneity of the heat sensitivity of the virus
particles. This may be due to either nutation, host in-
duced modification, or some other factors.

97

woese utilized the data of Kaplan62, Young-

ner98, and Dachrach gl_gl.,2 and attempted to postulate

a unifisd hypothesis to explain the complex nature of
thermal inactivation of animal viruses at different ten-
peratures. He hypothesized that thermal inactivation

of animal viruses is primerily due to the structural de-
struction of nucleic acid. The conclusion was that nu-
cleic acid is capable of existing in two interconvertible
viable forms and inactivation occurs by different mechanisms
at low and high temperature ranges: (1) the collapse
mechanism involving the secondary structures of nucleic
acid, associated with high activation energy; and (2)

the chain break mechanism involving a single site of the
nucleic acid associated with low activation enerzgy. At

50° C. or above toth mechanisms operate with the collapse
mechanism predominating. As a result two-component fashion
curves are obtained. At 40° C. or below, the chain break
nechanism predominates, giving a single component type

of inactivation. This hypothesis excludes the possibility
that virus particles are heterogeneous with respect to

heat sensitivity as has been reported with animal viruses
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at high temperatures.
The parallel loss of infectivity and serolor-ic
specificity at high temperatures has also been explained

97

by doese on the basis of his hypothesis. He stated

that at high temperatures nucleic acid is inactivated

by the collapse mechanism; therefore, the protein is recad-
ily denatured as a result of loss of its stabilization by
the nucleic acid. At low temperatures, nucleic acid is
inactivated by a single-point chain break mechanism still
capable of stabilizing the protein against denaturation.
The serolog;ic properties of a virus are directly associ-
ated with its protein component; therefore, any drastic

change in protein component, such as denaturation, will

destroy antigenicity.

£O0IudALDEHYDS INACTIVATION

The virucidal activity of formaldehyde is well
known and has been extensively employed for inactivation
of viruses in vaccines. Only within the last decade has
the kinetics of inactivation of viruses by formaldehyde
received much attention for interpretation of some of
the important functional and structural properties of
Viruses. At the present time, the kinetics of inactiva-
tion of some animal viruses remains controversial and

no uniformity of agreement has been reached as to the
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mode of action of forwaldehyde.

HEACTION OF FCRLALD=ZHYDE ON VIRUSES

Formaldehyde is used as formalin which is ap-
proximately a 37 per cent concentration by weight of the
gas. In agueous solution, formaldehyde exists in many
hydrated forms but predcminantly as methylene glycol

(HO -CH, -OH) which seems to react with viral particles.®’

93
The virucidal activity of formaldehyde has been
assumed to be due to its reaction with various protein

groups. In case of tobacco mosaic virus (TLV) Cartwright

10

and Lauffer suggested that the virus was inactivated

as the result of formation of methylene bridges between
amino and sulfhydryl groups of protein. Fraenkel-Conrat44
found that inactivation of TLiV occurred even after all
the reactive amino and sulfhydryl groups were blocked

by acetylation and oxidation, respectively. He also
found that formaldehyde can react with nucleic acid in
the intact ThiV. Nucleic acid showed a greater affinity
tnan did proteins for formaldehyde. From this, he sug-
gested that the loss of functional activity of TiIV was
associated with inactivation of ribonucleic acid (RNA)

by formaldehyde.

Since the findings that infectivity is chiefly
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a property of the nucleic acid of viruses,42’ 46, 48 it
is generally considered that loss of infectivity occurs
as the result of some irreversible chemical reaction of
nucleic acid with formaldehyde. Staehelin89 found that
the ENA of TV is very sensitive to formaldehyde, and
that two different reactions take place: (1) the greater
part of the formaldehyde is reversibly bound to kNA =nd
can be removed by dialysis, and (2) the suealler fraction
of formaldehyde 1s irreversibly bound and cannot be re-
moved by dialysis. The relative amount of irreversibly
bound formaldehyde increased directly with time of the
reaction. He suyg:sested the possibility of a cross-link-
ing between hNA molecules based on the incresse in its
molecular weight after the reaction.

The reaction sites of nucleic acid have not
been studied extensively, but it is considered that the
amino groups of purine and pyrimidine bases, and the hy-
droxy groups of pentose and secondary groups of phosphoric
acid, are the most probable reactive sites.41’ 45, 46

The reaction sites on viral protein are con-
sidered to be amino, imino, sulfydryl, hydroxyl groups,
peptide linkages, and several ring structures. The reac-
tions are often initially reversible but later become

irreversible, and usually involve the formation of methy-

lene bridges between reactive groups giving rise to new
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ring structures. The overall cffect is the decrease in
the permeability, charge, =2nd solubility resulting in

chemical inertia of the protein coat.j7’ 58, 39, 40, 45,

46, 94

KINcTiCo O INACTIVATICN

hoss and Stanley82 reported that inactivation

of 1.V by formaldehyde followcd a first-order reaction

36

over wost of the course. Fischer and Lauffer and Cart-

11 reached similar conclusions. Ross and

wrignt et al.,
Stanley82 also mentioned that a much longer time is re-
quired to obtain complete inactivation than would be indi-
cated from extrapolation of data. This indicated that

the inactivation rate probably deviated from the first-
order course in the later stages of the reaction.
Keogh63reported inactivation of vaccinia virus
by formaldehyde as being of a first-order reaction. The
validity of the conclusion appears somewhat doubtful.

a4>

Gar using Keogh's data showed that four of the five

experiments exhibited marked deviations from a first-order
reaction.

Lauffer and Hheatley66 studied PR8 influenza A
virus and concluded that inactivation by formaldehyde
was probably that of a first-order reaction. Gard43 re-

ported tne possibility of the inactivation of influenza A
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virus not beinyg of a first-order reaction.
87 .
Szlk et al., in their several expsriments
found a first-order rezction for inactivation of three
strains of poliomyelitis virus by formaldechyde. Cn the
. , 6 §
contrary, Timm et al.,go Wesselen et al.,9 Lycke,09

70 and Schaffer85 have reported that formalin

Lycke et al.,
inactivation of poliomyelitis virus is not according to
a first-order reaction.

According to Bachrach g}_gl.,2 foot-and-mouth
disease virus was inactivated by formaldehyde in an ex-
ponential manner. \esselén and Dinter95 found that in-
activation showed a deviation from a first-order reaction.

As 1s apparent from review of the literature
the controversial nature of the formaldehyde inactivation
of animal viruses has aroused a wide interest to deter-
mine the exact nature of the process. This is particularly
true with poliomyelitis virus because the safety factor
supposedly encompassed in the process of vaccine produc-
tion is tasced on the firet-order kinetics of formaldehyde

83 orisinally

inactivation of the virus. 3alk et al.,
attributed the deviation from a first-order reaction of
formaldehyde inactivation to the lack of pretreatient

0f the virus by filtration and adequate mixing with forma-

lin. As a result, the suspension was considered to con-

tain virus aggresates and extrancous protein material
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which would prevent direct contact between the virus and

90

formaldehyde. Gard and Lycke44 and Timm et al., showed
tnat filtration and mechanical homogenization of the virus
suspension had no =2ffect on the course of inactivation.
Using a highly purified preparation of poliomyelitis

85 also found that inactivation by formal-

virus, Schaffer
dehyde did not follow a simple kinetics.

Gard43 stated that deviation from a first-order
reaction in the formaldehyde inactivation of poliomyelitis
virus is not caused by a decrease in concentration of
formaldehyde in the reaction mixture. Although a slight
decrease of formaldehyde seemed to occur, the deviation
could not be accounted entirely by such a small loss.

An explanation as to the cause of the deviation
has been sought in genetically-conditioned-heterogeneity

44 .tated that this

among virus particles. Gard and Lycke
hypothesis does not seecm very probable. They tried with-
out success to establish formalin resistant variants.

carad?s 46

proposed a theory to explain the
deviation from the simple first-order reaction in all
cases 0of chemical inactivation of viruses. Accordiag to
his theory, the action of formaldehyde on nucleic acid,
which is responsible for infectivity, depends upon the

ability of formaldehyde to penetrate the protein coat.

The rate of inactivation can be assumed to depend upon
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the rate of penetration by formaldenhyde. The rate of
penetration, in turn, will depend upon the state of pro-
tein coat. As the reaction cf formaldehyde with protein
progresses, the protein becomes progrecssively less per-
mneable and chemically inert leading to a decrease in the
rate of penetration by formaldehyde. Under these condi-
tions, inactivation of nucleic acid cannot be expected
to follow a simple reaction rate. There seems to be some
experimnental support to his theory. Schaffer85 from
studies using 014 found that ths uptake of formaldehyde
by poliomyelitis virus was not a simple reaction. The
rapid initial uptake was followed by a prolonzed period

with a linear increase.



MATZRIALS AND LISTHODS

The seven strains of IBV enployed were sclected
tecause they represent a fairly wide geographical distri-
bation in this country, nand have becen used previously
for inactivation studies.

Of the seven strains, six are maintained at
North Central kepository, lichigan State University, and

are identified as follows:

REPOSITORY ORIGIN ISCLATED BY

CODE NO.

3 Iowa, 1947 M. 3. Hofstad, Ames, Iowa

17 New Jersey, 1956 I'. R. Beaudette, New Bruns-
wick, N. J.

19 Alabama, 1956 C. S. Roberts, Auburn, Ala-
bama

40 Michizan, 1956 C. H. Cunningham, East Lan-
sing, liich.

41 Massachusetts, H. Van Roekel, Amherst,

1941 Llass.
42 New Jersey, 1976 F. R. Beaudette, New Bruns-

wick, N. J.

The seventh strain was received from Anchor
Serum Laboratories, 3t. Joseph, liissouri, and witnh the
designation of A-3-1. This strain was isolated originally

by J. F. Crawley, in Canada.

20
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The repository strains are referred to ty code
nunber and egg-passage. Ffor example, 3-11 indicoates
strain 3, 1lth egg-passage. The Beaudette egg-ndapted
strain, 42, co2s not have the egg passazges enunerated.
This strain has been through hundreds of passages but
the exact nwuber is unknown. All strains were passaged
in egzs at least once =z month. J3ingle comb white Leghorn
embryonating chicken eggs 1C or 11 days c¢ld were used.

An inoculum of 0.1 of a 107° or 1077 dilution of virus

rer egg was cmployed via allantoic cavity. Fith the ex-
ception of the Beaudette egz-adapted strain 42, allantoic
fluids were harvested 36 to 48 hours post-inoculation.

In the case of the Beaudette strain, the allantoic fluid
was harvested 24 to 30 hours after inoculation. Allantoic
fluid was collected from about 10 to 20 eggs per passage
and only from living embryos. The fluids were pooled

and stored at -30° C. At the time of use, the frozen
allantoic fluid was thawed at room temperature and centri-
fuged at 3,500 r.p.n. for 20 minutes at 4° C. The clear

supernatant fluid was removed and dispensed in 2 ml por-

tions in 12 x 7% mm tubes, which were kept in an ice bath.

TITRATION OF INFECTIVITY

Serial ten-fold dilutions of the virus were

pPrepared using Difco nutrient broth, pH 7.2, as the diluent.
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Five eggs were inoculated per dilution. The eggs were
incubated and candled once daily. =zZmbryos dead within

24 hours post-inoculation were not included in determina-
tions of fifty per cent end points as the deatns were
considered to be due to non-specific causes. At the end
of the sixth or eightn day, 211 living embryos were ex-
amined for gross lesions characteristic of those produced
by infectious bronchitis virus, such as stunting and curl-
ing of eubryo with deformed feet compressed over the head,

68 The criteria for

and urates 1in the mesonephros.
positive responses were mortality and gross lesions of
the eumbryo. The embryo infective dose50 (e.i.d.5o) was

calculated by Reed and lLiuench method.81

TAZRAEAL INACTLVATICN

1. DETSKWMINATION CF THoRMAL INACTIVATICON

All samples were incubated simultaneously in
a water bath at 56° C. After two minutes of preheating,
the time which had previously been dctermined for the
virus to equilibrate at 56° C., samples were removed at
predetermined time intervals, chilled immediately in an
ice bath, and the virus was titrated for infectivity.

None of the samples was stored for titration at a later

period.
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2. 1SCLATICN OF C PHAsi VIKUS FkCii O-D POFU-

LATION

1solation of C phase virus was attempted by
the selective thermal inactivation method based on the
differences in neat sensitivities of C and D phase viruses
in a mixed population at 56 C. When a mixed population,
0-D, of IBV is heated at %6 C., a bimodal rate of inacti-
vation results. The faster inactivation is a property
of tne D phase virus. Zxtrapolation of the D phase in-
activation rate to the abscissa indicates the time at
whiicn D phase would be expected to be completely inecti-
vated. Using this information, the nixed population may
be heated for this precdetermined period end C phase virus,
because of its gre=zter thermostability, may be isolated
from the mixture.

Bach 0-D mixture of virus was incubated at 56 C.,
for the tiwme previously determined by extrapolation. The
virus was reumoved from the water bath, chilled, diluted
ten-fold, and inoculated into eggs. The allantoic fluid
was harvested 36 to 48 hours after inoculation, pooled
and frozen.

The inactivation rate of the harvested virus
was determined at 56 C. The criterion for the isolated
0 phase was an exponential inactivation similar to that

of the C phase in the respective 0-D population prior
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to selective separation.

3. MAINTENANCE OF O PHASS VInUS IN EGG-PASSAGE

The limiting dilution technique was employed
to waintain O phase virus in serial egg-passage. The
strains in O phase were vassaged in the dilution next
lower to that in which fifty per cent end point occurred.
The e.i.d.50 of the inoculunm was determined prior to each
of the first five passages. For subsequent passages, a
l()_5 dilution of the virus was employed, because in the

6

first five passages the e.i.d.50 ranged from 10~ to

107°-3, Embryos were inoculated and incubated for 48 to
60 hours. They were chilled overnight end the allantoic
fluid was harvested, pooled and frozen. After the 5th,
10th, and 13th egg-passages, thermal inactivation rates
were determined at 56° C.

The O phase egg-passage level for each strain

is designated as follows: 3-12 (013). This indicates

the 13th passage of O phase isolated from strain 3-12.

4. HKEPRODUCTION OF BIIODAL PATTERN OF THERIIAL

INACTIVATION BY MIXING O PHASE VIRUS AND

D PHASE VIRUS (BEAUDETTE EGG-ADAPTED STRAIN)

The O phase viruses isolated and maintained
in serial egg-passage were mixed with the Beaudette strain

in different proportions by volume. By reason of the
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complete adavtation of thne Beaudette strain in embryo
culture, and its extreme thermal sensitivity as shown by
complete inactivation within 10 minutes at 56° C.,75 at
a linear rate, this strain is considered to consist of
D phase virus only. The e'i’d'SO of the strains in O
phase, and the Beaudette strain, were always determined
prior to mixing. The mixtures were shaken vigorously,
transferred in 2 ml portions to 12 x 75 mm test tubes,
incubated at 56° C., and reumoved at certain intervals.
The sanmples were immediately cooled in an ice tath and

titrated for infectivity.

5. DoTERMINATION OF ANTIGENICITY OF O PHASE

VIRUS FOR CHICKZNS

Five groups of two, six-week-0ld chickens each,
were placed in individual Horsfall-Bauer isolation units.
After two weeks, the chickens were bled by cardiac punc-
ture for pre-infection sera. Sera from individual chickens
were pooled in equal portions for each group. Cne week
later, the chickens of cach group were inoculated intra-
nasally with virus, 0.2 to 0.3 cc per chicken, as indi-

cated below:

Group Strain
1 3=-21
2 3-12 (013)
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3 19-12 (013)
4 19-21
5 Control

The chickens were observed daily for signs of
infection. 3era were collected four weeks after inocu-
lation. Neutralization tests using the decreasing virus-
constant serum method,22 five eggs per dilution, were
performed on the pooled pre-infection and post-infection

sera, using the Becaudette strain as the antigen.

6. GROWTH RATES OF O PHASE VIRUS

"wo preparations of strain 3-12 containing C-D
phases were used: (1) undiluted virus, and (2) virus

diluted 1072

in nutrient troth. These preparations, 2 ml,
were incubated at 56° C., for 30 and 40 minutes, respect-
ively. The period for the undiluted virus had been pre-
viously determined by extrapolation of inactivation rates
as the time at which D phase virus should have inactivated.
With the diluted virus, the 30 minute pceriod was arbitrar-
ily selected as it was rcasoned that a more rapid inacti-
vation would occur with the lesser concentration of virus.
sach preparation was used to inoculate 50 eggs. At 12
hour intervals, five eggs were removed, chilled, the virus

harvested, and frozen. Infectivity titrations were per-

formed later.
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FPORIALDEIYDE INACTIVATION

PREPALRATION OF VIitdS SALFLES

The frozen allantoic fluid suspension of virus
was tnawed at 4° C., for about 6 to 8 hours. This pro-
cedure was Ifollowed because it had bcen observed that
the amount of precipitate formed upon thawing was rela-
tively more following prolonged thawing at 4°¢ C. than
at room temperature for a shorter period of time. The
allantoic fluid was centrifuged at 3,500 r.p.m. for 30
minutes at 4° C. The supernatant fluid was removed and
mixed with an equal volume of phosphate buffer. The pH

of such mixtures ranged from 7.4 to 7.5.

PHOSPHATE BUFILR

Socdium phosphate buffered saline, 0.02 M with
respect to phosphate, and 0.15 M with respect to NaCl,

was used.

FORMALDEHYDE SOLUTICN

Formelin, Baker's reagent grade, 36.2 per cent
HCHO, was employed to prepare 1:20 and 1:40 dilutions
of formalin in sterile distilled water. A sufficient

amount of diluted formalin was added to the virus to give



final concentration of 1:2,000 2nd 1:4,000 formalin in
the nixture. Irresh dilutions of formalin were prepared

for each experiuent.

DETSRMINATION OF FORMALIN INACTIVATION

Two procedures were employed:

(1) The virus samples, in phosphate buffered
saline at pH 7.5, were distributed in 40 or 50 ml quanti-
ties into each of two 4 ounce prescription bottles with
screw caps. The bottles were placed in a water bath at
37° C. dhen the temperature of the virus prezarations
reached 37° C., as determined by thermomnetry, an initial
sample of 5 ml was withdrown and imnmcediately placed in
an ice batn. This was considered to be the control for
the virus at zero time before the addition of formalin.
Yormalin was then added to onc bottle of the virus at
37° C., and mixed tnorouzhly. The other bottle was used
as the control. To prevent evaporation of formaldehydie,
the bottles were kept tightly closed. At certain time
periods, 5 ml samples of virus were removed, 2and mixed
with sufficient amount of sodium bisulfite to provide
a molarity equal to that of the formalin in the virus
sanples to neutralize the free formnaldehyde. This was
accomplished by adding 0.1 ml containing 1.96 mgm of

NaHSO3 to each 5 ml sample of the virus treated with
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1:4,000 foriazslin. These samples were kept in the ice
bath until tane last sauaple of virus was removed from the
37° C. water bath. The total pericd for reaction of
formaldehyde with virus at 37° C. varied from 3 tc 7
hours depending upon the particular experiment. The
sauples were then dialyzed against two changes of phos-
phate buffer at 4° C., for 20 to 24 hours and then titrated
for infectivity.

The dialyzing unit consisted of a Visking cellu-
lose dialyzing tubing 24/32 inches in diameter and 3 to
4 inches long. COne end of the tubing was tied to form a
bag and the other end was tied around one end of a glass
tube which passed through the center of a rubber stopper.
Phosphate buffer, 60 to 70 ml, was poured into a %2 x 200
mm culture tube and the rubber stopper with the cellulose
bag was placed in the tube. The open end of the glass
tube was plugged with cotton and the entire unit was
sterilized in the autoclave. The virus sample was intro-
duced into the cellulose bag through the glass tube and
dialyzed for 10 to 12 hours. The cellulose tube was then
transferred to another culture tube containing fresh
sterile phosphate buffer solution and dialyzc¢d for another
10 to 12 hours.

(2) This procedure differed from the first one

in that the samples consisted of 20 ml in 30 ml screw
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cap vials. At each interval, 2 ml samples were withdrawn
and immediately placed in an ice bath. No sodium bisul-
fite was added to neutralize free formaldehyde and the
samples were not dialyzed. Chilling alone was relied
upon to suppress the reaction of formaldehyde at each
sampling period.

Controls were treated in the same manner except
for the addition of formalin. No attempts were made to
keep the pHd of the virus-formalin mixture constant, al-
tnough it was observed that pH had increased by 0.2 to
0.5 units by the end of the reaction period. No signifi-
cant loss of infectivity and chanze of volume of virus
sanples was observed as a result of dialysis alone and

handling of the virus during the experimental procedures.

g,



RESULTS

The results of the effect of 56° C. on IBV,
3-12, 19-12, 40-16, 41-8, 17-35, 2nd A-3-1, are given
in table 1, and plotted in figure 1 through 6.

All six strains were inactivated in a2 two com-
ponent fashion. The overall kinetics was considered to
consist of two consecutive first-order reactions repre-
senting: (1) the rapid inactivation of thermolabile D
phase, and (2) the slow inactivation of thermostabile O
phase. The reaction-rate constants (k) for inactivation
of O and D phases, respectively, are given in table 2, as
derived from the formula: log V°/V = -kt, where V° is
the initisl concentration of the virus at time O, and V
is virus concentration at time, t.

The D phase constitutes from 98.75 to 99.92 per
cent of the C-D yopulation of the strains used. For cal-
culation of U/v, the inactivation line for C phase was
extrapolated to the ordinzte to determine the log concen-
tration of O phase. Using antilogs, the number of in-
fective D phase particles was determined by subtracting
the number of O phase particles from the total O - D mix-
ture. The 0/D and the per cent D phase particles in the
O - D mixture were then calculated, and are presented in

table 3.

31
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TABLE 1
INACTIVATION AT 56° C. OF INFICTIOUS BRONCHITIS VIRUS

Time of logz 10 enbryo infective dose50 of wvirus
exposure
in min. strain
3-11 19-11 40-16 _17-35 41-8 A-3-1

0 1.3 7.5 7.5 7.5 7.2 6.2
5 - - - 3.2 3.5 3.7
10 - - - 3.0 2.3 2.4
15 4.5 5.0 4.7 2.0 0.8 1.5
20 - - - 1.4 0.0 C.7
25 - - - 0.6 - 0.0
30 3.8 2.4 4.0 - - -
45 2.6 1.0 3.7 - - -
60 1.5 0.2 2.7 - - -
75 - - 1.8 - - -
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TABLE 2

KREACTICH-rALE CONSTANTS (k) FOR INACTIVATION CF C AND D
PHASZS CF INFeCTIOUS ZRONCHITIS VIRUS IN C - D TPOFULATICXH

Strain K minuteT
0 nhase D phase
3-12 0.062 0.186
1g-12 0.060 0.300
40-16 0.043 0.193
17-35 0.144 0.840
41-8 0.233 0.740
A-3-1 0.174 C.580
TABLE 3

KAT10 OF C/D AND PorR CENT D PHASE IN O - D POPULATICN COF
INFZCTICUS BrONCHAITIS VIRUS

Strain o/ %D

3-12 1/78.4 98.75
19-12 1/3980.2 99.97
40-16 1/157.5 99.46
17-35 1/2508.4 99.92
41-8 1/500.6 99.86

A-3-1 1/99.0 99.00
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Comparison of the inactivation rates for strains
3, 19, and 40 of different egg-passages obtained in this
study and as reported previously indicate identical pat-
terns. The only difference, with the exception of strain
40, lies in the proportions of O and D phases. Strains
3-12, and 19-12 contained more D phase than did the 3-6
and 19-7, respectively,88 which indicates that D phase

increases in the population with each egg-passage.

ISOLATION OF TdsxiiOSTABLE O PHASH VIRUS

The six strains whose inactivation rates had
been previously established (table 1), were used. The
time obtained by extrapolation, and the time found effec-
tive for selective inactivation of D phase to permit re-
covery of O phase from the mixed O-D population of dif-

ferent strains of IBV, is shown in table 4.

TABLE 4

THE TIWE AT 56 C., FOK INACTIVATION CF D PHASE FROM O - D
POPULATION OF IBV

Strain *Time obtained by *Time found effective
extrapolation
3=-12 40 60
19-12 25 25
40-16 41 -
17-35 10 10
41-8 10 15
A-3-1 10 20

* minutes
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In the case of 19-12 and 17-35, the time ob-
tained by extrapolation, 25 and 10 minutes, respectively,
wzs effective for inactivation of the D phase. Fith 3-12,
41-8 and A-3-1, a considerably longer tiusie tnan that de-
ternined bty extrapolation was required to inactivate D
phase, as shown in tabls 4. No success was achieved in
three atteupts to isolate U phase from the nixed popula-
tion of strain 40-16. Two attempts were nade by sutject-
ing 40-16 to 56 C. for 41 and 60 minutes, respsctively.
For the taird atteinpt, the virus heated for 41 minutes
was used to inoculate embryos and the harvested virus
was heated at 56 C. Zor 60 minutes.

The results of the thermal inactivation of ©
thase 1in the first enmbryo passage after isclztion from
vhe mixed population of 3-12, 19-12, 17-35, 41-8, and
A-3-1 are presented in table 5. 1In figures 7 through
11, the data are plotted and fitted by the linear regres-
sion equation of the least squares niethod. The reaction-
rate constants for the isolated O phasec (ko) and for the
C phase of the respective 0-D population (kD) are shown
in table 6.

The reaction-rate constants for the isolated
O phases and for O phase in their respective 0-D popula-
tions were exponential and of =2 similer magnitude. This

indicates that the incctivation rate of C phase is
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INACTIVATICON AT 56° C. OF O PHASE OF INFECTICUS BRCNCHITIS

VIRUS IN THs FIRST ZGG-TASSAGE (Ol)
Time of lqglo enbryo infective dose5o of virus
exposure
in min. strains
3—12(01) 19-12(01) 41-8(01) 17—35(01) A—3—1(01)
0 6.5 6.2 7.0 6.3 6.0
P - - 5.5 5.2 4.8
10 - - 4.3 4.0 4.2
1y 5.6 55 5.6 2.0 2.7
20 - - 2.5 3.4 2.3
25 - - - 3.2 -
50 4.5 4.0 - 2.5 -
45 3¢5 5.7 - - -
60 4.2 2.5 - - -
75 ) 2.6 - - -
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FISURE 7

INACTIVATION AT 55 C. (UF C PHASE CF INFZCTICUS RRCNCHITIS
Viils, 3-12, IN THe FIKST EGG-FASSAGE (Ol)
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FIGURZ 8

INACTIVATION AT 56 C. C& C PHASE CF INF:CTICUS BRONCHITIS
VIRUS, 19-12, IN THE FIRST EGG-PASSAGL (Ol)
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FIGURE 9

INACTIVATION AT 56 C. OF O PHAUE OF INF=CTIOUS RRONCHITIS
VInUs, fl-8, IN FIKST EGG-PASSAGE (Ol)
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INACTIVATION AT 56 C. OF O PHASZ OF INFECTIOUS BKCONCHITIS
VIkUS, 17-35, IN FILKST EGG-PASSAGE (01)
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FIGURE 11

INACTIVATION AT 56 C. OF O PHASE CF INF:sCTICUS RRCNCHITIS

VIRUS,
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TABLE 6

SPECIFIC-nEACTION RATE COJSTANTS FOR O PHASE IN FIKST
EGG=-PASSAGE VIKUS (kOl) AND FOR O PHASE CF THEIR POPU-
LATION (kp)

ot . -1 . -1
Strains kol minute kp minute
41-3 0.22 0.23
A-35-1 0.19 0.17
17-35 0.13% 0.14
3-12 0.05 0.06

19-12 0.05 0.06
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independent of the initial concentration of the virus
and that the isoclated O phase and the O phase in the
mixed population of a strzin have the same thermal sensi-

tivities at 56 C.

MAINTENANCS OF O PHASE V1IKUS IN BGG-PASSAGE

The data for inactivation of C phase of 3-12
and 19-12 in the 5th, 10th, and 13th egg-passages are
presented in tatle 7. In figures 12 and 1%, these data
and those for first egg-passage (fig. 7 and 8) are plotted
as log V°/V versus time, to obtain a single point of ori-
gin for compariscn of the inactivation rates at different
egg-rassages.

The O phase of 3-12 and 19-12 in the 5th, 10th,
and 13th egg-passages were lnactivated according to a first-
order reaction. However, it was found that the reaction-
rate constants tend to increase directly with successive
egz—-passages, as shown in table 8.

As shown in table 7, and figure 14, the O phase
of 41-8 could not be maintained in serisl egg-passage.

At the 10th passage the virus had reverted to the bimodal

characteristic of the original 0-D population.
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KSACTION-RATE CONSTANTS OF O PHASZ AT DIFFSRENT EGG-FASSAGES

46

TABLZ

8

13

Number of . -1
egg-passages K, ninute

3-12 19-12
05 0.07 0.06
010 0.06 0.08
0 0.09 0.10
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Fi1GURE 12

INACTIVATICON AT 56 C. COF O PIASE CF INFICTICUS BRCNCHITIS
VikUs, 3-12 AT DIFFSRSNT =GG-PASSAGES
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FIGURE 13

INACTIVATION AT 56 C. OF O PHASE OF INFXECTIOU3 BRCNCHITIS
VIkUS, 13-12, AT DIFFIRSNT EGG-PASSAGZES
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1ePHODUCTICN Of BILODAL PATTSRN CF THIRLAL INACTIVATICN

The O phase of 1Y-12 in the oth egg-passage and
of 3-12 in the 10th and 12th egg-passages were nixed with
the Beaudette strain (D phase) in different proportions
by voluue. No attempt was made to obtain a definite C/D
in the mixture.

The thermal inactivation data presented in tatles
9, 10 and 11, and plotted in figures 15, 16, 17, indicate
that the mmixtures were inactivated according to a bimodal
rate, wihnich is characteristic of the O - D population of
IBV., The inflection between the fast and slow inactiva-
tion rates occurs at 10 minutes, which indicates that the
irajority of the D phase particles were inactivated in the
mixture within 10 minutes.

No controls for individual thermal inactivation
rates of O phase ~2nd tne D phase were performed. The C
phase virus was zlways euployed in the egg-passage immedi-
ately above or below that for which the exponential thernal
insctivation rate had teen deteruined. The Beaudette
strain, bein; complctely egg-o2dapted, is fixed in its
properties, including thermal sensitivity, and would not

be influenced by =dditional egz-passages.
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TABLE 9

INACTIVATION AT 56 C. U iIX2UnZ CF 3-12(0 O) AND BIAUDETTE
STRAIN (D PdAaSz) IN PROPO-TICHN CF 3:1 B} VOLUIE

Time in

Linutes loglO embryo infective dose50 cf virus
0 6.5
15 3.0
30 1.5
45 0.2
60 0.0
TABLE 10

INACTIVATION AT 56 C. CF LIIXIiUkE 0F 3-12(0 2) AND BIAUDEITE
STRAIN (D PHASE) 1IN PROFOKTION OF 1:3 B& VOLUZ

Time in

minutes loglo embryo infective dose50 of virus
0 5.2
p) 4.0

10 2.3

15 2.2

30 1.5

45 >
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TABLE 11

INACTIVATION AT 56 C. OF LIXTUR=Z OF 19—12(06) AND BIAUDGSTTE
STRAIN (D PHASE) 1IN IROPOxTICN CF 1:1 3Y VOLUILS

Eiﬁitig loglO enbryo infective dose50 of virus
0 6.6
10 3.8
15 3.5
30 2.6
45 1.4
60 0.2




INACTIVATICR
VIRUS,

/0.1 ml
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log e.i

INACTIVATICN AT 56 C. OF MIXTULZ OF IBV, 3-12 (O
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PIGUKE 14

AT 56 C. OF O PHASE OFf INFZCTICUS BHCNCHITIS
41-8, AT 10th EGG-PASSAGE, (olo)
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PIGULE 16

INACTIVATION AT 56 C. CF WILUULkE C¥ IRV, 3-12 (O
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DTl LAATICH o ANTIGuLICITY O C Fiasx VIiUS

The infectious cose;, neutralizing indexes (e.i.d.
5OI\-’I) of pre-infection and post-infection sera from the
chickens inoculated with C phase and the rzspective C - D

mixtures of two strains IBV, 2re presented in *table 12.

TABL:E 12

ANTIBCDY nsSPCNSm OF CRZICKSNS TO C PHASY AND THE KISFECTIVE
G - D POYULATION OF INFICTICUS BRCWNCHITIS VIKUS

groups of Stra;ns used e.i.d.SONI of e.i.d.SONI or
chickens for inoculation pre-infection post-infection
sera sera

1 3-21 (0-D) 0.1 2.8

2 3-12 (013) 0.3 = 3.8

3 19-21 (0-D) 1.1 = 3.8

4 19-12 (013) 0.1 s 2.3

5 Control 0.4 0.3

In 211 cascs tac e.i.d.5oNI

was within the range of the values for sera from normal

of pre-infection sera

chickens. The post-inoculation sera showed significent
NI

‘50

The chickens inoculated with 19-12 (013) ond

increases 11 e.i.d

19-21 developed severe rcspiratcry disturbance, and ons



U
Ul

chicken receiving 19-12 (013) dizd. All others recovered
after about a week. Liild sizns of infection were observed

with cunickens inoculated with 3-12 (013) and 3-21, with-

out any mortality.

GROWTH RATZ OF O FPHASE

The growth ratesof O phase contained in 3-11
undiluted and diluted 10™°, which were exposed to 56 C.,
for 40 and 30 minutcs, respectively, are presented in
table 13 and figure 18. The maximum concentration of
the virus using undiluted inoculum occurred at the 36th
hour. #ith diluted inoculum the maximum concentration
occurred at 48th hour. In both cases, concentration of
the virus declined after the 48th hour. Similar results
have been reported with IBV in early egg—passage.54 The
multiplication of O phase was not interfered with by heat
inactivated D phase virus which was present in undiluted
inoculum. The maximum titer do not appear to be entirely
dependent upon the concentration of the virus in the in-
oculum. This is evidenced from the fact that the undiluted

and diluted inocula contained 103'0 and lOO‘8

e.l.d.so,
respectively, and the maximum titers for both were essen-

tially the samne.
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TABLE 13
GKOWTH RATE CF O PHASE OF INZECTIOUS BRONCHITIS VIkUS, 3-11

Time in log embryo infective dose of virus

nours 10 50
Undiluted 3-11, 10~2 ¢ilution of 3-11,
40 minutes at 56 C. 30 minutes at 56 C.

0 3.0 ., 0.8
12 4.4 2.5
24 6.3 6.2
36 6.6 6.2
48 6.6 6.5
60 6.5 6.3
75 5.6 5.5
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FIGUKRE 18

GRCWIHd RATS Cf C PHASE OF INFsCTICUS BKRONCHITIS VIRUS, 3-11

log e.i.d.50/0.1 1l
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FORMALIN INACTIVATICN

The results of inactivation of IBV, 19-21, 40-26,
41-18 and 3-21, 19-21, 40-26, 41-18, 42 (Bczudette egg-
adapted strain) by 1:2,000 and 1:4,000 formalin, respcct-
ively, at pd 7.5 and 37° C. are presented in tables 14
and 15 and figures 19, 20, 21 and 22.

There was a slight residual infectivity 2t 6
hours for those strains which were treated with 1:4,000
forwalin. This represented as much as 7.0 log units of
virus which were inactivated. 4With the control, not more
than one log unit reduction of infectivity occurred during
the 6 hour period, illustrating that insctivation was cdue
to formalin and not to heat. Strains 3-21, 19-21, 40-25,
and 41-18, were not inactivated accordirg to an first-order
rezction. Inactivation, which was curvilincar, was rapid
in the initial stage but gradually and progressively de-
creased with time. The viruses were inactivated at a faster
rate by 1:2,000 formalin than by 1:4,000 form:alin, but
the pattern was essentially the saize in both cases.

The Beaudette egg-adapted strain was inactivated
by 1:4,000 formalin according to first-order reaction,
as shown in table 15 and figure 23. However, the possi-
bility of deviation from the course in the later stages

of the reaction may not be entirely excluded becnuse the
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inactivation was not carried out to the base line. The
loss of infectivity due to thermal inactivation at 37° C.,
amounted to 1.5 log units in three hours, which was con-
siderably higher than that found with the other strains.
The results with 3%-12 (014) and 19 (014) by
1:4,000 formalin, table 16, and figures 24 and 25, indi-
cate that although inactivation did not follow a first-
order reaction, the rate was more exponentiasl ond more
prolonged than that for the respective 0-D populations.
The proccdure of neutralization of formalin
by NaHSO3 and subsequent dialysis of the virus-formalin
mixture was introduced after the majority of the experi-
ments were completed and no direct comparison of this
procedure, and that of rapid freezing of the virus-formalin
mixture to stop the formalin reaction could be made.
Despite this, the results show that with either procedure
the pattern of inactivation was essentially the sane.
The former procedure would be more desirable because of

the guantitative neutralization of formalin by NaHSOB.
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TABLE 14

INACTIVATION OF INF=CTIOUS BRCNCHITIS VILKUS BY 1:2,000
FORIALIN* AT pd 7.5, AND 37° C.

Time of log10 embryo infective dose50 of virus
exposure
in minutes 19-21 40-26 41-18

0 6.7 6.3 1.3

10 5.4 - -

15 - 5.8 -

20 5.2 - -

30 4,2 - 5.5

45 4.0 4.0 -

60 3.5 - 5.8

15 3.2 3.4 -

90 2.4 - 3.5
105 2.0 2.4 -
120 - - 1.8
140 - 2.0 -
150 - - 1.8
180 - - 1.3
210 - - 0.4
240 - - 0.0

* Formalin was not neutralized with Na HSO3, and the samples

were not dialyzed, except in the case of 41-18.
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TABLE 16

INACTIVATION OF O PHASE OF INFECTIOUS BRONCHITIS VIKUS BY
1:4,000 FOmwALIN AT pH 7.5 AND 37° C.

Time of log10 enbryo infective dose50 of virus
exposure
in hours Strains
3-12 (0q,) 19-12 (04,)

r C F C
0 7.5 - 6.6 -
1 6.2 - 508 -
2 5.5 7.5 5.0 6.6
3 4‘06 - 402 -
4 4,2 6.8 3.8 6.7
5 jo7 - 303 -
o 3.3 7.0 3.2 6.5
P - with forialin; C - without formalin

Formaldehyde neutralized and dialyzed.
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rIsUsz 19

INACTIVATICN CF INFECTICUS BRONCuITIS VIRUS, 3-21, BY
FOKMALIN (F) AT pH 7.5 AND 37 C.
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RIGUKE 20

INACTIVATION Cf INFECTIOUS BRONCHITIS VIKUS, 19-21, BY
FOMMALIN (F) AT pH 7.5 AND 37 C.
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FIGURE 21

INACTLVATION OF INFECTIOUS BRONCHITIS VIRUS, 40-26, BY
FORMALIN (F) AT pH 7.5 AND 37 C.
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FIGURE 22

INACTIVATION OF 1NFZCYICUS BRONCIITIS VIRUS, 41-18, BY
FOWMALIN (F) AT pH 7.5 AND 37 C.
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INACTIVATION OF 3BpAUDsYTZE EGG-ADAPTED STRAIN OF IBV, 42,
BY FOriALIN (F) AT pHd 7.5 ARD 37 C.

Q%uithout F.

log e.i.d.5o/0.1 ml
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FIGURE 24
INACTIVATION CF INF2CTIOQUS BRONCHITIS VIRUS, 3-12 (O

)
3Y POIALIN (F) AT pH 7.5 AND 37 C. 1477
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FIGURZE 25

INACTIVATICN OF INFICTIOUS BRONCHITIS VIRUS, 19-12 (O

)
BY FORLALLN (F) AT pH 7.5 AND 37 C. 1477
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DISCUSSICON

THERWAL INACTLVATICHN

The successful isolation of C phase of IBV by
the differentizl inactivation of the thermolabile D phace
frou an 0-D population led to the first and major step
in substentiating the assumption, carlier proposed on the
tasis of bimodzl theriial inactivation rates, that IBV in
carly egg;-passage exists in two phases.

Wwhen isolating O phase, it wes found that with
certain strains 2 consideratly longer tine was reauired
to inactivate D phase than would be anticipated on the
tasis of the time obtained by extrapolation. This may
be considered to be due to two possible reosons. (1)
Consideration must be given to the fact that ot the base
line, one infectious dose of virus may te present when
calculations are made on logrithmic basis since 1OO equals
1. 411 e’i'd'SU calculations were made on the hasis of

O.1 ml inoculum. If cne e.i.d. were present in this

50
volume, then, theoretically, 20 e.i.d.50 would be contained
in the 2 ml szuples employed for determinations of thermal

inactivation. It would, therefore, be possible that purely
by chance distribution, the sampling from the 2 ml of

virus would contain one or more infectious doses of D

67
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phase virus wihich could nmanifest itself through multipli-
cation and infectivity for tne embryo. (2) The extent

of selective inactivation of thermolabile D

s}

hase may

be possitly considered to depend upon the ratio of C and
D phaszs (0/D). Tunere scems to be some experimental sup-
port for this point of view. From the data in tables

3 and 4, there aprears to be a direct relation between
0/D and the time required for inactivation of D phase.
Strains 19-12 and 17-35 had the highest C/D 2nd O phase
was isolated on the basis of the time determined by ex-
trapolation. dith strains 3-12 and A-3-1, which had ik
lowest O/D, wore tiue wos required than that obtained by
extrapolation.

The inatility to isolate C phase frcm the C-D
wixture of 40-26, under the conditions of the study, does
not exclude the possibility thet longer periods of heat-
ing would have completely inactivated D phase and thus
permit the isolation of O phease.

The direct relationcship of the incresse of the
reaction-rate constant of O phase with egg passage is an
interesting part ol this study. An increase in the reac-
tion-rate constant reflects a direct increase in thermol-
ability, which means that the O phase becomes increasingly
susceptible to heat with serial egg-passage. This techavior

is in agreement with the report by Hofstad58 that there
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seels to be a tendency for IBV to become increasingly
susceptible to heat wita increased cgg-passage. The gues-
tion arises as to why the entire C phase population becones
uniformly more thermolabile at a constant rate with the
entire population being affected at the same time. 1In
contrast, the initial modification of C to D is a progres-
sive process where only a portion of the viral population
is affected as reflected by the increasing bimodel type
of thermal inactivation with scrial cgs-pessage.

This situztion ma2y possibly be explained on
the basis thet dilutions of the order of 1077 of the ©
phase virus were euployed as inoculum for serial egg-

assazes. The titer of the virus usuclly ranged from
.p (&) o

oy U

~ -

- 0. .
10° to 10°'° before eacnh egz-passag2. Therefore, approx-
imately 10 to 70 e.i.d.5b were present in the inoculumn.
¥ith such a small number of viral particles ss compared

to about 2 x lO7 9, 91

cells in choricnllantoic membrane,
the virus may unacergo regeated multiplication cycles.

In so doing, it is probable that all particles are uni-
foranly subjected to the mocdifying effect of the chicken
embryo cells, snd as a result an homogenzous population

(&)

is obtained. However, if undiluted virus is inoculated,

6 o . . .
to 7 x 107 inf:ctive doses will te prescent.

about 10
In suchn a case, btecause of an overwhelning infection with

a rapid utilization of =211 cells, or possibly multivle
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infection, all virus particles may not te uniformly in-
fluenced by the modifying enviromment of the embryo cells.
As a result of this possitility, =ncd probably others,

only a part of thne gopulation is affected. Findings of
somewnat similar nature with influenza virus have been

.. 0]
reported ty Von uagnus.“3

If influenz~2 virus is passared
undiluted in embryos, a large number of non-infectious
particles or "incomplete virus" are produced. If the

virus is diluted lO-2

or higher for inoculum, standard

or homogenaous virus with respect to infectivity is pro-
duced. The formation of a high yield of incomplete virus
is considered to be due to multiple infection of cells.60

From the above findings, it appears that the
decreasing thermolability of O phase particles by egg-
passage indicates that this process may not be carried
on for an unlimited number of passages. Nevertheless,
by this technique an homogeneous population of the O phase
may be maintained and provide =2 possible means of studying
the rate of modification of IBV in egg-passage.

The study of the mixing of O and D phases in
different proportions emphasizes that the bimodal inacti-
vation is characteristic of the heterogeneity of the virus.
rarticles of at least two thermal sensitivities are repre-

sented, each of which is differenticlly inactivated ~ccord-

ing to a first-order reaction.

.



The fact that O phase rarticles are antigenic
and pathcgenic for chickens is in agreermant with the find-
ings tnat antigenicity ond infectivity of IBV fer chickens
25, 27, 27

are directly associatzd. The D phase particles

are known to be non-patihogenic and non-antigzenic. The

(¢

parental 0O-D population of the O phases tested olso pos-
sessed antigenicity end infectivity because the C phase
was present in a concentraticn sufficient to initiate
infection and to produce antibodies. Jince this study
was not planned for detailed analyses of the antigenic
properties of 1BV, the data do not permnit quantitative
evaluation of antigenicity of the C phascs za2nd of the re-
spective 0-D populations.

similarities of the growth rates of O phase
and of the 0-J population in ezarly egg-passage are in
accord with tne finding that differences in the growth
rates of IBV are apparent only when carly egg passage
and hish egy passage rates are compared. This is hecause
the change from O to D is a graduecl process and requires

s-passaze, the virus is

()

many cgg=-passages. 1n early op
still in the process of adaptation ~nd the srowth chor-
acteristics have not been so modified as to differ from
O phase in thais respect. Consideration nust be siven

to the fact that not all the properties of a virus can

be expected to be modified at a similar rate. This will
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serhaps degend upcn the order of their susceptitility
to the modifying effect of the host cells 2nd also to
the sensitivity of the technigue for detection of such
changes.

The prcoperties of C and D pnases of 1BV as shown
by this study were characterized primarily on the basis
of differential therral sensitivities. Since there is
evidence that the progressive change from O to D is asso-
ciated with egg-passage, the differential thermal sensi-
tivities are counsidered to be only one of several prop-
erties that are involved. ''hese properties have been
described in detail in the review of literature but are

presented in summary as follows:

TABLE 17

COWPARISON GFf PROPERTIZ

S OF IBV IJ¥ ZARLY
COMPLETELY
G

EGG-ADAPTED IBV

EGG-PASSAG:S T

IBV IN ZARLY SGG-PA3SA
C PHASS PreEDOMINATING

By CCMPLSTELY EGG-ADAPTZD IRV,
D PHASE ONLY

l. Virulent and antigenic
for chickens.

Non-pathogenic and non-~nti-
cgenic for chickens.

2. Produces characteristic
curling and stunting of
embryos. Liortality is
low and not a constant
finding.

Kills all embryos within 24
to 36 hours with no apparcent
characteristic ¢ross lesions.

3. Trypsin-modified virus

shows heuagzlutinating
activity.

Polylysins inhibits the
infectivity for embryos.

Trypsin-modified virus shows
little or no hemagglutinating
activity.

Polylysine has little effect.



The above and similar properties are probably
linked in one way or another with the nucleic acid and
protein of all animcl viruses. Pollard77 stated that
infectivity and the mechanism of host adaptation are the
properties of nucleic acid. The fact that the antizenic
propertiecs of 2 virus reside chiefly in the protein coat
is univarsally accepted. The inhibitory cffect of poly-
lysine 1s considered to be due to its combination with

47

thie acidic groups ol the protzin of the virus. The
hemagglutineting =2ctivity of IBV may e o function of the
protein &s cevidenced by the necessity for trypsinization
to unumask rcecactive sites on the surface of the virus.l4’ 71
Tnerr:al inactivation of a virus is considered to be due

to two effects of heat: (1) Alteration of the basic struc-
ture of the virus particle due to differential cxpansion

cf its various parts, recsulting in the btreakage of nhydro-
gen bonds snd the change of the spatial relationship that
is necesszary to keep the inte,srity of nucleic 2cid within
the protein coat.

(2) Prosressive inactivation with the most scnsi-
tive part teing affcected first leading vuvltimately to com-
rlete denaturation.77

In summary, these properties stronzly sugzest

the possibility of changes occurring in IBV as the r:osult

of the environucental influence of propazation in chickan
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ibryos. ‘The chanses in the charectezsr of IBV from C %o

)

(@2

L pheses may not te considcered to te due *to genetic vari-
ations fo1r the folloving rensons waich are based on thermal
inactivation studies: (1) The D phase of the virus exists
as the najority oi the population os early as the 7th or
8th egs-passage. This indicates thet the change from O e
to D with each e g-passage is far nmore frequent than would
te expected 1f it werc 2 genetically determined wvariaticn.

(2) The isolated C phasc propagated by serial :
egg-passage becones increesingly heat sensitive, indicat-
ing a progressive change to D. In addition, the C phase
of 41-8 at the 10th egg-passage had reverted to the char-
acteristic of z2n 0-D population as determined by thermal
inactivation.

The hypothesis that modification or heterccencity
was due to a protective coating couprised of extraneous
material which the virus may have derived from the dis-
integrated cells of the embryo was not considered probatle.
If tuis werce the case, the D phase should have been nore
thermostabile than the O phase, since the coating would
protect the D phase against heat. Trypsinized C and D
rhases do not show the same hemagglutinating activity,
which indicates thzt a protective ccating does not exist
and that the reactive sites on the two phases are differ-

ent. As suggzested by Gfard43 "this type of heterogeneity
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vould be considered a chance phenomenon, because it is
difficult to conceive of any mechanism by which the dis-

Pal

tribution of coating material would ke regulated to such
an extent as toc provide a virus population of a constant
rake up frow one experiment to anotiaer and from type to

type."

POIALLN INACYLAVATION

The kinetics of formalin inactivation of 3-
1y-21, 40-26, =z2nd 41-18, as found in this study, is simi-
lar to thct described by vwesselen et al.,96 for proliomye-
litis virus and by Wesselen and Dinter95 for foot-and-mouth
discase virus.

Thermal and formalin inactivation of IBV appear
to have certain features in common. Strains of IBV in
early egg-passage containing C and D phases were inactivated
by hezt according to a bimodel rate Inactivation by
1:2,000 a2nd 1:4,000 formalin was curvilinear. The Beau-
dette ezz-adapted strain containing D phase only, was
inactivatzd expcnentially by heat and 1:4,000 formalin.
However, taere are some differcntial festures. Unlile
thermal inactivation, foriralin inactivation of the 14th
esg-passage of C pghzses of strains 19-12 and 2-12, was
not exponzntial. Nevertheless, inactivation of O phase

by ferialin was more exponential and prrolonged than tha



£ the respective 0-D ropulaticon. This would indicate
some differcaces in the sensitivities of the virus wit!
regard to formalin.

tures and also the 21ltsra-

(¢3]
P

Considering these £
tion of maay rroperties of the virus as a result of coo-
rassszg2 as discussed previously, it secems possible to
explain the curvilincaer behavior of iancctivation of non-
couipletely eggs-adapted strains of IBV on the basis of
heterogeneity of the virus. The Beaudette strain is con-
sidered to bte homogeneous D phase and is distinguichable
frow other strains by many properties. OSince there is
strong evidence of modification of virus involving certain
chenmical groups of its protein and nucleic acid components,
it is not unreasonable to consider the modification of
the groups capable of reacting; with formaldehyde. There-
fore, there will te a mixture of particles with different

sensitivities with regard to formalin.
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SULLIARY

Inactivation of 6 strains of IBV at 56 C., was bimodal
and consisted of two consecutive first-orcder reacticns
which were considered to be due to a therrolabtile
verivative (D) phase and a taermostabile Criginal

(O) phase. =Zach phase was inactivated according to

a first-order renction.

The C phases isolated from 0-D populations of 5 of 6
strains by differentizl inactivation of D phase at

56 C. were inactivated exponentially at 56 C., at a
rate similar to that for O phase in the respective

0-D populations.

The O phases maintained through thirteen scerial egg-
passages using the limiting dilution technique decreased
in thermal sensitivity with increasing egg-passage.
The bimodal inactivation at 56 C., exhibited by the
0-D populations, was reproduced by mixing isolsated O
phase with D phase virus (Beaudette egg-adapted strain)
in certain proportions by vecluue.

The isolated O phases were antigenic and infective

for chickens.,

The growih rates of isolated O phase werc similar to

those of C-D populations of IEV in early egg-passage.

7
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The O phase nmultiplied in the presence of heat-inacti-

vated D phase with no evidence of interference.

The change from C to D was considered to be due to

the influence of the cnicken embryo culture medium

in serial egg-passegge zad not to zenetic variation

or mutation.

Inactivation of IBV by 1:2,000 and 1:4,000 formalin

at 37 C., was curvilinear. The Beaudette eg;y-adapted

strain was inactivated exponentially by 1:4,000 forua-

lin. The O phases were resistant to formalin and
their inactivation was less curvilinear than that

of the respective 0-D populations. Due to these fea-
tures in coruion with thermal inactivation, the curvi-
linear inactivation rates of IBV were considered to
be due to heterogeneity resulting from serial egg-

passage.

R
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