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INTROWCTION 

Infectious bronchitis virus /IBV/, the prototype of the family 
coronaviridael causes pathological conditions of the respiratory 
tract, the reproductive tract and the kidneys of chickens2• The 
disease was first described in the United states3, but by the early 
sixties it had been identified allover the world. Early work showed 
that more than one serotype of IBV existed4. Since then a large 
number of strains have been isolated and attempts have been made to 
classif,y these strains using a serological approach. On the basis 
of immunofluorescence data, and virus neutralization tests carried 
out mostly with reference strains, at least eight serotypes5 were 
established. However, in a study where large numbers of field 
strains were examined and compared to reference strains, it became 
apparent that it was not feasible to classify IBV isolates using a 
serological approach6• In an attempt to circumvent this problem 
strains were examined by cluster analysis using EUclidean distance 
as the measure of similarity and two main groups were established7• 
It was also found that twelve strains, fell into one or other of two 
categories of protein pattern diffe§ing in the mobility of a small 
glycoprotein on polyacrylamide gels ,9. It is of interest that 
reference strains placed in different groups by the cluster analysis 
also showed different protein patterns~. 

Under circumstances when live vaccine strains are used against 
a disease or when the relatively rapid emergence of new field strains 
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Table 1. Description of IBV strains used for fingerprinting. 

Serotype and strain Symbol Isolation Proteins Refe-
designat ion Place Year pattern renee 

1. Massachusetts 
Massachusett s 41 Mass 41 USA,Ma. 1941 M* 11 

Connaught Mass-e USA 1954 M 12 

Beaudette No.66579 Bea USA 1937 M 13,14 

927 927 England 1965-70 M 6 

Houghton, HVI 140 !WI 140 England 1965-70 M 15 

Hl20 ID..20 Holland 1956 M 17 

2. Geor~ia 
SE 17 SE 17 USA, Ga. 1969 M 18 

3. Connect icut 
Connecticut Conn USA, Co. 1951 e* 19 

LED LED Hungary 1968 C 20 

4. Delaware 
Holte Holte USA, Wise. 1954 e 21 

5. Iowa 21 
Iowa 97 Iowa 97 USA,Io. 1947 e 22 

6. Australia T 
Australia T Au T Australia 1963 e 23 

7. New Zealand A 
7533 NZ-A New Zealand 1976 C 24 

*Characterized by gp30 IMI and gp28 lei. 
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occurs las in the case of infectious bronchitis/ a reliable method 
for strain identification is essential. The increasing understand­
ing of the molecular biology of coronaviruses during the past few 
years prompt ed us to compare the RNAs of different lBV strains by 
oligonucleotide fingerprinting, which has been found to be usefUl 
in establishing the genetic basis of a serological classification 
of rhabdoviruses, picornaviruses, polioviruses, 'bunyaviruses, alfa.­
viruses and retroviruseslo • Previous studies· have shown that viruses 
which cannot be antigenically differentiated usually give comparable 
but distinguishable oligonucleotide fingerprints. When few differen­
ces are seen the viruses are called variants of one another. In 
other cases where many differences occur between the fingerprints of 
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Fig. 1. 64s lBV RNA fractionated on sucrose gradient. 

two isolates classified by other methods as the same virus type, the 
viruses are called varieties of the same type. 

In this study the RNAs of strains of lBV belonging to the same 
serotype, and strains representing different serotypes have been com­
pared by oligonucleotide fingerprinting. 

MATERIALS AND MEl'HODS 

The identification code, year of isolation and geographical ori­
gin of the lBV strains used in this study are summarized in Table 1. 
The exact number of passages of the strains since their isolation is 
unlmown but is probably in the order of ten to twenty. strain Bea 
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Fig. 2. Oligonucleotide fingerprints of RNA from six strains of 
lBV belonging to the Massachusetts serotype. 
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Conn • lE 

Fig. 3. Oligonucleotide fingerprints of RNA from two strains of 
lBV belonging to the Connecticut serotype. 
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is a highly passed strain, whose passage number is close to 300, for 
strain Hl20 the passage number is above 120 and for strain LED it is 
between 60 and 70. 

lBV was grown in CEK cells as previously described25 • 

32P-labelled RNA was extracted from purified virus and frac­
tiogated on sucrose density gradients as described in detail earli­
er2. A typical profile of lBV RNA used for further analysis is 
shown on Fig. 1. 

Labelled RNA precipitated from ethanol was digested with RNase 
Tl , and oligonucleotides were resolved on 2-dimensional gels, before 
v~sualization by autoradiograpty26. 

RESULTS 

RNA was isolated from six strains of the Massachusetts serotype 
and fingerprinted /Fig. 2/. Three of the patterns obtained were ob­
viously related to each other, showing only a few differences in 
their characteristic oligonucleotides. These were from strains Mass­
C, Bea and 927, which are therefore variants of the same parental 
variety. The fingerprints of the other three strains are dissimilar 
to the extent that no common large oligonucleotides could be recog­
nized. Thus Mass 41, HVI 140 and Hl20 represent other varieties of 
the Massachusetts serotype, and a total of 4 distinct varieties were 
identified in the 6 strains examined. These results show that oligo-
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nucleotide fingerprinting is much more incisive for strain differen­
tiation than any methodology previously applied to IBV. 

The relationships between viruses in the Connecticut serotype 
was investigated in a similar way. The reference strain C'onn and a 
more recent isolate LED were compared and may have a few common 
spots, but their overall difference is conspicuous /Fig. 3/. Thus 
these represent different varieties within the Connecticut serotype. 

The difference between the two major serotypes, Massachusetts 
and Connecticut was more rigorously investiagaed by co-electropho­
resis of Tl digests of their RNAs /not shown/. The majority /more 
than 70 per cent/ of the characteristic oligonucleotides did not co­
electrophorese, suggesting that the viruses are only distantly rela­
ted with little sequence homology. This is reflected in the differen­
ces tha~ have been observed in the polypeptide composition of these 
viruses ,9. 

Representative viruses from five other serotypes were analysed 
by oligonucleotide fingerprinting ln order to ascertain whether any 
have a significant degree of sequence homology. The fingerprints of 
three isolates from the Northern Hemisphere SE 17, Holte and Iowa 97 
are shown in Fig. 4. There is no apparent relationship between these 
viral RNAs. 

It was of interest to examine two strains from the Shouthern 
Hemisphere /N'Zr-A and Au T/ to determine whether it was possible to 
shed any light on the origin of these strains, since they were iso­
lated later than Iowa 97 and Holte /see Table 1/. The fingerprints 
of these RNAs are shown in Fig. 5. As far as it is possible to tell 
NZ-A and Au T are unrelated to each other and to Iowa 97, Holte and 

Fig. 4. 

Holte Iowa 97 

Oligonucleotide fingerprints characteristic of the Georgia 
/SE 17/, Delaware /Holte/ and Iowa 97 serotypes of IBV, all 
of which are other Northern Hemisphere isolates. 
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• • 

AuT NZ-A 

Fig. 5. Oligonucleotide fingerprints characteristic of Australia T 
/All T/ and New Zealand A /NZ-A/ serotypes isolated in the 
Southern Hemisphere. 

SE 17, suggesting that NZ-A was not derived from the Australian 
strain although New Zealand allowed the import of chickens from 
Australia before the NZ-A virus was isolated. 

In addition, none of these five strains showed any obvious si­
milarity with the two other major serotypes, Massachusetts and 
Connecticut. 

DISaJSSION 

We present here the Tl oligonucleotide fingerprints of RNA pre­
pared from 13 virus isolates. All these isolates were originally 
classified as IBV using pathological criteria. We have confirmed 
that all the viruses studied in this work have the virion density, 
genome size and protein profile expected for IBV /data not shown/. 
Nevertheless at least 11 different fingerprints were recognized. 
These were given by Mass 41, Mas s-C , HVI 140 and Hl20 from the 
Massachusetts serotype, Conn and LED from the Connecticut serotype 
and five representatives of other serotypes, SE 17 from the Georgia 
serotype, Holte from the Delaware serotype, Iowa 97 from the Iowa 97 
serotype, Au T from the Australia T serotype and NZ-A from the New 
Zealand A serotype. Thus different serotypes gave distinct finger­
prints, but so did varieties within a serotype. Whether variants 
with similar fingerprints, such as Mass-C, Bea and 927 are anti­
genically closer to each other than to other varieties of the same 
serotype with different fingerprints is not yet established. 
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FUrther generalizations about the genetic basis of antigenic rela­
tionships among lBV isolates would be premature, and must await the 
introduction of more precise methods capable of recognizing subtle 
antigenic differences between strains. 

One problem raised by this study is the question of which iso­
late should be considered the prototype virus of the Massachusetts 
serotype. Three of the viruses from the Massachusetts serotype cha­
racterized in this study, have virtually identical fingerprints. 
These are Mass-C, Bea and 927. These fingerprints differ substanti­
ally from the fingerprint of another virus which is currently regar­
ded as the prototype virus of the Massachusetts serotype /Mass 41/. 
The differences are unlikely to have arisen during laborator,y passage 
because the fingerprint of Bea produced in this work is identical to 
that previously published25. Thus the limited number of passage bet­
ween these viruses /fewer than ten/ has not allowed the accumulation 
of sufficient mutations to change the pattern of characteristic oli­
gonucleotides. This agree with results from other viruseslo • stern 
and Kenndey27 have recently published a fingerprint of strain 
Beaudette /lBV 42/ obtained from the American Type Culture Collection 
which differs only slightly from the fingerprints we have obtained 
from Mass-C, Bea and 927. lBV 42 and strain Bea /No. 66579/ used by 
us, have been maintained as separate passage lines. Thus these 
four viruses are all variants of the same parental virus. 

lBV was first recognized as a disease in the U.S.A. in 19313, 
but by the early sixties outbreaks had occurred all over the world. 
The viruses examined in this study were isolated over a period of 
years from widely separated geographical locations. 

A great diversity among the fingerprints of these viruses all 
identified as lBV by other criteria indicates that considerable 
variation of the genome is possible. Fingerprint analysis provides 
information concerning theories of origin and spread of lBV. For 
example the NZ-A virus could be postulated to be derived from the 
Au T virus. This would seem reasonable since Au T was present in 
Australian chickens during the period in which these were imported 
into New Zealand. However fingerprint analysis of the virus sub­
sequently isolated in New Zealand shows that it is not related to 
Au T. Therefore either the New Zealand virus has diverged ver,y ra­
pidly from Au T or it is derived from another source. This source, 
however, could not be any of the other viruses studied here because 
their fingerpints were also different. 

Vaccines have been used prophylactically in attempts to control 
the disease caused by lBV. Some of these vaccines have been com­
posed of live attenuated virus. When live vaccines are used there 
is an obvious danger that if the virus escapes, and if virulence is 
recovered, then the vaccine itself can actually be the cause of di­
sease outbreaks. Two of the viruses used in this study /Hl20 and 
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Mass-C/ have been used as live vaccines. Mass-C was used as a vao­
cine in North America in the late fifties and -early sixties. Sub­
sequently /1965-70/927, whose fingerprint analysis showed to be 
ver,y closely related to Mass-C, was isolated in England. Thus it 
is possible that 927 could be derived from escaped Mass-C virus, 
although at that time no live vaccine was licensed for use in Eng­
land. Alternatively this variety of the Massachusetts serotype 
!Mass-C, Bea and 927/ has a wide temporal and geographical spread. 
In order to resolve this question, and others about the origin and 
spread of IBV varieties, further stUdies will be required following 
the evolution of IBV in the field. 

SUMMARY 

11 distinct oligonucleotide fingerprints were obtained in stu­
dies of the RNA of 13 isolates of IBV. Different serotypes had dis­
tinct fingerprints, but so did varieties within a serotype; allowing 
a greater degree of strain differentiation than was previously pos­
sible. Some conclusions can be drawn from the fingerprints con­
cerning theories of origin and spread of IBV. 
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