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1. SUMMARY 

94 

We have sequenced that part of the spike protein (S) gene which encodes the amino­
terminal and most variable quarter (hypervariable region, HVR) of the S I subunit of 28 
isolates of the 793/B (also known as CR88 and 4/91) serotype of infectious bronchitis vi­
rus (mV) and the whole of S I for nine of them. The isolates were from France and Britain 
between the years 1985 (first isolation) and 1996. The maximum nucleotide and amino 
acid differences between the first isolate and the others were 4.1 % and 7.6%, respectively, 
for the whole of SI and 7.1% and 14.6%, respectively, in the HVR. Analysis within 
clearly recognisable subgroups suggested that even in the HVR the nucleotide mutation 
rate was only 0.3 to 0.6% per year. However, there was no evidence that mutations had be­
come fixed in a progressive manner; this serotype did not appear to be evolving. Strains 
isolated several years apart could be more similar than those isolated in a given year. It is 
likely that the amino acid changes are largely at positions where amino acid differences 
are tolerated rather than as a consequence of immune pressure. Reasons for this conclu­
sion are discussed. 
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2. INTRODUCTION 

IBV is known to exist as many serotypes, defined by haemagglutination-inhibition (HI) 
or virus neutralization (VN) tests, and doubtless many more await discovery. The epitopes 
which define serotype are formed largely by amino acids within the first and third quarters of 
the SI subunit (Kant et ai., 1992). It is in these regions that most amino acid differences occur 
between serotypes and within serotypes (Cavanagh, 1995). Serotypes frequently, but not in­
variably, differ by 20 to 25% of S I amino acids. The amino-terminal quarter of S 1 is the most 
variable, this hypervariable region (HVR) differing between serotypes by 35% or more of 
amino acids. Such differences might suggest that IBV mutates rapidly. 

In the winter of 1990/91 in Britain chickens suffered respiratory disease, and unusual 
pathology, caused by a serotype of IBV not previously detected in Britain (Gough et ai., 
1992; Parsons et ai., 1992). The serotype was named 793/B (also 4/91) after one of the earli­
est British isolates. It differs from all known IBV serotypes at 21 to 25% of S 1 amino acids 
(Adzhar et ai., 1997). It subsequently transpired that a large number of strains isolated in 
France in 1988 (prefixed by CR88) were of the same serotype (Picault et ai., 1995). Retro­
spective serological analysis revealed that one French isolate of 1985 was also of this sero­
type. These epidemiological studies presented us with an opportunity to examine the 
manner and extent to which changes were occurring in this serotype over a decade. 

3. MATERIALS AND METHODS 

The French isolates (number examined in parenthesis) were from years 1985 (I), 
1988 (3) and 1994 (6) and the British isolates were from years 1991 (7), 1993 (6), 1995 
(2) and 1996 (4). 

The S 1 part of the S gene of the 1991 and 1993 isolates was amplified in a reverse 
transcriptase polymerase chain reaction (RT-PCR) using 'universal' !BV oligonucleotides 
as primers (Adzhar et ai., 1997). The DNA products were cloned prior to sequencing. For 
all other isolates sequencing was performed directly on the PCR products. The HVR was 
amplified using two primers specific for the 793/B genotype. 

The phylogenetic relationships between the strains were investigated using the 
DNAML (maximum likelihood) package of Felsentein (1993); 11 'hill climbs' were perfo­
med. Estimates of the mean corrected (Jukes and Cantor, 1969) numbers of synonymous 
changes per synonymous site (d) and non-synonymous changes per non-synonymous site 
site (d.,) per sequence pair were obtained using the method ofNei and Gojobori (1986). 

4. RESULTS 

4.1. Nucleotide Sequence Comparisons 

It is not suggested that the British strains had developed directly from the French 
strains in this study or, indeed, from any other French strains. It is highly likely that this 
serotype was prevalent in Continental Europe, but not in Britain, by 1990 (Cook et ai., 
1996). Notwithstanding, we have used CR85131, the earliest isolate of the 793/B serotype, 
as a reference point. 

The sequence of that part of the S gene encoding the whole of the S 1 subunit was 
determined for nine of the isolates. Comparison of each nucleotide sequence with that of 
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Table 1. Percentage differences between the nucleotide and amino acid 
sequence ofthe whole ofSI of the earliest 793/B isolate (CR85131) 

with those of eight other strains of the same serotype 

Isolate Year Country 

CR88061 1988 France 
2/91 1991 Britain 
3/91 1991 Britain 
5/91 1991 Britain 
7/91 1991 Britain 
7/93 1993 Britain 
CR94047 1994 France 
1233-95 1995 Britain 

Difference ('Yo) from whole S 1 
sequence of CR85131 

Nucleotides Amino acids 

3.0 5.6 
3.3 6.5 
3.1 5.9 
3.2 5.8 
3.3 6.5 
3.9 7.6 
4.1 6.7 
3.7 6.5 
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the earliest isolate (eR8S131) of the 793/B serotype showed that the strains differed at 3.0 
to 4.1 % of nucleotides (Table I). 

In order to get a more thorough picture of the sequence differences exhibited by this 
genotype we sequenced the HVR (approximately 450 nucleotides) of an additional 19 iso­
lates. Relationships among the 28 isolates in this region are illustrated by a maximum like­
lihood phylogeny unrooted tree in Figure 1. A number of subgroups can be discerned. 

The best estimate of the rate at which these viruses are mutating can be deduced 
from the subgroup at the top of Figure 1. This subgroup comprises 13 strains isolated in 
Britain between 1991 and 1996. The greatest difference between two of the isolates, iso­
lated in 1991 and 1996, respectively, was only 1.5% of nucleotides. This is very low when 
one considers that these figures refer to the HVR. It is likely, therefore, that all these iso­
lates have a common origin. If that is the case then there has been a change of only 1.5 % 
of nucleotides in five years, or 0.3%/year. The rate for the whole of the S 1 part of the S 
gene would be approximately half this figure. 

The other British subgroup comprises five isolates. The greatest difference in the 
HVR, between a 1991 and a 1995 isolate, was 2.6%. If the 1995 isolate had developed 
from the 1991 isolate then this indicates a rate of change of 0.6%/year. 

The five 1994 French isolates which are on the same branch as the earliest (1985) 
isolate (CR85131) have differences of 2.6 to 3.9% from this isolate. If these strains devel­
oped directly from CR85131 then this difference over nine years suggests a mutation rate 
of 0.3 to 0.4% in the HVR. This is similar to the rate estimated for the two British sub­
groups and supports the phylogenetic analysis that these French 1994 isolates have devel­
oped from CR85131. 

The three 1988 French isolates differed from eR8S131 by 4.7 to 5.8%. Given the 
mutation rates estimated above this would suggest that these three isolates were intro­
duced into France independently of eR85131. 

4.2. Amino Acid Sequence Analysis 

The amino acid sequence of S I of eR85131 differed from that of the other eight 
strains for which the whole of S I was sequenced by 5.6 to 7.6% (Table 1). The ratio (% 
amino acid difference:% nucleotide differences) was approximately 1.8. 
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Figure 1. Relationships among 28 isolates 
of the 793/B serotype, using data corre­
sponding to the hypervariable region, illus­
trated by a maximum likelihood phylogeny 
unrooted tree. The French and British iso­
lates are indicated by 'F' and 'B', respec· 
tively. The ellipses encircle strains isolated 
in the years shown. The differences (%) be­
tween the nucleotide sequence of the HVR 
of the oldest isolate, CR85l31, and the oth­
ers is shown. 

In the HVR the range of amino acid differences from CR85131 was 7.6 to 14.6%. 
The ratio (% amino acid difference:% nucleotide difference) was in the range 1.8 to 2.3 
for the majority of strains, indicating a generally higher proportion of non-synonymous 
mutations in the HVR than in the S I gene as a whole .. The exceptions were four of the 
isolates in the same branch as CR85131 in Figure I, where the ratio was 2.6 to 2.8, indica­
tive of a higher proportion of non-synonymous mutations than in the other isolates. 

We have analysed the ratio of synonymous to non-synonymous mutations in the 
HVR region of 12 British 793/B strains isolated in 1991-93 and compared it to the same 
ratio obtained from an analysis of a 360 nucleotide partial sequence from the nucleocapsid 
protein (N) gene of 21 strains of IBV of many serotypes (Zwaagstra et aI., 1992). The N 
protein is much less variable than the Sl protein. The expected value of did., (see Materi­
als and Methods) for the N gene was 6.48 (standard error 1.36) and for the HVR of SI 
gene was 1.35 (standard error 0.46). These ratios are significantly different from each 
other (p<0.0002), demonstrating that non-synonymous substitutions were relatively more 
common with respect to synonymous substitutions in the S 1 gene than the N gene. Indeed 
the value of 1.35 demonstrates that a high proportion of mutations in the HVR of S I led to 
changes in amino acid composition. 
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5. DISCUSSION 

A d/dns ratio of 1.0 is often cited as evidence for the presence of positive Darwinian 
selection for amino acid changes (Hughes and Hughes, 1995; Seibert et aI., 1995). A ratio 
of slightly greater than 1.0 could result either from a selection pressure arising from im­
mune surveillance, or as a consequence of reduced structural constraints on the protein 
structure thereby permitting a wider diversity of tolerated amino acid substitutions. While 
both ofthese factors probably interact to determine the observed d/dns ratio, we favour the 
latter-low structural constraints-as being the major factor. 

In Britain alone there are approximately 700 000 000 meat-type chickens in a year. Most of 
these live for only 6 to 8 weeks and are quickly replaced with day-old chicks. Throughout the 
country the chicks receive a similar vaccination regime, typically one, sometimes two, vaccina­
tions with live IBV vaccine of the Massachusetts serotype. Chicks vaccinated with Massachusetts 
vaccine develop clinical signs when challenged with IBV of the 793/B type (Parsons et aI., 1992). 
If a 793/B-type strain can successfully infect a flock of meat-type chickens, and our 
epidemiological studies show that this is common, there is little immune pressure on the S I pro­
tein to change as the replacement flock will have virtually the same immune status. Therefore it is 
likely that many of the amino acid differences, which arise from random mutations, are simply 
tolerated because oflow structural constraints in this part of the protein. It is the equivalent part of 
the S protein of porcine transmissible gastroenteritis virus (TGEV), canine coronavirus, feline 
coronavirus and human coronavirus 229E which shows the greatest variation among those spe­
cies. Indeed, in the respiratory variant of TGEV known as porcine respiratory coronavirus, the 
corresponding part of the S protein is missing (Cavanagh, 1995). 

Egg-type chickens number approximately 60 000 000 in Britain. They live for a year 
or more, sufficient time for more than one infection by IBV. Immunity developed to infec­
tion by a 793/B strain during the first few weeks of life might be expected to have some 
protective effect against subsequent infections by strains of the same serotype. Changes in 
the S protein during the first infection might give some selective advantage when the virus 
infects a chicken that has previously been infected with the 793/B serotype. Further 
changes in the S protein may occur during this second infection and be selected. 

Our analysis of the SI gene sequences of the 28 strains in this study suggest that the muta­
tion rate is not especially high. While many of the mutations are non-synonymous there is no ob­
vious fixation of amino acid changes. Rather, different amino acids can be tolerated at some 
locations, especially within the first and third quarters ofS I. The maximum amino acid difference 
between two 793/B isolates over the whole ofS I was 7.6%, approximately one-third ofthe differ­
ence between many IBV serotypes. It may take a considerable time for an IBV to accumulate a 
change of 20% of its S I amino acids. A live 793/B vaccine was introduced recently. If this be­
comes widely used two scenarios may be envisaged. Firstly, the virus may accumulate amino acid 
changes in SI, and possibly other proteins, more quickly, in response to immune pressure. Sec­
ondly, the vaccine may reduce the amount of 7931B in the environment to such an extent that a 
'vacuum' is created, paving the way for another serotype to become dominant. The dominant se­
rotype/genotype (D274) in Continental Europe during the early/mid 1980s decreased greatly in 
the later part of the decade, during which time D274-specific vaccines were introduced. Con­
comitant with the decline ofD274 was the rise of793/B. 
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