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Summary. Four isolates of infectious bronchitis viruses (IBV) from chickens 
with nephritis, were characterized by polymerase chain reaction (PCR) and 
restriction enzyme fragment length polymorphism (RFLP), and were found to 
be genetically different from the other twelve strains which we previously studied. 

Avian infectious bronchitis virus (IBV), family Coronaviridae, genus Corona- 
virus, causes a highly contagious respiratory affliction of young chickens or a 
decrease in egg production of laying hens. Various IBV isolates have been 
classified into several distinct serotypes by the serological neutralization test 
[3, 4]. Some of them, such as the Gray, Holte [7], and Australian T strain [2] 
have been reported to cause nephritis and nephrosis. Recently, there have been 
frequent IBV outbreaks in Japan characterized by following signs: depression, 
dehydration, diarrhea, and death. The kidneys of those chickens were swollen 
with prominent tubules and the ureters distended, which were diagnosed as a 
tubutointerstitial nephritis. 

An infection of IBV has been effectively controlled by the vaccination. 
However, this did not prevent outbreaks caused by variant viruses. It is nec- 
essary, therefore, for employing the appropriate vaccine strains to survey and 
determine prevalent IBV strains using a rapid and reliable method. Recently, 
we developed a new typing method for IBV using PCR and RFLP 1-6] which 
provide the information as to whether these currently prevalent strains are 
similar to or different from current vaccine strains. This method is based on 
amplification of a 400 base pairs (bp) DNA fragment derived from the N- 
terminal region of S 2 glycopotypeptide gene and comparison of their restriction 
enzyme digestion patterns and was able to classify IBV isolates in several groups. 
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Fig. 1. Amplification of cDNA from four 
isolates. The strains listed at the top of 
the lanes were amplified by PCR in 25 
cycles. IBV M 41 was also amplified as a 
standard strain. Amplified cDNAs were 
analyzed by electrophoresis on 1.5% aga- 
rose gel in Tris-borate buffer containing 
0.5 ~tg/ml of ethidium bromide. HinfI di- 
gested pUC 19 DNA was used as the mo- 
lecular size markers (3//), and their sizes 

are indicated in base pairs (bp) on the left 

In this study, essentially the same procedure was used in an attempt to 
characterize four IBV isolates F-88, Y-4, M-l, and NI-1 from chickens with 
nephritis in different endemic areas of Japan between 1988 and 1989. Three of 
them, F-88, M-l, and NI-1, were obtained from affected kidneys, while Y-4 
was from a gizzard, cDNA fragments of the four isolates were amplified by 
PCR. The amplified DNAs comigrated exactly in a 1.5% agarose gel, giving 
an identical size approximately 400 bp corresponding to the length between the 
two primers (Fig. 1). This indicates that the amplified region was well conserved 
without apparent deletion or insertion. 

To see the RFLP of these amplified DNAs, they were cleaved by each of 
9 restriction enzymes (HpaII, MaeIII, XhoII, Hinfl, ScaI, DdeI, HincII, HaeIII, 
and PstI) under the conditions recommended by the enzyme suppliers, and the 
digestants were run on 6% polyacrylamide gels. Figure 2 shows the represen- 
tative cleavage patterns of the amplified DNA of M-1 and Y-4 isolates. The 
DNA of M-1 was cleaved at one site by all of the restriction enzymes, except 
HpaII and PstI (Fig. 2 a). The DNA of Y-4 DNA was cleaved at two sites by 
ScaI and at one site by MaelII, XhoII, DdeI, and HincII (Fig. 2 b). The dif- 
ferences in cleavage sites between the two isolates are shown in HinfI, ScaI, 
and HaeIII digestion. The DNA from the other two isolates, F-88 and NI-1, 
gave an identical cleavage pattern with that of the M-1 isolate, indicating that 
these three isolates are closely related to each other, and may be derived from 
a common origin (data not shown). Figure 3 summarizes the RFLP profiles of 
the four new isolates and of the previously defined 12 strains by showing the 
presence or absence of cleavage site in each strain. The Y-4 and the other three 
new isolates are similar to each other but clearly different from the 12 strains, 
suggesting that these four isolates have specific sequences in this amplified 
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a b 
Fig. 2. Restriction enzyme digestion of amplified DNA from M-1 isolate (a) and Y-4 isolate 
(b). Amplified DNA were digested with each of the 9 restriction enzymes indicated above 
the individual lanes. Hinfl digested pUC 19 DNA is used as the molecular size markers 

(M). Sizes indicated in base pairs (bp) on the left 

region. These isolates had several uniqueness including the absence of both PstI 
sites and one HinlI  site. 

To facilitate the classification of strains, a pairwise comparison of cleavage 
sites was performed. There are 17 cleavage sites by 9 restriction enzymes as 
shown in Fig. 3. For each pair of strains, the difference in restriction sites was 
counted (0-17). The results with four new isolates and previously defined 12 
strains were schematically illustrated in Fig. 4. The four new isolates are ob- 
viously closer with each other than with the other 12 strains which previously 
classified (group I-V) [6], and therefore classified into a new distinct group 
(VI). 

Serological data based on the cross-neutralization test measured by plaque 
reduction in chicken kidney (CK) cell culture showed that the M-1 strain was 
not neutralized by the antiserum against any other previous strains (Y. Kudou, 
unpubl, data). This suggests that our PCR and RFLP data are consistent with 
serological relationships. 

The results of the present study, indicate that the four recently obtained 
IBV isolates causing nephritis are, by our genetic criteria, similar to each other 
but different from previous isolates, hence are classified together into a new 
subtype (group VI). Because there is no comparison between our Japanese 
isolates and the Australian T strain, it is not clear, despite their similar ne- 
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Fig. 3 Restriction enzyme digestion profiles of amplified DNA fragments. The profiles of 
the four isolates, Y-4, M-l,  F-88, and NI-1 (shaded areas) and of the 12 strains previously 
determined by Lin et al. [6] are shown. The restriction sites of amplified DNA regions are 
shown on the top. The 17 cleavage sites are oriented from the 5' to 3' end. (2) Cleavage 
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Fig. 4. A pairwise comparison of cleavage site differences between strains of IBV. The 
number indicates how many of the 17 restriction sites are different between a pair of strains. 
The weakest relationships with the number of 8 or more are heavily shaded, while the 
strongest relationships with 1 to 3 are unshaded. Lightly shaded is the intermediate with 

numbers 4 to 7. The grouping from I to VI is essentially according to Lin et al. [6] 
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phro t ropic  features, if there is any serological or genetic relationship between 
them. 

To  control  IBV infection, it is necessary to survey whether  the prevalent 
IBV strains are similar to or different f rom current  vaccine strains. Several 
investigators have characterized the isolates obtained from IBV outbreaks,  and 
showed that  they had a strong relationship with the vaccine strain, suggesting 
that  the prevalent  strains may have originated by recombinat ion with live vaccine 
strains [1, 5]. Our  present observat ion that  the four new isolates used were 
different f rom the reference strains including current  vaccine strains suggests 
that  they were not  derived f rom the live a t tenuated vaccine. However,  it is 
totally u n k n o w n  and remains to be clariEed how these new strains evolved. 
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