S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



35% Available online at www.sciencedirect.com

. SCIENCE@DIRECT" J(?urna!of
Virological
Methods

ELSEVIER Journal of Virological Methods 124 (2005) 183—-190

www.elsevier.com/locate/jviromet

Rapid differentiation of avian infectious bronchitis virus isolates by
sample to residual ratio quantitation using real-time reverse
transcriptase-polymerase chain reaction

S.A. Callison, D.A. Hilt, M.W. Jackwoadd

Department of Avian Medicine, PDRC, College of Veterinary Medicine, The University of Georgia, 953 College Station Road, Athens, GA 30602, USA

Received 13 August 2004; received in revised form 16 November 2004; accepted 22 November 2004

Abstract

A rapid diagnostic assay for differentiating avian infectious bronchitis virus (IBV) isolates was developed. The basis of the assay is the
cleavage of target RNA by RNase H mediated by sequence-specific chimeric oligonucleotides followed by sample to residual ratio quantitation
(SRRQ) using RRT-PCR. Four serotype-specific chimeric oligonucleotides were designed, one each for the Massachusetts, Connecticut,
Arkansas, and Delaware/Georgia 98 serotypes, and tested for their ability to mediate specific cleavage of target RNA from known homologous
and heterologous strains of IBV. Specific cleavage of target RNAs by each chimeric oligonucleotide was verified using agarose gel analysis
and RRT-PCR. There were no non-specific cleavage products. Eight different IBV strains representing seven serotypes were tested and eact
chimeric oligonucleotide mediated cleavage of target RNA only from strains within the serotype that the chimeric was designed against. The
SRRQ assay was evaluated on 15 samples without prior knowledge of their grouping and correctly identified the serotype of each sample. The
assay is rapid; six samples can be tested in approximately 4 h. In addition, the primer set amplifies all IBV RNAs tested to date and provides
a built in control for detecting IBV whether it is typeable or not.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction dae family and Coronavirus genus. It is a positive-sense
RNA virus with an envelope containing protruding spikes.
Infectious bronchitis (IB) is a disease of the upper- These spikes mediate attachment to host cell receptors are
respiratory tract in chickens. It is of economic significance involved in membrane fusion, and contain conformationally
to the poultry industry due to the high morbidity and produc- dependent, serotype-specific, and virus-neutralizing epitopes
tion losses associated with the disease. Clinical signs include(Cavanagh and Davis, 1986; Cavanagh et al., 1988; Holmes,
tracheal rales, coughing, sneezing, poor weight gain, and aj993).
decline in egg-shell quality and egg quantity. In addition,  There is no specific treatment for IBV. Prevention and
birds become susceptible to secondary pathogens, such agontrol are through the use of modified live or killed

Escherichia col(King and Cavanagh, 1991 vaccines. The vaccination strategy is dependent upon the
The etiologic agent of infectious bronchitis is infectious serotype of IBV prevalent within a geographical area
bronchitis virus (IBV). The virus belongs to ti@oronaviri- because different serotypes do not cross-protect. Rapid and

accurate diagnosis of the serotype of IBV involved in a

Abbreviations: RRT-PCR, real-time reverse transcriptase-polymerase field outbreak is necessary to establish an effective vaccine
chain reaction; IBV, infectious bronchitis virus; SRRQ, sample to residual . .
strategy for neighboring flocks.

ratio quantification . . .
* Corresponding author. Tel.: +1 706 542 5475; fax: +1 706 5425630, Great strides have been made in the area of IBV diag-

E-mail addressmjackwoo@uga.edu (M.W. Jackwood). nostics since the gold standard virus neutralization test was

0166-0934/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jviromet.2004.11.022



184 S.A. Callison et al. / Journal of Virological Methods 124 (2005) 183-190

developed. Currently, many diagnostic tests exist for dif- Tablel o
ferentiating IBV isolates, including: monoclonal antibodies Virus strains used or analyzed in this study

(Naganoetal., 1990; Karacaetal., 1@t blots Naganoet ~ Strain Serotype Assay®d Not assayetl Accession
al., 1993, DNA probes Jackwood et al., 1992; Karaca et al., numbef
1993, rapid plate hemagglutination te&ano et al., 2000 Massachusetts 41 Massachusetts X M21883
SDS-PAGE polymorphisnase et al., 1997direct S1gene ~ Beaudette Massachusetts X M95169
H52 Massachusetts X AF352315

DNA sequencingingham et al., 2000; Lee et al., 200RT- H120 Massachusetts » M21970

PCR with serotype-specific primetsdeler et al., 1998 and Connecticut 46  Connecticut X 18990
RT-PCR/RFLP Kwon et al., 1993; Wang and Tsali, 1996 Florida 18288 Florida X AF027512
It has been shown that genotyping tests provide data thatArkansas DPI Arkansas X AF006624
correlates well with the serotype of the viruéwon et al., ~ Arkansas 99 Arkansas X L10384
1993; Keeler et al., 1998; Kingham et al., 2000; Lee et 2?553/4595/92 AGrisg;as ;( 61':605557702
al., 2003. Due to their ease and correlation with serotype, .12 Arkansas X U04739
genotype tests (dot blots, DNA probes, DNA sequencing, Ark-like 4207  Arkansas X -
serotype-specific RT-PCR, and RT-PCR/RFLP) have becomeDE 072 Delaware 072 X AF274435
widely used. Although the genotyping tests are rapid, room GA/0470/98 GA98 X AF274437
for improvement remains. In particular, elimination of post CAV 56D \Z?i'gﬁ;ma X AF027509
RT-PCR manipulations (gel electrophoresis, gel purification 15175¢ Nebraska 95 X -
of DNA, restriction enzyme analysis, sequencing, etc.) would 15259 Nebraska95 X -
decrease the costand overall assay time. Recent technologicabray Gray X L14069
advances in the field of real-time nucleic acid amplification Holte Gray X 118988
could be used to negate the need for post RT-PCR manipula—';’,\\;;’;1 609 J':\)AVIV(a XX L 14070
tions. PP14 PP14 X M99483
Real-time RT-PCR (RRT-PCR) is a technique for detect- sg17 SE17 X M99484
ing the amplification of target RNA in a sample. Either a 4/91 793/B X AF093793
non-specific dsDNA-hinding dye, such as SYBR Green |, or T€oV - X AY342356

afluorescently labeled DNA probe (singly or doubly labeled),  # Strains that were assayed by SRRQ using RRT-PCR.

which hybridizes to specific sequences if present in the tar- Coaqsltiﬁie”nst ;‘1”’;’2::”(‘)‘? ‘;:Ztg’r?i?ntgizfjil gﬁzg‘é"oetrg:samhed forsequences
get template,-ca.n be used to identify and qgantlltate specific™ genbank);ccesgion number for S1 gene sequence data where available.
sequences within target templates from a biological sample.

For the basics of RRT-PCR and the myriad dye/probe-based
detection techniques, see the reviewMigckay et al. (2002)

In this study, we developed a new method of real-time RT-
PCR termed sample to residual ratio quantitation (SRRQ)
that identifies a particular target RNA molecule within a
biological sample. Basically, RNA is extracted from a bi- _
ological sample, incubated in the presence of a complemen-2-2. RNA extraction
tary chimeric oligonucleotide (DNA:2'-O-Me-RNA-3),
and cleaved by RNase H at the site of hybridization due tothe ~ The High Pure RNA Isolation Kit (Roche Diagnostics
formation of a DNA:RNA duplex Bogdanova et al., 1995;  Corp., Indianapolis, IN) was used to extract viral RNA from
Yu and Steitz, 1997 The total amount of RNA in the sam- allantoic fluid per the manufacturer’s directions.
ple (uncleaved) and the amount of residual RNA following
specific hybridization of the chimeric oligonucleotide and 2.3. Chimeric oligo design
cleavage by RNase H is quantified by RRT-PCR. Then, the
ratio of total RNA to cleaved RNA is calculated to deter- The S1 gene sequence data for strains belonging to
mine the specificity of the chimeric oligonucleotide for the the Massachusetts, Arkansas, Connecticut, and Delaware/
target RNA. We describe the use of SRRQ to differentiate Georgia 98 serotypes were aligned using MacDNASIS Pro
IBV isolates representing five different serotypes. V3.5 (Hitachi Software Engineering Corp., San Bruno,

CA). Conserved sequences within each serotype but not
present in other serotypes were identified. Complimentary

commonly observed field isolates. Briefly, virus was prop-
agated in 9—11-day-old embryonating eggs and the allantoic
fluid was harvested 48 h after inoculation and kept frozen at
—70°C until needed$%enne, 1998

2. Materials and methods chimeric oligonucleotidesShibahara et al., 1987; Inoue et
al., 1988 specific to those conserved sequences Wilval-
2.1. Virus strains ues near 37C were designed and synthesized (Integrated
DNA Technologies, Inc., Coralville, 1A). The sequences
The virus strains used in this study are listedrable 1 of the chimeric oligonucleotides were TGAAgagccug-

They cover 15 different serotypes and represent the mostcau (anti-Massachusetts), TTCGuugucauauaaauuagca (anti-
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Arkansas), TCTGcuagaccaauc (anti-Connecticut), and CGC-as stated earlier and kept on ice until used as template in a
Cuugcuuugaccaa (anti-Delaware/GA98). The uppercase let-RRT-PCR.

ters represent DNA bases and lowercase letters représent 2

O-Me RNA bases. 2.8. RRT-PCR

2.4. Cloning of S1 genes A set of RRT-PCR primers were synthesized that am-
plify a section of the IBV S1 gene containing the entire
The S1 gene from the Massachusetts 41, Connecticut 46,hy_pervariable region .(HVR) I and most of HVR II. Thé 5
Arkansas DPI, and Delaware 072 strains of IBV was cloned Primer was NewS10ligdgJackwood et al., 1997and the
using standard molecular biology procedures. Briefly, the S1 3 primer (8-AYMACARTGTGTMACAAA-3) was desig-
gene from each virus was amplified by RT-PCR as describednated M41L.328.

previously Jackwood etal., 1997The resultant 1720 bp am- The LightCycler™ RNA Amplification Kit (Roche Di-
plicon was cloned into TOPO-XL (Invitrogen, Inc., Carlsbad, @gnostics Corp., Indianapolis, IN) was used for RRT-PCR.
CA) per the manufacturer’s directions. Briefly, 20L reactions were assembled, each containirg 1

Reaction/SYBR Green | buffer mix, 5mM Mg&120 pmol
of each forward and reverse primer, Q.4 of the polymerase
enzyme mix, 1QuL of template RNA and water up to 20_.
The reaction mixture was centrifuged into a LightCy&¥er
glass capillary tube and the RRT-PCR was performed per the
manufacturer’s directions. Briefly, the capillaries were sub-
jected to the following thermocycle program: 42, 10 min;
95°C, 30s; 45 cycles of 95C, 0s; 45C, 10s; 72C, 20s
(Analysis mode: quantification); 1 cycle of 96, 0's; 65°C,
2.6. C!eavage of runoff RNA transcripts and agarose gel  10s: heated up to 9% (analysis mode: melting curve).
analysis Quantification and melting curve analysis of each sample
_ o was conducted using the tools available in the LightCycler
Four separate 20L reactions containing 5pmol of oneé  spftware version 3.5. The second derivative maximum option
particular runoff RNA, Spmol of one serotype-specific \as used to calculate all cycle thresho@)(values to rule
chimeric oligonucleotide per tubex1RNase H reaction gyt investigator bias. An SRRQ value was calculated by sub-
buffer and water up to 2QL were mixed in 0.2mL PCR  tracting theC; value of the uncut RNA (no chimeric oligonu-
tubes. The mixtures were incubated at@for S5min and  ¢jeotide) from theC; value of the cut RNA. Any experimental
then cooled to 37C, at which time 5 units of RNase H (New  pe with an SRRQ value >2 was considered to be susceptible

England Biolabs, Inc., Beverly, MA) were added. After a 1o cleavage as mediated by that particular chimeric oligonu-
1-h incubation, the RNA from each tube was extracted as |egtide.

stated earlier. Cleavage of RNA was determined by agarose

gel analysis. Extracted RNA (BL) was mixed with 5.L of

extracted RNA was mixed with oL of Tris—borate EDTA 3 Results

(TBE)-urea loading buffer (Bio-Rad, Hercules, CA), heated

at 95°C for 4min, quick cooled on ice, and loaded onto @ Foyr chimeric oligonucleotides for five of the most com-
native 1x TBE agarose gel{u and Chou, 199D The RNA  mon serotypes of IBV were designed. As an example, the tar-
was electrophoresed at 80 V (constant voltage) for approxi- get sequences for the anti-Massachusetts and anti-Arkansas
nation and photographed using a Kodak EDAS 290 systemanalysis of cleavage products verified that each chimeric

2.5. Preparation of RNA from cloned S1 genes

Runoff RNA transcripts were synthesized from each of
the cloned S1 genes after linearization with Mlu | (New Eng-
land Biolabs, Inc., Beverly, MA) using the T7 RiboMax Kit
(Promega, Madison, WI) per the manufacturer’s directions.

(Eastman Kodak Co., Rochester, NY). oligonucleotide tested specifically cleaved runoff RNAs from
the homologous S1 gene, while not cleaving runoff RNAs

2.7. Sample RNA cleavage reaction for RRT-PCR from heterologous S1 gendsig. 2 shows a representative

analysis agarose gel analysis of Massachusetts 41 S1 runoff RNA as

cleaved after incubation with each chimeric oligonucleotide

Five microliters of RNA extracted from allantoic fluid and RNase H. Cleavage analysis results for the Arkansas
was placed into each of five separate tubes, each containindPl and Delaware 072 S1 runoff RNAs were similar (data
1x RNase H reaction buffer, 5 pmol of one of four different not shown). In each case, specific cleavage of the S1 gene
serotype-specific chimeric oligonucleotide (the fifth control runoff RNA produced the correct size cleavage products as
tube received no chimeric oligo) and water up tq.20 The predicted from sequence data (see arfeig, 2). There were
tubes were incubated at 7G for 5min and then cooled to  no non-specific cleavage products for any of the chimeric
37°C, at which time 5 units of RNase H were added. Af- oligonucleotides tested as determined by agarose gel
ter a 1-h incubation, the RNA from each tube was extracted analysis.
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Fig. 1. Design of specific chimeric oligonucleotides for the Massachusetts and Arkansas serotypes. (A) An S1 gene sequence alignment of IR¥igingins be
to the Massachusetts and Arkansas serotypes was performed for the region flanked by the primer set New3 304 IG€3 328. Only nucleotides 42—204

(ATG start site=1) are shown. The sequences targeted by the anti-Massachusetts and anti-Arkansas chimeric oligonucleotides are boxed sn black.

indicate nucleotides that are identical to the majority sequence, while letters indicate nucleotides that differ from the majority sequercsr|(BiLifé of a
representative chimeric oligonucleotide hybridized to a complimentary strand of RNA. The solid black line with letters is the target RNA. Belvinetic
oligonucleotide (uppercase = DNA bases, lowercase@-&le RNA bases). The arrow denotes the site at which RNase H will cleave the strand of target RNA
(Bogdanova et al., 1995; Yu and Steitz, 1997

To assess further the specificity of each chimeric oligonu- chimeric oligonucleotides mediated the cleavage of RNA ex-
cleotide, we tested their ability to cleave sample RNA ex- tracted from the homologous serotype of IBV. No cross-
tracted from eight IBV strains representing seven different reactivity was observed for any of the chimeric oligonu-
serotypes. We performed SRRQ for each sample and the recleotides with strains from a heterologous serotype. Rep-

sults of our analysis are summarizedTiable 2 All four resentative amplification graphs for Arkansas 99 and CAV
Table 2

Sample to residual ratio quantification using RRT-PCR results for known IBV strains

Strain Serotyp® Anti-Massachusetts  Anti-Arkansas Anti-Connecticut  Anti-Delaware/Georgia 98 Assay serotype
Beaudette Massachusetts b (4.74) - (-1.15) — (—0.80) —(0.03) Massachusetts
Florida 18288 Florida —(—0.80) —(-1.70) —(-1.47) —(—1.85) Not typeable
Arkansas 99 Arkansas —(-1.13) +(3.35) —(-1.70) — (—2.46) Arkansas

3668-4 Arkansas —(-0.82) +(2.48) — (—0.66) —(-0.37) Arkansas
GAV92/4595/92  GAV92 —(0.16) —(0.85) — (0.65) —(-1.02) Not typeable

0470 GA98 —(—0.29) — (—0.55) —(-1.27) + (2.06) Delaware/GA98
CAV 56b California Variant  — (—0.22) —(0.27) —(—0.48) —(0.5) Not typeable

15172 C Nebraska 95 —(-0.51) — (0.55) —(-0.99) —(-1.17) Not typeable

Calculated SRRQ values are given in parentheses.
2 Serotype as determined by virus neutralization or RT-PCR/RFLP.

Do

b A plus sign denotes that the sample RNA incubated with the particular chimeric oligonucleotide amplified at least two cycles later as compared with the

uncleaved control RNA.

¢ A negative sign denotes that the sample RNA incubated with the particular chimeric oligonucleotide amplified no later than 1.99 cycles as cdmpared wit

the uncleaved control RNA.
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Fig. 2. Native agarose gel analysis of Massachusetts 41 S1 runoff RNA cleavage as mediated by RNase H and chimeric oligonucleotides spesifit for strain
the Massachusetts, Arkansas, Connecticut, and Delaware/Georgia 98 serotypes. Lane 1=RNA ladder, sizes from top to bottom are 9000, 7000, 5000, 3000
2000, 1000, and 500 bases (New England Biolabs, Beverly, MA); lane 2 = uncleaved Massachusetts 41 S1 runoff RNA; lane 3 =Massachusetts 41 S1 runoff
RNA incubated with anti-Massachusetts chimeric oligonucleotide and RNase H; lane 4 = same as lane 3 except, anti-Arkansas chimeric oligeseatleotide

lane 5=same as lane 3, except anti-Connecticut chimeric oligonucleotide used; lane 6 = same as lane 3, except anti-Delaware chimeric aigsedcleotid
Arrows indicate cleavage products-ef500 and 300 bases.

56b are shown ifrig. 3. The Arkansas 99 strain RNA was perimentally Table 1), we examined the S1 gene sequence
cleaved in the tube containing the anti-Arkansas chimeric flanked by the RRT-PCR primer set, and no complementary
oligonucleotide Fig. 3A) and had &C; value of 28.57, which regions to any of the chimeric oligonucleotides were present.
was approximately 3.59 cycles higher than@efthe RNA To test further our assay, the SRRQ test was carried
without a chimeric oligonucleotide. The RNA from the CAV  out on 15 allantoic fluid samples without prior knowledge
56b strain, which does not belong to any of the four serotypesto their grouping and found that we could identify accu-
for which a chimeric oligonucleotide was synthesized, was rately Massachusetts, Arkansas, Connecticut, and Delaware
not cleaved ig. 3B). For some IBV strains not tested ex- viruses in those sample§gble 3. Samples that showed

Table 3
Sample to residual ratio quantification using RRT-PCR results for 15 samples tested without prior knowledge of their serotype

Sample  Strain Serotype Anti-Massachusetts  Anti-Arkansas  Anti-Connecticut  Anti-Delaware/Assay serotype
Georgia 98
1 15259 Nebraska 95 —b(1.82) —(—0.49) —(—0.94) — (—0.64) Not typeable
2 CAV 56b California variant ~ — (—0.87) — (—0.40) — (—0.04) —(0.07) Not typeable
3 DE 072 Delaware —(1.48) —(0.29) —(-0.19) +(3.47) Delaware/Georgia 98
4 GAV92/4595/92  GAV92 —(1.58) —(1.67) —(0.54) - (1.11) Not typeable
5 Massachusetts 41  Massachusetts +(5.05) —(0.70) — (0.46) —(0.42) Massachusetts
6 Arkansas 99 Arkansas —(0.94) +(2.10) —(-0.78) — (0.26) Arkansas
7 Florida 18288 Florida —(-0.34) —(1.61) —(-0.61) —(0.27) Not typeable
8 Beaudette Massachusetts +(2.38) —(-0.47) —(-0.61) —(-1.22) Massachusetts
9 GA/0470/98 Georgia 98 —(-0.13) —(0.02) — (-0.10) +(3.17) Delaware/Georgia 98
10 Connecticut 46 Connecticut —(—0.23) —(0.38) +(2.13) — (0.66) Connecticut
11 Arkansas DPI Arkansas —(0.94) +(5.33) —(0.85) —(0.87) Arkansas
12 Connecticut 46 Connecticut —(1.31) — (—0.58) +(3.37) —(-0.37) Connecticut
13 DE 072 Delaware — (—1.55) —(-1.27) — (-1.67) +(3.57) Delaware/Georgia 98
14 TCoV Turkey coronavirus — (—0.53) —(0.36) —(-0.01) —(—0.93) Not typeable
15 Massachusetts 41  Massachusetts +(2.93) - (-1.07) — (—0.96) —(-1.11) Massachusetts

Calculated SRRQ values are given in parentheses.

a Serotype as determined by virus neutralization or RT-PCR/RFLP.

b A negative sign denotes that the sample RNA incubated with the particular chimeric oligonucleotide amplified no later than 1.99 cycles as cdmpared wit
the uncleaved control RNA.

¢ A plus sign denotes that the sample RNA incubated with the particular chimeric oligonucleotide amplified at least two cycles later as compared with the
uncleaved control RNA.
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Fig. 3. Representative sample to residual ratio quantification (SRRQ) amplification graphs and data analysis. For each)gexih réipeesents the PCR
cycle number and thg-axis represents the fluorescence measured during each PCR cycle. The cycle th@@sfmieéch sample was calculated using the
second derivative maximum option. Amplification signal in the negative control (water) samples represents primer dimer and was verified byrmeelting cu
and agarose gel analysis (data not shown). (A) SRRQ for IBV strain Arkansas 99 (sample A =anti-Conr&cti2zdt32; sample B = anti-Massachusetts,

Ci =24.15; sample C =anti-Delawar@; = 24.90; sample D =no chimeri€; = 24.98; sample E = anti-Arkansas, = 28.57). (B) SRRQ for IBV strain CAV

56b (sample A =anti-Massachusei®,=20.85; sample B =anti-Arkansas; = 21.34; sample C =anti-Connectic@; =20.59; sample D =anti-Delaware,
C;=21.57; sample E =no chimeri€; =21.07).

no cleavage with any of the chimeric oligonucleotides or 4. Discussion

that were not amplifiable with the primer set were listed

as “not typeable”. Each “not typeable” strain was either Chimeric oligonucleotides are small single-stranded nu-
an IBV from a serotype for which a chimeric oligonu- cleic acid molecules containing two or more different types
cleotide was not developed or an altogether different virus of nucleotides, e.g. a mixture of DNA and-@-Me RNA
(Table 3. bases. They can be used to target and cleave a specific RNA
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in the presence of RNase H. Cleavage occurs at the site of Another advantage of thistestis that it has a builtin control
DNA:RNA duplex formation. We developed a rapid diag- for detecting the presence or absence of IBV in each sample.
nostic test using sequence-specific chimeric oligonucleotidesThe primer set developed for this test amplifies all IBV RNAs
and RNase H to identify IBV isolates within the Mas- tested to date. Since an uncut control is run for each sample, a
sachusetts, Arkansas, Connecticut, and Delaware/Georgia 9®ositive reaction always denotes the presence of IBV, whether
serotypes. The test relies on the ability of sequence-specificit is typeable by the assay or not.

chimeric oligonucleotides to mediate cleavage of target RNA  Finally, this test can be run without an RRT-PCR machine.
by RNase H and on the measurement of that cleavage byThe first step is to perform a regular RT-PCR on a particu-
SRRQ using RRT-PCR. Empirically, we assigned a differ- lar sample to determine where the exponential phase of the
ence of two cycles between uncleaved control RNA samplesamplification reaction occurs. Briefly, a sample of RNA is
and cleaved RNA samples as the minimum for determining amplified by RT-PCR and aliquots are taken from the reac-
the specificity of the chimeric oligonucleotides. tion every 5-10 cycles and separated on an agarose gel. The

Four chimeric oligonucleotides for five of the most com- second aliquot showing the presence of a clear band of the
mon serotypes of IBV were designed. One chimeric oligonu- proper size is then used as the number of total PCR cycles
cleotide (Delaware) was designed to mediate cleavage offor the appropriate sample during the assay. Once the num-
strains from the Delaware and Georgia 98 serotypes be-ber of PCR cycles is determined for a particular sample, the
cause it has been shown that strains from these two serotypeshimeric oligonucleotide cleavage reaction is run as stated,
cross-protect in birdslackwood et al., 20Q3Each chimeric RNA is extracted, and used as template in an RT-PCR using
oligonucleotide-mediated cleavage of RNA molecules only the number of appropriate PCR cycles determined earlier.
from IBV strains within the serotype for which the chimeric The reaction products are separated on an agarose gel and
oligonucleotide was designed. The SRRQ assay appears tdhe intensity of the products is visualized. Any tube that con-
be highly specific since the anti-Arkansas chimeric oligonu- tained chimeric oligonucleotide specific for the sample RNA
cleotide could not mediate cleavage of GAV92/4595/92 RNA will produce a product that is weaker than the uncut control.
and the sample was determined to be “not typeable”. The Future use of this assay as a rapid diagnostic method for
anti-Arkansas chimeric oligonucleotide had a two base mis- determining the serotype of IBV isolates seems plausible.
match at positions 19 and 20 with the GAV92/4595/92 strain Although our goal was to create an assay for that purpose, it
(Fig. 2. seems logical that this method could have other uses. For IBV,

The variability of the SRRQ value for each particular sam- it could be used to test the purity of vaccine stocks. Due to the
ple was not directly assessed. However, the ability to deter- quasi-species of IBV and the ease of contamination of vaccine
mine correctly the serotype of a known sample using this strains during manipulation, atestthat can determine the level
assay was good when that sample was tested multiple timesof purity for a particular sample should be helpful. Also, this
(Tables 2 and B The cutoff value of 2.0 for the SRRQ value assay should be applicable to any situation where determining
was sufficient for determining accurately the serotype of each the presence or absence of a specific target RNA is desired.
sample tested in this work. However, only further testing of
laboratory strains and field isolates will allow the establish-
ment of a more defined SRRQ cutoff value for serotype de-
termination.

A potential limitation of this test is the inability to diag- . .

. . . . Bogdanova, S.L., Degtiarev, A.l., Baranov, P.V., Dokudovskaia, S.S.,
nose dual infections. If a _sample ConFaInS tWO_ IBV_S’ n _equal Lavrik, LLN., Dontsova, O.A., Oretskaia, T.S., Krynetskaia, I.F.,
amounts, then mathematically speaking, a chimeric oligonu-  shabarova, z.A., Bogdanov, A.A., 1995. Directed cleavage of the
cleotide specific for either virus could only cleave half of the 16S rRNA molecule at a single internucleotide bond. Biokhimiia 60
RNA within the sample. This would equate t€avalue dif- (2), 297-307.
ference of only one cycle. However, optimizing the test could ©2se: J.T., Sverlow, K.W., Reynolds, B.J., 1997. A novel protein poly-

. morphism differentiates the California serotype of infectious bronchi-

aHOW_ us tO_ lower theCy Vf_ilue difference to a number where tis from other serotypes common to California. J. Vet. Diagn. Invest.
dual infections can be diagnosed. 9 (2), 149-155.

It was observed that the starting RNA template concentra- Cavanagh, D., Davis, P.J., 1986. Coronavirus IBV: removal of spike gly-
tion must be high enough so that the amplification reaction  copolypeptide S1 by urea abolishes infectivity and haemagglutination
reaches the exponential phase before approximately 30 cy- _but not attachment to cells. J. Gen. Virol. 67 (1443), 1443-1448.

. . &avanggh, D., paws, P.J.,_ Mockett, A._, 1988. Amino acids within hyper-
cles. ReaCtlons_ Where the exponentlal phase ogcurs b_eyon variable region 1 of avian coronavirus IBV (Massachusetts serotype)
30 cycles are difficult to interpret because the primer—dimer  gpike glycoprotein are associated with neutralization epitopes. Virus
signal begins to mask the true product signal. Res. 11 (141), 141-150.

This IBV typing test is fast. One RRT-PCR machine that Holmes, K.V., 1991. Coronaviridae and their replication. In: Fields, B.N.
processes 32 reactions can be used to type 6 samples in 3-4 h %ﬁ');‘ggndame”ta' Virology, 2nd ed. Raven Press, New York, pp.
orless. Also, this te_stdoes not requwe_the use offluorescentlymoue’ H.. Hayase, Y., Iwai, S., Ohtsuka, E., 1988. Sequence-specific
labeled probes, which can be expensive and generally have @  cjeavage of RNA using chimeric DNA splints and RNase H. Nucl.
short shelf life. Acids Symp. 19, 135-138.
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