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The aim of the present study was to de-
velop an assay capable of classifying the
Coxsackie A virus (CAV) prototype strains on
the basis of restriction fragment length poly-
morphism (RFLP) analysis of 5'-UTR-derived
reverse transcription polymerase chain reac-
tion (RT-PCR) amplicons, and to determine
how these data could be used for typing wild-
type CAV isolates. Moreover, sequencing of
the amplified genomic fragments of the clini-
cal isolates, and comparison with all the pub-
lished sequences of the respective genomic
region of enterovirus reference and wild-type
strains were attempted for typing of the iso-
lates. Twenty-four prototype CAV strains from
the 23 currently recognized serotypes were
studied; most of them were successfully dif-
ferentiated with the aid of four restriction en-
donucleases: Haelll, Hpall, Ddel, and Styl. It
was not possible to differentiate between
CAV5, 7, and 16, or between CAV15 and 18

two groups were satisfactorily differentiated
with the aid of single-strand conformational
polymorphism (SSCP) analysis of their RT-
PCR amplicons. Fifteen clinical isolates, 13
of them of known CAV serotype, were also
studied with the same four endonucleases
and the results were compared with the data
obtained from the RFLP analysis of the refer-
ence strains. The experimental results
showed that only two clinical samples of pre-
viously known identity had an identical restric-
tion pattern with the respective prototype
strains. The sequences of the amplicons of
the clinical isolates had the greatest percent-
age of alignment with enterovirus strains of a
different serotype, indicating variability in the
5’-UTR and the inability to use the whole se-
guence of the amplicons for typing CAVs. The
significance of the findings in relation to the
possible usefulness of the RFLP-based
method is discussed. J. Clin. Lab.Anal. 16:59—

in this way, but the members of each of these 69, 2002.  ©2002 Wiley-Liss, Inc.
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INTRODUCTION ceived little attention, which is largely due to the practical

Coxsackie A viruses (CAVs), along with coxsackie B VIIEIIffICUHIe_S_ in isolating, propagating and identifying these vi-
S ) . es. Initially, most CAV serotypes could only be propagated
ruses, polioviruses, echoviruses, and enteroviruses 68-77

belong to theEnterovirusgenus, one of the nine different suckling mice. To avoid this cumbersome procedure and

genera that comprise tRécornaviridaefamily and the most improve the efficiency of virus isolation, several cell lines

important in terms of human pathogenicity, Twenty-three dlf\flth improved characteristics for CAV susceptibility have

ferent antigenic types of CAVs are known (1-22 and 24"beé\en introduced-he World Health Organization recommends

L . e use of seroneutralization pools of equine, mixed

type 23 was found to be indistinguishable from echovirus 9).~ " : 0N POO'S of €q

; . . : perimmune antisera, following isolation in cell culture, for
Most CAV infections are asymptomatic, as is the case Wﬁ_l . . . .

. L . e typing of some enteroviruses. The Lim Benyesh-Melnick
all enteroviruses, which initially rendered this group of vi-
ruses unworthy of sustained investigation. As a consequence,
knowledge of the diseases caused by this group of viruses
still may be rather incomp_lete ). Neverthe|935- these Viruﬁﬁ%t sponsor: European Union and the Délégation Générale au Réseau In-
are known to be responsible for diseases such as herpanginational des Insituts Pasteur et Instituts associées; Grant number: CIPA-
(several serotypes), meningitis and encephalitis (often CA¢T94-0123.
and CAV9), and paralytic disease (outbreaks of CAV7 hat®orrespondence to: Dr. Panayotis Markoulatos, 127 Vasilissis Sofias Ave.,
been described) (2). Athens, Greece. E-mail: markoulatos@mail.pasteur.gr
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(LBM) seroneutralization pools include antisera against 19 CAle evaluation of the possible usefulness of this method for
serotypes, but the pools developed by the RIVM institute istentifying wild-type CAV isolates. The method was based
Holland, which are steadily replacing the LBM pools, are abd& RFLP analysis of RT-PCR amplicons with four different
to detect CAV9 only. Moreover, typing by seroneutralizatiorestriction endonucleases. The genomic region of study was
may frequently fail due to the fact that it is a labor-intensivehosen from the highly conservedBIR in an attempt to
time-consuming procedure, and to the problem of “untypablefduce intratypic variation and to allow the detection of any
isolates. The high evolution rates of the antigenic sites resuliritertypic differences in the studied region of the genome.
the appearance of so-called “prime” strains, which consistTdie investigation was carried out on 24 different CAV refer-
an antigenic continuum with known serotypes, and which camce strains from the 23 serotypes and on 15 clinical isolates.
not be typed with the available antisera. Several alternatiMee sequences of the RT-PCR amplicons of most of the clini-
methods have been presented for the identification of CAval isolates were also determined and were compared with all
and other enteroviruses. Those methods rely on the use of fthe-available enterovirus sequences of the respective genomic
rescent antibodies directly on specimen material, enzyme irgion, which provided an indication of the suitability 6f 5
munoassays with type-specific antisera (3), immunoelectroiiR for typing of wild-type isolates. The possible diagnos-
microscopy with polyvalent and type-specific antisera (4), atid and epidemiological relevance of the results is discussed.
monoclonal antibodies against group-reactive (5) or type-spe-
cific epitopes (6) on the virus capsid surface. However, th
methods have reduced specificity (e.g., Ref. 7) and they(?z\?r%TERlALS AND METHODS
time-consuming, since they rely on cell culture amplificatioReference Strains
of CAVs. Beca_use of the Qrawbackg of methqu baseq on CelIl'he 24 CAV reference strains from the 23 serotypes used
culture and/or immunological detection, there is a growing ten- , . . . ; .
o . .~ in.this study were kindly provided by the National Institute
dency to use genetic information for the characterization f(())fr Public Health and the Environment in Holland and by th
. . . . L y the
viruses and microorganisms in general. Spot hybridization B cteur Institute in Paris. and are shown in Table 1
ing cDNA probes representing several different enterovirus ' '
subgroups has a limited diagnostic value in rapid, accurateg
tection and identification of enteroviruses from clinical mate-
rial since its sensitivity with actual clinical specimens is only Fifteen clinical strains were used in this study, the details
33% or less (6). Oligonucleotide fingerprint analysis is anoth&frwhich are summarized in Table 2. Ten of these strains were
sensitive molecular method for the identification of CAVs whicim cell culture stock and recultured in RD cells, and five strains
has been used in clinical and epidemiological cases of C#¥re isolated from stool samples during routine diagnosis at
infection (8,9). However, this technique is complex and tediie Hellenic Pasteur Institute. Two grams of each stool sample
nically demanding. were added to a suspension containing 10 ml phosphate-buff-
Numerous reverse transcription-polymerase chain reactened saline (PBS), 5 g of glass beads, and 0.5 ml chloroform.
(RT-PCR) assays have been applied to RNA detection of mé&sillowing centrifugation at 3,000 rpm for 30 min at’€4
if not all of the enterovirus serotypes, in an attempt to improthee supernatant was removed and used for the inoculation of
speed, sensitivity, and specificity (1D)1These assays werethe cell cultures (19).
based on the detection of extremely conserved genomic se-
guences among the different serotypes, such as'theCell Cultures
u_ntran_slated region (&TR), and pr_owded new depth M The cell line rhabdomyosarcoma (RD) was used in cell
virological research for both systematics and diagnostics. HO(‘:’YJ'Iture tubes (Becton Dickinson, Franklin Lakes, NJ) con-
ever, a limitation of most RT-PCR methods described so faE IS ' '

their inability to provide information on the serotype or othep "9 2 mlof D-MEM, and 400 ml of inoculum (inoculated

e . s C?” culture, or processed stool) were added to each tube. The
subclassification of enteroviruses. Therefore, it is necessary o

supplement RT-PCR with methods to assess sequence di eorg_:ulated tubes were then incubated in a roller #1.35r a

ences in the PCR products, such as restriction fragment le 19 jod of 1-7 days, until 2 _compl_ete cyf[opathlc eﬁec’F (CPE)
. . A - was observed under an ordinary light microscope. Uninfected
polymorphism (RFLP) analysis (12—16), hybridization wit .
. ; . D cells were used as negative controls.

type-specific probes (17), or single-strand conformational poly-
morphism (SSCP) (18). Nucleotide sequences of RT-PCR pr
ucts would also be quite helpful—at least for researc
concerning the evolution and epidemiology of the viruses (al-When a complete CPE was observed, the infected cells were
though not for routine diagnosis of clinical isolates). frozen at —80C and thawed three times; 3p0of the cell

The aim of the research described here was the develagture were used for RNA extraction with the phenol-based
ment of an assay that would allow detection and differentieiRlzol commercial kit by Gibco BR(Life Technologies Ltd.,
identification of the various reference strains of CAVs, arRhisley, UK) according to the manufacturer’s instructions.

finical Samples

JA Extraction
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TABLE 1. Details of the CAV reference strains used in the present study

Year of Type of
Virus Strain isolation lliness Source material used
Coxsackie Al Tompkins 1947 Poliomyeliti§ RIVM sm¢
Coxsackie A2 Fleetwood 1947 Poliomyeliti§ RIVM RD®
Coxsackie A3 Olson 1948 Aseptic Meningitis RIVM RD
Coxsackie A4 High Point 1950 Isolated from sewage of polio community RIVM RD
Coxsackie A5 G.S. 1950 Poliomyelitis HA RD®
Coxsackie A6 C.G. 1949 Aseptic Meningitis HBI RD®
Coxsackie A7 W. Parker 1949 Aseptic Meningitis RIVM GaBi
Coxsackie A8 Donovan 1949 Poliomyelitis RIVM GaEi
Coxsackie A9 P. Bozek 1950 Aseptic Meningitis RIVM BGM
Coxsackie A9 Griggs Unknown Unknown PP RD®
Coxsackie A10 Kowalik 1950 Aseptic Meningitis RIVM RD
Coxsackie A1l Belgium-1 1951 Epidemic myalgia IPP RD®
Coxsackie A12 Texas-12 1948 Isolated from flies in polio community RIVM RD
Coxsackie A13 Flores 1952 None RIVM GaBi
Coxsackie Al4 G-14 1950 None RIVM RO
Coxsackie A15 G-9 1950 None RIVM GaBi
Coxsackie A16 G-10 1951 None HA RD®
Coxsackie A17 G-12 1951 None RIVM GaEi
Coxsackie A18 G-13 1950 None RIVM GaBi
Coxsackie A19 Dohi 1952 Guillian-Barré syndrome RIVM st
Coxsackie A20 IH-35 1955 Infectious hepatitis RIVM GaBi
Coxsackie A21 Coe Unknown Mild respiratory disease RIVM GaBi
Coxsackie A22 Chulman 1955 \bommiting & diarrhea RIVM sM
Coxsackie A24 Joseph 1952 None RIVM HEL

The information about year of isolation and the illness originally associated with each strain was obtained from P24l).et al.

dsolated from cases of dual infection with polioviruses, which were presumably responsible for the paralytic illness.

PHellenic Pasteur Institute.

“Institute Pasteur, Paris.

dvirus propagated in suckling mouse material, which was used directly for RNA extraction.

€Cell lines in which the viruses that were used for cell culture inoculation had been previously been propagated. RD, raatmomye#s; HEL, human
embryonic lung fibroblasts; GaBi, HEL-type cells; BGM, buffalo green monkey kidney cells.

RT-PCR (ultrapure agarose, electrophoresis grade; Gibco BRL) con-
taining 1pg/ml ethidium bromide in Tris-boric acid-EDTA
(TBE) buffer. The amplicons were then visualized through
a UV transilluminator FOTO/PHORESIS |, FOTODYNE
eanrtland, WI).

The primers UG, (anti-sense, with the sequence 5
TTGTCACCATAACCAGCCA-3) and UG; (sense, with
the sequence'8CAAGCACTTCTGTTTCCCCGG-3,
which were used for the enterovirus-specific RT-PCR, w
selected so as to be homologous to respective parts Wijgiﬂ_P Analvsi
the highly conserved 8JTR region. They were purchase nalysis
from Genosys Biotechnologies, Europe (Cambridge, UK). Twenty microliters of the amplicons were studied with the
The antisense primer is one base shorter than the priméol®wing restriction enzymes: Hpall, Ddel (New England
described by Zoll et al. (20), whereas the sense primeBislabs, Beverly, MA), Haelll and Styl (Promega Corpora-
precisely the same as the primer 1 used by the same authimns, Madison, WI). Twenty units from each restriction en-
The relative position of the target sequences of these primgme; the appropriate buffer; and distilled, DNAse/
ers on the genome of enteroviruses with known sequenBe¢Ase-free sterile water (Sigma Aldrich, St. Louis, MO)
has been shown previously (21). These primers yiehkre added to each sample to a final volume gfil30he
amplicons approximately 435 bp long; they were adjustsdmples were then incubated at@7or 2 hr and the prod-
to a concentration of 20 pmpl/in sterile, RNAse-free dis- ucts were subjected to electrophoresis in 3% gels made from
tilled water (SigmaAldrich, St. Louis, MO) and were storekigh-resolution agarose (Metaphor FMC Bioproducts,
at —20C. The reverse transcription reaction for the convaRockland, ME), containingug/ml ethidium bromide. They
sion of the isolated RNA into cDNA, and subsequent amere then visualized through a UV transilluminator. The
plification of the cDNA were carried out as previouslynolecular weight of the restriction fragments was determined
described (22). Tepl of each amplified product was anawith the aid of GelPro Analyzer software (Version 3.0, Me-
lyzed by agarose gel electrophoresis in 2.5% agarafia Cybernetics).
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TABLE 2. Details of the CAV clinical samples that were used  for the production of 155-bp-long amplicons that were ana-
in the present study lyzed by SSCP. The relative position of the target sequences

Serotype Source lliness Designation Of these primers on the genome of enteroviruses with known
CAV9 University of Essex Unknown A sequences, according to the picornavirus sequence database,
CAV9 University of Essex Unknown B has already been described (21).
CAV9 University of Essex Unknown C
CAV9 University of Essex Unknown D .
CAV9 University of Essex Unknown E Sequencing
CAVO Cantacuzino Institute, Tfa”S'Ie”F spinal Since the eight CAV9 and three CAV16 clinical isolates
Romania paralysis F did not have an identical restriction profile with the respec-
CAV9 Cantacuzino Institute, Persistent spinal G . .
Romania paralysis tive prototype strains, the WQUGs,-produced RT-PCR
CAV9 Cantacuzino Institute, Transient spinal H amplicons of these isolates were sequenced and compared
Romania paralysis with the sequences of the respective genomic regions of all
CAv8 CaF’;taC“Z!“O Institute, No clinical signs | the reference and wild-type enterovirus strains, for which such
omania - . . .
CAVL6 Hellenic Pasteur Institute  HEMD ; fjata existin the Rlcornz_ikus S_gquence Database (http.//wvv_w.
CAV16 Hellenic Pasteur Institute ~ HEMD K iah.bbsrc.ac.uk/virus/Picornaviridae/SequenceDatabase), with
CAV16 Hellenic Pasteur Institute ~ HFMD L the aid of ClustalW (version 3.00) computer software, ob-
CAV4 Cantacuzino Institute, Meningitis M tained online from the website of the Pasteur Institute in Paris
Unidentified HR”f’mf"‘”l'Da eur Institute Diarrh N (http://www.bioweb.pasteur.fr/#log). The UC53/UG52-pro-
niaentirie ellenic Pasteur Institute larrnea H H NG weyn
Unidentified  Hellenic Pasteur Institute ~ Meningitis (0] duced amplicons ofisolates “N” and “O” were also sequenced

. and compared with the respective sequences of the rest of the
*Hand-foot-and-mouth disease. enteroviruses, in an attempt to extract more information re-
garding the identity of these isolates. Fifty microliters of the
RT-PCR amplicons of all the clinical isolates were run in a
SSCP 1% low melting agarose gel (Metaphor FMC Bioproducts,
SSCP analysis of the PCR amplicons was carried ou (ﬁlckland, ME) contalnl_ng hig/ml ethidium bromide, The_
. . . A bands corresponding to the PCR products were excised
differentiate between those reference strains (CAV5-CAV/-
. . from the gel and transferred to clean, 1.5-ml Eppendorf tubes.
CAV16 and CAV15-CAV18) that could not be satlsfactonl)ﬁ_ o . ! .
. . . ‘They were then purified with the aid of the QIAquick gel
differentiated by RFLP analysis alone. Under nondenatunggtraction kit (Qiagen, Inc., Chatsworth, CA) and suspended
conditions, single-stranded DNA has a folded conformation gen, inc., ! P

that is determined by intrastrand complementarity and, hen'gelom of RNAse-free, sterile, distilled water. The sequenc-

1 1 1 ™
by its sequence. In the specific SSCP analysis, & the ING reaction was carried out according to the ABI PRISM™,

. ™ : : ) .
PCR products of the different viral strains were added to 959 Dye Termln_ator _Cycle Sequencing ready reaction k_'t
. otocol (PE Applied Biosystems). Both strands of the puri-
pl of SSCP buffer (95% formamide and 5% bromophen : . o
. ) ied DNA were sequenced using the two enterovirus-specific
blue) and converted into single-stranded molecules by heat-

ing them at 95C for 5 min and cooling them immediately orPrimers UG and UG,, respectively. A 0.2-mm-thick poly-
acrylamide gel was used for the electrophoresis of the se-

ice. The amplicons were then subjected to vertical electro- ° " . . .
o : . : uencing products. The electrophoresis and the differential

phoresis in a polyacrylz_im|de gel (49/1 a_crylam|de/b|s) at IO3\étection of the sequencing products were carried out with

temperature (12 1°C), in an attempt to increase the resoIL{- e ABI PRISM 377 DNA Sequencer (Perkin Elmer Corp.)

tion efficiency of the gel. The single-stranded PCR producps o

were then visualized by treating the polyacrylamide gel WinSULTS

silver staining using the commercial kit GelCode™ (Pierce,

Rockford, IL). The difference in sequences of the PCRell Culture Isolation

amplicons (.)f dlfferent VITUSES 1S generally d_etected by theAII prototype and wild-type strains used in this study were
corresponding differential mobility of these single-stranded .
successfully grown in RD cells. In most cases several pas-

amplicons. The sensitivity of SSCP tends to decrease wi : . .

. . ages were needed to obtain a satisfactory CPE, especially

increasing fragment length (23). It has been reported thag It. S . . o
uring virus isolation from stool samples, despite the initial

detects >90% of all single-base substitutions in 200-nucfe-, = . .

: . . gh titer of the inoculum from the stock reference strains,
ofide fragments and >80% in 400-nucleotide fragments (2c infirming the difficulty of growing CAVs in cell cultures
This led to the use of the primerg(Bntisense, with the se- g yorg 9 '
quence SATTGTCACCATAAGCAGCCA-3, i.e., the same RT-PCR
with UCs; but only one base longer) angd(Bense, with the
sequence 'STCCTCCGGCCCCTGAATGCG-3, as origi- The primers UG/UGs, used in this study were successful
nally used by Zoll et al. (20) (primers 3 and 2, respectivelyi, the detection of all the 24 reference and 15 wild-type CAV



Molecular Typing of Coxsackie A Viruses 63

strains within a few hours after the observation of a complé®BLE 3. RFLP analysis with Ddel, Haelll, Styl and Hpall
CPE. This was in contrast with the results of Zoll et al. (Zdzf,fg}gr%%i#;;ggﬁ’g‘éﬁﬁg;&ﬁg@ gmpllcons of the
who did not obtain an amplification product for CAV11, 17r,

and 24 with a similar set of primers targeting the same drgstriction enzyme RFLP profile

nomic regions. The amplicons produced were approximat@lye| Reference strains

435 bp long, as was the case for other enteroviruses detectedv2, 3,5, 7, 8, 16 307+128

by the same set of primers (20). CAV10 307+94+34
CAV4, 6,9, &, 14 307+105+23
CAV1, 11, 15, 18, 22, 24 285+125+25

RFLP Analysis of the UC 53/UGs,-Produced RT-PCR CAV12 412+23

Amplicons of the Prototype Strains CAV13, 19, 20, 21 285+150
CAV17 No cut

The combination of four restriction endonucleases allowé&tinical samples

the intertypic differentiation of the prototype strains, with AB CDFHI 307+128
the exception of CAV5-CAV7-CAV16 and CAVI5-CAV1S; ¢ 5 | y oy 5423
the members of each of these groups had identical restrig; o 341471423
tion patterns between them. Table 3 shows the collective dgtg reference strains
of the RFLP analysis for all the 24 prototype strains in termsavi, 19 154+147+80+36+18
of number and length of the restriction fragments. The groupSAv2, 4 146+132+81+76
of reference strains with the same restriction profile for eacAV3 154+145+81+55
endonuclease are also shown. Most of the prototype strai V5;6' I 8;, 10,12, 14,15, 16, 18, 20, 24 208+146+81

: i . o AVY?, CAVY 146+81+78+76+54
were differentiated with the restriction enzyme Ddel only, cpy/13 101+146+56+24+18
apart from four groups (first group: CAV2, 3,5, 7, 8, and 16;cav17, 11 209+145+70+11
second group: CAV4, 8, 9 “Griggs,” 9 “P. Bozek,” and 14; CAv21, 22 190+147+80+18
third group: CAV11, 15, 18, and 24; and fourth groulinical samples
CAV13, 20, and 21) (Table 3). The members these groupé‘ 2’ C.D.H LKL 12504?:11;‘:::11%4
were further differentiated with the restriction enzymesy, v o 144+129+80+75
Haelll, Hpall, and Styl, with the exception of CAV5, 7, 15, 186+146+81+31
16, and 18, which were differentiated by SSCP analysis. Fgji reference strains
this reason we propose a flow chart for the identification ofcavi 214+123+86+12
CAV reference strains with the four restriction enzymes thaAv2, 3,5, 7, 8 &, 14, 15, 16, 18 No cut
were used in the present study: Ddel, Haelll, Hpall, and StyfAY4 6, 12 214+209+12

(Fig. 1). Slight statistical variation in the results of the analysisc sy 162 s

209+113+101+12

of the RFLP data by GelPro Analyzer software for thosecay13 313+122
strains which had an otherwise identical restriction patterrcav2o 212+122+101
led to the establishment of certain criteria by which the comCAv21 221+113+101
parison of the numeric data concerning the length of the fdical samples

" . . A,C,D,F,H,J,K L MN,O 214+209+10
striction fragments would determine the prototype straing’ ¢ No cut
groups shown in Table 3. Specifically, a difference of moreg 209+110+104
than 10 bases in length for restriction fragments larger than 332+102

200 bp was considered to yield a discriminatory restricti®fall Reference strains
pattern, whereas for fragments smaller than 200 bp a differcAv2, 3, 4,5, 6, 7, 8,99, 10, 12, 14, 16 213+149+55+18

ence of more than five bases in length was considered to be (Cluster Il)

large enough to discriminate between different strains. CAVL, 13,1517, 18, 19, 20, 21, 24 é?j;if’%ﬂogﬂB
The restriction pattern of the known sequences of the 5 cay11 22 148+121+108+40+18

UTR-derived genomic fragments of the CAV reference strains, (Cluster 1)

which are available from the GenBank sequence databas&liagal samples

produced by the four different restriction endonucleases, wa& B: €. D, E.F. G, H, 1. J, K, L, M, N, O 213+149+55+18

simulated with the aid of the Gene Runner computer soft (Cluster 11

ware (version 3.00, Hastings Software Inc.; software obtairge sub-classification of the serotypes into the two 5"-UTR genetic clusters
on-line from www.generunner.com) and compared with tigluster I for “polio-like” cluster and Cluster Il for “CBV-like” cluster) with
results of the practical application of the RFLP analysis i?f ;:fégggogt;?ﬁyg;;‘;i” Is also shown.

the RT-PCR amplicons. The results verified the experlmenm@iference Strain Griggs.

data obtained from the RFLP analysis of the amplicons (data

not shown).
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Ddel Haelll

CAV4.6.9'.9°. 14 P CAV2. 4
CAVS. 6.7.8.10.12. 14,15 16.18.20.24
CAVY ¢
CcAv2.3,5.7.9 .68 f4.15.16.18
\xr

CAVA 6. 12
Ddel Haelll

CAV2.4

1
[ CAV2.3.5.7.8. 16 r

CAYS. 6.7.8.10.12.14,15.16,18.20.24

€AV

Syl

CAV2.3.5.7.9' 9" 14.15.16. 18

GAVS. 11.17.24

Ddel Syl

CAVI. 11,1518, 22.24 CAV2.3.5.7.9'.9" 14,45, 16. 18
CAVS.11.17.24
CAVI0.19.22

CAVI

ekl

CAVIL 22

Ddel Haelll

CAVI3. CAV19.20. 21 cavi3

CAVS.6.7.8.10,12. 14,15, 16. 18,20, 24

CAVL 9

CAV2L. 22

Fig. 1. Flowchart for the differentiation of the prototype strains that coulBtyl, with the exception of strains CAV5-7-16 and CAV15-I8e Ddel
not be identified with the restriction enzyme Ddel alone. The prototype stragisup members are highlighted in each of the other enzyme glRepst-
were further differentiated with the restriction enzymes Haelll, Hpall, arehce strain “P. Bozek?Reference strain “Griggs.”
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SSCP Analysis of the P 3/P, Produced RT-PCR “E”) shared the lack of restriction site for Styl exhibited by
Amplicons the prototypes. Thus, apart from digestion with Hpall, these

The prototype strains (CAV5-7-16 and CAV15-18) th AV9 strains showed few features with CAV9 prototypes.

; . . - he best match (samples “B,” “E,” and “G”") showed two out
could not be differentiated with the restriction endonucleas . : : . .
. . g four identical enzyme digests with the prototypes, while
were successfully differentiated by SSCP analysis. Figure Z2a
. the rest showed only one out of four (Hpall). In contrast, four
shows the results of the SSCP analysis of #i&-roduced ut of nine isolates (A, C, D, H) exhibited identical patterns
RT-PCR products for CAV5, 7, and 16, and Fig. 2b shows f T P

) with all four enzymes.
respective results for CAV15 and 18. Two of the clinical isolates, “N” and “O,” had not been

serotyped previously. Both gave an identical restriction pro-
file with prototype strain CAV4 “High Point” using three out
of four restriction enzymes. To investigate this further, the
sequences of the amplicons from the isolates and from CAV4
“High Point” were determined (data not shown). Both had a
Table 3 shows the collective data of the RFLP analysis #0% alignment with CAV4 “High Point.” However, they had
all the clinical enteroviral isolates in terms of number aralgreater identity with other reference strains, achieving the
length of the restriction fragments. Only two clinical sampldgest score of alignment (95%) with swine vesicular disease
(samples “I” and “M”) had an identical restriction pattern witkirus (SVDV). The failure to identify many of the clinical
the respective prototype strains with all the restriction eisolates and the samples “N” and “O” indicated tHat bR
zymes used, whereas inconclusive data was obtained forighgo variable that the use of the specific restriction endonu-
typing of the rest of the clinical isolates, as shown in Tablecleases may not be sufficient for the correct typing of clinical
Overall, there is no clear relationship between the natiselates.
of the B-UTR, as revealed by RFLP analysis, and the sero- ) ) ) )
type of clinical isolates. For instance, none of the eight CAerovirus Subgrouping by RFLP Analysis With
isolates gave a pattern equivalent to the reference straindPB Restriction Endonuclease Hpall
Bozek” and “Griggs” when the amplicons were cut with Although serotypes of clinical samples could not be pre-
Haelll. Only one of the eight Ddel digests was equivalent dicted from 5UTR RFLPs, it is possible that these could be
the prototypes (sample “G”), and only two isolates (“B” andsed for subgrouping CAVs. Hpall digests predicted the first

RFLP Analysis of the UC 53/UGs,-Produced
RT-PCR Amplicons of the Clinical Isolates,
and Comparison of Their Restriction Pattern
With That of the Reference Strains
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Fig. 2. The results of SSCP analysis of single-strandgB,fproduced stranded RT-PCR amplicons. b: Lanes 2 and 4 show the differential electro-
RT-PCR amplicons ofa) CAV5, CAV7, and CAV16, andb) CAV15 and phoretic mobility of the conformers corresponding to CAV18 and CAV15,
CAV18, for which no satisfactory differentiation with the five restrictiorrespectively, whereas lanes 1 and 3 show the nondenatured, double-stranded
endonucleases was achieved. a: Lanes 2, 4, and 6 show the differential BlE€2CR amplicons. In both figures M shows the molecular weight marker
trophoretic mobility of the conformers corresponding to CAV16, CAV7, angx174 RF DNA/Haelll fragments (Gibco BRL)).

CAV5, respectively, whereas lanes 1, 3, and 5 show the nondenatured, double-
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TABLE 4. Identity of clinical isolates as inferred by RFLP analysis and sequencing

Enterovirus strain with best score of

Sample Serotypic identity Identity inferred by RFLP analysis sequence alignment (percentage)
A CAV9 CAV5, 7,8, 18 ECV8 “Bryson” (92%)
B CAV9 CAV5, 7, 16 CAV9 “Griggs,” CAV16 “G-10,” CAV16 “Tainan,”

CBV1 “Japan,” CBV2 “Ohio-1,” ECV4 “Pesacek,”
ECV8 “Bryson,® ECV9 “Hill,” (92%)

C CAV9 CAV5, 7,8, 18 ECV25 “Th222" (91%)

D CAV9 CAV5, 7,8, 18 ECV25 “Th222" (91%)

E CVA9 CAVZ ECV3 “Morrissey,” ECV8 “Bryson,ﬁi ECV25 “JV-4” (92%)
F CAV9 CAV2,3,5,7,8,16 CBV5 “Faulkner” (90%)

G CAV9 CAV4, 6,9, 14 CBV5 “Faulkner” (93%)

H CAV9 CAVS, 7,8, 18 CBV5 “Faulkner” (92%)

| CAV8 CAV8® —°

J CAV16 CAVE CAV16 “Tainan” (96%)

K CAV16 CAVE® CAV16 “Tainan” (96%)

L CAV16 CAVE® CAV16 “Tainan” (96%)

M CAV4 CAV4® -

N Unknown cavé SVDV “UKG/27/72" (95%)
(0] Unknown CAVA SVDV “UKG/27/72" (95%)

®Best match with 2 restriction enzymes.

PBest match with 3 restriction enzymes.

‘Best match with all the restriction enzymes.

9ECV8 is considered to be serotypically identical with ECV1.
®Not sequenced.

5'-UTR group accurately. With the exception of CAV11, thalready-known serotype, confirming the subgrouping by
entire first cluster of viruses gave fragments of approximatd®FLP analysis with Hpall.

160, 148, and 108 bp (Table 2). These are due to an Hpall sit€he restriction profile of the'8JTR-derived sequences of

at genome positions 342 and 449 in one member of the cline clinical isolates, as produced by the four different restric-
ter, CAV21. The second cluster members gave bands of 2id) endonucleases, was simulated with the aid of Gene Run-
149, and 55 bp, due to sites at positions 235 and 448 in CAW8y software and compared with the results of the RFLP
a typical member of this cluster. CAV11 is a member of tlamalysis of the RT-PCR amplicons. The results verified the
first cluster, but gives four bands with Hpall: 148, 121, 108xperimental data obtained from the RFLP analysis of the
and 40 bp. This corresponds to the characteristic pattern gigemplicons (data not shown).

by the first-cluster members, except that the 160-bp fragmenThe analysis of the sequence data also showed that the
presumably split by an extra Hpall site. All of the serotypestquences of the amplicons of most of the clinical isolates
clinical isolates used represent serotypes in the second g a greater percentage of alignment with prototype strains
netic cluster and, as expected, all Hpall digests (and thosefoé different enterovirus serotype, as shown in Table 4, in-
the viruses of unknown serotype) gave bands characterigliicating the presence of variability and the inability to use
of this cluster as well (Tabl®). This confirms that RFLP the whole sequence of the amplicons for typing CAVs. For

analysis can be used to ascribe CAVS'tObR clusters. instance, CAV9 isolate “A” had a greater percentage of align-
ment (92%) with ECV8 reference strain “Bryson,” whereas
Analysis of Sequence Data the sequence of CAV9 isolates “C” and “D” were best aligned

. ... with ECV25 strain “Th222.” Only the three CAV16 isolates
The comparison of the sequences of the CAV clinical 'Sf)s'amples <3, “K,” and “L”) had the highest score of align-
lates with the sequences of the sari&/BR fragment of ment with the CAV16 strain “Tainan” and the second best

the rest of the enteroviruses verified that th&/BR of the . - N
CAVs and all the enteroviruses is highly conserved asore (93%) with CAV16 prototype strain G-10."There was
generally known (24-27). Enteroviruses are classified intg_ 1 One case, CAV9 sample "B, in which the greatest score

. 0 . X .
two clusters on the basis dfBTR; one cluster includes all ‘(‘)?a_llgnnjent (92%) V\_/as achieved with CAV9 _referenc_e strain
riggs,” but also with seven other enterovirus strains of a

the polioviruses; coxsackieviruses A11, 13, 15, 17, 18, 2 frerent serotype
and 24; and enterovirus (EV) 70; whereas the second clus- '
ter contains the CBVs_, echoviruses, and the rest of the CA[%I%CUSSION

and EV71 (24-26) (Siafakas et al., unpublished). The analy-

sis of the data led to the classification of all the clinical iso- In this study, the broadly reactive for enteroviruses prim-
lates to the second cluster, as was expected from thes UG5/UGs, and R/P, primer pairs were used. With the
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former set of primers it was possible to detect all the 24 pige., members of the same species in the same population
totype CAV strains and the 15 clinical isolates used in trase not completely identical. It is possible that all of these
study. The RT-PCR assay was supplemented with the ti&otors contributed to the observed variability of theJBR
molecular genotyping methods (RFLP and SSCP) descritzadl, thus, to the failure to type the clinical isolates with the
in this study, in an attempt to determine a rapid and relialideir restriction enzymes.
means for the subclassification of clinical CAV isolates. Using RFLP analysis, Kuan (15) studied 297-bp-long frag-
RFLP analysis of RT-PCR amplicons has been suggesteents from the BUTR of six different CAV reference sero-
and used in the past for the rapid differentiation of enterotpes produced by a nested PCR (n-PCR) assay, along with
rus serotypes and for the demonstration of genomic varialaikother 18 enteroviruses, and used these data to identify en-
ity within the enterovirus genome (12,14,16). In the presdrtovirus-infected specimens in laboratory diagnosis. He used
study, four different restriction endonucleases were usedtinee different restriction enzymes (Styl (which was also used
an attempt to optimize the detection of intertypic genetic dift this study), Bgll, and Xmnl). Thé-&J TR fragment he stud-
ferences amongst the different serotypes. The results ofigtkis part of the 435-bp-long fragment that was the subject
RFLP analysis led to a satisfactory genetic discrimination @ffresearch in the present study. Kuan (15) found that 14 out
the prototype strains with four restriction enzymes (Haelbf 16 human enterovirus-infected specimens exhibited restric-
Hpall, Ddel, Styl), with the exception of CAV5-7-16 andion patterns identical to those of the corresponding proto-
CAV15-18. The results support the possible usefulness of tipes, including the reference strains CAV2, 3, 5, 6, and 7.
RT-PCR/RFLP-based methodology for the differential idefi-he system with the restriction enzymes presented here was
tification of prototype strains, and for the extension of thimable to type wild-type isolates on the basis of thesUC
method to clinical and epidemiological practice. Neverth&lGs,-produced 5UTR fragment, which contains the frag-
less, despite the possible benefits of RFLP analysis for corent studied by Kuan (15), and showed the variability that
rect typing of CAVs, only two clinical samples (“I” and “M”) would impair typing efforts of similar rationale and method-
had restriction patterns identical to the respective prototyplegy. Therefore, the system proposed by Kuan (15) was also
strains of the four restriction enzymes that were includedtasted in the clinical isolates that were sequenced in this study
this study (Table 4). Furthermore, there is the possibility tHat simulating and comparing (with the aid of the Gene Run-
the actual sequence of a previously unidentified clinical isoer computer software) the restriction pattern on the sequences
late, typed as a specific strain with the restriction endoraf-both CAV9 and CAV16 prototype and clinical strains with
cleases, may differ significantly from that of the respectitbe three restriction endonucleases used by Kuan (15). This
prototype strain with which it had an identical restriction prgimulation showed that the three different restriction enzymes
file. This is a result of the restriction enzymes identifyinge used were not able to type the wild-type isolates used in
only a limited part of the genomic area of study. Such #me present study. For instance, only two CAV9 clinical strains
example was the case of samples “N” and “O,” which wef€AV9 “F’ and CAV9 “G”) of the eight included in this study
typed as CAV4 with three out of four enzymes (Table 4). Sead an identical Styl-produced restriction pattern with CAV9
quencing of these samples revealed that their amplicons refdrence strains “Griggs” and “P. Bozek.” Concerning Xmnl,
a 90% alignment with the respective prototype strain anaily two CAV9 clinical samples (CAV9 “F” and CAV9 “H")
greater percentage of alignment (95%) with the respectaiso had an identical restriction pattern with the CAV9 proto-
genomic region of SVDV. type strains, whereas with Bgll, three CAV9 isolates (CAV9
Sequencing of the U&G/UGs,-produced RT-PCR “A;” CAV9 “E,” and CAV9 “F”) showed the same profile
amplicons also produced highly variable results (with thvéth the respective prototype strains. Furthermore, even those
exception of the three CAV16 isolates) when the isolateamples which had an identical restriction pattern with the
were compared with their respective prototype strains, sirrespective prototype strains using Styl, Bgll, and Xmnl had
the sequence differences that were observed could nothedentical restriction pattern with other prototype strains as
classified as monophyletic within a single serotype. Thengell. For example, the three CAV16 isolates had an identical
fore, the experimental results clearly showed the existemestriction profile with the respective prototype strain using
of genetic variability in the 'SUTR, which led to the in- the restriction enzyme Bgll, but they also had the same re-
ability to type most of the clinical samples. Inherent to thedriction profile with CAV5, 6, 12, 13, 18, 20, and 21.
RNA genome of enteroviruses and the lack of proofreadingEven if RFLP analysis was complicated by mutation/re-
activity of the virus-encoded RNA polymerase is its highlgombination events, it would provide significant biologi-
mutable nature. This is due to point mutations, intra- oal and epidemiological information by showing genetic
interspecific recombination events with members of thariability between members of the same serotype, or be-
same group of viruses or with members from a differetwteen viruses with a varying degree of genetic relatedness
group, respectively, or even possible recombination wibietween them. Siafakas et al. (21) used the same RT-PCR/
genetic material of cellular origin (27). For this reaso®FLP method described in this study to show the epide-
enteroviruses exist in a form of “quasispecies” populatiomgjological relatedness of 16 clinical cases of enteroviral
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