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Two outbreaks of hand-foot-and-mouth disease (HFMD) occurred in Taiwan between 1998 and 2000.
Enteroviruses were isolated from a total of 1,892 patients in this laboratory during this period. Of the virus
isolates, enterovirus 71 (EV71) was diagnosed in 44.4% of the patients (132 of 297) in 1998, 2% (13 of 646) in
1999, and 20.5% (195 of 949) in 2000. Genetic analyses of the 5’'-untranslated and VP1 regions of EV71 isolates
by reverse transcription-PCR and sequencing were performed to understand the diversity of EV71 in these
outbreaks of HFMD. Most EV71 isolates from the 1998 epidemic belonged to genotype C, while only one-tenth
of the isolates were genotype B. Interestingly, all EV71 isolates tested from 1999 to 2000 belonged to genotype
B. This study indicated that two genogroups of EV71 capable of inducing severe clinical illness have been
circulating in Taiwan. Furthermore, the predominant EV71 genotypes responsible for each of the two major
HFMD outbreaks within the 3-year period in Taiwan were different.

Enterovirus 71 (EV71) is known to be a causative agent of
hand-foot-and-mouth disease (HFMD) and severe neurologi-
cal complications (4). EV71 was first isolated and character-
ized from cases of neurological disease in California (11).
Many EV71 outbreaks have been reported in different regions
of the world (5, 8). In 1998, a large outbreak of HFMD (129,106
reports) occurred in Taiwan, involving 405 children with severe
complications, including encephalitis, aseptic meningitis, pul-
monary edema or hemorrhage, acute flaccid paralysis, and
myocarditis, resulting in 78 deaths (4, 9). In 2000, there was
another outbreak, with 80,677 reports of HFMD and 41 deaths
in Taiwan (http://www.cdc.gov.tw/g/virus/virus3.htm).

EV71 is a human enterovirus belonging to the Picornaviridae
family. The picornavirus positive-stranded RNA genome pos-
sesses an unusually long, conserved 5'-untranslated region
(UTR) of approximately 740 nucleotides (nt). It has been
demonstrated that this region has a crucial role in the viral life
cycle (10). In contrast to the highly conserved 5'-UTR, the
open reading frame encoding the capsid protein VP1 is more
variable and confers distinct antigenic properties to the virus
(2). Thus, this VP1 region is considered to be the most suitable
region for sequence analysis to determine genetic diversity.
Analysis of EV71 by RT-PCR and sequencing of the 5'-UTR
and VP1 regions of the genome in this study allowed us to
understand the genetic diversity of EV71 in outbreaks of
HFMD and revealed the genotypes responsible for the 1998
and 2000 outbreaks.
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MATERIALS AND METHODS

Virus isolation and identification. A total of 14,901 specimens from inpatients
or outpatients during the study period from 1998 to 2000 were investigated.
Specimens were inoculated onto appropriate tissue cultures (Vero, A549, rhab-
domyosarcoma [RD], green monkey kidney [GMK], and MRC-5 cells) to isolate
enteroviruses (15). Enterovirus strains were typed antigenetically by neutraliza-
tion tests using Lim and Benyesh-Melnick pools (6) or immunofluorescence tests
using available monoclonal antibodies (Chemicon International Inc.).

Analysis of the 5'-UTR and VP1 sequences. Viral RNA was extracted and used
in reverse transcription-PCR (RT-PCR) as previously described (16). The primer
sequences used were as follows: EV34A (sense), 5'-GGCCCACTGGGCGCTA
GCA-3', (nt 34 to 53 of EV71 MS genome), and EV1337B (antisense), 5'-TG
TCCCAATGACATACTCT-3" (nt 1356 to 1337), for the 5'-UTR; EV159
(sense), 5'-ACYATGAAAYTGTGCAAGG-3' (nt 2385 to 2403), and EV174
(antisense), 5'-GCTGACCAAACTTTCCAAGGG-3’ (nt 3348 to 3328), for VP1
(3). DNA sequencing was performed with primers EV34A (sense), EV800B
(antisense) (5'-AATGGTGGAGCCTTCTGTAG-3'" [nt 822 to 803]), EV583A
(sense) (5'-TGGCTGCTTATGGTGACAA-3' [nt 584 to 603]), and EV1019B
(antisense) (5'-ACTATGATGTTTGCTGCTTC-3' [nt 1052 to 1032]) for 5'-
UTR and EV159 (sense), EV162 (antisense) (5'-CCRGTAGGKGTRCACGC
RAC-3' [nt 2869 to 2850]), EV161 (sense) (5'-CTGGGACATAGAYATAAC
WGG-3' [nt 2766 to 2785]), and EV174 (antisense) for VP1 (3) using an
automated DNA sequencer (model 373A; Applied Biosystems). Sequence anal-
yses were performed on approximately 75, 13, and 40 EV71 isolates from 1998,
1999, and 2000, respectively, using programs in the University of Wisconsin
Genetics Computer Group (GCG) package (version 10.1).

Phylogenetic analysis of 5'-UTR and VP1 sequences. Fifty-three EV71 isolates
were used for phylogenetic analysis using a random sampling from patients with
diverse clinical presentations, ranging from uncomplicated HFMD to encepha-
litis and death (Table 1). Three different methods (neighbor joining, parsimony,
and maximum likelihood) of phylogenetic analysis from the PHYLIP program
package, version 3.573c, were used in order to make a more reliable inference of
phylogeny. The nucleotide distances were calculated by the program DNADIST
from the PHYLIP program package and by the use of the Kimura two-parameter
model with a transition/transversion rate of 2.0. A phylogenetic tree was then
constructed by use of the neighbor-joining program of the PHYLIP package.
SEQBOOT was used for bootstrap analysis of data, in which 1,000 data sets were
analyzed and CONSENSE was used to compute a consensus tree. The statistical
estimation of the significance of branch lengths was also determined by the
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TABLE 1. EV71 isolates used for phylogenetic analysis”

I Sampling date Clinical feature(s) Isolate
solate oo
(mo/yr) on admission Patient age (yr) Specimen genotype

BrCr-CA-70 1970 Aseptic meningitis 0.2 NA A
7423-MS-87 1987 Paralytic illness 1.6 NA B
236-TW-86 1986 HFMD NA NA B
0756-MAA-97 1997 NA NA NA C
0731-MAA-97 1997 NA NA NA B
AJ238447-97 1997 NA NA NA B
N4643-TW-98 4/1998 Encephalitis (death) 1.9 Throat swab C
N5033-TW-98 6/1998 Encephalitis (death) 1.6 Gastric lavage fluid C
N5055-TW-98 6/1998 Encephalitis 3.0 Throat swab C
N5062-TW-98 6/1998 Herpangina 0.9 Stool C
N5101-TW-98 6/1998 HFMD 0.8 Throat swab B
N5157-TW-98 6/1998 HFMD 6.8 Throat swab B
N5202-TW-98 6/1998 HFMD 33 Throat swab C
N5296-TW-98 6/1998 HFMD 5.1 Throat swab C
N5385-TW-98 7/1998 HFMD 1.0 Throat swab C
HO0001-TW-98 7/1998 HFMD, CNS symptoms 0.7 Stool C
N5698-TW-98 8/1998 Meningoencephalitis 1.8 Throat swab C
N5761-TW-98 8/1998 HFMD, encephalitis 1.9 Stool C
N5811-TW-98 8/1998 HFMD 1.9 Throat swab C
HO0139-TW-98 9/1998 Meningoencephalitis 1.6 Throat swab C
N6064-TW-98 10/1998 HFMD 2.2 Throat swab C
N6071-TW-98 10/1998 HFMD 3.6 Throat swab C
N6108-TW-98 10/1998 HFMD 0.7 Stool C
N6128-TW-98 10/1998 Encephalitis NA Throat swab C
N6174-TW-98 10/1998 Meningoencephalitis 1.0 Throat swab C
N6182-TW-98 10/1998 HFMD, CNS symptoms 1.1 Throat swab C
N6252-TW-98 10/1998 HFMD 2.5 Throat swab C
N6270-TW-98 10/1998 HFMD 2.6 Throat swab C
N6356-TW-98 10/1998 HFMD, encephalitis (death) 2.6 Throat swab C
S9086-TW-98 10/1998 Meningitis 1.6 Stool B
HO0358-TW-98 12/1998 HFMD, encephalitis 1.6 Stool C
HO0382-TW-98 12/1998 Enterovirus infection 1.0 Throat swab C
N7008-TW-99 2/1999 HFMD, CNS symptoms (death) 2.6 Stool B
N7129-TW-99 2/1999 HFMD, CNS involvement 1.0 Throat swab B
S0463-TW-99 11/1999 Aseptic meningitis 2.4 Throat B
S0042-TW-00 1/2000 NA 0.1 Stool B
NO0118-TW-00 1/2000 NA 2.4 Throat swab B
MO0167-TW-00 3/2000 HFMD 4.5 Throat swab B
M0177-TW-00 3/2000 HFMD 4.6 Throat swab B
MO0200-TW-00 3/2000 HFMD 0.8 Throat swab B
M0201-TW-00 3/2000 HFMD 1.0 Throat swab B
M0225-TW-00 3/2000 HFMD 5.5 Throat swab B
M0226-TW-00 3/2000 HFMD 4.1 Throat swab B
HO0148-TW-00 3/2000 HFMD, acute pharyngitis, asthmatic bronchitis 2.0 Throat swab B
N1034-TW-00 4/2000 HFMD 35 Throat swab B
N1059-TW-00 4/2000 HFMD, CNS symptoms 12 Throat swab B
M0267-TW-00 4/2000 HFMD 2.7 Throat swab B
N1554-TW-00 5/2000 CNS symptoms 1.1 Throat swab B
N1643-TW-00 5/2000 HFMD, CNS involvement 0.5 Stool B
H0218-TW-00 5/2000 Meningoencephalitis 2.9 Stool B
N1814-TW-00 6/2000 HFMD, CNS symptoms (death) 1.1 Brain stem (autopsy) B
MO0485-TW-00 6/2000 NA 1.9 Throat swab B
H0444-TW-00 7/2000 Meningoencephalitis (death) 1.3 Stool B
H0493-TW-00 7/2000 HFMD, acute gastritis (death) 1.7 Throat swab B
MO0553-TW-00 7/2000 NA 33 Throat swab B
HO0575-TW-00 9/2000 HFMD with CNS involvement 1.4 Stool B
S0296-TW-00 9/2000 HFMD, convulsion, CNS involvement 1.8 Stool B
S0309-TW-00 9/2000 NA 4.7 Throat swab B
M0652-TW-00 9/2000 HFMD 2.9 Throat swab B

“The EV71 isolates used for phylogenetic analysis were a random sampling from patients with diverse clinical presentations, ranging from uncomplicated HFMD
to encephalitis and death. Abbreviations: CNS, central nervous system; NA, not available.
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FIG. 1. Dendrogram of the 48 outbreak strains, four reference strains from GenBank, and one isolate from 1986, based on 648 nt (nt 98 to 745)
of the 5'-UTR gene using the neighbor-joining method with the DNADIST distance measure program (PHYLIP, version 3.573c). The percentage
of bootstrap frequency of each branch in tree is indicated. CA16 was included as an outgroup.

maximum-likelihood method. Pairwise nucleotide and amino acid sequence
comparisons were performed by the Distances program of the GCG package.

Nucleotide sequence accession numbers. Sequences reported in this study
have been deposited in the GenBank database under accession no. AY055125 to
AY055201.

RESULTS

Description of outbreaks. From 1998 to 2000, a total of
14,901 specimens were received for viral culture in our labo-
ratory, and enteroviruses were isolated from 2,132 specimens
(1,892 patients [297, 646, and 949 patients in 1998, 1999, and
2000, respectively]). Two periods of increased incidence of
EV71 infections in Taiwan occurred in each of the outbreaks in
1998 and 2000, one between May and June and the other in
October. EV71 represented 44.4, 2.0, and 20.5% and CA16

comprised 18.2, 1.7, and 18.0% of enterovirus infections in
1998, 1999, and 2000, respectively. The age distributions and
clinical presentations were similar in both the 1998 and 2000
epidemics (data not shown).

Phylogenetic analysis of 5'-UTR sequence. To assess the
degree of heterogeneity among EV71 isolates, we performed
molecular analyses by sequencing the 5'-UTR (648 nt) regions
of EV71 strains obtained from 1998 to 2000. The EV71 isolates
examined were from patients with diverse clinical presenta-
tions, ranging from uncomplicated HFMD to encephalitis and
death (Table 1). Sequences of CA16-G10-51 were included as
the outgroup, and sequences of BrCr-CA-70, 7423-MS-87 pro-
totypes, and one Malaysian isolate, AJ238447 (440 nt), from
the GenBank database were included for comparison (3). In
the analysis of 5'-UTR region, a total of 26, 3, and 19 EV71
strains from 1998, 1999, and 2000, respectively, were analyzed
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FIG. 2. Dendrogram of the 28 outbreak strains and five reference strains from GenBank, based on 841 nt (nt 2439 to 3280) of the VP1 gene.
The branch length for the outgroup, CA16-G10-51, was reduced by 0.5 in the dendrogram.

(Fig. 1). Based on 5'-UTR sequences of 75 EV71 strains iso-
lated from the 1998 outbreak, there was a clear segregation
into two phylogenically distinct genotypes, B and C, with a
ratio between genotype C and B of 10 to 1 (data not shown).
In contrast, all strains from 1999 and 2000 tested belonged to
genotype B, which clustered with 7423-MS-87, as did one iso-
late from southern Taiwan in 1986 (236-TW-86). The trees

constructed by the maximum-likelihood method were very sim-
ilar (data not shown).

Phylogenetic analysis of VP1 sequence. In the analysis of the
VP1 region (841 nt), a total of 12, 2, and 19 EV71 strains from
1998, 1999, and 2000, respectively, were used for phylogenetic
analysis (Fig. 2). The dendrogram showed only one isolate
number to represent isolates with identical sequences: N6270-

TABLE 2. Pairwise nucleotide sequence comparison of 5'-UTR among EV71 isolates”

% Difference in 5'-UTR sequence for comparison with:

Isolate p—— MSI957 Taiwanl986 Malaysia'%7 Taiwan'9%8 Taiwan!998-2000
(236-TW-86) (AJ238447) (genotype C) (genotype B)

BrCr'7° 0.0 12.9 14.4 10.3 18.4-19.6 10.0-17.6
MS!87 0.0 5.8 9.2 19.3-20.9 9.2-15.8
Taiwan'?%¢ (236-TW-86) 0.0 10.5 16.4-17.8 9.7-16.3
Malaysia'®®” (AJ238447) 0.0 17.6-18.7 0.2-8.0

Taiwan'*® (genotype C) 0.0-1.6 17.2-25.9
Taiwan'?**2% (genotype B) 0.0-9.5

“ The data indicate the range of sequence diversities (percent) in the pairwise comparisons among EV71 isolates. The year(s) of isolation is shown as a superscript.
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S TW-98 and HO0358-TW-98; H0575-TW-00, MO0553-TW-00,
2|55 oEngs N1814-TW-00, and HO0444-TW-00; and HO0218-TW-00 and
§ g é 3 <O'r ;'r -&'n 2' ;'r HO0148-TW-00. Sequences of CA16-G10-51, BrCr-CA-70, and
2 5 7423-MS-87 prototypes and two Malaysian isolates, 0756-
s MAA-97 and 0731-MAA-97, from the GenBank database
g lé NS — were also included for comparison (3). Similar results were
§ 2|1 TIT97 obtained for the phylogenetic analysis of both 5'-UTR and
S5 |Toima=3 VP1 studies. As in the 5'-UTR analysis, VP1 sequences of 12
N - EV71 strains isolated from the 1998 outbreak in Taiwan were
g b also grouped into genotypes B and C in the dendrogram, with
%E AT genotype C being the most prevalent. In contrast, isolates from
3 ;5 1999 and 2000 grouped into the genotype B lineage.
el ~ Genetic divergence of 5'-UTR and VP1. Pairwise nucleotide
g iﬂﬁ ) sequence comparison of the 5-UTR showed that strains in
% zx|22s2 E genotype C differed by up to 1.6% within the cluster, by 17.2 to
% g z 25.9% from genotype B isolates, and by 18.4 to 19.6% from
2 _ £y genotype A BrCr (Table 2). Genotype B isolates in Taiwan
§ §= § e 2 from 1998 to 2000 differed from the EV71 prototype MS strain,
M SE|lcsS it the 1986 Taiwan isolate (236-TW-86), and the Malaysia
£le| |E8 B AJ238447 isolate by 9.2 to 15.8%, 9.7 to 16.3%, and 0.2 to
£ § . A 8.0%, respectively (Table 2). Pairwise nucleotide sequence
= | E 5 |22 g comparison of the VP1 showed that strains in genotype C
z ?5’ 2 % differed by up to 1.1% within the cluster, by 18.5 to 20.7% from
ols % - ; genotype B isolates, and by 18.1 to 19.0% from genotype A
g 3] g | = BrCr (Table 3). The VP1 region of genotype B isolates in
518 Occ: g Taiwan from 1998 to 2000 differed from the EV71 prototype
£z § A | et _q: MS strain, the 1986 Taiwan isolate (236-TW-86), and the Ma-
S 2| |LE|5375585|F laysia 0731-MAA isolate by 7.4 to 9.0%, 1.3 to 4.8%, and 5.2 to
2|8 sg ; ~an g § S % 7.0%, respectively (Table 3). In contrast to the intrinsic homo-
% z S 2 geneity in genotype C (about 0 to 1.6% divergence), the ge-
2 -E N IS notype B isolates showed a marked divergence (about 0 to
E S 35 é 2 a‘ gl gl ;I* :| E 9.5%) within the same cluster when the 5'-UTR was analyzed.
o £ £|x529%S E More divergence (0 to 4.2%) in genotype B t'han genotype C (0
e I R g to 1.1%) was also seen when the VP1 region was compared
= 5 g g (Table 3). Although the VP1 gene was considered to be the
g 23 |zmexac E more variable region, the divergence between genotype B and
3 é‘ L £ C within the VP1 gene was comparable (18.5 to 20.7%) to that
E i‘i >S g observed within the 5'-UTR (17.2 to 25.9%).
S 2l < E Variability of VP1 amino acid sequences. The amino acid
5 z k] é N e S g sequences among isolates from the 1998 and 2000 outbreaks
§ ggg ]ene 2 had 96.0 to 97.1% similarity in the VP1 region. Within the
& =2 £ same genotype, VP1 amino acid sequences of genotype B or C
- s @ ‘§ strains were at least 98.9% identical to one another (Table 3).
2| | gz |
% Ed 8 DISCUSSION
= ~ G
2 |~o § A recent report by the World Health Organization indicated
% S ; that during 1997 to 1999, of 1,672 nonpoliomyelitis enterovirus
- g;, isolations in the United States, EV71 had the lowest incidence,
% 2 g only 2.1% (1). EV71 was occasionally isolated in Taiwan in
& 5 1980 and 1986 (4); however, 132 (44.4% of enterovirus isolates
%) % in 1998) and 195 (20.5% of enterovirus isolates in 2000) strains
T2 E of EV71 were isolated in 1998 and 2000, respectively. This
3 g g 2| = result clearly indicated that two outbreaks occurred in Taiwan
E = a% % within the 3-year period. In 1999, EV71 accounted for only 2%
2 glé%v 5|2 of the isolates; however, an outbreak of coxsackievirus A10
() S Lo = . . .
s 5582 a |8 contributed to the large number of enteroviruses isolated that
e Smmti |t year (15).
% ?fm § _E‘_fé § :[5 The apparent genetic distinction of EV71 isolates appeared
BSESSEE not to correlate with the severity of the disease. EV71 from
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total cases were in both B and C genogroups in this study. Both
genetic clusters consisted of fatal and mild HFMD cases. Sim-
ilar results were obtained from studies of EV71 strains from
fatal and nonfatal cases of a 1998 outbreak in Taiwan (12). In
addition, the Malaysian isolates obtained from patients with
uncomplicated HFMD and fatal encephalitis in 1997 were vir-
tually identical in their VP1 regions to those in a report by
Brown et al. (3). Thus, a final conclusion cannot be made from
existing genetic analyses of the 5'-UTR and VP1 regions in
relation to clinical manifestations.

Genetic analyses of the 5'-UTR and VP1 in this study
showed consistent grouping of EV71 isolates from the 1998
outbreak into two clusters, genotypes B and C. The results
suggest that recombination did not occur between these out-
break strains, an event which can lead to the evolution of
highly virulent strains (12). Several studies on EV71 strains
from 1998 in Taiwan also support the existence of two cocir-
culating genotypes (12, 13, 14). Furthermore, this study
showed that EV71 isolates in the 2000 outbreak only grouped
to one genogroup, genogroup B, a result of a genotype switch
which occurred between two major HFMD epidemics within
the 3-year study period.

The 5'-UTR of enteroviruses is generally highly conserved;
in contrast, VP1 contributes to the most variable region on the
surface of virion (7). However, the nucleotide sequence diver-
sities of the 5'-UTR and VP1 regions were similar in this study.
Overall these two EV71 genotypes showed 79.3 to 81.5% nu-
cleotide identity and 96.0 to 97.1% amino acid identity in the
VP1 region and 74.1 to 82.8% nucleotide identity in the 5'-
UTR in these two outbreaks. Despite the wide variation in
clinical presentations, this study demonstrates the narrow
range of EV71 genetic diversity between two genotypes of
EV71 from two large outbreaks that occurred during a 3-year
period in Taiwan.
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