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A large outbreak of aseptic meningitis occurred from April to November 2001 in Taiwan. Of the 1,130
enterovirus-infected patients, echovirus 30 (E30) infection was diagnosed in 188 (16.6%), with the patients
having various clinical manifestations including aseptic meningitis (73.9%), young infant fever (6.9%), respi-
ratory symptoms or herpangina (13.3%), or others (5.9%). The majority of the E30-infected patients were
between 3 and 10 years old. Of the 264 E30 strains identified, 94.3, 71, and 67.4% were isolated from RD,
MRC-5, and A549 cells, respectively. Primary isolation of E30 required mean times of 3.7 days for RD cells and
4.1 days for MRC-5 and A549 cells. Among all E30-positive patients, virus was most frequently isolated from
throat swab specimens (85.2%) and, to a lesser extent, stool (76.4%) or cerebrospinal fluid (70.1%) specimens.
The virus isolates were initially identified as echovirus 4 (E4) on the basis of immunofluorescence staining with
anti-E4 and anti-E30 (Bastianni prototype) monoclonal antibodies. However, upon performance of the neu-
tralization test, E30-specific reverse transcription-PCR, and sequencing of the VP1 gene, the results identified
these isolates as E30, not E4, indicating that the reagent used to type E30, which is produced with the Bastianni
strain as the immunogen, is inadequate for the identification of recent E30 isolates in Taiwan. Phylogenetic
analyses of the VP1 genes of these isolates showed that their sequences differed from those of E30 isolates from
the GenBank database by 9.1 to 25.2%, suggesting that this outbreak was caused by a new variant strain of E30
introduced into Taiwan in 2000 that resulted in the widespread aseptic meningitis epidemic in 2001.

Enteroviruses are the major etiologic agents of aseptic men-
ingitis, which results in approximately 50,000 hospitalizations
per year in the United States and Canada (14). A variety of
clinical manifestations are associated with enteroviral infec-
tions, including respiratory illness (common colds), hand-foot-
and-mouth disease, acute hemorrhagic conjunctivitis, myocar-
ditis, neonatal sepsis-like disease, encephalitis, and acute
flaccid paralysis (12). Sixty-six human enterovirus serotypes
have been classified into coxsackieviruses A and B, echovi-
ruses, polioviruses, and enteroviruses 68 to 71 (11, 17). Several
epidemic outbreaks of enterovirus infection occurred in Tai-
wan between January 1994 and December 2000 (4, 21, 22, 23).
An outbreak of aseptic meningitis occurred in Taiwan from
April to November 2001. Many enteroviruses were isolated
(from 1,130 patients) in our laboratory during this outbreak.
The majority (17%) of the enteroviruses isolated were echovi-
rus 30 (E30).

Diagnosis of enterovirus infections is generally based on
viral isolation and identification by indirect immunofluores-
cence staining with commercially available monoclonal anti-
bodies or serotyping by a neutralization test with Lim and
Benyesh-Melnick pools (7). However, new antigenic variants

or emerging serotypes cannot be consistently serotyped by the
methods described above and are frequently found to be un-
typeable (2). Recently, molecular methods based on reverse
transcription (RT)-PCR, DNA sequencing, and computerized
analytical programs have been used for epidemiological inves-
tigations and classification of enteroviruses (2, 8, 15, 16, 17,
18).

E30 is a human enterovirus belonging to the family Picor-
naviridae. The picornavirus positive-stranded RNA genome
possesses an unusually long, conserved 5� untranslated region
(UTR) of approximately 740 nucleotides. It has been demon-
strated that this region plays a crucial role in the viral life cycle
(13). In contrast to the highly conserved 5� UTR, the open
reading frame encoding capsid protein VP1 is more variable
and confers distinct antigenic properties to the virus (1). Thus,
this VP1-encoding region of the genome is considered the
most suitable for use in sequence analysis for determination of
the enterovirus genotype and genetic variation. In this study,
analysis of E30 by RT-PCR and sequencing of the VP1 gene
allowed us to understand the genetic diversity of E30 in an
outbreak of aseptic meningitis. The results revealed that a
variant genotype of E30 was responsible for the outbreak in
Taiwan in 2001.

MATERIALS AND METHODS

Specimen collection and processing. Specimens consisting of throat swab,
stool or rectal swab, and vesicular swab specimens were collected in viral trans-
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port medium. Cerebrospinal fluid (CSF) specimens were directly collected in
sterile tubes from inpatients or outpatients suspected of having enteroviral in-
fection. Nonsterile specimens including throat swab, stool, and vesicular swab
specimens (pretreated with penicillin [500 U/ml], gentamicin [500 �g/ml], and
amphotericin B [Fungizone; 10 �g/ml]) were centrifuged at 3,000 � g for 20 min
at 4°C before inoculation into cell cultures.

Cell lines, virus isolation, and virus identification. RD, A549, Green monkey
kidney (GMK), and MRC-5 cells were routinely used for enterovirus isolation.
Cells were cultured in Eagle’s minimum essential medium (Gibco, BRL, Grand
Island, N.Y.) (supplemented with 10% fetal bovine serum, penicillin [100 U/ml],
streptomycin [100 �g/ml], and amphotericin B [0.25 �g/ml]) and incubated at
35°C with 5% CO2. Each culture tube was inoculated with 0.2 ml of clinical
specimens, and the specimens were examined for cytopathic effects for 14 days
postinoculation. Enterovirus strains were typed antigenically by neutralization
tests with Lim and Benyesh-Melnick pools (7) or immunofluorescence tests with
available monoclonal antibodies including mouse anti-E30 (catalog no. 3315;
Chemicon International Inc.) and mouse anti-echovirus 4 (anti-E4; catalog no.
3317; Chemicon International Inc.). Identification of E30 was confirmed by an
E30-specific RT-PCR (10) or a neutralization test with polyclonal antibodies
(anti-E30 serum, ATCC VR-1072; anti-E4 serum, ATCC VR-1041). E30 was
pretreated with a low concentration of chloroform to disaggregate the virus
before performance of the neutralization test (9).

Extraction of E30 RNA. E30 was grown in RD cells, and the infected cells were
scraped and pelleted by centrifugation when a 75% cytopathic effect was seen.
The viral RNA was extracted with TRIZOL (Gibco, BRL) and chloroform,
followed by precipitation with isopropanol. Purified RNA was resuspended in
100 �l of distilled water.

RT and PCR. cDNA for panenterovirus RT-PCR was synthesized and ampli-
fied as described by Cornelissen et al. (5). Briefly, a 20-�l reaction mixture
contained 75 mM KCl, 50 mM Tris-HCl (pH 8.3), 3 M MgCl2, 10 mM dithio-
threitol, 0.2 mM each deoxynucleoside triphosphate, 50 pmol of primer 011
(antisense; 5�-GCICCIGAYTGITGICCRAA-3�; nucleotides [nt] 3408 to 3389),
200 U of moloney murine leukemia virus reverse transcriptase, and 5 �g of
purified RNA. The PCR primers (primer 008 [sense; 5�-GCRTGCAATGAYT
TCTCWGT-3�; nt 2411 to 2430] and primer 011[antisense]) amplified a cDNA
sequence which encoded the enterovirus VP3, VP1, and 2A genes (14). The PCR
mixture contained 50 mM KCl, 10 mM Tris-HCl (pH 8.9), 3.6 mM MgCl2, 0.2
mM each deoxynucleoside triphosphate, 100 �g of bovine serum albumin per ml,
and 40 pmol of primers. One unit of Taq DNA polymerase was added after
denaturation of the cDNA at 95°C for 5 min. DNA amplification was performed
for 40 cycles consisting of denaturation for 1 min at 95°C, primer annealing for
2 min at 45°C, and extension for 1 min at 72°C. The RT-PCR products were
analyzed by electrophoresis on 1% agarose gels (20). The E30-specific RT-PCR
was performed as described by Kilpatrick et al. (10) with primer 47A (5�-TKIA
CRTGICKIGTYTGCAT-3�; E30 VP1 nt 162 to 143) for cDNA synthesis and
primer 120S (5�-GACCCIGARIRIGCIYTNAA-3�; E30 VP1 nt 4 to 25) and
primer 47A for PCR.

Sequencing of RT-PCR products. The RT-PCR products were analyzed by a
Sanger dideoxy cycle sequencing reaction protocol with primers 008, 011, 040

(sense; 5�-ATGTAYRTICCIMCIGGIGC-3�; nt 2951 to 2970), and 013 (anti-
sense; 5�-GGIGCRTTICCYTCIGTCCA-3�; nt 3051 to 3032) according to the
instructions of the manufacturer (PE Applied Biosystems) (14, 15). After com-
pletion of the cycle sequencing reactions, the products were analyzed in an
automated DNA sequencer (model 373A; Applied Biosystems). Each RT-PCR
product was sequenced in both directions to resolve possible ambiguous nucle-
otides.

Phylogenetic analysis of VP1 sequences. Sixteen E30 isolates randomly sam-
pled from patients with mild fever to aseptic meningitis were used for phyloge-
netic analysis (Table 1). Multiple-sequence alignments were performed with the
PileUp program (version 10.1; University of Wisconsin Genetics Computer
Group). Three different methods (the neighbor-joining, parsimony, and maxi-
mum-likelihood methods) of phylogenetic analysis from the PHYLIP program
package (version 3.573c) were used to make a more reliable inference of phy-
logeny. The nucleotide distances were calculated by use of the DNADIST pro-
gram from the PHYLIP program package and by use of the Kimura two-
parameter model with a transition and transversion rate of 2.0. A phylogenetic
tree was then constructed by using the neighbor-joining program of the PHYLIP
package. The SEQBOOT program was used to bootstrap the data, in which 1,000
data sets were analyzed, and the CONSENSE program was used to compute a
consensus tree. Statistical estimation of the significance of branch lengths was
also determined by the maximum-likelihood method. Pairwise nucleotide and
amino acid sequence comparisons were performed by use of the Distance pro-
gram in DAMBE.

Nucleotide sequence accession numbers. The E30 sequences reported in this
study have been deposited in the GenBank database under accession nos.
AY146069 to AY146084.

RESULTS

E30 outbreak description. A total of 5,295 specimens were
received for viral culture in the National Cheng Kung Univer-
sity Hospital (NCKUH) Virology Laboratory in 2001. Entero-
viruses were isolated from 1,130 patients (1,301 specimens)
who were suspected of being infected with enterovirus. Only
two E30 infections were identified in the NCKUH Virology
Laboratory between 1998 and 2000. However, E30 accounted
for 16.6% of all enteroviruses isolated in 2001 (Table 2). The
first recent isolation of E30, prior to the 2001 outbreak, was in
December 2000. The peak period of E30 isolation in Taiwan
was between May and June 2001 (Fig. 1). The clinical presen-
tations of 188 E30-infected patients included aseptic meningi-
tis (n � 139; 73.9%), respiratory symptoms or herpangina (n �
25; 13.3%), young infant fever (n � 13; 6.9%), and others (n �
11; 5.9%). The ages of the E30-infected patients ranged from
20 days to 36 years, but most were preschool-age and school-
age children. The age distribution of the patients was as fol-
lows: �1 year old, 13.9% (26 patients); 1 to 3 years old, 10.7%
(20 patients); 3 to 6 years old, 25.6% (48 patients); 6 to 10 years
old, 38% (71 patients); 10 to 12 years old, 8.6% (16 patients);

TABLE 1. E30 isolates used for phylogenetic analysis

Isolate Sampling
date (mo/yr)

Clinical
presentation

Patient
age (yr) Specimen

N4111-TW-00 12/2000 Aseptic meningitis 0.2 Stool
N0566-TW-01 03/2001 Aseptic meningitis 10.3 Throat swab
N1006-TW-01 04/2001 CNSa syndrome 5.5 Throat swab
N1251-TW-01 04/2001 Fever 6.6 Stool
N1375-TW-01 05/2001 Fever 0.1 Throat swab
N1591-TW-01 05/2001 Meningitis 10.9 Throat swab
N1788-TW-01 05/2001 Meningitis 4.1 Throat swab
N1938-TW-01 06/2001 Fever 8.3 Throat swab
N2144-TW-01 06/2001 Meningitis 9.9 CSF
N2252-TW-01 06/2001 Aseptic meningitis 8.7 CSF
N2401-TW-01 06/2001 Meningitis 0.2 CSF
N2730-TW-01 07/2001 Meningitis 0.1 CSF
N2846-TW-01 07/2001 Herpangina 6.0 CSF
N2884-TW-01 07/2001 Meningitis 3.9 Throat swab
N2970-TW-01 07/2001 Meningitis 3.9 Throat swab
N3108-TW-01 08/2001 Meningitis 5.3 CSF

a CNS, central nervous system.

TABLE 2. Enterovirus types isolated from 1998 to 2001

Virus type
No. (%) of cases

1998 1999 2000 2001

E30 0 (0.0) 0 (0.0) 2 (0.2) 188 (16.6)
Echovirus 6 4 (1.3) 3 (0.5) 0 (0) 154 (13.6)
Enterovirus 71 132 (44.5) 13 (2.0) 195 (20.6) 116 (10.3)
Coxsackievirus A16 54 (18.2) 11 (1.7) 172 (18.1) 135 (11.9)
Coxsackievirus A10 0 (0.0) 119 (18.4) 2 (0.2) 11 (1.0)
Coxsackievirus B1-6 31 (10.4) 178 (27.6) 85 (9.0) 23 (2.0)
Other enteroviruses 76 (25.6) 322 (49.8) 493 (51.9) 503 (44.6)

Total 297 (100) 646 (100) 949 (100) 1,130 (100)
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and �12 years old, 3.2% (6 patients). The ratio of males to
females was 1.28 (104:84).

Comparison of cells for detection of E30 by cell culture.
MRC-5, A549, GMK, and RD cells were used for the routine
isolation of enterovirus in our laboratory. E30 could not grow
in GMK cells. For primary isolation of E30, a mean of 4.1 days
(range, 1 to 10 days) was required for MRC-5 cells, a mean of
4.1 days (range, 2 to 11 days) was required for A549 cells, and
a mean of 3.7 days (range, 1 to 10 days) was required for RD
cells (Table 3). The rates of isolation of E30 from MRC-5,
A549, and RD cells were 71.0, 67.4, and 94.3%, respectively
(Table 3). Among all E30-positive patients, virus was most
frequently obtained from throat swab specimens (85.2%; 155
positive specimens of 182 total specimens tested from positive
patients) but was isolated less often from stool specimens
(76.4%; 13 of 17) and CSF (70.1%; 103 of 147). Among the
patients with aseptic meningitis in 2001, the CSF of 14.3% (99
of 694) was positive for E30 by culture, the CSF of 10.5% (73
of 694) was positive for other enteroviruses, and the CSF of
75.2% (522 of 694) was culture negative.

Identification of E30. The virus isolates were initially iden-
tified as E4 on the basis of immunofluorescence staining with
monoclonal antibodies from Chemicon Inc. The monoclonal

antibodies used were anti-E4, which gave a positive result, and
anti-E30, which gave a negative result. However, when the
neutralization tests were performed with monovalent antisera,
these isolates were neutralized by anti-E30 serum but not by
anti-E4 serum. RT-PCR and sequencing of the VP1 gene were
conducted to verify the virus type and to analyze the variations
among the strains associated with this outbreak. Pairwise nu-
cleotide sequence comparisons showed that these isolates were
closer to E30 than to E4. In addition, the predicted RT-PCR
products could be obtained from these isolates with E30-spe-
cific primers (data not shown) (10). The results confirmed that
these echovirus isolates were E30 and not E4 (Table 4).

Phylogenetic analysis of VP1 gene. Previously, it has been
shown that the VP1 gene contains the most variable region
among enteroviruses. In the present study, we conducted mo-
lecular analyses with 16 newly isolated E30 strains by sequenc-
ing the VP1 genes of strains obtained from different clinical
categories and various specimens. The E30 strains examined
are listed in Table 1. A phylogenetic tree of these sequences
was configured by the neighbor-joining method with echovirus
21 as the outgroup, and sequences from the GenBank database

FIG. 1. Monthly distribution of all enterovirus-positive patients and E30-positive patients between 2000 and 2001.

TABLE 3. Comparison of rate of growth and isolation of
E30 among different cell lines on primary isolation

Cell line Growth rate (days)a Isolation rate (%)

MRC-5 4.1 (1–10) 71.0 (147/207)b

A549 4.1 (2–11) 67.4 (118/175)
GMK 0
RD 3.7 (1–10) 94.3 (249/264)

a Average to detection (range) time.
b The values in parentheses are the number of positive specimens/total number

of specimens from positive cases tested.

TABLE 4. Identification of E30

Isolate no.

Result bya

Final
identifi-
cation

IF NT E30
RT-PCR

Phylogenetic
analysisE4 E30 E4 E30

N0566-TW-01 � � � � � E30 E30
N1066-TW-01 � � � � � E30 E30
N1375-TW-01 � � � � � E30 E30
N1591-TW-01 � � � � � E30 E30
N2516-TW-01 � � � � � E30 E30

a If, immunofluorescence staining; NT, neutralization test.
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(from 26 E30 strains and 4 E4 strains) were included for
comparison (14) (Fig. 2). To estimate the reliability of the
phylogenetic tree, bootstrap analysis was performed by the
neighbor-joining method. The tree constructed by the maxi-
mum-likelihood method is very similar to those produced by
the neighbor-joining method and bootstrap analysis (data not
shown). Genetic analysis of 16 strains of E30 obtained from the
outbreak described here and the first isolate from 2000 showed
that these isolates were closely related to each other (0 to 2.9%
differences in the 876 bp sequenced), suggesting that the out-
break strain was introduced into Taiwan in December 2000,
approximately 3 months prior to the start of the epidemic. In
contrast, the sequences of these isolates were different from

the E30 and E4 sequences retrieved from the GenBank data-
base by 9.1 to 25.2% and 37.8 to 39.4%, respectively. The
sequences of E30 segregated into five distinct branches: geno-
types 1 to 4 consisted of E30 isolates from the GenBank da-
tabase, and genotype 5 contained E30 isolates from the present
epidemic. Pairwise comparison of the nucleotide sequences of
the VP1 genes showed that the sequences of the strains within
genotype 5 differed by up to 2.9% and that the sequences of the
genotype 5 strains differed from those of genotype 1, 2, 3, 4a,
and 4b isolates by 22.6 to 25.2, 14.5 to 17.6, 12.2 to 13.8, 10.7
to 13.0, and 9.1 to 11.5%, respectively (data not shown). The
VP1 regions of these 2001 outbreak strains (genotype 5) had
95.6 to 100% amino acid sequence similarities, and their amino

FIG. 2. Phylogenetic analysis of VP1 gene of echovirus. The dendrogram of the 16 E30 outbreak strains and 30 reference strains from GenBank
is based on the sequence of 876 nucleotides (nt 2460 to 3335) of the VP1 gene and was obtained by the neighbor-joining method with the
DNADIST distance measure program (version 3.573c; PHYLIP). The percent bootstrap frequency of each branch in the tree is indicated.
Enterovirus 21 was included as an outgroup.
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acid sequences differed from those of genotype 1, 2, 3, 4a, and
4b isolates by 8.2 to 11.2, 5.4 to 8.2, 3.4 to 5.4, 1.7 to 5.1, and
2.4 to 5.1%, respectively (data not shown).

DISCUSSION

Enteroviruses are common human pathogens and are asso-
ciated with a broad spectrum of clinical presentations including
asymptomatic infections, respiratory symptoms, aseptic men-
ingitis, and severe diseases in newborns and immunocompro-
mised hosts (16). A large outbreak of enterovirus 71 infection
occurred in Taiwan in 1998. The outbreak resulted in a hand-
foot-and-mouth disease epidemic that caused sudden death
among young children (20). In contrast, E30 causes either mild
symptoms or aseptic meningitis. Outbreaks of aseptic menin-
gitis associated with E30 are often reported (14, 19). A recent
report by the World Health Organization indicated that from
1997 to 1999, of the 1,672 nonpoliomyelitis-associated entero-
viruses isolated in the United States, E30 accounted for the
highest percentage (27.5%) (3). Very few E30 isolates were
detected in the NCKUH Virology Laboratory between 1995
and 2000. However, in the spring and summer of 2001 there
was an unusually high rate of isolation of E30 (188 of 1,130
[16.6%] enterovirus-infected patients) at the NCKUH Virol-
ogy Laboratory. Among these 188 patients, 139 patients
(73.9%) were hospitalized with central nervous system syn-
dromes indicating that the virus was neurovirulent.

The large number of E30 isolates obtained in this study
allowed analysis of laboratory findings including growth rates
in different cell lines and rates of isolation from various spec-
imens. In the present study E30 was most successfully isolated
from throat swab specimens but was less successfully isolated
from stool and CSF specimens. The reason for the better
recovery of virus from throat specimens is probably because
throat specimens were usually taken during the early onset of
symptoms. In addition, higher detection rates were achieved
with throat swab specimens than with stool and CSF speci-
mens, suggesting that throat swab specimens contained higher
titers of E30 and allowed the recovery of viruses at higher
rates. A pitfall of virus identification solely on the basis of
immunofluorescence staining with commercial monoclonal an-
tibodies was noted in this study. The mouse anti-E30 mono-
clonal antibody (against the Bastianni strain, which was iso-
lated in 1958) could not recognize the recent E30 outbreak
strains in Taiwan, suggesting that antigenic drift has occurred.
Several reports have indicated that antigenic drift has occurred
in enteroviruses (11, 14, 19). Pairwise comparisons of nucleo-
tide sequences showed that the sequences of these isolates
differed from the E30 and E4 sequences in the GenBank da-
tabase by 9.1 to 25.2 and 37.8 to 39.4%, respectively. This
indicates that these isolates are E30 strains, since the nucleo-
tide sequences of strains of the homologous serotype were at
least 75% identical (2, 15). Thus, it is important to use a
neutralization test in conjunction with genetic analysis for eval-
uation of enteroviruses associated with outbreaks or epidemi-
ological studies.

A recent report (6) indicated that there was an outbreak of
E4 in Israel and the Palestinian Authority from June 1997 to
beyond February 1998. That outbreak was also associated with
aseptic meningitis. Genetic analysis of the 5� UTR of the E4

genome showed that a new variant genotype of E4 was respon-
sible for the epidemic (6). Molecular analysis of E30 strains
isolated from patients involved in an outbreak of aseptic men-
ingitis in Taiwan was undertaken in this study to understand
the genetic variations. The phylogenetic analysis showed that
the E30 strains from the 2000 and 2001 outbreaks were very
similar and belonged to one genotype, with �97% identity in
nucleotide sequences and �95% identity in amino acid se-
quences. In contrast, a recent study (21) showed that two
genotypes were cocirculating in Taiwan during the 1998 en-
terovirus 71 epidemic. In addition, the sequences of the en-
terovirus 71 isolates from the 1998 and 2000 outbreaks were
closely related to the sequences reported by others (21) and
placed in the GenBank database. However, the sequences of
the E30 strains isolated in the 2001 outbreak in Taiwan were at
least 9% different from the sequences of the E30 strains in the
GenBank database, indicating that a new variant genotype was
circulating in Taiwan. The present investigation of an E30-
associated aseptic meningitis outbreak in Taiwan showed that
the outbreak had the following epidemiological features: (i)
the incidence of the E30 outbreak peaked in southern Taiwan
between May and June 2001; (ii) the prevalent genotype was
type 5, whose sequence differed from those of genotype 1 to 4
strains in GenBank by 9.1 to 25.2%; and (iii) the outbreak
strain was introduced into Taiwan approximately 3 months
prior to the epidemic.
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