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Detection of human enterovirus 71 and coxsackievirus A16
in children with hand, foot and mouth disease in China
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Abstract. The aims of the present study were to investigate
the genetic characteristics of enterovirus 71 (EV71) and
coxsackievirus A16 (CVA16) strains in China and to evaluate
the relationship between the genotypes of CVA16 and EV71
and their geographical distribution. A total of 399 stool
specimens were collected from children with symptoms of
hand, foot and mouth disease (HFMD) in Zhejiang Province.
The presence of enteroviruses was determined using reverse
transcription-semi-nested PCR targeted to the VP1 gene of all
human enteroviruses and DNA sequencing. EV71 and CVAL16,
the major etiological agents of HFMD, were detected in 38.4%
(38/99) and 35.4% (35/99) of HEV-A species-positive cases,
respectively. Based on the phylogenetic analysis of the VP1
gene, EV71 strains identified in this study belong to subgeno-
type C4, and CVAI16 strains herein were classified into clusters
B2a and B2b within the genotype B2. Taking into consid-
eration other published data, we conclude that the genetic
characteristics of enteroviruses in China reflect the pattern of
the endemic circulation of the subgenotype C4 to EV71 and
clusters B2a and B2b within genotype B2 to CVA16, which
have been continuously circulating in China since 1997. This
observation indicates that the genetic characteristics of entero-
viruses in China seem to depend on their special geographical
and climatical features allowing them to be sustained with
little external effect.
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Introduction

Hand, foot and mouth disease (HFMD) is generally a benign
and common self-limiting childhood illness characterized
by fever and vesicular eruption on the hands and feet and in
the mouth. This disease can be caused by several enterovirus
serotypes, such as coxsackievirus A2, A4, AS, A8, Al0, A16
and enterovirus 71 (EV71) (1,2). Of these, coxsackievirus A16
(CVA16) and human EV71 are the major etiologic agents of
HFMD. The clinical features of HFMD caused by these two
viruses are indistinguishable, but EV71 infection is associated
to a greater extent with severe neurological disease and fatali-
ties (3-5). In contrast, CVAl6-associated HFMD has a milder
outcome, with much lower incidence of neurological disease (6).

EV71 has been classified into three genotypes (A,B,C)
and divided into 10 subgenotypes (A, BI-B5, C1-C5) based on
the complete VP1 gene over a 40-year period and different
geographical distribution (7-9). Although a small number
of studies have focused on the molecular characteristics of
CVA16, CVA16 has been classified into two genotypes (A and
B) based on the VPI gene. The B genotype can be divided
into B1 and B2 subtypes, and subtype B2 is known to contain
clusters B2a and B2b (10-13). Whereas identification of the
genotypes or subgenotypes of CVA16 and EV71 has been
used to reveal the origins of virus in HFMD outbreaks, (9,10)
the relationship between the genotype of CVA16 and EV71
and their geographical distribution has not been previously
investigated.

In this study, we analyzed the genetic characteristics of
the partial VP1 gene of CVA16 and EV71 strains in China
using phylogenetic analysis, and we specifically aimed to
evaluate the relationship between genotype and geographical
epidemics.

Materials and methods
Clinical specimens, sample processing, RNA extraction. A

total of 399 stool specimens were obtained with informed
consent from children with signs of HFMD, including a brief
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Figure 1. Ethidium bromide-stained 1% agarose gel shows the results of
VP1 RT-semi-nested PCR amplification of the RNA extracted from stool
specimens. DL2000 DNA marker was included in lane M. Lane 1 to lane 24
represent RT-semi-nested the PCR-amplified 350-400 bp fragments of rep-
resentative stool specimens ranging from 170EV-ZJ2010 to 207EV-ZJ2010.

febrile illness and typical vesicular rashes on the palms and
soles in Zhejiang Province between May and August 2010.
We collected these specimens from the Pediatrics Department
of The First Affiliated Hospital, School of Medicine,
Zhejiang University (Hangzhou, China). Stool samples were
immediately stored at -80°C until further analysis. Before
commencement of this study, the project was approved by the
Ethics Committee of the First Affiliated Hospital, College of
Medicine, Zhejiang University.

A 10% stool suspension was made by adding 0.5 g of stool
(0.5 ml for fluid stools) to 5 ml of 1% phosphate-buffered
saline. The suspension was centrifuged at 12.000 x g for
10 min and filtered, and then subsequently processed. Vial
RNA extraction was carried out using a high Pure Viral RNA
kit (Roche Applied Science, Mannheim, Germany) according
to the manufacturer's procedures and stored at -80°C until
further analysis.

Reverse transcription-semi-nested PCR and sequencing.
Reverse transcription-semi-nested PCR amplification was
performed using a set of primers for the VP1 gene as described
previously (14). Briefly, the 992-bp fragment encompassing
the VP3 and VP1 gene was firstly amplified with degenerate
primers (AN32, AN33, AN34, AN35 and 224, 222). First round
PCR condition was subjected to an initial cycle for reverse
transcription at 50°C for 30 min and the following cycling
conditions: 94°C for 10 min, 40 cycles of 94°C for 30 sec, 42°C
for 30 sec and 60°C for 1 min followed by a final extension
at 72°C for 4 min. Nested PCR was performed using 1 pl of
the first-round product as template, with the primers AN88
(5'-TACTGGACCACCTGGNGGNAYRWACAT-3") and
AN89 (5'-CCAGCACTGACAGCAGYNGARAYNGG-3").
Nested PCR was subjected to an initial cycle of 95°C for
4 min and 30 cycles (95°C for 30 sec, 60°C for 20 sec and
72°C for 15 sec), followed by a final incubation at 72°C for
4 min. RT-semi-nested PCR resulted in a 350- to 400-bp frag-
ment of the VP1 gene. The water was included as negative
control for the first and second round PCR. All reactions were
performed in a Bio-Rad Thermal cycler (Bio-Rad, Hercules,
CA, USA) with thin-walled reaction tubes. Five microliters
of the nested PCR products was run on 1% agarose gel made
with Tris-boric acid-EDTA (TBE) buffered and strained with
ethidium bromide (0.5 ug/ml). For sequencing, PCR products
of the appropriate size that produced visible bands upon UV
illumination were purified from the gel using QIAquick gel
extraction kit (Qiagen) and directly sequenced by an auto-
mated DNA sequence analyzer (Applied Biosystem, Carlsbad,
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Figure 2. Phylogenetic tree showing the relationship between the Zhejiang EV71
strains (filled circles), and other EV71 sequences available from the GeneBank
database. Genotypes are shown at the right of the tree, and the bootstrap values
(percentage of 1.000 pseudoreplicates) are shown at the nodes of major clades.
The scale at the bottom indicates the measurement of the relative phylogenetic
distance. The prototype CAV16 strain (G-10) was used as an out-group.

CA, USA). Sequences obtained were compared pairwise with
the enterovirus sequences available in GeneBank (http:/www.
ncbi.nlm.nih.gov/blast).
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Figure 3. Dendrogram constructed based on the 350-400 bp nucleotides in
the VP1 gene of 35 Zhejiang CAV16 strains and selected CAV16 sequences
available from GeneBank database. Genotypes are shown at the right of
the tree, and the bootstrap values (percentage of 1.000 pseudoreplicates)
are shown at the nodes of major clades. The scale at the bottom indicates
the measurement of the relative phylogenetic distance. The prototype EV71
strain (BrCr) was used as an out-group.

Phylogenetic analysis. Clustal W program was applied
for multiple sequence alignment. The dendrograms were
constructed by the neighbor-joining method in the MEGA
program. The reliability of neighbor-joining tree was esti-
mated by bootstrap analysis with 1.000 pseudoreplicate data
sets. Genetic distances were calculated with the Kimura
2-parameter model nucleotide substitution (15).

Results

To determine the prevalence of HFMD in Zhejiang Province,
399 stool specimens from children with typical symptoms
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of fever and vesicular eruption on the palms and soles were
obtained and examined with reverse transcription-semi-
nested PCR approach adopted by Nix et al (14). We found
that 35% (139/399) of the specimens were positive for entero-
virus. Of the children with positive specimens, the ages
ranged from 11 months to 6 years, with a mean age being
2.3 years. There were 75 boys and 64 girls, for a male to
female ratio of 1.2-1. RT-semi-nested PCR products targeting
the 350-400 bp (Fig. 1) fragment of the VP1 gene of 139
enterovirus-positive samples were directly sequenced and 99
sequences were obtained. All 99 sequences were assigned to
7 serotypes within the HEV-A species by comparing them
with all enterovirus sequences in the GenBank database.
EV71 and CVAI16 were the frequently detected serotypes,
accounting for 38.4% (38/99) and 35.4% (35/99) respectively,
in the HEV-A species-positive cases. Other serotypes were
responsible for the remaining 26.2%.

To determine the genetic characteristics of EV71 and
CVAIG strains circulating in their geographic location, phylo-
genetic analysis of these strains was based on the alignment
of partial VP1 gene sequences. A total of 61 EV71 strains
were used for phylogenetic analysis of the VP1 gene including
the 38 EV71 strains identified in this study, 3 EV71 strains
from 3 provinces in mainland China, and 20 international
EV71 strains that represented all 11 known genotypes or
subgenotypes (A, B1-B5, C1-C5) available from the GenBank
(Fig. 2). All 38 EV71 strains from Zhejiang Province belonged
to the subgenotype C4, which was similar to EV71 sequences
isolated from 3 provinces in mainland China.

We performed a similar analysis of the CVA16 detection
in this study. A total of 46 CAV16 strains were used for phylo-
genetic analysis for the VP1 gene, including the 35 CAV16
strains identified in this study and 11 other CAV16 strains
available from the GenBank (Fig. 3). It shows that 33 out of
the 35 identified strains herein belong to clusters B2a and B2b
which were found to be the prevalent viruses circulating in
China and in neighboring countries and regions. However, the
remaining 2 CAV16 strains could not be classified and formed
a cluster distinct from genotype A and B.

Discussion

In the present study, we investigated the prevalence of HFMD
in Zhejiang Province between May and August 2010, and
found that EV71 and CVA16 were the major etiological
pathogens. Although there were no deaths caused by HFMD
in the present study, EV71-related deaths from encephalitis,
pulmonary edema and hemorrhage, have been previously
noted (4,16,17), and fatal CVA16 infections have also been
described in children with myocarditis (3) and in an adult with
pneumonitis (18). Therefore, the identification of the major
causal pathogen of HFMD is imperative.

Based on a study of molecular characteristics of the VP1
gene by Brown et al, 3 genotypes of EV71 (A, B, C) were iden-
tified (9). The EV71 prototype strain (BrCr-CA-70) isolated in
California in 1970, is the sole member of the genotype A (4).
At present, the B genotype is known to contain 5 subgeno-
types (B1-B5), and the C genotype is known to contain another
5 subgenotypes (C1-C5). The genotype B was predominant in
the US and Australia, during the period from 1972 to 1968,
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in Colombia in 1994, and in Malaysia in 1997 (9). Whereas
the genotype C was predominant in east Asia, particularly in
mainland China and Vietnam (11,19,20). Based on phylogenetic
analysis, the EV71 strains identified in this study belong to the
subgenotype C4 and show high homology with isolates from
3 representative provinces of the mainland China. Notably,
the result was consistent with previous studies (7,20). The C4
subgenotype of EV71 has been in continuous circulation for at
least 10 years since the first reported occurrence in ShenZhen
city in 1998 (11).

The prototype G-10 strain of CVAI16, first isolated in
South Africa in 1951, is the sole member of genotype A (10).
The genotype B can be further divided into 2 subgenotypes
(B1, B2). CVAI16 strains isolated in mainland China and the
majority of international countries from 1981 to 2000 were
all members of subgenotype B1. Since 1997, subgenotype Bl
has gradually been replaced by subgenotypes B2, and CVA16
from clusters B2a and B2b has become the predominant virus
circulating in mainland China and in neighboring countries
to date (13). Based on phylogenetic analysis, the majority of
CVALG6 strains detected in the present study belong to clus-
ters B2a and B2b, which was consistent with a previous study
(13). Briefly, the genotypes of CVA16 identified in their study
were similar to those detected in other Chinese provinces and
countries. In addition, the other 2 CAV16 strains formed a new
cluster distinct from genotype A and B, which indicated that
CAV16 circulating in Zhejiang Province of China was geneti-
cally diverse and additional surveillance is necessary.

In conclusion, our study reveals that genetic characteris-
tics of enteroviruses in China since 1998, reflect the pattern
of endemic circulation of the subgenotype C4 to EV71 and
clusters B2a and B2b within the genotype B2 to CVAI16.
We hypothesis that EV71 and CVAI16 strains in China may
derive from a respective ancestor associated with special
geographic and climatic features allowing it to be sustained
with little external effect. Therefore, future investigation of the
respective ancestor of EV71 and CVAI16 strains in China is
warranted in order to take effective measures to prevent an
HFMD outbreak.
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