
Prime Scholars Library 

 

 
Advance Journal of Virology, Epidemic and Pandemic Diseases 

 
Vol. 3 (2), pp. 60 – 68 April 2018                                                               
©Prime Scholars Library                                                

Author(s) retain the copyright of this article. 
Article remain permanently open access under CC BY-NC-ND license  
https://creativecommons.org/licenses/by-nc-nd/4.0/                                                                    

 

Full Length Research Paper 

 Available online at 
https://primescholarslibrary.org/  

 
 
 

Molecular epidemiology of human enterovirus71 

(HEV71) strains isolated in Peninsular Malaysia 

and Sabah from year 2001 to 2009 

 
Mohd Apandi Yusof*, Fazilah Rais, Maizatul Akma Abdullah, Liyana Ahmad Zamri, 

Hariyati Md Ali, Fauziah Md Kassim and Zainah Saat 

 
Virology Unit, Infectious Disease Research Centre, Institute for Medical Research, Kuala Lumpur, Malaysia. 

 
Abstract 

 
 

Human enterovirus71 (HEV71) together with other enteroviruses such as Coxsackie A16 and Coxsackie 
A10 is known to be responsible for hand, foot and mouth disease. Several of the hand, foot and mouth 
disease (HFMD) outbreaks caused by HEV71 were associated with neurological manifestations and 
deaths. In Peninsular Malaysia and Sabah, even though huge outbreaks of HFMD have never been 
reported; HEV71 strains however, were isolated periodically from HFMD cases throughout the year. 
From 2001 to 2009, four genetic lineages of HEV71 have been found to be prevalent in Peninsular 
Malaysia and Sabah. The predominant circulating strain was subgenogroup B4 in 2001 and this was 
later followed by subgenogroup B5 in 2003. The subgenogroup B5 was dominant between 2005 and 
2009. Viruses belonging to subgenogroups C1 and C4 were also detected. 
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INTRODUCTION 

 
Human enterovirus71 (HEV71) is a positive ssRNA virus 
belonging to the genus enterovirus in the family 
Picornaviridae. It is normally associated with epidemics of 
hand, foot and mouth disease (HFMD) with typical 
symptoms including lesions on the palms, soles and oral 
mucosa (Minor et al., 1995). Since its isolation in 1969 in 
California, USA from an encephalitis case (Schmidt et al., 

1974), this virus has been reported to cause several 
outbreaks around the world with cases which do not only 
present with the typical HFMD syndromes but also with 
neurological diseases such as aseptic meningitis, 
encephalitis and meningioencephalitis (Blomberg et al., 
1974; Shindarov et al., 1979; Lum et al., 1998; McMinn et 
al., 2001; Kehle et al., 2003). HEV71is also the most 
common non- polio enterovirus associated with 
poliomyelitis-like paralysis (Melnick et al., 1984) due to its 
affinity to anterior horn cell (Chumakov et al., 1979).  

In Malaysia, the 1997 cases of HFMD in Sarawak 
presented with acute myocarditis dysfunction and acute 

flaccid paralysis, and resulted in 34 paediatric deaths 
(Cardosa et al., 2003) aside the typical symptoms of 
HFMD. HEV71was isolated in several of these cases 

 
  

 
 
 
 

 
(Chan et al., 2000). This outbreak became a landmark in 
molecular epidemiology of HEV71 and the study of 
HEV71 strains in association with disease severity. 
Numerous reports on the molecular epidemiology of 
HEV71 strains from the Asia-Pacific region have been 
published (AbuBakar et al., 1999a; Brown et al., 1999; 
Shimizu et al., 1999; Wang et al., 1999; Shih et al., 2000; 
Singh et al., 2000; McMinn et al., 2001; Chu et al., 2001; 
Wang et al., 2002; Cardosa et al., 2003; Herrero et al., 
2003; Shimizu et al., 2004; Li et al., 2005) and all have 
indicated the existence of three genogroups. Genogroup  
A represented by prototype BrCr-CA-70 which was 
isolated in California, USA in 1970 (Schmidt et al., 1974; 
Brown and Pallanch, 1995) has not been reported 
elsewhere. Genogroup B has 5 genetic lineages namely 
subgenogroup B1, B2, B3, B4, B5 and Genogroup C has 
5 lineages; C1, C2, C3, C4 and C5.  

HEV71strains isolated from the state of Sarawak in 
East Malaysia have been described by many researchers 
involving huge number of HEV71 isolates (McMinn et al., 
2001; Cardosa et al., 2003; Podin et al., 2006; Ooi et al., 
2007). However, only a few data is available on the 
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molecular epidemiology of HEV71 strains from Peninsular 
Malaysia and Sabah despite the fact that several HEV71 
outbreaks have been reported by AbuBakar et al. 
(1999b), Singh et al. (2000) and Herrero et al. (2003). 
Work done by AbuBakar et al. (1999b) only involved nine 
HEV71 isolated in 1997. Singh et al. (2000) reported on 
four HEV71 isolates in 1997 and 1998; while Herrero et 
al. (2003) reported on molecular epidemiolo-gical data of 
43 HEV71 isolates from 1997 to 2000. Even though there 
was no report on huge HFMD outbreaks in these two 
regions, HEV71 was constantly isolated from patients 
with HFMD without CNS infection throughout 2001 to 
2009. Therefore, the main objective of this study was to 
analyze and characterise all HEV71 that have been 
circulating in both Peninsular Malaysia and Sabah for the 
past 10 years. 
 

 
MATERIALS AND METHODS 

 
Samples 
 
Samples such as vesicle swabs, throat swab and rectal swabs were 
collected from patients showing signs and symptoms of HFMD. All 
state hospitals in Peninsular Malaysia and Sabah were involved in 
this study and acted as a specimen collection centre. All samples 
were cultured in rhabdomyosarcoma cells (RD cells) using 

Minimum Essential Medium (GIBCO, Invitrogen, USA) 
supplemented with 10% heat inactivated fetal bovine serum 

(GIBCO, Invitrogen, USA), 50 U/ml benzyl penicillin and 50 g/ml 
streptomycin sulphate (Sigma, St Louis, USA). Cultures were 
observed daily for cytopathic effect (CPE) and harvested when 
more than 90% of the cell monolayer showed CPE. 
 
 
Viruses 
 
A total of 70 HEV71 strains were isolated. There were 4 isolates in 

2001, 12 in 2003, 1 in 2004, 7 in 2005, 15 in 2006, 4 in 2007, 23 in 
2008 and 4 in 2009. All the HEV71 isolates including information of 
accession number, type of specimen, age, gender, clinical 

diagnosis and year of isolation are shown in Tables 1 and 2. 
 

 
HEV71 screening assays 
 
Cell cultures showing CPE were screened for HEV71 using HEV71-

specific RT-PCR assays as described by Perera et al. (2004). 
 
 
Reverse transcriptase–polymerase chain reaction (RT-PCR) 
 
Viral RNAs were extracted using the QIAamp® Viral RNA Mini Kit 
from Qiagen (Hilden, Germany). Briefly, samples were added to 
buffer AVL carrier RNA in a microcentrifuge tubes and incubated at 
room temperature for 10 min. Later ethanol was added and 
mixtures were transferred to QI Aamp spin column for 
centrifugation. Buffer AW1 and AW2 were used to wash viral RNA 
in the spin column and finally buffer AVE was added to elute viral 
RNA in the clean microcentrifuge tubes. The VP4 gene was 

amplified using forward primer EVP2 (5’-CCT CCG GCC CCT GAA 
TGC GGC TAA-3’) (Chua et al., 2001) and reverse primer OL68-1 
(5’-GGT AAY TTC CAC CAC CAN CC-3’) (Ishiko et al., 2002) in a 

 
 

 
 

 
one tube reaction (50µl) containing 5µl of RNA, 20 µM of each 
primer, 2.5U of AMV reverse transcriptase and Promega Access 
Quick RT-PCR Kit (Cat. No: A1703). Reverse transcription was 

carried out at 48
o
C for 45 min followed by 10 min at 70

0
C to stop 

the reaction to get the first strand cDNA synthesis. Samples were 

then subjected to 35PCR cycles, denaturation at 95
o
 C for 45 s, 

annealing at 55°C for 45 s and extension at 72°C for 60 s.  
The VP1 gene was also amplified using the Promega Access 

Quick RT- PCT Kit with primers VP1F2 (5’-ATA ATA GCA YTR 
GCG GCA GCC CA-3’)-VP1R1 (5’-TGR GCR GTG GTA GAY GAY 
AC-3’) as described by Tu et al. (2007). Polymerase Chain 
Reaction (PCR) cycling conditions were set up at 51°C for 30 min 
for reverse transcription followed by 35 cycles of 92°C for 30 s, 

51°C for 45 s, and 72°C for 1 min. PCR products ( 1.1 kb) were 
examined by gel electrophoresis. QIAquick Gel Extraction Kits 
(QIAGEN Inc, Valencia, CA) was used to extract the DNA from the 
gel. 

 
Nucleotide sequencing of HEV71 VP4 and VP1 gene 
 
Whereas HEV71 VP4 gene amplicons were sequenced on both 

strands by using PCR primers, the VP1 gene amplicons were 
sequenced by PCR primers and in house internal VP1 primers; VP1 
Int F (5’-TTC ACY TAY ATG CGY TTT GA-3’) and VP1 Int R (5’-
ACA AAC ATA TAY TGR AGY AAT TG-3’). Sequencing was 
performed by using the Big Dye Cycle Sequencing kit version 3.0 
and an ABI377 automated DNA sequencer (Applied Biosystems, 
Foster City, USA). The SeqMan software module in the Lasergene 
suite of programs (DNASTAR, Madison, USA) was used to format 

the nucleotide sequences. 

 
HEV71 Sequence data obtained from genbank 
 
The VP4 gene and VP1 gene sequences of HEV71 strains from 

different genogroups were obtained from genbank for the purpose 

of generating dendograms. 

 
Phylogenetic analysis 
 
Alignment of the VP1 and VP4 gene sequences was undertaken by 
using the Megalign software module in Lasergene suite of programs 
(DNASTAR, Madison, USA). Phylogenetic trees were constructed 

by using the neighbor -joining method from the Software MEGA4. 
The CA16 strain G10 was used as an outgroup for phylogenetic 

analysis of both the VP4 and VP1 sequence data. 
 

 
RESULTS 

 

From year 2001 to 2007 a total of 43 HEV71 strains were 
isolated from patients suspected of having HFMD in 
Malaysia. Phylogenetic tree constructed based on the 
complete VP4 gene (207) nucleotides, shown in Figure 1, 
revealed that 4 HEV71 strains isolated in 2001, 2 isolates 
belonged to subgenogroup C1 and another 2 to 
subgenogroup B4. Of the 12 HEV71 strains isolated in 
2003, 11 isolates belonged to subgenogroup C1 and 1 
isolate in subgenogroup B5. All the isolates in 2004 and 
2005 were in the subgenogroup B5 whereas in 2006, 
about 13 isolates were in B5 and 2 were in C1. The 
scenario was different in 2007 in which for the first time 
the subgenogroup C4 was isolated in Malaysia and this 



 
 
 

 
Table 1. HEV71 used in the study to sequence VP4 gene.  

 
 Isolate Accession No Sample type Sex/Age Diagnosis Isolation year 

 PP046-MAL-04 EU925766 R/S M/3 HFMD 2004 

 SAB064-MAL-06 EU925767 V/S M/1 HFMD 2006 

 PHG065-MAL-06 EU925768 V/S M/2 HFMD 2006 

 SAB070-MAL-06 EU925769 T/S F/0.5 HFMD 2006 

 PHG084-MAL-06 EU925770 V/S M/10 HFMD 2006 

 J092-MAL-06 EU925771 R/S M/5 HFMD 2006 

 PHG1100-MAL-07 EU925772 V/S M/4 HFMD 2007 

 J1179-MAL-07 EU925773 T/S F/4 HFMD 2007 

 J142-MAL-03 EU925774 T/S M/1 HFMD 2003 

 KL161-MAL-06 EU925775 T/S M/2 HFMD 2006 

 PP166-MAL-03 EU925776 T/S M/3 HFMD 2003 

 PP168-MAL-03 EU925777 T/S F/3 HFMD 2003 

 J171-MAL-06 EU925778 R/S M/6 HFMD 2006 

 J183-MAL-03 EU925779 V/S, T/S F/3 HFMD 2003 

 NS213-MAL-03 EU925780 V/S, R/S M/3 HFMD 2003 

 PTJ218-MAL-06 EU925781 T/S M/3 HFMD 2006 

 PP28-MAL-01 EU925782 R/S F/4 HFMD 2001 

 PP028-MAL-06 EU925783 R/S F/4 HFMD 2006 

 PP307-MAL-06 EU925784 T/S F/2 HFMD 2006 

 J317-MAL-06 EU925785 T/S F/1 HFMD 2006 

 KED379-MAL-05 EU925786 T/S F/2 HFMD 2005 

 KED393-MAL-05 EU925787 T/S M/2 HFMD 2005 

 KED394-MAL-05 EU925788 T/S F/4.5 HFMD 2005 

 J514-MAL-06 EU925789 V/S F/1 HFMD 2006 

 PP525-MAL-05 EU925790 R/S F/4 HFMD 2005 

 PP533-MAL-05 EU925791 T/S M/2 HFMD 2005 

 PP550-MAL-05 EU925792 T/S F/2 HFMD 2005 

 PP576-MAL-05 EU925793 R/S F/1 HFMD 2005 

 PP648-MAL-06 EU925794 V/S M/2 HFMD 2006 

 J78-MAL-03 EU925795 T/S M/1.5 HFMD 2003 

 J80-MAL-03 EU925796 R/S F/2.5 HFMD 2003 

 TRG828-MAL-07 EU925797 V/S M/2 HFMD 2007 

 PP85-MAL-03 EU925798 T/S M/2 HFMD 2003 

 PP96-MAL-03 EU925799 T/S F/2 HFMD 2003 

 J98-MAL-03 EU925800 V/S F/3 HFMD 2003 

 J05-MAL-01 EU925801 R/S M/2 HFMD 2001 

 J145-MAL-01 EU925802 T/S M/3 HFMD 2001 

 PP76-MAL-03 EU925803 T/S M/5 HFMD 2003 

 J085-MAL-06 EU925804 V/S F/5 HFMD 2006 

 PP72-MAL-03 EU925805 T/S M/3 HFMD 2003 

 J149-MAL-01 EU925806 V/S,T/S,R/S M/2 HFMD 2001 

 TRG1381-MAL-07 EU925807 V/S F/4 HFMD 2007 

 PHG53-MAL-06 EU925808 R/S M/3 HFMD 2006 
 

T/S = throat swab, R’S = rectal swab, V/S = vesicle swab, M = Male; F = Female; age in year. 
 

 

was closely related to the strains from China. Two of the 
isolates from 2007 were from subgenogroup B5 and one 
was from C1.  

Twenty-seven of HEV71 isolated in 2008 and 2009 

were sequenced for the complete VP1 gene which 

 
 

 

consists of 891 nucleotides. The phylogenetic tree was 
constructed together with the complete VP1 gene derived 
from the Genbank (Figure 2). All the HEV71 strains 
isolated in 2008 and 2009 were from the subgenogroup 
B5. 



 
 
 

 
Table 2. HEV71 used in the study to sequence VP1 gene.  

 
Isolate Accession No Sample type Sex/Age Diagnosis Isolation year 

EV1075-Pahang-08 HM358809 V/S M/7 HFMD 2008 

EV0336-Sabah-08 HM358810 V/S M/3 HFMD 2008 

EV0372-Sabah-08 HM358811 T/S F/2 HFMD 2008 

EV0408-Penang-08 HM358812 R/S F/2 HFMD 2008 

EV0466-Johor-08 HM358813 T/S M/4 HFMD 2008 

EV0482-Sabah-08 HM358814 T/S F/4 HFMD 2008 

EV0562-Penang-08 HM358815 T/S, R/S M/4 HFMD 2008 

EV0577-Pahang-08 HM358816 T/S M/1.5 HFMD 2008 

EV0758-Sabah-08 HM358817 V/S M/6 HFMD 2008 

EV0764-Johor-08 HM358818 V/S M/1 HFMD 2008 

EV0811-Penang-08 HM358819 R/S M/1 HFMD 2008 

EV0879-Bintulu-08 HM358820 T/S M/2 HFMD 2008 

EV0884-Johor-08 HM358821 V/S M/1 HFMD 2008 

EV0891-Johor-08 HM358822 V/S M/6 HFMD 2008 

EV0911-Kedah-08 HM358823 V/S M/7 HFMD 2008 

EV0943-Johor-08 HM358824 T/S F/2 HFMD 2008 

EV0972-Johor-08 HM358825 V/S M/4 HFMD 2008 

EV1019-Penang-08 HM358826 T/S F/5 HFMD 2008 

EV1025-Penang-08 HM358827 T/S M/1 HFMD 2008 

EV1035-Pahang-08 HM358828 T/S M/1 HFMD 2008 

EV1078-Johor-08 HM358829 T/S F/5 HFMD 2008 

EV1094-Johor-08 HM358830 T/S M/1 HFMD 2008 

EV0338-Sabah-08 HM358831 V/S F/3 HFMD 2008 

EV0031-Johor-09 HM358832 V/S M/1 HFMD 2009 

EV0076-KLumpur-09HM358833 R/S F/1 HFMD 2009 

EV1705-Johor-09 HM358834 T/S M/1 HFMD 2009 

EV1945-Kuching-09 HM358835 T/S F/2 HFMD 2009 
 

T/S = throat swab, R’S = rectal swab, V/S = vesicle swab, M = Male; F = Female; age in year. 
 

 

DISCUSSION 

 
Before the HFMD outbreak in Sarawak in 1997, HEV71 
was considered as an etiological agent of HFMD without 
any impact together with other enteroviruses especially 
CA16 and CA10. However, the report of child deaths 
(Chan et al., 2000; Cardosa et al., 2003) in which HFMD 
presented with not only the typical symptoms of HFMD 
but also with acute myocardial dysfunction and acute 
flaccid paralysis resulted in a major impact in government 
policy towards the public health including monitoring and 
control of HFMD cases. The Malaysian government made 
a ruling that all HFMD cases either with or without 
neurological manifestations become a notifiable disease 
in 2007 (MOH, 2007) and since then a surveillance 
system for monitoring HFMD has been established.  

Analyzing the phylogenetic relationship of HEV71 
strains in order to determine whether there is some 
relationship between their genotypes and pathogenic 
properties has been carried out by many researchers 
(Shimizu et al., 1999; Brown et al., 1999; Shih et al., 
2000; Wang et al., 2002; Munemura et al., 2003). It was 

 
 

 

initially thought that the new virulent form of HEV71 was 
responsible for the outbreaks and deaths among HFMD 
cases. However, until now, a distinct association of 
certain genogroups with particular neurovirulence has not 
been identified from molecular analysis (Shimizu et al., 
2004) . No significant nucleotide difference has been 
found between the fatal and non fatal cases by sequence 
comparison regardless of whether those findings are 
based on the phylogenetic analysis of VP4 (Shimizu et 
al., 1999), VP1 (Brown et al., 1999) or 5’UTR (Abubakar 
et al., 1999b). Thus, it was suggested that virulence might 
not be determined by a single viral gene (Chua et al., 
2001).  

In this study, phylogenetic trees were performed using 
the complete VP4 gene for strains isolated from 2001 to 
2007 and VP1 gene for HEV71 in 2008 to 2009. 
Although, different regions were used, identical clustering 
was shown regardless of the regions examined (Cardosa 
et al., 2003 and Shimizu et al., 2004). The VP4 was 
normally used for molecular typing of human enterovirus 
(Ishiko et al., 2002) and also for detailed molecular 
epidemiological analysis (Cardosa et al., 2003). However, 
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Figure 1. Phylogenetic tree of complete VP4 gene (207) of HEV71 inferred 

using the Neighbor-Joining method from the software MEGA 4. The 
evolutionary distances were computed using the Maximum Composite 
Likelihood method. Genogroups and subgenogroups are indicated by square 
brackets with CA16-G10 virus as an outgroup. 43 HEV71 isolates in 2001-
2007 are indicated in red and underline words. Representative strains of 
each genogroup obtained from GenBank are labeled using the following 

format: ‘Accession number’- ‘isolate’-‘Country of origin’- ‘Year isolation’. 
Bootstrap values (>80%) for 1,000 pseudoreplicate dataset are indicated at 
branch nodes. 
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Figure 2. Phylogenetic tree of complete VP1 gene (891) of HEV71 inferred using 

the Neighbor-Joining method from the software MEGA 4. The evolutionary 

distances were computed using the Maximum Composite Likelihood method. 
Genogroups and subgenogroups are indicated by square brackets with CA16- G10 

virus as an out group. 27 HEV71 isolates in 2008 and 2009 are indicated in red and 
green underline words. Representative strains of each genogroup obtained from 
GenBank are labeled using the following format: ‘Accession number’-‘Country of 
origin’- ‘Year isolation’. Bootstrap values (>80%) for 1,000 pseudoreplicate dataset 
are indicated at branch nodes. 

 

 

VP1 based phylogenetic tree provided more reliable 

genogrouping of HEV71 because of longer nucleotides 

 
 

 

and possible correlation of the genogroups with viral 

antigenicity (McMinn et al., 2001; Cardosa et al., 2003 and 



 
 
 

 

Herrero et al., 2003). Currently there are three 
genogroups related to HEV71. The first HEV71 isolated in 
the world was from California, USA. This strain was 
known as prototype BrCr- CA-70 strain and the only 
member of the genogroup A (Schmidt et al., 1974; Brown 
and Pallanch, 1995). It has not been reported since then. 
The genogroup B has evolved over the years from 2 
subgroups described by Brown et al. (1999) into 5 
subgenogroups; B1, B2, B3, B4 and B5 while genogroup 
C has been grouped into C1, C2, C3, C4 and C5.  

Molecular epidemiological analysis in this study showed 
that only 4 subgenogroups namely B4, B5, C1 and C4 
were circulating in Peninsular Malaysia and Sabah 
between 2001 and 2009. The subgenogroup B4 was 
isolated in 2001 however, analysis 43 HEV71 isolated 
from 1997 to 2000 in peninsular Malaysia by Herrero et 
al. (2003) showed that the B4 subgenogroup was the 
most prevalent subgenogroups in 1997, 1999 and 2000. 
HEV71 belonging to genogroup B4 were also identified in 
several HFMD cases in Singapore in 1997 (McMinn et al., 
2001), Peninsular Malaysia in 1997 to 1998 (Herrero et 
al., 2003), Taiwan in 1998 (Shih, et al., 2000) and 
Sarawak in 2000 (Cardosa et al., 2003). Thus, indicating 
that this genogroup was widespread, although not 
predominant, throughout the Asia-Pacific region until it 
became the focus of large epidemic activities in 
Peninsular Malaysia and Sarawak, and Singapore in 
2000 (Cardosa et al., 2003), apparently replacing 
subgenogroup B3 viruses. The subgenogroup B3 was 
reported as the predominant strain in 1997 especially in 
Sarawak (Cardosa et. al., 2003), but none was found to 
be circulating in Peninsular Malaysia and Sabah from 
2001 to 2009. The subgenogroup B5, which emerged 
after the subgenogroup B4, was the predominant strain 
between 2003 and 2009. Thus, indicating that viruses in 
the genogroup B appeared to be evolving over the years 
from 2 subgroups described by Brown et al. (1999). To 
date, 5 subgenogroups have been identified viz. B1, B2, 
B3, B4 and B5.  

The subgenogroup B1 viruses were circulating from 
1974 to 1979 in Bulgaria, Hungary, USA and Australia 
and also in Taiwan in the early eighties. This was 
followed by subgenogroup B2, which was isolated mostly 
in the USA from 1987 to 1988. However, B2 has not been 
isolated in the USA since 1988 (Brown et al., 1999). A 
decade later in 1998, B2 was isolated from meningitis 
cases in Germany (Kehle et al., 2003). Between 1997 
and 1999, the subgenogroup B3 viruses were the 
predominant strains in Southeast Asia and were identified 
as the major cause of epidemics in Sarawak in 1997 
(Cardosa et al., 2003). The subgenogroup B3 viruses 
might be associated with cases of severe encephalitis 
resulting in fatalities in some cases in Sarawak from 1997 
to 1999 (McMinn et al., 2001; Cardosa et al., 2003; 
Herrero et al., 2003), Singapore in 1998 and Western 
Australia in 1999 (McMinn et al., 2001). Later, the 
subgenogroup B4 viruses were isolated in several HFMD 

 
 
 
 

 

cases in Singapore in 1997 (McMinn et al., 2001), 
Peninsular Malaysia from 1997 to 1998 (Herrero et al., 
2003), Taiwan in 1998 (Shih et al., 2000) and Sarawak in 
2000 (Cardosa et al., 2003). In 2003, the subgenogroup 
B5 was also isolated from Sarawak during a large HEV71 
outbreak that started in February 2003 (Cardosa, 
unpublished data).  

Two subgenogroup C were also isolated in this study. 
The subgenogroup C1 was isolated annually isolated 
from 2001 to 2007 but none in 2008 and 2009. This 
finding was parallel to the report by Brown et al. (1999) 
where the subgenogroup C1, previously prevalent in 
North America and Eastern Australia, appears to have 
undergone low-level endemic circulation within Southeast 
Asia and Western Australia between 1997 and 2003 and 
were isolated sporadically throughout 1997 to 2003 either 
from Sarawak, Malaysia, Singapore, Australia, United 
Kingdom and USA. However, subgenogroup C1 has not 
been reported as the cause of large outbreaks. Viruses 
belonging to the subgenogroup C4 were isolated in China 
in year 2000 (Shimizu et al., 2004; Li et al., 2005) even 
though no outbreaks were recorded. In Taiwan the 
subgenogroup C4 emerged and became predominant in 
2004 (Lin et al., 2006). However, only one HEV71 in 
subgenogroup C4 was isolated in the east coast state of 
Peninsular Malaysia in 2004. No subgenogroups C2, C3 
and C5 were isolated in this study.  

The subgenogroup C2 was first reported in Malaysia in 
1997 (Abubakar et al., 1999) from HFMD cases and this 
subgenogroup was found mostly during the large Taiwan 
outbreaks in 1998 (Shih et al., 2000; Wang et al., 2002) 
which was known to be associated with the emergence of 
fatal encephalitis. It was also occasionally isolated in 
Japan in 1997, Australia in 1999 and UK from 1998 to 
1999. The subgenogroups C3 and C5, so far have never 
been reported in Malaysia (AbuBakar et al., 1999b; 
Cardosa et al., 2003; Herero et al., 2003) . In the Asia-
pacific region, the subgenogroup C3 was isolated only 
during the major outbreaks in Korea in 2000. A new 
subgenogroup C5 has been found circulated widely in 
Southern Vietnam throughout 2005 and became the 
predominant virus strain identified during the second half 
of the year in Vietnam (Tu et al., 2007).  

Hand foot and mouth disease and HEV71 infections are 
still a major problem in Malaysia. However, a good 
surveillance system for HFMD and monitoring of severe 
encephalitis due to enteroviruses especially HEV71 has 
been established in Malaysia resulting in an easier and 
prompt action in order to stop spread of infection. This 
system has assisted the government in containing HEV71 
outbreaks and has benefited young Malaysians from the 
disease. 
 

 

Conclusion 

 

Both genogroups B and C were found to be circulating in 



 
 
 

 

Peninsular Malaysia and Sabah from 2000 to 2009. In the 
genogroup B, B4 was isolated in 2001 and was replaced 
by the B5 in 2003 which later became the most predomi-
nant HEV71 strain circulating between 2005 and 2009. In 
the genogroup C, C1 was periodically isolated through 
2001 to 2007 but C4 was only isolated in 2007 in 
Peninsular Malaysia. These four strains were closely 
related to the strains that caused outbreaks of HFMD in 
several Asia-Pacific countries; however, no major 
outbreak has been reported in Peninsular Malaysia and 
Sabah so far. 
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