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Abstract. Enterovirus A71 (EV-A71) infection associated with hand, foot and
mouth disease (HFMD) has been recognized as a major health threat especially
in children. The aim of this study was to identify and genetically characterize the
viral etiological agent associated with HFMD. Using molecular methods, EV-A71
sub-genogroup B5 was detected as the causative agent in 7 out of 13 archived
throat swab specimens collected during the 2016 HFMD outbreak in Banjarmasin,

South Kalimantan, Indonesia.
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INTRODUCTION

Enterovirus 71 (EV-A71), an RN A virus
of family Picornaviridae, is a common
cause of hand, foot and mouth disease
(HFMD) (Solomon et al, 2010). The infec-
tion usually manifests with fever, rash,
blisters and oral lesions, and in severe
cases may proceed to encephalitis, aseptic
meningitis, pancreatitis, cardiopulmonary
complications and poliomyelitis-like
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paralysis (Wu et al, 2002; Ooi et al, 2010;
Zhang et al, 2016). The virus is highly
transmissible via a fecal-oral route and
respiratory droplets and is recognized as a
global public health threat with a potential
to cause pandemics similar to poliovirus
(Yip et al, 2013). EV-A71, together with
coxsackievirus CV-A6 and CV-A16, attract
the most public health because these three
viruses are the major common causes of
HFMD. However, compared to CV-A6
and CV-A16, EV-A71 has a stronger as-
sociation with CNS involvement, such as
acute flaccid paralysis (Long et al, 2016;
Suresh et al, 2017).

EV-A71 epidemics have occurred
with increasing numbers in the Asia-Pa-
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cific region, including Hong Kong, Japan,
mainland China, Malaysia, Singapore,
Taiwan, and Thailand for the past two
decades (Shimizu et al, 1999; Fujimoto
et al, 2002; Lin et al, 2003; Chua et al,
2007; Wu et al, 2010; Mauleekoonphairoj
et al, 2015). In the Southeast Asian region,
HEMD usually occur during the transition
from rainy to dry season and the numbers
have increased with large temperature
fluctuations (Hii et al, 2011). A study in
Indonesia between 2008-2012 detected
EV-A71 as a cause of mild HFMD across
the country with a prevalence of 6.5%
(Susanti et al, 2014).

Virulence of EV-A71 depends on
multiple factors, with host and environ-
mental factors appearing to be the most
significant ( Shih et al, 2011; Chang et al,
2012). Mutations in VP1 gene, which en-
codes the capsid protein has reported to
be associated with EV-A71 virulence, re-
sistance and adaptation in in-vitro studies
( Shih et al, 2004; Chen et al, 2008; Kelly et
al, 2015). Despite being endemic, studies
on the etiological agent of HFMD and
genetic characterization of the virus are
limited in Indonesia. This study aimed
to describe the investigation on HFMD
cases caused by EV-A71 in Banjarmasin,
Indonesia in 2016.

MATERIALS AND METHODS

Samples

This study was conducted retro-
spectively on specimens from HFMD
cases collected between November 2015
to February 2016 at pediatric wards in
Ulin General Hospital and Islamic Hos-
pital, Banjarmasin, South Kalimantan,
Indonesia. Throat swab specimens were
from 13 hospitalized patients presenting
with fever (238.5°C) and typical HFMD
symptoms, viz. rash and blisters in the
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mouth, hands and feet. Samples were
eluted from swabs using Viral Trans-
port medium prepared from brain heart
infusion (Oxoid, Hampshire, UK) and
penicillin-streptomycin (Gibco, Carlsbad,
CA) and stored at -80°C until shipped to
the Eijkman Institute, Jakarta for viral
molecular testing.

The study was approved by the Ei-
jkman Institute for Molecular Biology
Research Ethics Commission (no. 66, 18
November 2013). Residential locations of
the cases were based on street addresses
provided by the patients.

PCR-based virus genotyping assay

Viral RNA was extracted using
QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany) to obtain 60 ul of RNA,
from which 5 ul aliquot was taken for
cDNA synthesis employing Go Script Re-
verse Transcription System (PROMEGA,
Madison, WI) followed by PCR with Go
Taq Green Master Mix (PROMEGA) pan-
enterovirus primers targeting the 5-un-
translated region (Wiyatno et al, 2016) and
primers targeting [3-actin gene as internal
control. In brief, the reaction mixture (25
ul) contained 2 ul cDNA template, 400
uM forward and reverse primers, 1.5
mM MgCl,, 200 uM dNTPs, and buffer
containing DNA polymerase (PROME-
GA, Madison, WI). Thermocycling was
conducted in Proflex PCR instrument
(Applied Biosystems, Carlsbad, CA) as
follows: 95°C for 15 minutes;16 cycles of
94°C for 45 seconds, 65°C for 45 seconds
(-1°C/cycle) and 72°C for 45 seconds; 32
cycles of 94°C for 45 seconds, 48°C for 45
seconds, and 72°C for 45 seconds; and a
final step at 72°C for 5 minutes. Amplicons
(~400 bp) were detected by 1.5% agarose
gel-electrophoresis and staining with
SYBR Safe (Invitrogen, Carlsbad, CA),
directly sequenced at Eijkman Institute,
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Jakarta and analyzed using Geneious
Software V.8. (Biomatters, Auckland, NZ).
The presence of EV-A71 was confirmed
by amplifying a 891-bp region of the VP1
gene followed by sequencing for phylo-
genetic analysis (Ap et al, 2011; Ling et al,
2014). In short, the PCR mixture (25 ul)
contained 2 ul cDNA template, 400 uM
upstream and downstream primers, 1.5
mM MgCl,, 200 uM dNTPs and buffer
containing DNA polymerase (PROMEGA,
Madison, WI), and amplified using the
following thermocycling conditions: 95°C
for 10 minutes; 44 cycles of 94°C for 45
seconds, 50°C for 45 seconds and 72°C
for 1 minute; with a final step at 72°C for
5 minutes. Amplicons were processed for
sequencing as described above.

All sequences were submitted to
GenBank database with accession num-
bers KY041858, KY041859, KY041860,
KY041861, KY041862, KY041863, and KY-
041864. All enterovirus negative samples
were also tested using consensus PCR
for other viral causes, such as herpesvi-
rus (terminase gene; 419 bp) and para-
myxoviruses (polymerase gene; 561 bp)
(Chmielewicz et al, 2001; Tong et al, 2008).

RESULTS

Throat swab specimens came from
six male and seven female children with
median age of 16 months (range 8-37
months). In addition to the characteristic
HFMD lesions, other symptoms, such as
cough, conjunctivitis, diarrhea, seizure
and vomiting were also observed in some
patients. There were no CNS complica-
tions or mortality. Nine HFMD cases re-
sided in southeastern Banjarmasin, with
the remaining in the northwestern region
of the city.

Seven HFMD patients were posi-
tive by pan-enterovirus PCR and one by
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paramyxovirus PCR (data not shown). Se-
quence analysis of the enterovirus-specific
amplicons revealed all seven positives
were EV-A71. Further amplification and
sequencing of VP1 region demonstrated
that all EV-A71 sequences had 96-98%
similarity with strains from Malaysia, Tai-
wan, Thailand, and Vietnam, with all iso-
lates belonging to the subgenogroup B5.
Intratypic similarity among the sequences
ranged from 93.7% t0 99.9%. A dendogram
constructed from 891 nt fragments of the
VP1 region showed five isolates clustered
with strains from mainland China and Tai-
wan, and the remaining with strains from
Malaysia, Thailand and Vietnam (Fig 1).
No co-detection with other enteroviruses
were found.

DISCUSSION

In this study, we identified EV-
A71 associated with a 2016 outbreak of
HFMD in Banjarmasin, South Kaliman-
tan. Although both hospitals where the
patients were admitted were located in
northeast Banjarmasin, cases came from
other parts of the city. Human EV-A71 is
considered endemic in Southeast Asia,
with outbreaks occurring in cycles every
2-3 years in Japan, Malaysia and Taiwan
and annually in China (Sabanathan et al,
2014). CV-A6 and CV-A16 are known to
co-exist with EV-A71 especially in cases
with CNS manifestations (Solomon et al,
2010; Ling et al, 2014; Gaunt et al, 2015)
and recombination between EV-A71 and
CV-A16 is linked with pathogenicity of
the virus (Zhang et al, 2010). Only a single
enterovirus strain was detected from swab
of each HFMD patient.

The EV-A71 strains isolated in this
study belonged to subgenogroup B5, the
most prevalent strain in the region (Ooi
etal, 2007; Ap et al, 2011; Hassel et al, 2015).
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Fig 1-Phylogenetic tree of 891-bp enterovirus (EV)-A71 VP1 gene fragments isolated from seven hand,
foot and mouth disease (HFMD) samples from Banjarmasin, South Kalimantan, Indonesia. Hu-
man coxsackievirus (CVA)A16 is used as the outgroup. GenBank accession number is indicated
for each EV strain. Genetic relationship was analyzed using Molecular Evolutionary Genetics
Analysis (MEGA) version 6.06 (http:/ /www.megasoftware.net/mega.php) using neighbor-
joining method and applying Kimura 2-parameter model with 1,000 bootstraps. Number at branch
point denotes percent similarity. Scale barindicates percent nucleotide substitution chanbge.
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In the Asia-Pacific region, subgenogroup
B5 together with C4 have recently replaced
subgenogroups B3 and B4 (Chang et al,
2016). Subgenogroup C4 is now recognized
as the major subgenogroup causing severe
illness particularly associated with CNS
manifestations and high mortality.

To the best of our knowledge, this
study is the first genetic characterization
of EV-A71 from a HFMD outbreak in Ban-
jarmasin, South Kalimantan, Indonesia.
Our study should increase the aware-
ness of EV-A71 as an etiological agent of
HFMD in Indonesia. Further studies of
genetic characterization are important to
identify additional causative agents of
HFMD and subgenotypes to understand
the epidemiology of outbreaks.

ACKNOWLEDGEMENTS

The authors thank Ms Aghnianditya
Dewantari for assistance in molecular
testing of viral panels.

REFERENCES

ApM, Yusof I, Rais F, et al. Molecular epidemi-
ology of human enterovirus71 (HEV71)
strains isolated in Peninsular Malaysia
and Sabah from year 2001 to 2009. | Gen
Mol Virol 2011; 3: 18-26.

Chang H-L, Chio C-P, Su H-J, et al. The asso-
ciation between enterovirus 71 infections
and meteorological parameters in Taiwan.
PLOS One 2012; 7: e46845.

Chang P-C, Chen S-C, Chen K-T. The current
status of the disease caused by enterovirus
71 infections: epidemiology, pathogenesis,
molecular epidemiology, and vaccine de-
velopment. Int | Environ Res Public Health
2016 Sep 9; 13 (9). pii:E890

Chen T-C, Liu S-C, Huang P-N, Chang H-Y,
Chern J-H, Shih S-R. Antiviral activity of
pyridyl imidazolidinones against entero-
virus 71 variants. | Biomed Sci 2008; 15:

824

291-300.

Chmielewicz B, Goltz M, Ehlers B. Detection
and multigenic characterization of a novel
gammaherpesvirus in goats. Virus Res
2001; 75: 87-94.

Chua KB, Chua BH, Lee CSM, et al. Genetic
diversity of enterovirus 71 isolated from
cases of hand, foot and mouth disease in the
1997, 2000 and 2005 outbreaks, Peninsular
Malaysia. Malays | Pathol 2007; 29: 69-78.

Fujimoto T, Chikahira M, Yoshida S, et al. Out-
break of central nervous system disease
associated with hand, foot, and mouth
disease in Japan during the summer of
2000: detection and molecular epidemiol-
ogy of enterovirus 71. Microbiol Immunol
2002; 46: 621-7.

Gaunt E, Harvala H, Osterback R, et al. Genetic
characterization of human coxsackievirus
A6 variants associated with atypical hand,
foot and mouth disease: a potential role of
recombination in emergence and pathoge-
nicity. ] Gen Virol 2015; 96, 1067-79.

Hassel C, Mirand A, Lukashev A, et al. Trans-
mission patterns of human enterovirus 71
to, from and among European countries,
2003 to 2013. Euro Surveill 2015; 20: 30005.

Hii YL, Rockl6v J, Ng N. Short term effects of
weather on hand, foot and mouth disease.
PLOS One 2011; 6: €16796.

Kelly JT, De Colibus L, Elliott L, et al. Potent an-
tiviral agents fail to elicit genetically-stable
resistance mutations in either enterovirus
71 or coxsackievirus A16. Antiviral Res
2015; 124: 77-82.

Lin T-Y, Twu S-J, Ho M-S, Chang L-Y, Lee C-Y.
Enterovirus 71 outbreaks, Taiwan: occur-
rence and recognition. Emerg Infect Dis
2003; 9: 291-3.

Ling BP, Jalilian FA, Harmal NS, Yubbu P,
Sekawi Z. Detection and characterization
of viruses causing hand, foot and mouth

disease from children in Seri Kembangan,
Malaysia. Trop Biomed 2014; 31: 654-62.

Long L, Xu L, Xiao Z, et al. Neurological com-
plications and risk factors of cardiopulmo-

Vol 49 No.5 September 2018



HumaN ENTEROVIRUS A71 IN BANJARMASIN, INDONESIA

nary failure of EV-A71-related hand, foot
and mouth disease. Sci Rep 2016; 6: 23444.

Mauleekoonphairoj J, Puenpa J, Korkong
S, Vongpunsawad S, Poovorawan Y.
Prevalence of human enterovirus among
patients with hand, foot, and mouth dis-
ease and herpangina in Thailand, 2013.
Southeast Asian | Trop Med Public Health
2015; 46: 1013-20.

Ooi MH, Wong SC, Podin Y, et al. Human en-
terovirus 71 disease in Sarawak, Malaysia:
a prospective clinical, virological, and mo-
lecular epidemiological study. Clin Infect
Dis 2007; 44: 646-56.

Ooi MH, Wong SC, Lewthwaite P, Cardosa M],
Solomon T. Clinical features, diagnosis,
and management of enterovirus 71. Lancet
Neurol 2010; 9: 1097-105.

Sabanathan S, Tan LV, Thwaites L, Wills B, Qui
PT, Rogier van Doorn H. Enterovirus 71 re-
lated severe hand, foot and mouth disease
outbreaks in South-East Asia: current situ-
ation and ongoing challenges. | Epidemiol
Community Health 2014; 68: 500-2.

Shih S-R, Tsai M-C, Tseng S-N, et al. Muta-
tion in enterovirus 71 capsid protein VP1
confers resistance to the inhibitory effects
of pyridyl imidazolidinone. Antimicrob
Agents Chemother 2004; 48: 3523-9.

Shih S-R, Stollar V, Li M-L. Host factors in
enterovirus 71 replication. | Virol 2011; 85:
9658-66.

Shimizu H, Utama A, Yoshii K, et al. Entero-
virus 71 from fatal and nonfatal cases of
hand, foot and mouth disease epidemics in
Malaysia, Japan and Taiwan in 1997-1998.
Jpn ] Infect Dis 1999; 52: 12-5.

Solomon T, Lewthwaite P, Perera D, Cardosa MJ,

Vol 49 No.5 September 2018

McMinn P, Ooi MH. Virology, epidemiol-
ogy, pathogenesis, and control of entero-
virus 71. Lancet Infect Dis 2010; 10: 778-90.

Suresh S, Forgie S, Robinson J. Non polio
enterovirus detection with acute flaccid
paralysis: a systematic review. | Med Virol
2018; 90: 3-7.

Susanti N, Herna, Purnamawati S, Setiawaty
V. Detection of cause and distribution of
hand foot and mouth diseases (HFMD)
outbreaks in 2008-2012. | Biotek Med In-
dones 2014; 3: 77-84.

Tong S, Chern S-WW, Li Y, Pallansch MA, An-
derson L]J. Sensitive and broadly reactive
reverse transcription-PCR assays to detect
novel paramyxoviruses. | Clin Microbiol
2008; 46: 2652-8.

Wiyatno A, Antonjaya U, Ma'roef CN, et al. De-
tection and identification of coxsackievirus
B3 from sera of an Indonesian patient with
undifferentiated febrile illness. | Infect Dev
Ctries 2016; 10: 880-3.

Wu]J-M, Wang J-N, Tsai Y-C, et al. Cardiopulmo-
nary manifestations of fulminant enterovi-
rus 71 infection. Pediatrics 2002; 109: E26-.

WuY, Yeo A, Phoon MC, et al. The largest out-
break of hand, foot and mouth disease in
Singapore in 2008: the role of enterovirus
71 and coxsackievirus A strains. Int | Infect
Dis 2010; 14: e1076-81.

Yip CCY, Lau SKP, Woo PCY, Yuen K-Y. Human
enterovirus 71 epidemics: what's next?
Emerg Health Threats ] 2013; 6: 10.3402/
ehtj.v6i0.19780.

Zhang Y-F, Deng H-L, Fu J, Zhang Y, Wei J-Q.
Pancreatitis in hand-foot-and-mouth

disease caused by enterovirus 71. World |
Gastroenterol 2016; 22: 2149-52.

825



