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Abstract

associated with respiratory illnesses in humans.

migration and strain replacement occurring over time.

Background: Coxsackievirus A21 (CVA21), a member of Enterovirus C from the Picornaviridae family, has been

Methods: A molecular epidemiological investigation of CVA21 was conducted among patients presenting with
acute upper respiratory illnesses in the ambulatory settings between 2012 and 2014 in Kuala Lumpur, Malaysia.

Results: Epidemiological surveillance of acute respiratory infections (n =3935) showed low-level detection of CVA21
(0.08%, 1.4 cases/year) in Kuala Lumpur, with no clear seasonal distribution. Phylogenetic analysis of the new
complete genomes showed close relationship with CVA21 strains from China and the United States. Spatio-
temporal mapping of the VPT gene determined 2 major clusters circulating worldwide, with inter-country lineage

Conclusions: The study highlights the emerging role of CVA21 in causing sporadic acute respiratory outbreaks.
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Background

Enteroviruses (EV) are a diverse group of non-
enveloped, positive-sense RNA virus which belongs to
the family Picornaviridae. EV are subdivided into 15 spe-
cies within the genus Enterovirus, which consists of En-
terovirus A to Enterovirus L and Rhinovirus A to
Rhinovirus C (RV-A to RV-C) [1, 2]. Coxsackievirus A21
(CVA21), which belongs to the Enterovirus C species,
was first identified in a poliomyelitis outbreak in the
summer of 1947 [3]. Similar to other enteroviruses,
CVA21 have been associated with various respiratory,
gastrointestinal and neurological symptoms in humans.
In recent years, the role of CVA21 in causing sporadic
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outbreaks of respiratory infections in humans has be-
come increasingly important [4, 5]. Most notably, in
what appeared as the first reported large CVA21 out-
break in China, CVA21 was detected in about 57% of
patients in a cluster of unexplained respiratory illnesses
in 2016, with evidence of efficient human-to-human
transmission [6]. Another recent outbreak reported that
CVAZ21 was detected in 16% of military recruits with re-
spiratory diseases, including febrile illness and pneumo-
nia in the United States in 2002 [7].

Despite the clinical implications of enterovirus infec-
tion, CVA21 remains a rare serotype [8, 9] where rou-
tine diagnosis is very often not readily available in the
healthcare settings which results in the under-reporting
of CVA21 cases. Similarly, epidemiological surveillance
and genetic characterization of CVA21 remain limited
especially in the developing countries where respiratory
disease burden is high [10]. In this study, we determined
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the distribution and analysed the first complete genomes
of CVA21 among patients presenting with acute respira-
tory symptoms in Kuala Lumpur, Malaysia located in
the Southeast Asia region.

Methods

From March 2012 to May 2014, respiratory samples in
the form of nasopharyngeal swab were collected from
3935 consenting outpatients presenting with acute re-
spiratory tract infections at the Primary Care Clinics,
University of Malaya Medical Centre in Kuala Lumpur,
Malaysia. Specimens were screened for viral pathogens
using the xXTAG Respiratory Viral Panel FAST Assay
(Luminex Molecular, Toronto, Canada) followed by spe-
cific enterovirus detection by PCR amplification and
phylogenetic analysis [11]. The complete genomes of
CVAZ21 strains were amplified and sequenced using 18
pairs of newly designed primers (Supplementary Table
1). The overlapping fragments were assembled to obtain
the complete genome. The genomes were aligned with
other previously reported CVA21 sequences (1 =21) re-
trieved from the GenBank (accessed on 15 December
2020). Phylogenetic trees were constructed by the
neighbour-joining method based on the Kimura two-
parameter model implemented in MEGA X [12]. The re-
liability of the branching orders was analysed by boot-
strap analysis of 1000 replicates. Similarity plot analysis
was performed to investigate the possible occurrence of
recombination in the genomes. Neighbour-joining tree
was also reconstructed based on the VPI region (1 =54;
accessed on 15 December 2020), using the approach
employed in the complete genome analysis. This study
was approved by the University Malaya Medical Centre
Medical Ethics Committee (MEC890.1).

Results and discussion

During the epidemiological surveillance, a total of 3/
3935 (0.08%) cases of CVA21 infection were detected
among outpatients presenting with acute respiratory
symptoms (Table 1). Two CVA21 cases were identified
in May 2012; patient 12MYKLU412 was a 52-year-old
female presented with mild respiratory symptoms, and
patient 12MYKLU434 was a 16-year-old male with se-
vere headache and sore throat. Another patient
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14MYKLU3370 was a 26-year-old female presented on
January 2014 with severe headache and nasal congestion.
No distinct distribution pattern or seasonality was ob-
served, indicative of the sporadic nature of CVA21 infec-
tions [4, 8, 9]. However, the increased detection of
CVA21 in May 2012 may be suggestive of a modest out-
break that occurred undetected in the population, al-
though more data is needed to confirm it. Overall, the
rate of detection was estimated at 1.4 cases/year in Kuala
Lumpur, Malaysia, as compared to 0.65, 0.77, 1.2 and 9.2
cases/year reported in Japan, Singapore, United States
and China, respectively [4, 5, 8, 13].

The three complete CVA21 genomes were 7339 nucle-
otides (nt) in length, which consist of a 690-nt 5" un-
translated region (UTR), followed by a 6621-nt
polyprotein region encoding an open reading frame of
2207 codons, and the 3" UTR region. The genome
organization of these genomes was similar to that of pre-
viously reported CVA21 prototype strains [14]. The
average percentage of bases for all three genomes were
304% A, 22.3% G, 22.1% C and 25.2% U. Phylogenetic
analysis based on all available CVA21 complete genomes
in GenBank showed that strains from 12MYKLU412 and
12MYKLU434 were grouped within a cluster (1.07%
mean genetic distance) with the JN12377/SD/CHN/2012
strain (accession no. KT161266) isolated from environ-
mental sewage in Shandong Province, China in 2012
(Fig. 1). Strain isolated from 14MYKLU3370 meanwhile
was closely related to a recent outbreak strain 16SF042/
CHN/2016 (accession no. KY284011) isolated in Guang-
dong Province, China and the USA/TN/2015-OB2038
strain (accession no. KY271947) isolated from stool in
Tennessee, United States. No significant evidence of re-
combination was detected in these genomes in the simi-
larity plot analysis (data not shown).

In order to attain a greater spatio-temporal resolution
for the global CVA21 strains, phylogenetic analysis based
on all available VPI coding region (n = 54) showed that
the contemporary CVA21 strains can be divided into
two clusters; cluster I and II (Fig. 2) [9]. Cluster I com-
prised of CVA21 strains isolated from East Asia (China,
Japan and Malaysia), North America (United States),
Australia and Europe (Russia). Of note, recent outbreak
strains in Guangdong Province, China (2016) and

Table 1 Demographic and clinical symptoms of patients infected with CVA21

Patient ID Collection Demographic  Upper respiratory symptoms presented
date profile
Age Sex
12MYKLU412 2 May 2012 52 Female  Cough, sore throat, sneezing, nasal discharge
12MYKLU434 4 May 2012 16 Male Severe headache and sore throat, cough, hoarseness of voice, sneezing, nasal congestion with
discharge
14MYKLU3370 13 January 26 Female Severe headache and nasal congestion, cough, sore throat, hoarseness of voice, sneezing, nasal
2014 discharge, myalgia
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Fig. 1 Phylogenetic analysis of CVA21 complete genomes. Phylogenetic tree was reconstructed by the neighbour-joining method based on all
available complete genomes of CVA21 (n = 24) using MEGA X. The reliability of the branching nodes was assessed by bootstrap analysis of 1000
replicates. Bootstrap values (> 70%) are shown at the respective branches. Scale bar represents a genetic distance of 0.05 substitutions/site.
Accession number, location and year of isolation are shown for previously published CVA21 genomes in GenBank. The newly generated

100 ke EF015030 10552 BAN 2000

Yamagata, Japan (2019) were characterized by profound
founding effects with limited genetic diversity within the
respective clusters. In addition, weak or limited spatial
distribution is observed among CVA21 circulating
worldwide with frequent strain mixing, suggesting active
lineage mobility between regions. Interestingly, phyloge-
nies within cluster I were characterized by a “ladder-like”
structure resulting from the continual turnover of viral
lineages through time. Cluster II meanwhile comprised
of CVA21 strains originated from South Asia (India and
Bangladesh), Central America (Guatemala) and Central
Africa (Chad) (Fig. 2). Overall, the tree topology of the
complete VPI region observed was similar to that of the
complete genomes in Fig. 1.

It is important to note that the surveillance and gen-
omic data presented in the study contain several inher-
ent limitations, such as the relatively old sampling
period, limited sampling site and the inability to estab-
lish the seasonality of CVA21 due to the low detection
rate. Therefore, the recent activity of CVA21 in the re-
gion remains unclear, highlighting the need for continu-
ous sentinel surveillance involving multiple sites and
timely reporting in order to facilitate effective outbreak
response strategies.

Conclusions

In summary, we studied and characterised the distribu-
tion and complete genomes of CVA21 isolated from pa-
tients presenting with acute respiratory symptoms in



Supian et al. BMC Infectious Diseases

(2021) 21:446

Page 4 of 6

VP1 gene

100

3

80

87

95

S0
GU906786 324 SD CHN 1999
GU906787 331 SD CHN 1999

LC533365 1959 Yamagata JPN 2019
LC533364 1701 Yamagata JPN 2019
LC533363 1686 Yamagata JPN 2019
LC533362 1685 Yamagata JPN 2019
LC533361 1652 Yamagata JPN 2019
KX132136 16SF045 GD CHN 2016
KX132130 16SF040 GD CHN 2016
KX132135 16SF043 GD CHN 2016
9 b KX132129 16SF047 GD CHN 2016
KX132134 16SF042 GD CHN 2016
KX132133 16SF035 GD CHN 2016
KX132132 16SF036 GD CHN 2016
KX132131 16SF046 GD CHN 2016
KY271947 OB2038 USA 2015
LC062784 Se95 Fukushima JPN 2014
LC062779 Se80 Fukushima JPN 2014
- @ MW366965 14MYKLU3370 2014
KT161273 JN13049 SD CHN 2013
KR185977 SPb 5226 RU 2014
KR185976 SPb 5225 RU 2014

100

100

(GQ329724 327 SD CHN 2003

KT161275 JN12374 SD CHN 2012
KT161266 JN12377 SD CHN 2012
KT161274 LY13033 SD CHN 2013
@ MW366963 12MYKLU412 2012
@ MW366964 12MYKLU434 2012

KT161267 018 SD CHN 1997

GU906785 135 SD CHN 2001

KX384964 V16073 USA 2004

100 | KT161270 146 SD CHN 1997
10 ¥ KT161268 048 SD CHN 1997

KT161272 304 SD CHN 1997

98

EF015026 Az94 10621 USA 1994

KT161271 147 SD CHN 1997
KX384962 429 USA 1998
KT161269 144 SD CHN 1997
KX384963 V12125 USA 2000
KX384961 T197 USA 2002

EF015025 Tx96 10623 USA 1996
EF015024 Ga95 10622 USA 1995

EF015022 Md86 10633 USA 1986

EF015023 Wa89 10620 USA 1989

AY319942 272101 AUS

AY319944 272598 AUS
AY319943 275238 AUS

_11\13546702 Kuykendall USA 1952
100 D00538 Coe UK 1956

100 = EF015028 10687 GUT 1988

L EF015027 10619 GUT 1988
JX417867 21 T08 049 CHAD 2012

0.050

Fig. 2 (See legend on next page.)

100

| |

MG982663 NIV17 608 2 IN 2017

_99? EF015032 10566 BAN 2000

EF015031 10467 BAN 2000

75 E EF015030 10552 BAN 2000
100 EF015029 10542 BAN 2000

Cluster |

East Asia
North America
Australia
Europe

Prototype strains

Cluster Il

South Asia
Central America
Central Africa




Supian et al. BMC Infectious Diseases (2021) 21:446

Page 5 of 6

(See figure on previous page.)

Fig. 2 Phylogenetic analysis of the global CVA21 VPT gene. Phylogenetic tree was reconstructed by the neighbour-joining method based on n =54
available complete CVA21 VPT gene sequences (894 bp), equivalent to position 2497-3390 of the prototype strain (GenBank accession no. AF546702).
CVA21 strains grouped within Cluster | (East Asia, North America, Australia and Europe) and Cluster Il (South Asia, Central America and Central Africa)
are indicated by brackets. The reliability of the branching nodes was assessed by bootstrap analysis of 1000 replicates. Bootstrap values (> 70%) are
shown at the respective branches. Scale bar represents a genetic distance of 0.05 substitutions/site. GenBank accession number, location and year of
isolation are shown for previously reported CVA21 strains. The newly generated sequences in this study are indicated in circle

Malaysia, highlighting the emerging role of CVA21 in
causing low-level but recurrent respiratory outbreaks.
The evolutionary dynamics of global CVA21 strains
showed widespread distribution of at least two major
phylogenetic clusters worldwide.
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