A real-time RT-PCR assay for rapid detection
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ABSTRACT. Enterovirus 71 (EV71) and coxsackievirus A16 (CA16) have
been the primary causative agents of hand, foot, and mouth disease
(HFMD) outbreaks in mainland China in the past. Hence, the surveillance
of HFMD has mostly focused on these viruses. However, in recent years,
coxsackievirus A10 (CA10) has also been associated with the increasing
sporadic HFMD cases and outbreaks. Therefore, a sensitive assay for
rapid detection of the CA10 RNA is necessary for disease control. Here, we
have developed a specific TaqMan real-time RT-PCR assay by analyzing
VP1 gene sequences of CA10 strains from different locations. The assay
has been shown to be specific, sensitive, and robust through detection of
other related viruses, standard curves, and clinical samples, respectively.
This is the first report on development of a VP1 gene-based TaqMan realtime RT-PCR assay for rapid diagnosis of CA10 virus.
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INTRODUCTION
Hand, foot, and mouth disease (HFMD) is a common disease in children, which is
characterized by mild fever along with cutaneous vesicular rashes on the palms, soles, buttocks,
and mouth (oropharyngeal ulcers) (McMinn et al., 2002; Shah et al., 2003). Several large epidemics
of HFMD have been reported in the Asia-Pacific region, especially in Southeast Asia. Previously,
HFMD was predominantly caused by enterovirus 71 (EV71) and coxsackievirus A16 (CA16) (Zhang
et al., 2009; Zhang et al., 2010; Lu et al., 2012), as well as other enteroviruses such as CA2, CA4,
CA5, CA6, CA8 and CA10 (Blomqvist et al., 2010). Among these, increased incidences of CA10associated HFMD epidemics have been reported around the world (Itagaki et al., 1983; He et al.,
2013). Previously, CA10 had been isolated from in sporadic HFMD cases in New Zealand in 1957
and the first clustering outbreak of HFMD caused by CA10 was reported in Japan in 1983 (Seddon
et al., 1971; Itagaki et al., 1983). CA10 accounted for 11.8% of all cases in the largest HFMD
outbreak in Singapore in 2008 (Wu et al., 2010) and was one of the main pathogens in the Finland
outbreak, which occurred around the same time (Blomqvist et al., 2010). A sentinel surveillance
study in France in 2010 showed that the predominant serotype was CA10 (39.9%), whereas the
infection rate of EV71 and CA16 was low (23.8%) (Mirand et al., 2012). An onychomadesis outbreak
reported in 2008 in Spain was shown to be caused by CA10 (Davia et al., 2010). CA10, as the third
serotype, caused outbreaks of HFMD in Taiwan in 2005 (Tseng et al., 2007).
In mainland China, CA10 and CA6 were known to be co-circulating with EV71 and CA16
(Lu et al., 2012; He et al., 2013). Recently, CA10 has emerged as a key pathogen in the outbreaks
of HFMD in mainland China in addition to EV71 and CA16. A clustering outbreak of HFMD caused
by CA10 was reported in Wendeng City of Shandong province in 2009 (Xing et al., 2014). All these
studies are strongly suggestive of CA10 infection as an important cause of HFMD. Therefore, an
effective detection method for CA10 is imperative to strengthen the surveillance of CA10 infection
in HFMD epidemics and control the outbreaks.
This study aims at developing a sensitive and specific real-time RT-PCR assay for the
rapid detection of CA10, which is not only simple and effective in clinical diagnosis but also more
advantageous than the commercial kits available in the domestic market.

MATERIAL AND METHODS
Specimen collection
Specimens from 133 children clinically diagnosed with HFMD were collected between
2011 and 2012 at the Second People’s Hospital of Fuyang City, Anhui Province, located in the
middle east of China. Pharyngeal swabs from 72 boys and 61 girls aged between 1 month and
6 years were obtained with their parents’ consent. The samples were analyzed at the diagnostic
virology laboratory of Fuyang City Centers for Disease Control and Prevention (CDC).
Viruses including enteroviruses such as CA10, CA16, EV71, CB2, CA4, and Poliovirus
type I-III as well as others such as VZV Oka vaccine, Rubella Virus (RV), Measles virus (MV),
ECHO-5, HSV-1, HSV-2, Japanese Encephalitis Vaccine (JE vaccine), all of which were available
in our laboratory collection, were used for reference.

Design and evaluation of primers and TaqMan probe
Primers and a Taqman probe targeting one of the highly conserved regions of VP1 gene
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were designed by analyzing all the CA10 nucleotide sequences available in GenBank using the
Primer Premier 5.0 software (Table 1) and synthesized by Invitrogen Co. (Invitrogen, Shanghai,
China). The primers were validated by identifying the VP4 gene (Ishiko et al., 2002).
Table 1. Primers and probe from VP1 gene of CA10 for diagnostic real-time RT-PCR assay.
Primers/probe

Sequence (5'→3')

CA10F
CA10R
CA10P

GAAATGGRGTGTTGGAAACCA
TTTCTGCGRAGTTGGACAAAG
FAM-ATCAACCAYTTCTTCTCYCGCTCTGG-TAMRA

Nucleotide position

Size of amplicon

2674-2654
2801-2781
2702-2677

148 bp

CA10 target gene cloning
CA10 virus was isolated from Fuyang city and cultured in RD cells, the genomic RNA
extracted using TRIzol rReagent (Invitrogen), then and reverse transcription transcribed. The target
gene segment was amplified using the QIAGEN One-Step RT-PCR Kit (Qiagen, Germany). The
reaction mixture (50 µL) contained 10 µL 5X One-Step RT-PCR Buffer, 2 µL dNTP Mix, 3 µL each
CA10F and CA10R primers respectively, 2 µL One-Step RT-PCR Enzyme Mix, 0.2 µL RNase inhibitor,
and 5 µL template RNA. Reverse transcription was carried out at 50°C for 30 min. PCR parameters
were set at 95°C for 15 min for the initial activation, followed by 35 cycles of 94°C for 30 s, 55°C for 30
s, and 72°C for 10 s. The PCR product was cloned into PCR 2.1 Vector (Life Technologies, Shanghai,
China) and the resulting PCR2.1-T-VP1 was confirmed by sequencing.

Analyses of the specificity and sensitivity of the real-time RT-PCR assay
TaqMan real-time RT-PCR was performed by using the One Step PrimeScript RT-PCR
Kit (TaKaRa, Dalian, China) following the manufacturer protocols. The sensitivity of the real-time
RT-PCR assay was assessed by the detection range obtained using 10-fold serial dilutions of the
recombinant plasmid (PCR2.1-T-VP1) as templates. In order to evaluate the specificity of the assay,
RNA from reference viruses namely CA16, EV71, CB2, CA4, Sabin1, 2, and 3, VZV, RV, MV, ECHO5, HSV-1, HSV-2, and JE vaccine were amplified. The recombinant plasmid (PCR2.1-T-VP1) was
used as positive control. All reactions were performed on an ABI 7500 sequence detection system.

Determination of detection and error rates of the assay
To determine the detection rate of the real-time RT-PCR assay, RNA samples from 8 CA10
clinical isolates obtained from Fuyang City collected during 2009-2010 were used as templates.
These were previously identified by the amplification and sequencing of VP4 gene (Ishiko et al.,
2002; Zhao et al., 2013). Further, to evaluate the error rate and false positives, 26 throat swabs
from HFMD known to be unrelated to EV71 or CA16 were analyzed by the TaqMan real-time RTPCR assay. Products of positive samples were then purified by agarose gel (1.2%) electrophoresis
and sequenced for confirmation.

RESULTS
Sequence analysis of VP1 gene
VP1 gene sequences of CA10 virus from GenBank database as well as those of the
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8 isolates from Fuyang city (FY01-08) were analyzed for nucleotide sequence homology and
a dendrogram was constructed (Figure 1) by using the Mega 5.2 software (Biodesign Institute,
AZ, USA) to estimate the genetic distances. The GenBank accession numbers of the sequences
included in the analysis are: AB739052.1 (YunNan, China); KC834855.1-KC834877.1, JX569076.1
(ShangHai, China); JQ320248.1, JQ320252.1 (XiaMen, China); GU947774.1-GU947787.1,
GQ214172.1-GQ214177.1 (ShanDong, China); JX154970.2-JX154982.2, JX473446.2,
JX473447.2, JX473449.2, JX473462.2, KC867018.1-KC867044.1 (ShenZhen, China); FuYang01FuYang08 (Unregistered sequences, Fuyang, China); JN896787.2, JN896805.1, JN896804.1,
JN896799.1, JN896798.1, JN896789.1, JN896784.1 JN896779.1 (TaiWan); HE573016.1,
HE572941.1-HE572992.1 (France).

Figure 1. Phylogenetic analysis of the partial VP1 (nt2642-nt2798) gene of CA10 virus. Evolutionary analysis was
conducted with 171 nucleotide sequences using the MEGA 5.2 software and evolutionary history inferred using the
neighbor-joining method.

While the CA10 Kowalik strain branched separately, CA10 isolates from France and
mainland China were distributed over two different clusters. Furthermore, CA10 isolates from
the different regions in mainland China could be divided into different subtypes. Primers and the
Taqman probe were designed from the region that was conserved across the CA10 VP1 gene
sequences (Figure 2).

Cloning of VP1 gene fragment and evaluation of primers and probe
The conserved VP1 gene fragment from CA10 isolates (virus strain supplied by the
diagnostic virology laboratory of Fuyang City Centers for Disease Control and Prevention) were
amplified by RT-PCR, and the product was purified, cloned into PCR 2.1 vVector and sequenced.
The nucleotide sequence of the resulting VP1 fragment had higher homology to isolates from
mainland China than those from France and Finland. Several substitutions were found in the
sequence of the segment; however, they had little impact on the primers and probe (Figure 2).
The nucleotide sequences of the primers and Taqman probe were searched against
Genetics and Molecular Research 14 (4): 17496-17504 (2015)
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sequence databases by using the BLASTn tool (National Center for Biotechnology Information of
NIH) and none of them showed any significant homology that may yield non-specific amplification
or hybridization (data not shown).

Figure 2. Homology analysis of the partial VP1 gene across CA10 strains. The primers and Taqman probe were
designed based on the conserved nucleotides in the VP1 gene of different strains of CA10.

Specificity and sensitivity of the TaqMan real-time RT-PCR assay
In order to test the CA10 specificity of the assay, genomic nucleic acid from reference
viruses including enteroviruses (EV71, CA4, CA16, CB2, Poliovirus type I-III), and others such as
VZV Oka vaccine, RV, MV, ECHO-5, HSV-1, HSV-2, and JE vaccine were analyzed by the real-time
RT-PCR assay. None of the reference viruses yielded any positive fluorescence signal (Figure 3A).
Genetics and Molecular Research 14 (4): 17496-17504 (2015)
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Figure 3. Sensitivity and specificity analyses of the real-time RT-PCR assay and detection of clinical samples. A.
Amplification of reference viruses and vaccine templates using the CA10-specific real-time RT-PCR to evaluate
the assay specificity. The recombinant plasmid (PCR2.1-T-VP1) was used as positive control. B. Standard curve
generated using serial dilutions of recombinant plasmids PCR2.1-T-VP1 (10-105 copies/µL) as templates to establish
the detection limits of the assay. The values are representative of three replicates. C. Typical amplification plot of serial
dilutions of PCR2.1-T-VP1 (R2 = 0.9981). D. The detectable rate of real-time RT-PCR assay was identified by using
eight isolates of CA10 , which turned out to be 100%. E. Twenty-six clinical HFMD samples (non-EV71 and non-CA16)
tested by the CA-10 specific diagnostic assay. The recombinant plasmid PCR2.1-T-VP1 was used as control.

Serial dilutions of the recombinant plasmid PCR2.1-T-VP1 (10-105 copies/µL) were used
to determine the detection limits of the assay. The lowest detected concentration was 10 copies/
µL and a linear plot was obtained with increasing concentration (Figure 3B). The amplification
efficiency of PCR2.1-T-VP1 at different concentrations was highly similar (R2 > 0.99) (Figure 3C).

Verification of the assay using clinical specimens
CA10 clinical isolates and non-EV71 and non-CA16 specimens were used to estimate the
diagnostic ability of the assay. All the eight tested CA10 isolates from Fuyang city were detected
and their detection rate was 100%, same as the positive control (Figure 3D). Subsequently, 26
throat swabs from patients with HFMD that was not caused by EV71 and CA16 were tested as
templates using the CA10-specific TaqMan real-time RT-PCR assay, which resulted in 10 positive
and 16 negative samples (Figure 3E). In order to verify these results, the PCR products (partial VP1
gene) of all the CA10-positive samples were purified by using agarose gel (1.2%) electrophoresis
and verified by sequencing (Figure 4). Furthermore, VP4 gene from the CA10 positive samples
were amplified and verified by sequencing. The results demonstrated that the concordance rate
between the two assays was 100% (data not shown).
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Figure 4. Verification of CA10 strains detected from the clinical samples. Lane M: DL2000 marker; lanes 1-10: PCR
products of the CA10-positive clinical samples; lanes 11 and 12: negative control and positive control visualized on an
agarose gel. All bands are of the expected size (148 bp).

DISSCUSSION
Human enteroviruses (HEVs) comprise more than 90 serotypes, which cause a wide
spectrum of acute febrile diseases, especially HFMD among infants and children. Different
causative pathogens of HFMD such as EV71, CA16, CA10, and CB2 have been reported so far
(Blomqvist et al., 2010). The two major causative agents of HFMD, EV71 and CA16 were first
isolated in Canada and USA in 1958 and 1969, respectively (Zhu et al., 2010). In mainland China,
clinical diagnoses and surveillance mainly targeted detection of EV71 and CA16 using specific
primers. In contrast, other HEVs were identified by universal primers. Although these primers were
reported to characterize unknown HEVs (Ishiko et al., 2002; Nix et al., 2006; Oberste et al., 2006;
Ji et al., 2012), this method requires independent clones to be selected for sequencing or direct
sequencing of PCR products, both of which may be result in some pathogens left undetected.
Hence, universal primers for HEVs are not reliable for rapid clinical diagnoses.
Real-time RT-PCR assays developed in recent years possess several advantages such
as improved sensitivity, specificity, and reproducibility, and have been employed to detect a range
of respiratory viruses (van Elden et al., 2001; Emery et al., 2004; Cui et al., 2013). This study
aimed at developing a real-time RT-PCR assay for rapid detection and surveillance of CA10, which
is specific, sensitive and quantitative compared to the conventional assay using HEV universal
primers. In this CA10-specific real-time RT-PCR assay, FAM and TAMRA were used in the TaqMan
probe. In addition, our results showed high sensitivity of the assay for CA10 with detection limit as
low as 10 copies/µL of CA10 template. For CA10 strains accounted for 38% of the non-EV71 and
non-CA16 HFMD clinical specimens tested using the diagnostic assay, which was verified by using
nest PCR to check VP4 gene (Zhao et al., 2013).
Nevertheless, Figures 1 and 2 indicate that VP1 gene of CA10 isolates were regionspecific as known from the previous studies (Yang et al., 2010; Lu et al., 2012; Mirand et al.,
2012; Xing et al., 2014). Therefore, the real-time RT-PCR system seems to be limited to effective
detection of CA10 strains isolated from France and Finland. A multiplex real-time RT-PCR system
for rapid diagnosis and surveillance of global CA10 strains may be the best solution. However, the
TaqMan real-time RT-PCR system established in this study will still be a very useful method for
rapid detection of CA10 in mainland China.
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