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Human enterovirus 71 and coxsackievirus A16 are two of the major causative agents of hand, foot, and 
mouth disease (HFMD). EV71 and CoxA16 infections in HFMD are clinically indistinguishable, but EV71 
infection is more frequently associated with serious neurological complications and fatalities. In this 
study, two specific reverse-transcription-loop-mediated isothermal amplification (RT-LAMP) assays 
were developed for the detection of EV71 and CoxA16. High specificity systems for the EV71 and 
CoxA16 RT-LAMP systems have been confirmed by ruling out cross-reactivity with RNA of other 
common enteric viruses. The EV71 and CoxA16 RT-LAMP assays were found to be 10-fold and 100-fold 
more sensitive than conventional PCR, respectively, with detection limits of both 10

1
 copies. To 

evaluate the application of the two RT-LAMP assays for clinical diagnosis, 60 stool specimens from 
suspect HFMD patients were detected and all samples were achieved in less than 60 min (even as little 
as 10 to 15 min). The positive rate of the EV71 RT-LAMP assay was higher (31/60=51.7%) than the RT-
PCR assay (27/60=45%), while the positive rate of the CoxA16 RT-LAMP assay was equivalent to that of 
the RT-PCR assay (7/60=11.7%). These results indicate that the two RT-LAMP systems are potentially 
useful for rapid and sensitive diagnosis during HFMD outbreaks. 
 
Key words: Enterovirus 71, coxsackievirus A16, reverse-transcription-loop-mediated isothermal amplification, 
hand foot, mouth disease. 

 
 
INTRODUCTION 
 
Hand, foot, and mouth disease (HFMD), a common 
illness in children, is mainly caused by two enteroviruses, 
human enterovirus 71 (EV71) and coxsackievirus A16 
(CoxA16). Since the first recorded EV71 infection in 
California in 1969, HFMD outbreaks have occurred in 
many parts of the world, especially in Southeast Asia 
(Ahmad et al., 2000; Ang et al., 2009; Chang 2008; Ho et 
al., 1999; Schmidt et al., 1974; Tee et al., 2009; Yang et 
al., 2005). Smaller outbreaks have been described in 
Europe (Ortner et al., 2009; van der Sanden et al., 2009). 

Recent findings suggest that the recombination of 
EV71 and CoxA16, and co-circulation of these two viruses 

may have contributed to the increase in HFMD cases 
over the past few years in China, Singapore and 
Malaysia (Ang et al., 2011; Li et al., 2005; Liu et al., 2011; 
Podin et al., 2006). Until now, no antiviral drugs or 
vaccines have been approved for clinical use against 
HFMD (Xu et al., 2010). Therefore, developing methods 
to detect EV71 and CoxA16 is a key point for the 
prevention and control of HFMD outbreaks. 

EV71 and CoxA16 are both members of cluster A of 
human enteroviruses (HEVs) according to the classify-
cation based on molecular properties (Hyypiä et al., 
1997).  It is incapable of distinguishing between the EV71
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and the CoxA16 in clinical settings. Ma et al. (2011) 
reported that most outbreaks are caused by CoxA16, but 
the basic reproductive number (R0) for EV71 was higher 
than that of CoxA16. Furthermore, EV71 infection is more 
frequently associated with serious neurological 
complications and fatalities (Chang et al., 1999; McMinn 
et al., 2001; Shimizu et al., 1999; Wang et al., 2011; 
Zhang et al., 2009). For these reasons, differential 
detection of EV71 and CoxA16 is helpful in clinical 
diagnosis. 

The classical diagnostic method for enteroviruses is 
propagation in cell culture followed by neutralization to 
confirm the serotype. This process is expensive, time-
consuming, and labor-intensive. In addition, some 
enteroviruses replicate poorly in cell cultures (Oberste et 
al., 2000; Rigonan et al., 1998; Wong et al., 1999). 
Recently, a number of nucleic acid amplification (NAA) 
assays, including numerous PCR methods, have been 
developed for detecting EV71 and CoxA16, and they 
demonstrated high sensitivity and specificity (Tan et al., 
2008). Nonetheless, a sophisticated thermal cycling 
instrument and skilled technicians are indispensable 
requirements of such tests, limiting their applicability. 

Loop-mediated isothermal amplification (LAMP) is a 
relatively novel NAA method developed by Eiken Chem-
ical Co., Ltd., Japan. It can potentially replace PCR in 
molecular diagnosis because of its simplicity, rapidity, 
specificity, and cost-effectiveness (Mori et al., 2001; 
Nagamine et al., 2002; Notomi et al., 2000). To date, 
molecular diagnosis by RT-LAMP has been used 
successfully to detect human pathogenic RNA viruses 
(Hong et al., 2004; Parida et al., 2004; Parida et al., 
2005; Wang et al., 2012; Yaqing et al., 2012; Yoneyama 
et al., 2007). 

In the present study, two RT-LAMP systems were 
standardized by targeting the VP1 region for rapid 
detection of EV71 and CoxA16 viruses. The applicability 
of the two systems for clinical diagnosis of HFMD 
patients is validated by evaluation with stool samples 
collected from the latest epidemic in Tianjin, which lasted 
from April to June in 2010. 
 
 
MATERIALS AND METHODS 

 
Standard viral strains and clinical stool specimens 

 
Standard virus strains including EV71, CoxA16, CoxB3, CoxB5, 
and Echo30 were provided by the Chinese Center for Disease 
Control and Prevention, Beijing, China. PV and HAV were provided 
by Nankai University in Tianjin, China. Stool specimens (n=60) were 
collected from pediatric patients at the Children’s Hospital, Tianjin, 
China, between April to June 2010. All the stool specimens were 
transported to our laboratory within 2 h and stored at -70°C until 
use. 

 
 
RNA extraction 

 
Stool  specimens  were  mixed  thoroughly  with 5 to 10  volumes of 

 
 
 
 
phosphate-buffered saline (pH 7.4) to yield homogeneous suspen-
sions and the mixtures were clarified by centrifugation at 5,000×g 
for 20 min. The genomic viral RNA was extracted from supernatants 
of stool suspensions using the QIAamp Viral RNA Mini kit (Qiagen, 
Hilden, Germany) in accordance with the manufacturer’s protocol. 
The RNA was eluted from the QIAspin columns in a final volume of 
80 μl of elution buffer and was stored at -80°C until use. 
 
 
Primer design 

 
The two RT-LAMP primer sets were designed using PrimerExplorer 
version 3.0 (Eiken Genome; http://primerexplorer.jp/) based on the 

alignments of the VP1 regions of EV71 and CoxA16, respectively, 
including almost all the available circulating strains in China 
responsible for recent epidemics. All the primers used in this study 
were synthesized by the Beijing Genomics Institute (BGI, Beijing, 
China). 
 
 
RT-LAMP assay 

 

We optimized the reaction system by adjusting the reaction 
temperature and the concentration of Mg

2+
, betaine, and dNTPs. 

The EV71 RT-LAMP reaction was carried out in a total 25 μl 
reaction volume containing 50 pmol each of the forward inner 
primers (FIP) backward inner primer (BIP) and, 5 pmol each of the 
outer primers F3 and B3, 1.4 mM dNTPs, 0.6 M betaine, 0.1% 
Tween 20, 10 mM (NH4)2SO4, 3.5 mM Mg

2+
, 10 mMKCl, 20 mMTris-

HCl, 8 U of Bst DNA polymerase (New England Biolabs, Hitchin, 
UK) , 10 U of AMV reverse transcriptase (Fermentas Inc., Ontario, 

Canada), and 2 μl of target RNA. The components of the CoxA16 
system were equal with the EV71’s except the betaine (1 M) and 
the primers. 30 to 50 µl of mineral oil was added to each tube to 
prevent evaporation. The reaction mixture of EV71 and CoxA16 
was incubated at 62°C and 63°C, respectively, for 45 to 60 min 
followed by heating at 80°C for 2 min to terminate the reaction. 
Positive and negative controls were included in each run, and all 
precautions to prevent cross-contamination were observed. 

 
 
Analysis of RT-LAMP products 

 
Agarose gel analysis 
 
5 µl of the RT-LAMP products were electrophoresed on a 2% 
agarose gel in Tris-acetate-EDTA buffer (0.04 M Tris-acetate, 1 mM 
EDTA), stained with ethidium bromide, and visualization on a UV 
transilluminator (BioRad Laboratories, Berkeley, USA) at 302 nm.  
 
 
Direct visual detection  
 
The tubes were examined for white turbidity and for the presence of 
a white pellet after a pulse spin. Alternatively, 10 μl of 100×SYBR 
Green I dye (Invitrogen, Carlsbad, USA) was added to the reaction. 
In the case of positive amplification, the original orange color of the 
dye would change to a green color that was visible in natural light. 
When there was no amplification, the dye remained orange. The 
color change is permanent and the sample can be kept for archival 
purposes.  
 
 
Restriction enzyme digestion of the RT-LAMP product  
 

The specificity of the RT-LAMP-amplified product was detected by 
restriction digestion with NlaIV (New England Biolabs, Hitchin, UK) 
for EV71 and EcoRI (New England Biolabs, Hitchin, UK) for 
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Figure 1. The genomic position of primers used in this assay. The 
sequence was obtained from GenBank with the accession number 
EU864507 for EV71 (A) and AY821798 for CoxA16 (B). 

 
 
 
CoxA16.  
 
 
Nucleotide sequence analysis of the RT-LAMP product 
  
The fastest-migrating band of the RT-LAMP product was cut from 
the gel and sequenced by BGI with FIP and BIP primers. 

 

Standard RNA strands preparation 

 
In order to check the detection limits of RT-LAMP and RT-PCR 
assays, the standard RNA strands were prepared. Firstly, the 
targeted regions of the EV71 VP1 and the CoxA16 VP1 were 
amplified by PCR and the amplicons were cloned into the T-A 
vector system (TransGen Biotech, Inc. Beijing, China), respectively. 
Then, the recombinant plasmids were linearized and RNA 
fragments were synthesized by the Riboprobe System-T7 

(Promega, Madison, WI, USA). Finally, the plasmid templates were 
removed by digestion with 1 U RQ1 RNase-free DNase (Promega, 
Madison, WI, USA) for 15 min at 37 °C. 
 
 
RT-PCR 

 
For an assessment of the sensitivity and specificity of the RT-LAMP 

assay, RT-PCR was performed by employing the two outer primer 
pairs targeting the VP1 of EV71 and CoxA16, respectively. PCR 
amplification was carried out in a 25 μl total reaction volume 

containing 2 μl of target RNA, 10 U of AMV reverse transcriptase 
(Fermentas Inc., Ontario, Canada), 2 U of recombinant TaqDNA 
polymerase (Beijing TransGen Biotech Co., Ltd.), 50 pmol specific 
forward and reverse primers, 0.4 mM concentrations of dNTPs, 
20 mM Tris-HCl (pH 8.4), 20 mM KCl, and 1.5 mM MgCl2. The 
cycling conditions consisted of 30 min at 50°C, 5 min at 95°C, 
followed by 35 cycles of 94°C for 30 s, 53°C for 30 s, and 72°C for 
30 s, and then 72°C for 10 min. The PCR products were examined 
by agarose gel electrophoresis. 
 
 

RESULTS 
 
Primers 
 
The primers were designed on the basis of the EV71 C4 
subgenotype and CoxA16 C subgenotype. These are the 
predominant strains circulating in mainland China, 
responsible for recent HFMD epidemics. The nucleotide 
sequences of EV71 C4 strains and CoxA16 C strains 
were downloaded from the GenBank database and 
aligned using the GeneTool software. The highly 
conserved regions in the VP1 were selected as the target 
for primer design. The details of the each primer with 
regard to their positions in the genomic sequences are 
shown in Figure 1.  

Figure 1  

 

CCCGAGATGGAGTGTTTGACTACTACACCACAGGGTTAGTCAGTATATGGTATCAGACAA 

          F3                              F2 

ATTACGTGGTTCCAATCGGGGCGCCCAATACAGCCTATATAATAGCACTAGCGGCAGCCC 

         NlaIV      F1     NlaIV                              B1 

AAAAGAACTTCACTATGAAATTGTGCAAGGATGCTAGTGATATCCTGCAGACGGGCACCA 

                                                            B2          

TCCAGGGAGACAGGGT 

B3 

Primer name type length sequence(5’ to 3’) 

F3 Forward Outer 20 CCCGAGATGGAGTGTTTGAC 

B3 Reverse Outer 18 ACCCTGTCTCCCTGGATG 

FIP Forward Inner 39 
CGCCCCGATTGGAACCACGA

CACCACAGGGTTAGTCAGT 

BIP Reverse Outer 40 
AATAGCACTAGCGGCAGCCC

CCCGTCTGCAGGATATCACT 

 

 

 

GGCGGAAATGCGAGTTGTTTACCTACATGCGCTTTGATGCTGAATTCACATTTGTCGTAG 

         F3                               F2           EcoRI 

CCAAACCCAATGGTGAGCTAGTCCCCCAATTACTGCAGTACATGTATGTCCCACCAGGGG 

                   F1                                               B1 

CTCCGAAACCTACTTCCAGAGATTCGTTTGCTTGGCAGACTGCCACCAACCCATCTGTGT 

                                       B2 

TTGTGAAAATGACGGACCCA 

         B3 

Primer name type length sequence(5’ to 3’) 

F3 Forward Outer 19 GGCGGAAATGCGAGTTGTT 

B3 Reverse Outer 20 TGGGTCCGTCATTTTCACAA 

FIP Forward Inner 42 
TGGGGGACTAGCTCACCATTGG

ACATGCGCTTTGATGCTGAA 

BIP Reverse Outer 40 
TGTATGTCCCACCAGGGGCTAG

TCTGCCAAGCAAACGAAT 

 

 

 

 

A 

 

2254 

 

2314 

 

2374 

 

2434 

 

 1679 

 

1739 

 

1799 

 

1859 

B 
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Figure 2. LAMP and PCR sensitivity for EV71 template (A) and CoxA16 

template (B). Lane M, DNA marker; lanes 1 to 8, different concentrations of 
template ranging from 10

7
 to 10

0
 copies in a serial 10-fold dilution pattern. 

Lane 9, Negative control. Upper panel, LAMP; lower panel, PCR. 

 
 
 
Sensitivity and specificity 
 
The sensitivity of the RT-LAMP assays for the detection 
of EV71 and CoxA16 was determined by testing the 
corresponding standard RNA strands of 10-fold serial 
dilutions and comparing the results to those of 
conventional PCR. The EV71 RT-LAMP was found to be 
10 times more sensitive than PCR, with a detection limit 
of 10

1
 copies, against 10

2
 copies for PCR (Figure 2A). 

The CoxA16 RT-LAMP was found to be 100 times more 
sensitive than PCR, with a detection limit of 10

1
 copies, 

against 10
3
 copies for PCR (Figure 2B). Upon visual 

detection, the detection limits of the two RT-LAMP 
assays were also validated by the observation of color 

change with the naked eye (upper panel of A and B) 
(Figure 3) or visualized under UV light transillumination 
(lower panel of A and B) (Figure 3) after employing a 
SYBR Green I. The specificity of the RT-LAMP primer 
sets for the EV71 and CoxA16 was established by ruling 
out cross-reactivities with HAV, PV, CoxB3, CoxB5, 
Echo30, and CoxA16/EV71. The EV71 and CoxA16 
specific RT-LAMP primer sets both demonstrated high 
degrees of specificity by amplifying EV71 and CoxA16 
only but yielded negative results for all other viruses 
tested (Figure 4). Furthermore, the specificity of the 
amplification was tested by restriction endonuclease 
digestion. The generated fragments were mainly about 
131 and 57 bp after digestion with NlaIV for EV71 amplifi-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2 LAMP and PCR sensitivity for EV71 template (A) and CoxA16 template (B). Lane M, DNA marker; lanes 1 to 8, 

different concentrations of template ranging from 10
7
 to 10

0
 copies in a serial 10-fold dilution pattern. Lane 9, Negative 

control. Upper panel, LAMP; lower panel, PCR. 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

A 
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Figure 3 .  Visual detection of LAMP amplification products in 10-fold dilutions of EV71 

template (A) and CoxA16 template (B). Tubes 1 to 8, different concentrations of 
template ranging from 10

7
 to 10

0
 copies in a serial 10-fold dilution pattern. Tube 9, 

DDW. Detection of the white precipitate (magnesium pyrophosphate) at the bottom of 
the tubes indicates a positive reaction, while the absence of precipitate indicates a 
negative reaction. After the addition of SYBR Green to the reaction mix, yellow 
fluorescence is detectable by the naked eye under natural light, while an orange color 

indicates a negative reaction (upper panel). Under UV irradiation, a positive reaction is 
indicated by a bright green fluorescent color (lower panel). 

 
 
 
cation products and 190 and 200 bp after digestion with 
EcoRI for CoxA16 amplification products (Figure 4).  
 
 
Clinical samples  
 
The applicability of the two RT-LAMP assays to the 
clinical diagnosis of EV71 and CoxA16 was evaluated 
with 60 stool samples of suspected HFMD cases 
collected in Tianjin, China, 2010. These were compared 
to results generated using conventional PCR. Some stool 
samples containing high levels of virus could be detected 

as early as 10 to 15 min, and most of the RT-LAMP 
product was detected as early as 45 min, but the reaction 
time was still maintained for 60 min to ensure positive 
detection of lower concentration of viruses in the 
samples. We found 31 of the 60 samples to be EV71-
positive and 7 of the 60 samples to be CoxA16-positive in 
the RT-LAMP assay. None of the samples was both 
EV71 and CoxA16 positive. In the PCR assay, 27 of the 
60 samples were EV71-positive (Table 1) and 7 of the 60 
samples were CoxA16-positive (Table 2). The positive 
rate of the EV71 RT-LAMP assay was 51.7%, higher than 
that of the RT-PCR assay (45%), while the positive rate of  

 

 

 

 

A 

B 
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Figure 4 .  LAMP specificity for EV71 (upper panel) and CoxA16 (lower panel) templates, Lane M, DNA 

marker DL-2000 plus; lane 1, EV71 (upper panel)\CoxA16 (lower panel); lane 2, Cox A16 (upper 
panel)\EV71(lower panel); lane 3, Cox B3; lane 4, Cox B5; lane 5, Echo 30; lane 6. poliovirus; lane 7, HAV; 
Specificity of LAMP products, Lane 9, LAMP products were digested with NlaIV for EV71 (upper panel) and 
EcoRI for CoxA16 (lower panel), LAMP products (lane 8) were run simultaneously.  

 
 
 
the CoxA16 RT-LAMP assay was equivalent to that of the 
RT-PCR assay (11.7%). None of the RT-PCR positive 
samples were missed by RT-LAMP, indicating that the 
RT-LAMP assay was more sensitive. Further confirma-
tion of the RT-LAMP products was carried out by sequen-
cing. The sequences obtained matched the expected 
viruses perfectly (data not shown). 
 
  
DISCUSSION 
 
EV71 and CoxA16 are the two major causative agents of 
HFMD, and the co-circulation of these two viruses may 
be responsible for the HFMD epidemics seen in China, 
Singapore, Malaysia (Ang et al., 2011; Li et al., 2005; Liu 
et al., 2011; Podin et al., 2006). EV71 and CoxA16 
infections in HFMD are clinically indistinguishable, but 
EV71 can cause severe neurological disease with rapid 
progression and high mortality relative comparison to 
mild cases of CoxA16 infection. This is why there is a 
great demand for the rapid detection and differentiation of 
EV71 and CoxA16 infections, to provide timely, clinical 
treatment and disease control. 

In China, the molecular diagnoses of EV71 and 
CoxA16 infections are currently dependent on RT-PCR 
and real-time PCR examination of clinical specimens 
(Chen et al., 2006; Xiao et al., 2009). Two obvious disad-
vantages of PCR methods are machine-dependence and 

the need for skilled technicians, which limit its application 
in communities, rural clinics, and field situations. Here, 
we reported two RT-LAMP assays that are simple to 
perform, react rapidly, and provide easy detection for the 
diagnosis of EV71 and CoxA16 infection from HFMD 
specimens. 

As shown above, the sensitivities of the EV71 and 
CoxA16 RT-LAMP are both 10

1
 copies per reaction 

mixture, which are 10 and 100 times higher than the 
corresponding RT-PCR assays. This is similar to the 
other EV71 RT-LAMP system described in previous 
studies, which had a detection limit of approximately 10 
copies with a slightly longer reaction time at 1.5 h (Wang 
et al., 2012). Based on 60 stool specimens from 
suspected HFMD cases, the RT-LAMP assay also 
demonstrated higher sensitivity by correctly picking up 
four additional positive EV71 samples, which were 
missed by RT-PCR. 

The higher specificity of the LAMP reaction is attributed 
to employing four primers that recognize six distinct 
regions of the target. This prevents cross-reactions very 
effectively (Notomi et al., 2000). Our data show that there 
was no cross-reactive amplification of EV71 and CoxA16 
RT-LAMP assays with the RNA of other enteroviruses, 
such as HAV, PV, CoxB3, CoxB5, Echo30, or 
CoxA16/EV71. The high specificity of the two RT-LAMP 
assays was further validated in clinical samples by 
sequencing. 

   

 



 
 
 
 

Table 1. Comparison of LAMP and PCR for 
detection of EV71 from stool samples. 
 

PCR 
LAMP 

Total 
+ - 

+ 27 0 27 

- 4 29 33 

Total 31 29 60 

 
 
 

Table 2. Comparison of LAMP and PCR for 

detection of CoxA16 from stool samples. 
 

PCR 
LAMP 

Total 
+ - 

+ 7 0 7 

- 0 53 53 

Total 7 53 60 

 
 
 

We found it difficult to design one set of primers 
suitable for the amplification of all the EV71/CoxA16 
strains that originate in different regions. The EV71 
strains detected from the Chinese mainland were closely 
related to each other and grouped into genotype C to 
form a new lineage, C4, distinct from the C1, C2, and C3 
lineages (Li et al., 2005). There are three genetic CoxA16 
lineages circulating in Asia; A, B, and C. In 1999, viruses 
of lineages B and C began to cocirculate on the Chinese 
mainland, with lineage C gradually becoming predomi-
nant (Li et al., 2005). We therefore designed primer sets 
based on the EV71 C4 lineages and CoxA16 C lineages 
by targeting the VP1 region. The two primer sets 
successfully amplified the target viral sequences from 
suspected HFMD patients in the Children’s Hospital, 
Tianjin, China. 

From a practical point of view, LAMP assay is more 
suitable as a routine diagnostic tool, especially in clinics 
and fields. First, the sensitivity of LAMP was less affected 
by inhibitory components in clinical samples (Kaneko et 
al., 2007). Second, LAMP products could be directly 
observed by turbidity or color change after the addition of 
dyes. Third, the LAMP reaction only needs a laboratory 
water bath or heating block rather than complicated 
equipment such as thermal cycling machines or 
electrophoresis apparatuses. However, due to the high 
amplification rate, any trace of LAMP DNA concatemers 
will be easily reamplified, leading to false-positive results 
(Paris et al., 2007; Peyrefitte et al., 2008). Thus, at the 
endpoint of amplification, turbidity or fluorescence 
reading should be preferred to agarose gel analysis. 
Mineral oil is also very useful in preventing 
contamination. 

In summary, we have established a simple, rapid, 
highly sensitive, and highly specific RT-LAMP method. It  
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has considerable potential to detect the EV71 and 
CoxA16 infections of HFMD patients in the primary health 
care institutions and field environments. When combined 
with nucleotide sequencing of the LAMP products, RT-
LAMP may also be useful for studying the molecular 
epidemiology and evolution of HFMD. 
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