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Abstract

Human enterovirus 71 (EV71) is the primary pathogen of hand, foot, and mouth disease (HFMD). EV71 infection may lead to neurologic
damage, with higher incidence of fatality compared with other HFMD pathogens. An effective drug or vaccine against EV71 infection is
currently unavailable. It is desirable to determine the pathogen of HFMD accurately and quickly for early treatment. In the current study,
reverse-transcription and loop-mediated isothermal amplification (RT-LAMP) technology were developed to detect EV71. The efficacy of
detecting EV71 was compared with regular nested reverse-transcription polymerase chain reaction (RT-PCR). After detecting 108 clinical
specimens, results showed that RT-LAMP can specifically detect EV71, but not Coxsackie virus A16, and exhibited a specificity of 100%
and a sensitivity of 97.1%, which was higher than regular RT-PCR. The findings indicate that RT-LAMP is a practical method for EV71
diagnostic applications, particularly in small county institutes of medical service. The detection ability of RT-LAMP was significantly
affected by cryopreservation as the clinical specimens were repeatedly subject to freezing and thawing treatments.
© 2011 Elsevier Inc. All rights reserved.
Keywords: EV71; Reverse-transcription and loop-mediated isothermal amplification; Cryopreservation
1. Introduction

Enterovirus 71 (EV71), first isolated in 1969 in
California, is a major public health issue across the Asia
Pacific region, Europe, and other continents. The virus
mostly affects young children and causes hand, foot, and
mouth disease (HFMD), which is generally a mild illness
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characterized by blisters and ulcers (Cardosa et al., 2003;
McMinn, 2002; Solomon et al., 2010; Wu et al., 2010).
However, unlike other HFMD pathogens, such as the
Coxsackie virus and echovirus, EV71 infection could result
in severe neurologic complications, including aseptic
meningitis, encephalitis, acute flaccid paralysis, myocarditis,
pulmonary edema, and hemorrhage, with high incidence of
fatality (Chang et al., 2007; Huang et al., 1999). EV71 was
recently reported as the primary pathogen of HFMD among
young children in China (Yang et al., 2009; Zhang et al.,
2009), and over 1.77 million HFMD cases were reported in
2010, 905 of which were fatal. This number is a 53.6%
increase from that reported in 2009, during which over 1.15
million cases were reported and 353 cases were fatal
(Ministry of Health, PR China).

EV71 is a small, single-stranded, positive-sense RNA
virus, belonging to the family of Picornaviridae. The EV71
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genome, which is approximately 7.4 kb long, encodes a long
polyprotein with a single open reading frame followed by a
poly A tail. The single polyprotein is flanked by untranslated
regions at both the 5′ and 3′ ends, and can be divided into 3
different genomic regions. The P1 genomic region encodes
for structural proteins (VP1 to VP4), while the P2 and P3
genomic regions encode for nonstructural proteins 2A, 2B,
2C, 3A, 3B, 3C, and 3D (Cardosa et al., 2003; Solomon et
al., 2010; Wu et al., 2010). Research on EV71 drugs and
vaccines is ongoing and some progress has been achieved
(reviewed by Lee and Chang, 2010; Wu et al., 2010), and the
potential receptors for EV71 infection were also identified
(Nishimura et al., 2009; Yamayoshi et al., 2009). However,
an effective drug or vaccine against EV71 infection is
currently unavailable. Thus, determination of the pathogen
of HFMD for an early treatment is desirable.

Recently, a novel method of DNA amplification, known
as loop-mediated isothermal amplification (LAMP) of a
target nucleic acid, was reported by Notomi et al. (2000).
LAMP is a 1-step amplification reaction that amplifies a
target DNA sequence with high sensitivity and specificity
under isothermal conditions by a DNA polymerase (Bst
polymerase) and a set of primers. The addition of reverse
transcriptase makes it possible to amplify DNA from RNA
sequences (RT-LAMP). This method has already been
applied to the detection of several RNA viruses, such as
Norovirus (Iturriza-Gomara et al., 2008), avian influenza
virus H5N1 (Imai et al., 2006, 2007), and severe acute
respiratory syndrome coronavirus (Poon et al., 2005). Here
we sought to determine whether or not RT-LAMP could be
applied to EV71 amplification and determine its diagnostic
performance in clinical specimens.
2. Material and methods

2.1. Viral RNA preparation and amplified by regular
RT-PCR

Clinical stool specimens were collected from patients
identified with HFMD and registered in Children's Hospital
of Fudan University, Shanghai. A total of 0.2 g of stool from
each patient was thoroughly suspended in 1.0mL PBS buffer,
after which viral RNA was extracted with Trizol (Invitrogen,
USA) following the manufacturer's instructions. Five
microliters of extracted RNA (a total of 20 μL) was reverse
Table 1
Primers for RT-LAMP and regular nested RT-PCR amplification of EV71

Detection methods Primer name Location (FJ713317) Dire

RT-LAMP EV71-F3 2577–2597 External
EV71-B3 2778–2797 External
EV71-FIP 2650–2669/2610–2629 Inner sen
EV71-BIP 2687–2710/2743–2763 Inner ant

Nested RT-PCR EV71-F 2758–2781 Sense
EV71-R1 3312–3333 External
EV71-R2 3137–3155 Inner ant
transcribed (RT) with M-MLV reverse transcriptase (Takara,
Japan) in a volume of 20 μL consisting of 50 ng hexamer,
RNAguard (Pharmacia, USA) at 400 U/mL, 200 U of M-
MLV, 1 μL of 0.1 M DTT, and 2 μL of 10 mmol/L dNTP
mixture. The RT reaction was incubated at 37 °C for 1 h and
inactivated at 75 °C for 10 min. The RT products were then
amplified by polymerase chain reaction (PCR). The PCR
mixture, in a volume of 25 μL, consisted of 5 μL of RT
products, 2.5 μL of 10 × PCR buffer, 2.5 μL of 25 mmol/L
MgCl2, 2.5 μL of 2.5 mmol/L dNTP mixture, 1 μL of sense
primer (10 μM), 1 μL of antisense primer (10 μM), and 0.25
μL of DNA Taq polymerase (5 U/μL). PCR was performed
via a touch-down program: 94 °C for 4 min, after 10 cycles of
94 °C for 45 s, 60 °C for 45 s (decreasing at a rate of 0.5 °C/
cycle for annealing in the next 9 cycles), 72 °C for 45 s, and
then continued for another 20 cycles at 94 °C for 45 s, 55 °C
for 45 s, 72 °C for 45 s, and, finally, at 72 °C extended for 7
min on a PCR machine (Eppendorf Mastercyler personnel
5333). Nested PCR was continued with 1 μL of the previous
PCR products by inner sense and antisense primers. The
amplified products were detected by running with 2%
agarose gel and staining with 0.5% ethidium bromide (EB).

2.2. Viral RNA amplified by RT-LAMP

Five microliters of extracted RNA (the same amount for
regular RT-PCR) was taken for RT-LAMP amplification in a
25-μL mixture consisting of Bst DNA polymerase (New
England Biolab) 8 U, 10× thermal buffer 1.0 μL, AMV reverse
transcriptase (Fermentas) 5 U, 5× AMV first-strand buffer 4.0
μL, 25 μM betaine (Sigma, USA) 1.0 μL, 2.5 mmol/L dNTP
mixtures 5 μL, 0.1% Triton X-100 0.25 μL, and a primer
mixture, including 0.2 μMF3 and B3, and 1.6 μMFIP andBIP.
RT-LAMPprimer sets were designed using the Primer Explorer
V3.0 online software (http://primerexplorer.jp/v3_manual/
index.html) and manually selected according to the principle
for RT-LAMP (Table 1 and Fig. 1). After 60 °C for 1 h, the
polymerases in the reaction mixture were inactivated at 80 °C
for 5min, and then 5μLofRT-LAMPproductswas detected by
running with 2% agarose gel and staining with EB.

2.3. RT-LAMP products identified by Southern blot
hybridization and sequencing

To confirm the facticity after amplification by RT-LAMP,
10 μL of RT-LAMP products was run with 1% agarose gel
ction Sequences

sense 5-act cca agc tgc tga aat tgg-3
antisense 5-gca ttt gtg cgt aac ctg tt-3
se 5-tca gct gtg ctg tgc gag ttt gct agt gac gag agc atg a-3
isense 5-tct tca gca gag cgg gat tag ttg gtt ggc ata acc att tgg gtt-3

5-gcc aac tgg gac ata gat ata ac-3
antisense 5-ccc aag agt agt gat cgc tgt-3
isense 5-ccc aca gtc cgc act gag-3

http://primerexplorer.jp/v3_manual/index.html
http://primerexplorer.jp/v3_manual/index.html


Fig. 1. Oligonucleotide primers used for RT-LAMP assay of EV71 within the VP1 gene. (A) A schematic diagram showing the positions to which the primers
attached for the target gene. The RT-LAMP primer sets were designed online by the Primer Explorer V3.0 software. The positions of the essential primers (F3,
B3, FIP, and BIP) are shown here. The specially designed FIP and BIP inner primers contain the 2 distinct sequences F1c + F2 and B1c + B2, which respectively
correspond to the sense and antisense segments of the target DNA. (B) The partial DNA sequence of the VP1 gene of EV71 (accession no. FJ713137) shows the
target region for the LAMP assay. The inner and outer RT-LAMP primers designed from this region are indicated by closed boxes.
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and then transferred onto a nylon membrane (Pharmacia
Hybond N+) for Southern blot detection. The probe was
prepared by a random primer-labeling method with digoxin
using the EV71 VP1 gene as a DNA template, according to
the manufacturer's instructions (Roche, SWI). The labeled
probes were purified through a mini Quick Spin DNA
Column (Roche). Hybridization was carried out in a volume
of 10 mL hybridization solution (5× Denhart's, 6× SSC,
0.5% SDS, 100 μg/mL salmon sperm DNA) at 68 °C for 16
h, via a routine procedure as previously described (Long et
al., 2005). Finally, the membrane was color developed by the
NBT/BCIP system (Roche). The RT-LAMP amplification
products were also purified after running with agarose gel,
and 3 significant bands, as shown in Fig. 2A, were cloned
into a pMT-18 (Takara) vector for sequencing.

2.4. Application of RT-LAMP to detect clinical specimens
and comparison with regular RT-PCR

A total of 108 clinical stool specimens, collected from
100 EV71-infected patients, 4 Coxsackie virus A 16
(CA16)–infected patients, and 4 EV71 and CA16–double-
infected patients (the pathogens of HFMD were identified by
Shanghai Children's Hospital of Fudan University and
Shanghai Center of Disease Control by real-time RT-PCR
and virus isolation), were used to evaluate the RT-LAMP
assay. RT-LAMP detection was carried out according to the
above description, whereas RT-PCR was performed by half
nesting inner primers with 1 μL of the first-round PCR
products, which were initiated from the same amount of viral
RNA for RT-LAMP after reverse transcription by M-MLV.

2.5. Effect of cryopreservation on the detection ability of
RT-LAMP and RT-PCR

It is sometimes necessary to cryopreserve the clinical
specimens, such as for research studies or clinical sample
transfer. To determine the effect of cryopreservation on
RT-LAMP, clinical stool specimens collected from HFMD
patients in Shanghai Children's Hospital of Fudan
University from March 2009 to December 2009 were
classified into 3 groups, all of which underwent different



Fig. 2. RT-LAMP amplification of EV71 RNA, confirmed by Southern blot and sequencing analysis. (A) RT-LAMP reaction solution detected by running with
2% agarose. M: DNA marker; −RNA: without EV71 RNA; RT-LAMP: complete EV71 RT-LAMP reaction. (B) Southern blot detection of EV71 RT-LAMP
products. EV71 VP1 probe labeled by digoxin. (C) Representation of the partial sequencing results of bands 1–3 in (A).
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treatments by freezing at −70 °C and thawing at room
temperature 0−2, 3−5, or over 5 times before use. The
specimens were then detected by RT-LAMP and RT-PCR
as described above.
3. Results

3.1. RT-LAMP for EV71 detection

After the alignment of EV71 strain sequences per-
formed by VECTOR NTI 8.0 based on the sequences of
the VP1 gene, the primer set for EV71 amplification by
RT-LAMP was designed online by the Primer Explorer
V3.0 software and manually selected (Fig. 1). The
extracted RNA was amplified by RT-LAMP, and the
reaction solution was run with agarose gel. The products
amplified by the RT-LAMP assay exhibited a typical
ladder-like pattern on electrophoresis, indicating the
formation of stem-loop DNA with inverted repeats (Fig.
2A). To confirm the amplification by RT-LAMP, the
amplified products were detected by Southern blot with
VP1 gene as the probe and the results showed a signal
pattern similar to that obtained from electrophoresis (Fig.
2B). Three significant bands (marked in Fig. 2A) were
purified and cloned into a T vector for sequencing; the
results also showed that the sequences are conclusive for
the VP1 gene (Fig. 2C).
3.2. End-point detection of RT-LAMP products by
single staining

The RT-LAMP reaction produces insoluble magnesium
pyrophosphate in the course of the amplification reaction.
It has been reported that the turbidity analysis of RT-
LAMP makes it possible to determine the results by visual
end-point judgment of turbidity (Mori et al., 2004; Saitou
et al., 2010). Consequently, after amplification by RT-
LAMP, the products were observed with the naked eye or
by single staining with EB and then exposed to white light
and ultraviolet (UV) light to detect amounts of amplified
DNA. Results showed that, after amplification by RT-
LAMP, the EV71-positive reaction solution gave a light
milky disturbance, whereas the EV71-negative sample was
clearly transparent as observed by the naked eye (Fig. 3A).
After staining with EB, the EV71-positive reaction showed
bright whiteness under UV light, whereas the EV71-
negative sample showed only a slight whiteness on the
tube wall and a grey darkness at the center of the liquid
(Fig. 3B).

3.3. Primary analysis of the sensitivity and specificity of
RT-LAMP for detecting EV71

The RT-LAMP for amplification of EV71 RNA was
significantly dependent on the inner primer pair; results
showed that, without FIP/BIP, the efficiency of RT-
LAMP amplification was very low. Without Bst DNA

image of Fig. 2


Fig. 3. Detection of RT-LAMP products after amplification. (A) After RT-
LAMP reaction, the EV71-positive sample showed turbidity (left), whereas
the EV71-negative sample showed a clear solution, as determined by naked-
eye observation. (B) After staining by EB (5 μg/mL), the EV71-positive
sample became bright white (left), whereas the negative sample showed a
dark liquid center under UV light.
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polymerase or RNA templates, RT-LAMP was unable to
amplify RNA (Fig. 4A). To test the sensitivity of the
detection limit of RT-LAMP for EV71, RNA genome
copies from 5 to 50,000 were added for amplification.
Results showed that the RT-LAMP amplification signal
could be detected by electrophoresis when the number of
RNA copies was equal to 5 (Fig. 4B). To confirm the
specificity of amplification, RT-LAMP was used to
determine the templates from phylogenic relative Cox-
sackie virus A16 and B4 RNA with initial copies at 105.
The results revealed that only EV71 RNA can be
amplified by RT-LAMP (Fig. 4C).
Fig. 4. Sensitivity and specificity of RT-LAMP amplification of EV71. (A) RT-LA
polymerase; −RNA: without RNA; −FIP/BIP: without inner pair primers of FIP a
amplification of EV71 RNA. The numerical value (5–50,000) over the electrophor
LAMP amplification of EV71. Lanes marked with 1, 2, and 3 indicate the EV71
3.4. Evaluation of RT-LAMP for EV71 detection and a
comparison with regular RT-PCR

To evaluate the assay of RT-LAMP for EV71 detection, a
total of 108 clinical specimens, including 100 from patients
infected with EV71, 4 from infected with CA16, and 4 from
double infected with EV71 and CA16, were detected by RT-
LAMP and RT-PCR (Fig. 5). Of the 104 EV71-infected
samples (100 of EV71 samples and 4 of EV71 and CA16
double-infected samples), 101 were found to be positive for
EV71 and 3 were negative by the RT-LAMP assay. Of 4
CA16-infected samples, none was found to be EV71 positive
by RT-LAMP and RT-PCR (Table 2). Results revealed that
the RT-LAMP for EV71 detection had a sensitivity of 97.1%
(101/104) and a specificity of 100% (101/101), whereas RT-
PCR yielded only a sensitivity of 83.7% (87/104) and a
specificity of 100% (87/87). It indicated that RT-LAMP for
EV71 detection was more sensitive than RT-PCR.

3.5. Effect of cryopreservation on the detection ability of
RT-LAMP and RT-PCR

In order to determine the effect of cryopreservation on the
assay by RT-LAMP for EV71 detection, clinical stool
specimens collected from HFMD patients from March 2009
to December 2009 were classified into 3 groups according to
the number of times the samples were frozen and thawed,
and then detected by RT-LAMP and RT-PCR (Table 3). The
positive ratios for EV71 detected by RT-LAMP were 97.1%
in group 1, 90% in group 2, and 58% in group 3, indicating
that the number of times the specimens were frozen and
thawed affected EV71 delectability. The same findings were
also observed for RT-PCR when it was applied to detect
MP amplification of EV71 RNA. M: DNA marker; −Pol: without Bst DNA
nd BIP; RT-LAMP: complete RT-LAMP. (B) The sensitivity of RT-LAMP
esis land indicates the start copies of EV71 RNA. (C) The specificity of RT-
samples, Cox virus, and Coxsackie virus, respectively.

image of Fig. 3
image of Fig. 4


Fig. 5. Representation of partial clinical samples from HFMD patients
amplified by (A) RT-LAMP and (B) regular nested RT-PCR. M: DNA
marker; 1–14: clinical samples, C: negative control.
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EV71 in frozen and thawed specimens, with results showing
positive ratios of 83.7% in group 1, 65% in group 2, and 54%
in group 3. The results indicated that cryopreservation by
freezing and thawing significantly affects the detection
ability of RT-LAMP assay and with more severe impacts on
the RT-PCR assay for EV71 detection.
4. Discussion

EV71 has reemerged in recent years as the main causative
agent of HFMD outbreaks in China. A total of 488,955
HFMD cases were reported in 2008, over 1.15 million cases
in 2009, and 1.77 million cases in 2010 (Ministry of Health,
PR China). The significant increase in HFMD cases makes
public prevention and therapy a critical issue. At present, no
antiviral or vaccine is available for the disease, and most
cases of HFMD are managed with symptomatic treatment. It
has been reported that most of the deaths from HFMD caused
by EV71 infection occurred within 24 h, when the children
admitted exhibited neurologic complications associated with
Table 2
RT-LAMP for detecting clinical specimens from HFMD patients and a
comparison with RT-PCR

Clinical patients
identified with
HFMD

Total number
of detected
specimens

Detection methods

RT-LAMPa RT-PCR

Positive Negative Positive Negative

EV71 100 97 3 83 17
EV71/CA16
double infected

4 4 0 4 0

CA16 4 0 4 0 4

a In comparison with the RT-PCR assay, the sensitivity of RT-LAMP
was 97.1% (101/104), whereas RT-PCR exhibited a sensitivity of 83.7%
(87/104); both methods had a specificity of 100%.
HFMD (Ho et al., 1999; Wang et al., 2006). A rapid and
specific diagnosis method for EV71 from clinical specimens
will enable clinicians to identify those who require closer
monitoring or even hospitalization before deterioration of
clinical conditions.

Classical clinical diagnosis of EV71 infection, such as
virus isolation and neutralization assay, takes several days
to complete, whose major drawback is the delay of
treatment in patients at infirmaries. Methods based on
RT-PCR are heavily dependent on the skill of the
manipulator and cost machinery (Fujimoto et al., 2008;
Singh et al., 2002; Tan et al., 2008). It is hard to be
accepted by those small and condition-limited infirmaries in
a developing country. An EV71 diagnostic kit based on
viral specific IgM and IgG antibodies was recently
approved by the Food and Drug Administration of China
(2010, no. 3400411), thus providing significant benefits to
the early diagnosis and epidemiologic survey of EV71
infection. It was reported that EV71 IgM antibodies could
be detected 1–2 days after identification of HFMD, and the
sensitivity of detection was up to 88–90.7%. However, up
to 12.4% false-positive results were reported because of the
cross-reactivity of EV71 IgM with other enteroviruses (Xu
et al., 2010). Thus, the establishment of more rapid,
convenient, sensitive, and accurate diagnostic method is
particularly desirable.

In the current study, we developed a new method for
EV71 detection based on RT-LAMP. LAMP is a novel
method of DNA amplification that is dependent on the
activity of DNA strand displacement, with the help of Bst
polymerase and 4 highly specific primers targeting 6 distinct
regions (Mori and Notomi, 2009; Notomi et al., 2000). An
advantage of LAMP-based diagnosis over regular RT-PCR
is specificity because the LAMP reaction does not proceed
without the hybridization of 6 distinct sequences in the target
DNA by 4 highly specific primers. The ability of the method
to amplify from fewer copies of initial target DNA than
required in PCR was conclusively demonstrated (Gunima-
ladevi et al., 2005; Kono et al., 2004; Parida et al., 2004).
The efficiency of LAMP does not seem to be affected by the
presence of nontarget genomic DNA in the reaction mixture
(Notomi et al., 2000), which is highly desirable for the
development of a diagnostic system. Detection of target
DNA by LAMP is significantly more convenient than
detection by 2-step nested PCR because the former amplifies
DNA within only 1 step at isothermal conditions. Real-time
turbidity measurements and end-point visual judgment make
LAMP very practical for the diagnosis of pathogens. Thus,
many reports on LAMP or RT-LAMP for pathogen detection
have been published (Cardoso et al., 2010; Imai et al., 2006;
Le Roux et al., 2009; Mori et al., 2006; Parida et al., 2004;
Yoshida et al., 2007).

In the current research, we established a method of
RT-LAMP for EV71 detection. The VP1 structure protein
is a serotype-dependent protein and capable of self-
association and dimerization to participate in viral capsid
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Table 3
Effect of cryopreservation on the detection ability of RT-LAMP and RT-PCR assay

Specimen
groups

Samples collected duration
(number of freezing and
thawing times)a

Detection methods

RT-LAMP RT-PCR

Positive Negative Positive Negative

1 2009.8–2009.10 (0–2) 97.1% (101/104)b 2.9% (3/104) 83.7% (87/104) 16.3% (17/104)
2 2009.6–2009.7 (3–5) 90% (36/40) 10% (4/40) 65% (26/40) 35% (14/40)
3 2009.3–2009.5 (N5) 58% (29/50)b 42% (21/50) 54% (27/50) 46% (23/50)

a Freezing and thawing mean that the samples after being collected from patients were stored at −70 °C and thawed to room temperature before use.
b Number of positive or negative specimens/total detected specimens in this group.
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formation; it is also a major immune determinant. Thus, a
conserved part of the VP1 gene (2577–2797) was selected
as the RT-LAMP target (Fig. 1) and the RT-LAMP
primer set (Table 1) was designed using online software.
The results showed that the primer set can be applied to
specifically amplify EV71 RNA (Fig. 2), but not other
phylogenetically related enteroviruses, such as Coxsackie
virus A16 and B4 (Fig. 4C). Initial copies for RT-LAMP
amplification of EV71 RNA were lowered to 5–50, and
the amplification could be detected by agarose electro-
phoresis (Fig. 4B). The sensitivity of RT-LAMP for EV71
detection was significantly higher than that of regular 2-
step RT-PCR in current research with positive results of
up to 97.1% for RT-LAMP and 83.7% for RT-PCR
(Table 2). When this article was in preparation, a similar
RT-LAMP method for EV71 detection was reported and
the sensitivity for EV71 detection was 92.9% by
evaluation of 40 clinical samples by targeting the VP3
gene of EV71 (Jiang et al., 2011). It was noticeable that
clinical specimens identified with HFMD were generally
reported to exhibit EV71 infection with 40–90%, which
was dependent on the origin of the collected specimens
(Singh et al., 2002; Zhang et al., 2009).

RT-LAMP results can be determined by a single staining
procedure, such as EB staining under UV light, or even by
the naked eye (Fig. 3). Some staining chemicals, such as
calcein and hydroxynaphthol blue dye, could be incubated
with LAMP products, which then develop into a significant
color (Cardoso et al., 2010; Tomita et al., 2008). The
simplicity and clarity of the proposed method make it
applicable for use even in resource-limited laboratories in
rural areas of developing countries. Real-time turbidity
measurements obtained by a cost-effective photometer with
an incubation function enable kinetic analysis of the LAMP
reaction without the need for any detection reagents, such as
fluorescence, and allow quantification of the initial amount
of template DNA in the samples (Mori et al., 2001, 2004;
Saitou et al., 2010).

Where necessary laboratory equipment and time
consumption are concerned, RT-LAMP for EV71 detection
requires only an isothermal incubator, and the reaction
takes place for only 1 h. RT-PCR requires a thermal cycler
and 2-round PCR programs that, except for reverse
transcription, could take anywhere from 5 to 8 h.
Consequently, RT-LAMP is more convenient and easier
to manipulate than RT-PCR.

It was noticeable that the positive ratio significantly
decreased as the specimens were repeatedly subject to
freezing and thawing treatments, and then detected by RT-
LAMP or RT-PCR (Table 3); this result has been observed
also in recent reports (Botling et al., 2009; Forster et al.,
2008). Consequently, the clinical specimens should avoid
unnecessary freezing and thawing, although the sensitivity
provided by the RT-LAMP assay was very high, even higher
than that of the RT-PCR assay.

In conclusion, RT-LAMP is a promising and practical
method for EV71 detection. Its high sensitivity and
specificity make it applicable for use even in resource-
limited laboratories.
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