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The  Chinese  giant  salamander  (Andrias  davidianus)  iridovirus  (GSIV)  is  an  emerging  infectious  pathogen
responsible  for severe  hemorrhagic  disease  and  high  mortality  in cultured  Chinese  giant  salamanders.  A
loop-mediated  isothermal  amplification  (LAMP)  assay  based  on the  major  caspid  protein  (MCP)  gene has
been  developed  to  detect  this  virus.  Primer  pairs  for the  LAMP  assay  were  designed  based  on  the GSIV
MCP  gene  sequence.  Amplification  results  indicate  that  under  optimized  conditions  the  LAMP  assay  has
the  ability  to  specifically  detect  the  virus  in  both  diseased  animals  and  infected  epithelioma  papilloma
hinese giant salamander (Andrias
avidianus)
ridovirus
oop-mediated isothermal amplification
LAMP)

cyprinid  (EPC)  cells.  The  assay  was  shown  to be  10-fold  more  sensitive  than  nested  PCR  and  was  able  to
detect  concentrations  of  10−9 (approximately  0.01  pg/�L).  The  LAMP  assay  is  relatively  easy to  perform
in  situ  and  the  amplification  products  can  be  observed  directly  under  UV  light  or  via  staining  with  SYBR
Green  I.  The  LAMP  assay  is  also rapid and cost-effective.  This  study  establishes  the  use of a LAMP assay
for  rapid  detection  of GSIV,  which  is  a novel  and  important  tool  for the  diagnosis  of GSIV  infection  in

ese  g
olecular detection laboratory  or  farmed  Chin

. Introduction

The Chinese giant salamander (Andrias davidianus), family Cryp-
obranchidae, is the largest extant amphibian species in the world.
t has previously been endemic and widely distributed throughout

ainland China (Zhao, 1998). Because of hunting, fragmentation,
nd loss of natural habitats, this endangered amphibian has now
een listed in annex I of the Convention on International Trade in
ndangered Species of Wild Fauna and Flora (CITES) and class II of
he national list of protected animals in China. The Chinese giant
alamander has significant economic value as an edible delicacy
nd in medicine. At present, approximately two million Chinese
iant salamanders are bred annually in China. However, increasing
rade and intensive aquaculture have led to the emergence of severe
iseases (Geng et al., 2011; Jiang et al., 2011; Meng et al., 2009;
ang et al., 2010). The Chinese giant salamander iridovirus (GSIV)

s an emerging pathogen responsible for high mortality of Chinese
iant salamanders. This pathogen causes a disease characterized

y symptoms including rotting limbs, skin ulcers, and hemorrhag-

ng (Dong et al., 2011; Geng et al., 2011; Jiang et al., 2011). The
isease has been prevalent in the major cultivated populations of
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Chinese giant salamanders. According to investigations, GSIV was
responsible for economic losses of ∼300 million RMB  (48 million
USD) in 2010. There is currently no effective way to control GSIV;
therefore the development of a rapid method to detect the virus
early is critical. Conventional polymerase chain reaction (PCR) has
a wide range of applications as a fundamental molecular biological
tool for iridovirus detection (Chinchar and Mao, 2000; Jeong et al.,
2006). PCR and TaqMan real-time PCR have been used in prior stud-
ies to detect GSIV (Zhou et al., 2012a,b). However, loop-mediated
isothermal amplification (LAMP) (Notomi et al., 2000) displays
many characteristics that render it suitable for the rapid and sim-
ple detection of nucleic acids in samples (Karanis and Ongerth,
2009). The LAMP method has been optimized as a rapid diagnostic
tool for several diseases. In this study, the LAMP assay was devel-
oped to detect GSIV in viral culture as well as in infected animal
tissues. LAMP and nested PCR were compared for their detection
sensitivities.

2. Materials and methods

2.1. Virus and cell line
The Chinese giant salamander iridovirus was isolated in 2010
and stored in our laboratory. The epithelioma papilloma cyprinid
(EPC) cell line was obtained from the China Center for Type Culture
Collection (CCTCC), Wuhan University.

dx.doi.org/10.1016/j.jviromet.2013.08.024
http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviromet.2013.08.024&domain=pdf
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mailto:zlb@yfi.ac.cn
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Fig. 1. The nucleotide sequence of MCP  gene of GSIV

Table 1
Primers used for loop mediated isothermal amplification (LAMP) and nested PCR in
this study.

Name Sequence (5′ → 3′)

FIP(F1c + TTTT + F2) GTGAACCACCCCACGGGGTA-TTTT-
CAATGTACGGGGGTTCAGAT

BIP(B1c + TTTT + B2) AAGATGTCGGGTAACCCGGCTT-TTTT-
ACCAGGCGTTGAGGATGT

F3 CGACTTGGCCACTTATGACA
B3 TTGACCTCGGGGGTCTTG
MCP-OF GACTTGGCCACTTATGAC
MCP-OR GTCTCTGGAGAAGAAGAA

2

c
M
c
d
c
u
f
t
e
p
d

2

4
C
s
T
(

2

6
l
t
w
f
e
p
0

MCP-IF TCGCTGGTGTTGCCTATCAT
MCP-IR CTGCCAAGATGTCGGGTAAC

.2. Viral culture and genomic DNA extraction

The virus, at a titer of 109.5−10.5 TCID50/mL, was incubated in EPC
ells cultured in minimal essential medium (MEM;  Sigma, St. Louis,
O,  USA) containing 2% fetal bovine serum at 25 ◦C. The infected

ell suspensions were collected when a cytopathic effect (CPE) was
etected. Cell suspensions were freeze-thawed in triplicate, then
entrifuged at 5000 rpm for 30 min. The resulting supernatant was
sed for viral purification via ultracentrifugation with 100,000 rpm
or 1 h at 4 ◦C (Beckman-coulter, Optima LX80, USA). The precipi-
ate was collected to extract viral genomic DNA, using a viral DNA
xtraction kit (Qiagen, Hilden, Germany). The concentration of the
urified DNA was calculated using a BioPhotometer plus (Eppen-
orf, Hamburg, Germany) and the samples were stored at −20 ◦C.

.3. Design of LAMP primers

All LAMP primers were designed using Primer Explorer Version
.0 (http://primerexplorer.jp/elamp4.0.0/index.html) to target the
hinese giant salamander iridovirus MCP  gene (GenBank acces-
ion no. JN516141). Details of the primers are shown in Fig. 1 and
able 1. All primers were synthesized by GeneCore BioTechnologies
Shanghai, China).

.4. Optimization of LAMP reaction conditions

The LAMP reaction was  performed using a heating block set at
0, 61, 62, 63, 64 and 65 ◦C, respectively, for 1 h or 45 min, fol-

owed by 80 ◦C for 5 min  to terminate the reaction. To determine
he optimal Mg2+ concentration, Mg2+ concentrations of 2–10 mM
ere tested. In addition, the LAMP reaction was carried out at 65 ◦C
or 30, 45 or 60 min. The LAMP reaction mixture contained 0.8 �M
ach of the inner primers FIP and BIP, 0.1 �M each of the outer
rimers F3 and B3, 1.0 mM dNTP mix  (Promega, Madison, WI,  USA),
.5 M betaine (Sigma, St. Louis, MO,  USA), 8 mM MgSO4, 8 U Bst
 and the primers (underlined) used for LAMP.

DNA polymerase (large fragment; New England Biolabs, MA,  USA),
and template DNA for a final volume of 25 �L. The products were
analyzed via 2% agarose gel electrophoresis.

2.5. Visualization of LAMP products

LAMP products were electrophoresed in 2% agarose gel with
ethidium bromide (EB, 1 �g/mL) and visualized under UV light.
Visual inspection of the LAMP amplification in the reaction tube
was performed by adding SYBR Green I. The color of the solution dif-
fered between positive and negative samples and could be observed
under UV light.

2.6. Nested PCR

LAMP was compared with nested PCR for molecular detection
of GSIV. Based on the GSIV MCP  gene sequence (GenBank accession
no. JN516141), Nested PCR primers were designed using Primer 5.0
(http://www.premierbiosoft.com, Canada). Primers are shown in
Table 1. Amplified products were ∼530 bp and 320 bp in length. The
PCR reaction was carried out using PCR Core System II (Promega,
Wisconsin, Madison, USA) and the reaction mixture consisted of
5.0 �L of 10× reaction buffer, 0.4 �L of 10 �M dNTPs, 2.0 U of Taq
DNA polymerase, 2.0 �L of 10 �M each of primers and 1 �L of the
DNA template for a total reaction volume of 50 �L. To evaluate the
sensitivity of the detection limit, nested PCR was carried out using
2 �L GSIV DNA with 10-fold serial dilutions of template DNA. PCR
amplifications were detected by 1.5% agarose gel electrophoresis
and visualized under UV light.

2.7. Evaluation of the detection sensitivity of the LAMP assay

The sensitivity of LAMP was further evaluated by detecting
GSIV in diseased Chinese giant salamanders. Total DNA from
spleens, livers and kidneys of diseased Chinese giant salamanders
were extracted. On ice, the tissues were homogenized in sterile
phosphate-buffered saline (PBS, pH 7.2, Sigma) at a ratio of 1:10
(w/v). Total DNA was  extracted from mixture of these tissues using
DNA purification kit (Promega, Madison, WI,  USA) following the
manufacture’s protocol. Ten-fold serial dilutions (10−1 to 10−10

dilutions) of genomic DNA extracted from infected Chinese giant
salamanders were used as templates for the LAMP assay. After the
reaction, products were detected by 2% agarose gel electrophoresis
and observed via the addition of SYBR Green I.
2.8. Evaluation of the specificity of LAMP assay

The specificity of the LAMP assay was evaluated using inde-
pendent DNA extractions of Koi herpesvirus (KHV), lymphocystis

http://primerexplorer.jp/elamp4.0.0/index.html
http://www.premierbiosoft.com/
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Fig. 2. Optimization of the LAMP conditions for GSIV detection. Different Mg2+ con-
centrations and temperatures were tested in LAMP and the PCR products were
loaded on agarose gel for electrophoresis. (A) Determination of the optimal Mg2+

concentration for the LAMP assay. M:  molecular marker; 2–10: different Mg2+ con-
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entrations; Ctrl: negative control. (B) Determination of the optimal temperature
or  LAMP assay. M:  DNA marker; 60–65: reaction at 60 ◦C, 61 ◦C, 62 ◦C, 63 ◦C, 64 ◦C
nd  65 ◦C, respectively.

isease virus (LCDV), Aeromonas hydrophilia, Citrobacter freundii
nd EPC cells. DNA from healthy Chinese giant salamanders was
sed as a control template. The products were analyzed via elec-
rophoresis on 2% agarose gel.

.9. Application of LAMP assay for clinical diagnosis of GSIV
nfection in Chinese giant salamanders

To validate the application of LAMP assay for clinical diag-
osis of GSIV infection, LAMP assay was compared with nested
CR for detecting GSIV in Chinese giant salamanders with typical
ymptoms of GSIV infection as well as in animals with suspicious
nfections. In total 48 diseased Chinese giant salamanders from dif-
erent zones were included in this study. Total DNA was  isolated
rom livers, spleens, and kidneys of Chinese giant salamanders as

entioned above and used in LAMP and nested PCR assays, respec-
ively.

. Results

.1. Optimal LAMP conditions

Mg2+ concentration, reaction temperature and reaction time
ere the major factors determining successful amplification in the

AMP reaction. Mg2+ concentrations of 2–10 mM were tested. The
esults showed that no amplification occurred at Mg2+ concen-
rations below 6 mM,  the characteristic ladder of multiple bands
ppeared at 6 mM,  and LAMP reaction products decreased at Mg2+

oncentrations above 10 mM (Fig. 2A). The optimal Mg2+ concen-
ration was thus determined to be 8 mM.  The reaction temperature
as set at 60–65 ◦C, based on the primers’ reference temperature.

he best multiple ladder of LAMP amplification appeared at 65 ◦C

Fig. 2B). LAMP reaction typically used a reaction time of 45 or
0 min. In this study, a reaction time of 60 min  was  used in a block
eater, followed by 80 ◦C for 5 min, which produced optimal results.
verall, the optimized reaction conditions were as follows: reaction
Fig. 3. GSIV detection using nested PCR. GSIV DNA with 10-fold serial dilution
(10  �g/mL) was  used as template. M:  DNA marker.

mixture containing 1.6 �M each of FIP and BIP, 0.2 �M each of F3
and B3, 1.0 mM of dNTP mix, 0.5 M betaine, 8 mM MgSO4, 8 U of Bst
DNA polymerase (Promega, Madison, WI,  USA) along with template
DNA in for a final volume of 25 �L. The reaction was  carried out at
65 ◦C for 60 min  then terminated by increasing the temperature to
80 ◦C for 5 min.

3.2. Nested PCR assay

Outer and inside primer pairs were amplified, respectively. The
outer primers produced a 531 bp fragment. The first amplification
product was used as a template for inside primer amplification,
which produced a clear band of ∼320 bp (Fig. 3). Controls were
negative in PCR reaction. In order to determine the sensitivity of the
nested PCR assay, viral DNA was diluted at 10-fold serial dilutions
to a concentration of 10−10. The first PCR amplification indicated a
light band at 10−6 and a weak band at 10−7, but a clear band in the
second PCR amplification at 10−8 (Fig. 3). Nested PCR was  thus able
to detect the virus at a concentration of up to 10−8.

3.3. Sensitivity of LAMP assay

The sensitivity of the LAMP reaction was  also determined using
10-fold serial dilutions of GSIV DNA as the template. These results
indicated that the LAMP assay could detect template DNA at a
10−9 dilution (Fig. 4A), corresponding to a lower detection limit
of 0.01 pg template DNA. These results indicate that LAMP has
higher sensitivity than nested PCR. The results were not clear when
the amplification products of the differently diluted DNA tem-
plates were observed directly, but the addition of 2.0 �L diluted
SYBR Green I to the reaction tubes rendered positive amplification
products green, while negative reaction remained orange (Fig. 4B).
Meanwhile, products dyed with SYBR Green I appeared bright
under UV light (Fig. 4C). The sensitivity of the LAMP assay was fur-
ther evaluated by detecting total DNA in mixture of spleens, livers
and kidneys of diseased Chinese giant salamanders. It was found
that LAMP could detect GSIV at 10−7 dilution of total DNA (Fig. 5).

3.4. Specificity of LAMP assay

The LAMP reaction was able to detect viral DNA isolated from
infected Chinese giant salamanders, producing a ladder-like pat-
tern of bands (Fig. 6). However, no such pattern was  produced for
KHV, LCDV, EPC cells, or the two bacterial strains A. hydrophilia
and C. freundii, isolated from Chinese giant salamanders (Fig. 6).

In addition, DNA from healthy Chinese giant salamanders used as
a negative control template did not produce bands (Fig. 6). These
results suggest that LAMP can detect GSIV of relatively high speci-
ficity.
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Fig. 4. GSIV detection using LAMP assay. GSIV DNA with 10-fold serial dilution
(10  �g/mL) was  used as templates. Visualization of amplification products were
conducted under different conditions. By agarose gel electrophoresis (A); after SYBR
Green I staining (B); under UV light (C). M:  DNA marker; Ctrl: negative control; lane
2–9: different dilutions of viral genome DNA.

Fig. 5. Evaluation of the sensitivity of LAMP assay for GSIV detection in diseased
Chinese giant salamanders. Total DNA isolated from mixture of spleens, livers and
kidneys of diseased Chinese giant salamanders was diluted serially of 10-fold and
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Fig. 6. Evaluation of the specificity of LAMP assay for GSIV detection. M:  DNA

the reaction, which were performed in 0.2 mL  tubes. Although mul-
sed  as template. Visualization of amplification products was  conducted via 2%
garose gel electrophoresis. M:  DNA marker; Ctrl: negative control; lanes 2–8: serial
ilutions of total DNA.

.5. LAMP assay used for clinical diagnosis of GSIV infection

LAMP and nested PCR were compared for the detection of GSIV
n specimens from 48 Chinese giant salamanders in which 34 had
ypical syndrome of GSIV infection. Both LAMP and nested PCR were

ositive of GSIV in 34 samples from animals of typical syndrome
f GSIV infection LAMP and nested PCR were positive of GSIV in
1 and 9 samples from animals of atypical syndrome, respectively
marker; GSIV: Chinese giant salamander irodivirous; KHV: Koi herpesvirus; LCDV:
lymphocystis disease virus; Ah: Aeromonas hydrophlla; Cf: Citrobacter freundii; EPC:
EPC cell; Ctrl: nagetive control.

(Table 2). GSIV infection of the 11 samples that were positive by
LAMP was confirmed by EPC cell infection. These results suggest
that LAMP is more sensitive than nested PCR for GSIV detection.

4. Discussion

Chinese giant salamander iridovirus is highly infectious and
results in high mortality in Chinese giant salamanders. Symptoms
include skin and limb ulcers. The disease has been common in
farmed Chinese giant salamanders in the past three years, and a
ranavirus, of the family Iridoviridae, was  identified as the infectious
agent (Geng et al., 2011; Jiang et al., 2011). Several publications
have suggested that ranaviruses are partially responsible for global
amphibian declines (Greer et al., 2005; Jancovich et al., 2005;
Pearman et al., 2004). Ranavirus infections have been added to
the list of notifiable diseases by the World Organization for Ani-
mal  Health (OIE), which reflects a global concern for the health of
farmed amphibians and declines in wild populations (OIE, 2008).
Conventional PCR has been used to confirm iridovirus infections
and displays accurate results (Allan et al., 1995; Ellen et al., 2009;
Matthew et al., 2011). However, nested PCR amplification is time-
consuming and requires expensive equipment, costly consumables,
and relatively large sample volumes (Albert et al., 2011). Since
the advent of LAMP, which is a powerful and innovative gene
amplification technique (Notomi et al., 2000), it has emerged as a
simple rapid diagnostic tool for the early detection and identifica-
tion of microbial diseases (Liu et al., 2011; Manmohan et al., 2008).
Compared with traditional PCR amplification, LAMP amplifies DNA
with higher specificity, efficiency, simplicity, and rapidity under
isothermal conditions (Mori and Notomi, 2009; Notomi et al., 2000).
Several LAMP-mediated diagnostic methods have been developed
for viral pathogens in aquaculture (Arunruta et al., 2011; Caipang
et al., 2004; Sung and Lu, 2009; Mekata et al., 2006; Nimitphak et al.,
2008; Sun et al., 2006, 2010; Yeh et al., 2005).

In this study, a LAMP assay for the detection of GSIV was success-
fully developed. Optimization of the LAMP reaction conditions are
critical for the success of the assay, and the melting temperature
and Mg2+ concentration during hybridization of the four primers
to the target DNA during the initial step were therefore critical fac-
tors. A higher or lower temperature would reduce the activity of
the Bst DNA polymerase (Notomi et al., 2000). Therefore, the melt-
ing temperature of the synthesized primers was  set to 60–65 ◦C for
GSIV detection. The device incorporated a heating block that main-
tained the temperature at the optimal 60–65 ◦C for the duration of
tiple bands were obtained at 64 ◦C and 65 ◦C, the bands were clearer
at 65 ◦C for a given Mg2+ concentration. This demonstrated that the
reaction conditions were interdependent, and must be considered
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Table 2
The GSIV detection results in Chinese giant salamanders based on LAMP and nested PCR.

Samples Collected regions Sample numbers Detection results

Nested PCR (positive/negative) LAMP (positive/negative)

34
14
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Typical symptoms of GSIV infection Hubei, Hunan, Zhejiang, Shanxi, Fujian 

Suspicious samples Hubei, Hunan, Zhejiang, Shanxi, Fujian 

s a system. Mg2+ concentration influenced the destabilizing of the
NA and was thus another important factor for LAMP amplifica-

ion. The optimal Mg2+ concentration was determined to be 8 �M,
s is typical for the majority of LAMP amplifications.

LAMP has attracted considerable attention as a potentially rapid,
ccurate, and cost-effective nucleic acid amplification method
Albert et al., 2011). In this study, LAMP was compared with nested
CR for the detection of GSIV. Nested PCR could detect template
NA (10 �g/mL) at a 10−8 dilution, which was  similar to the

eported sensitivity in other studies (Matthew et al., 2011). The
ensitivity of the LAMP assay, however, was at a 10−9 dilution
sing the 10 �g/mL template DNA, which represented a 10-fold

ncrease in sensitivity relative to nested PCR. In addition, the LAMP
ssay was accomplished in just 1 hour with an isothermal cycle. In
erms of sensitivity and rapidity, nested PCR thus demonstrated a
isadvantage even over LAMP.

An alternative method was tested to simplify the extraction of
iral DNA; the suspension was incubated in boiling water for 10 min
hen used as the template for LAMP and nested PCR amplification.
owever, no amplification occurred unless the boiled suspension
as centrifuged at 5000 rpm for 5 min. The same result was  also

btained in an earlier study of detecting the red seabream iridovirus
RSIV) by LAMP method (Caipang et al., 2004). It is possible that this
ffect could be due to the presence of inhibitors or impurities in the
emplate. Previous studies have indicated that ranavirus could be
eleased into the blood (Xie et al., 2002). The Chinese giant salaman-
er is a protected and rare species, and it was therefore preferable
o detect the virus without killing the animal. However, the results
f viral detection using blood samples from diseased Chinese giant
alamanders in this study were negative. The mechanism of GSIV
nfection in Chinese giant salamanders, the viral dose in blood and
he similarity with ranavirus infection in frogs remains unknown.
onetheless, GSIV cannot currently be detected in the blood.

LAMP produced ladder-like patterns of bands by gel agarose
lectrophoresis. However, LAMP yields not only multiple DNA
ands, but also the byproduct, pyrophosphate ions. This results

n a white precipitate of magnesium pyrophosphate in the reac-
ion mixture, usually visible with the naked eye. However, this
as not observed in any samples in the current study. Under these

onditions, a fluorescent intercalating dye SYBR Green I or EB can
e used (Manmohan et al., 2008). SYBR Green I belongs to a flu-
rescent dsDNA intercalating dye, which will turn from orange
o green under natural light following positive amplification. This
olor change is permanent. In the absence of amplification produc-
ion, the dye remains orange. In the GSIV LAMP assay, no white
recipitate was visible when the template DNA was diluted more
han 10−5. However, it produced a green color after the addition of

 �L SYBR Green I to the tubes, and the results could also be seen
learly under UV light. The presence of fluorescence can be used to
etect the target gene. This represents a further advantage of LAMP
s a suitable screening assay in the field.

The early detection of viral pathogens is essential for control-
ing the spread of emerging diseases. A rapid detection method for

SIV in Chinese giant salamanders was thus urgently required. The

esults of the current study demonstrate that LAMP is superior to
ested PCR for the detection of GSIV in terms of rapidity, sensitiv-

ty, and ease of visual observation. In conclusion, LAMP detection
 34/0 34/0
 9/5 11/3

represents a suitable assay for rapid screening of GSIV in Chinese
giant salamanders.

Acknowledgements

This work was  supported by the National Nonprofit Institute
Research Grant (2013JBFZ02) and the Special Fund for Agro-
Scientific Research in the Public Interest (201203086).

References

Albert, B., Sánchez, G., Abbaszadegan, M.,  Carducci, A., Guix, S., Guyader, F.S.L., Net-
shikweta, R., Pintó, R.M., Poel, W.H.M., Rutjes, S., Sano, D., 2011. Analytical
methods for virus detection in water and food. Food Anal. Methods 4, 4–12.

Allan, R.G., Hyatt, A.D., Hengstberger, S.H., Whittington, R.J., Coupar, B.E.H., 1995.
A polymerase chain reaction (PCR) to detect epizootic haematopoietic necrosis
virus and Bohle iridovirus. Dis. Aquat. Org. 22, 211–215.

Arunruta, N., Prombunb, P., Saksmerpromea, V., Flegel, T.W., Kiatpathomchai, W.,
2011. Rapid and sensitive detection of infectious hypodermal and hematopoi-
etic necrosis virus by loop-mediated isothermal amplification combined with a
lateral flow dipstick. J. Microbiol. Methods 171, 21–25.

Caipang, C.M.A., Haraguchi, I., Ohira, T., Hirono, I., Aoki, T., 2004. Rapid detection of
a  fish iridovirus using loop-mediated isothermal amplification (LAMP). J. Virol.
Methods 121, 155–161.

Chinchar, V.G., Mao, J.H., 2000. Molecular diagnosis of iridovirus infections in cold-
blooded animals. Semin. Avian Exot. Pet Med. 9, 27–35.

Dong, W.,  Zhang, X., An, J., Qin, J., Song, F., Zeng, W.,  2011. Iridovirus infection in
Chinese giant salamanders, China, 2010. Emerging Infect. Dis. 17, 2388–2389.

Ellen, A., Kielgast, J., Svart, H.E., Larsen, K., Tapiovaara, H., Jensen, B.B., Holopainen,
R.,  2009. Ranavirus in wild edible frogs Pelophylax kl. esculentus in Denmark. Dis.
Aquat. Org. 85, 7–14.

Geng, Y., Wang, K.Y., Zhou, Z.Y., Li, C.W., 2011. First report of a Ranavirus associ-
ated with morbidity and mortality in farmed Chinese giant salamanders (Andrias
davidianus).  J. Comp. Pathol. 145, 95–102.

Greer, A.L., Berrill, M.,  Wilson, P.J., 2005. Five amphibian mortality events associated
with ranavirus infection in south central Ontario, Canada. Dis. Aquat. Org. 67,
9–14.

Jancovich, J.K., Davidson, E.W., Parameswaran, N., Mao, J.H., 2005. Evidence for emer-
gence of an amphibian iridoviral disease because of human-enhanced spread.
Mol. Ecol. 14, 213–224.

Jeong, J.B., Jun, L.J., Park, K.H., Kim, K.H., Chung, J.K., Komisar, J.L., Do, J.H., 2006.
Asymptomatic iridovirus infection in various marine fishes detected by a 2-step
PCR  method. Aquaculture 255, 30–38.

Jiang, Y.L., Zhang, W.,  Jing, H.L., Gao, L.Y., 2011. Isolation and characterization of
an  iridovirus from sick Giant salamander (Andrias davidianus). Chin. J. Virol. 27,
274–282.

Karanis, P., Ongerth, J., 2009. LAMP – a powerful and flexible tool for monitoring
microbial pathogens. Trends Parasitol. 25, 498–499.

Liu, Z.X., Liu, H., Xie, X.Y., He, J.Q., Luo, T.R., Teng, Y., 2011. Evaluation of a loop-
mediated isothermal amplification assay for rapid diagnosis of soft-shelled
turtle iridovirus. J. Virol. Methods 173, 328–333.

Matthew, C.A., Mohamed, A.E., Juergen, S., David, M., Larry, S.C., Melissa, K., 2011. PCR
prevalence of Ranavirus in free-ranging eastern box turtles (Terrapene carolina
carolina)  at rehabilitation centers in three southeastern US states. J. Wild Dis.
47,  759–764.

Mekata, T., Kono, T., Savan, R., Sakai, M.,  Kasornchandra, J., Yoshida, T., Itami, T.,
2006. Detection of yellow head virus in shrimp by loop-mediated isothermal
amplification (LAMP). J. Virol. Methods 135, 151–156.

Meng, Y., Zeng, L.B., Yang, Y.Q., Xiao, H.B., 2009. Isolation and identification of the
ascitesosis disease pathogen of giant salamander, Andrias davidianus. J. North-
west A & F Univ. (Nat. Sci. Ed.). 3, 77–81.

Mori, Y., Notomi, T., 2009. Loop-mediated isothermal amplification (LAMP): a rapid,
accurate, and cost-effective diagnostic method for infectious diseases. J. Infect.
Chemother. 15, 62–69.

Nimitphak, T., Kiatpathomchai, W.,  Flegel, T.W., 2008. Shrimp hepatopancreatic

parvovirus detection by combining loop-mediated isothermal amplification
with a lateral flow dipstick. J. Virol. Methods 154, 56–60.

Notomi, T., Okayama, H.,  Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N., Hase,
T.,  2000. Loop-mediated isothermal amplification of DNA. Nucleic Acids Res. 28,
E63.

http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0005
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0010
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0015
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0020
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0025
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0030
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0035
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0040
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0045
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0050
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0055
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0060
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0065
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0070
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0075
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0080
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0085
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0090
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0095
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0100


2 gical 

M

O

P

S

S

S

16 Y. Meng et al. / Journal of Virolo

anmohan, P., Sannarangaiah, S., Dash, P.K., Rao, P.V.L., Morita, K., 2008. Loop medi-
ated isothermal amplification (LAMP): a new generation of innovative gene
amplification technique; perspectives in clinical diagnosis of infectious diseases.
Rev. Med. 18, 407–421.

IE, 2008. Aquatic Animal Health Code. World Organisation for Animal Health, Paris,
France.

earman, P.B., Garner, T.W.J., Straub, M.,  Greber, U.F., 2004. Response of the Italian
agile frog (Rana latastei) to a Ranavirus, frog virus 3: a model for viral emergence
in  naïve populations. J. Wild Dis. 40, 660–669.

un, J.F., Najafzadeh, M.J., Vicente, V., Xi, L.Y., Hoog, G.S.D., 2010. Rapid detection
of pathogenic fungi using loop-mediated isothermal amplification, exempli-
fied by Fonsecaea agents of chromoblastomycosis. J. Microbiol. Methods 80,
19–24.

ung, C.H., Lu, J.K., 2009. Reverse transcription loop-mediated isothermal amplifi-

cation for rapid and sensitive detection of nervous necrosis virus in groupers. J.
Virol. Methods 154, 56–60.

un, Z.F., Hu, C.Q., Ren, C.H., Shen, Q., 2006. Sensitive and rapid detection of infec-
tious hypodermal and hematopoietic necrosis virus (IHHNV) in shrimps by
loop-mediated isothermal amplification. J. Virol. Methods 131, 41–46.
Methods 194 (2013) 211– 216

Wang, X., Yan, Q.G., Lei, Y., Zuo, L., Zeng, H., 2010. Isolation and identification on
pathogenic bacteria of rotten skin disease in Chinese giant salamander (Andrias
davidianus).  Chin. J. Zool. 10, 944–948.

Xie, J., Li, Z.Q., Zhang, Q.Y., Li, W.X., 2002. Detection of Rana grylio virus (RGV) in
host frog tissues by using immunohistochemistry assay. Acta Hydrobiol. Sin. 9,
438–443.

Yeh, H.Y., Shoemaker, C.A., Klesius, P.H., 2005. Evaluation of a loop-mediated
isothermal amplification method for rapid detection of channel catfish Ictalu-
rus punctatus important bacterial pathogen Edwardsiella ictaluri. J. Microbiol.
Methods 63, 36–44.

Zhao, E.M., 1998. China Red Data Book of Endangered Animals: Amphibians and
Reptiles. Science Press, Beijing.

Zhou, Y., Zeng, L.B., Meng, Y., Zhou, Q.L., Zhang, H., Gao, Z.Y., Xiao, Y., Sun, J.B.,
2012a. Establishment of a TaqMan real-time PCR assay for detecting the giant

salamander iridovirus. J. Fish. Chin. 36, 772–778.

Zhou, Z.Y., Geng, Y., Ren, S.Y., Wang, K.Y., Huang, X.L., Chen, D.F., Liu, X.X., Lai, W.M.,
2012b. Ranavirus (family Iridoviridae) detection by polymerase chain reaction
(PCR) in Chinese giant salamander (Andrias davidianus, Blanchard, 1871), China.
Afr.  J. Biotechnol. 11, 15130–15134.

http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0105
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0110
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0115
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0120
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0125
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0130
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0135
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0140
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0145
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0150
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0155
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160
http://refhub.elsevier.com/S0166-0934(13)00356-X/sbref0160

	Development of a loop-mediated isothermal amplification assay for rapid detection of iridovirus in the Chinese giant salam...
	1 Introduction
	2 Materials and methods
	2.1 Virus and cell line
	2.2 Viral culture and genomic DNA extraction
	2.3 Design of LAMP primers
	2.4 Optimization of LAMP reaction conditions
	2.5 Visualization of LAMP products
	2.6 Nested PCR
	2.7 Evaluation of the detection sensitivity of the LAMP assay
	2.8 Evaluation of the specificity of LAMP assay
	2.9 Application of LAMP assay for clinical diagnosis of GSIV infection in Chinese giant salamanders

	3 Results
	3.1 Optimal LAMP conditions
	3.2 Nested PCR assay
	3.3 Sensitivity of LAMP assay
	3.4 Specificity of LAMP assay
	3.5 LAMP assay used for clinical diagnosis of GSIV infection

	4 Discussion
	Acknowledgements
	References


