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Hepatitis B virus (HBV) is one of the most important factors for hepatocellular carcinoma and a liver
disease that seems 350 - 400 million persons are infected with all over the world. Loop mediated
isothermal amplification (LAMP) is a novel nucleic acid amplification technique with high specificity and
sensitivity which has been done under isothermal condition. In this study we tried to apply LAMP
technique for rapid, accurate, and cost-effective diagnosis of HBV in patient's serum samples. 104 HBV
quantities sera were supplied. Six LAMP specific primers were designed for HBs region of HBV. LAMP
and PCR reactions were optimized. At the end of the LAMP reaction, SYBR Green was used for
identifying negative and positive results. The PCR sensitivity up to 40 particles was observed and the
LAMP sensitivity test was verified up to 4 particles. Among the 104 quantities sera, only 95 cases were
PCR positive but 101 cases were LAMP positive. 9 cases were PCR negative among these, 6 cases were
reported as LAMP positive. In 3 cases LAMP and PCR were both negative. In comparison, between
LAMP and PCR, the LAMP technique in spite of its simplicity, high sensitivity and specificity, could be

an appropriate replacement for PCR.
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INTRODUCTION

Hepatitis B virus (HBV) is one of hepadnaviridea family
which has a great role in foundation of hepatocellualr car-
cinoma and liver disease (Dienstag, 2008). Today’s infec-
tion by HBV has become as a world wide problem which
seems 350 - 400 million people are infected in all over
the world (Alavian et al., 2008). At the first stages of
infec-tion, a great amount of HBV particles are observed
in blood that the power of transmission at this level is
very high (Pawlotsky et al., 2000). HBV Diagnostic
methods are divided in two groups;

1. Common methods.
2. Molecular methods.

Common methods include serodiagnostic, liver biopsy,
clinical and pathological finding and abnormal liver activity
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test such as ALT (Dienstag, 2008). The usual serological
diagnostic methods detect virus surface antigen (HBsAg)
which is based on Ag-Ab reaction and because of the
mutation, can not be very reliable (Weber and Berge,
2005; Behbahani et al., 2006). As some percentage of
HBsAg negative bloods in blood's donators has caused
the transition of disease (Pourazar et al., 2005).

Therefore although serological methods are well docu-
mented but they are not appropriate indicators for detec-
tion, as a result using specific molecular methods are
evadible (Notomi et al., 2000).

At the first stages of revealing disease, detection
methods based on antibody and biopsy are not recogni-
zable (Dienstag, 2008). Molecular detection methods
based on isolation and amplification of virus nucleic acid
such as PCR (Polymerase Chain Reaction), Isothermal
amplification, and Hybridization are capable to recognize
infection at early stages (Vernet, 2004; Shahhosseiny
and Tehrani, 2005).

Hybridization based on b-DNA (branched DNA) is
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another molecular technique which occurs by the usage
of b-DNA florescent probes which provide the quantitative
DNA virus recognition in patient's serums. But using this
method has been limited to some research institute
meanwhile the sensitivity of this method had been 1 up to
2 log less than PCR (Shahhosseiny, 2005; Shahhosseiny
and Rahimi, 2007; Nagamine et al., 2002b).

Despite its advantages, each amplification method has
it own problems. For example using PCR against expan-
ded development and high accuracy because of needing
to improved instrument like thermal cycler have not been
distributed in all diagnostic center as a routine test up to
now (Zhang et al., 2001). Although thermal cycler in
Isothermal amplification methods such as RCA (Rolling
circle ampli-fication), NASBA (Nucleic acid sequence
based amplifi-cation), TMA (Transcription based amplifi-
cation system, 3SR (Self sustaining sequences replica-
tion) are not required, but because of low reaction tempe-
rature or non specific sequences amplification these test
dose not have sufficient sensitivity and specificity for
diagnostic tests (Nagamine et al., 2001). Loop mediated
isothermal amplification (LAMP) is an isothermal amplifi-
cation method which is performed in isothermal condition,
thereby obviating the need of thermal cycler whether has
a grate specificity and sensitivity (Mori et al., 2001).

The reaction will take place without using template
denaturation by the assistance of DNA polymerase with
strand displacement activity. Also the reaction required a
set of six specially designed primers called inner- outer
and loop primers (Mori et al., 2006; Nagamine et al.,
2002b). In addi-tion gate amount of DNA (10 - 30
microgram per 25 micro liters) in a short time (15 - 60
min) with high specificity can be synthesized; it means
that all process from amplification to detection will be
done at the same temperature. Since stem-loop
structures are created by designing special probes for
these structures it can be used for hybridization without
heat denaturation after amplification. Also when reaction
combined with reverse transcription, RNA can be amplified
too (Parida et al., 2004, 2005, 2007).

So there is no need to next stages for proving the
neither reaction nor observations of the product in
agarose gel and by adding 0.1% SYBR Green to each
reaction tube and appearance of green color under U.V
light positive result will be obtained.

MATERIAL AND METHODS
Sampling

104 HBV positive sera which were quantities by COBAS Amplicor
HBV Monitor kit were supplied.

DNA extraction

DNA was extracted from patient's serum by using CinnaGen DNP
kit (cat: DN811530) in following process. 5 pl protein’s-K (10 mg/ml)
were added to 100 pl of each serum sample and incubated in 72°C
for 10 min. Then 400 pl lysis buffer added to each tube and

subsequently 300 pl precipitate buffer (Isopropanol) also added
then cen-trifuged at 12000 rpm for 10 min. After decanting, 1 ml of
70% ethanol was used for washing which then was centrifuged at
12000 rpm for 5 min. Finally ethanol was completely poured off and
dried, at last DNA pellet was dissolved in 30 pl distilled water.

PCR and LAMP Primers

PCR primers were designed for HBsAg; the amplified region has
262 bp lengths. LAMP primers were designed on the basis of the
published sequence of common strain in Iran (Gen bank accession
no. AY741794) by employing the LAMP primer designing support
software program (primer explorer V4; http://primer explorer JP.
/e/). The location and sequences of primers are shown in Figure 1.

PCR reaction

PCR reaction was carried out in a total 25 pl reaction mixture con-
taining 2 mM dNTP, 1.5 mM MgCl,, 1 micromole of each forward
and reverses primers, 1XPCR buffer, 1.25 unit of Tag DNA poly-
merase enzyme, and 5 ul templates DNA. PCR cycling parameters
incubation cycles consisting of denaturation at 93°C for 40 s,
annealing at 60°C for 40 s and extension at 72°C for 40 s, repeated
for 40 cycles. The PCR product was electrophoresed in 1.5%
agarose gel (0.5X TBE) stained with Ethidium bromide (CinnaGen).

PCR sensitivity and specificity

For determination PCR sensitivity, different dilutions of DNA virus
from 4 million to 40 particles were provided. The DNA's of Mice,
human, Toxoplasma gondii, Hepatitis C virus, Mycobacterium tuber-
culosis, Saccharomyces cerevisiae, and Escherichia coli were
used to verify PCR specificity.

Cloning of PCR product as a positive control

After purification, the PCR product was cloned in pTZ57R vector by
using T/A cloning kit (Fermentas, cat: K1214).

The LAMP reaction

The LAMP reaction was made in 25 pl by mixing 0.2 uM F3/B3, 1.6
uM  FIP/BIP, 0.8 pM LF/LB, 20 Mm Tris-Hcl, 10 Mm Kcl , 10 mM
(NH4)2S04 , 9 mM MgSO4, 1.4 mM dNTP, 0.8 M Betain (Sigma-
Aldrich), 8 u Bst DNA polymerase (New England Biolabs). The
mixture was incubated at 66 for 1 h.

The LAMP reaction evaluation and Electrophoresis

0.1% SYBR Green (Invitrogen lot: 49743A) is added to each reac-
tion tubes and were observed under U.V light (302 nm). The
positive tubes were in green color and the negative one was in
orange colors. LAMP product was electrophoresis in 2% agaros gel
(0.5X TBE) stained with Ethidium Bromide.

LAMP sensitivity and specificity

To obtain LAMP sensitivity test same as PCR, the different dilution
of virus's DNA from 4 million to 4 particles were provided. The
DNA's of Mice, human, Toxoplasma gondii, Hepatitis C virus
(cDNA), Mycobacterium tuberculosis, Saccharomyces cerevisiae,
and Escherichia coli were used to identify LAMP specificity.



Moslemi et al. 441

LAMP Primer location on target sequences:

F3

F2 LF

1 ctaattccag gatcttcaac caccagcacg

LF

» <&
> <

§g5%catgca gaacctgcac gactcctgct;

FlcC

1 caaggaacct ctatgtatcc ctcctgtﬁbc

BIC

< >

1 tgtattccecg tcccatcatc ctgggettte

B2

tgtaccaaac cttcggacé§ aaattgcacc
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< »

ggaaaattcc tatgggagtg

ggcctcagce

B3

1 &gtttctcct ggctcagttt” actadtgcca

Figure 1.

F3: CTT-CAA-CCA-CCA-GCA-CGG, B3: ACC-ACT-GAA-CAA-ATG-GCA-

gctttccecece

tttgttcagt ggﬁEcgtagg

,F1C:

CGT-CCG-AAG-GTT-TGG-TAC-AGC-<A>-, F2: CCA-TGC-AGA-ACC-TGC-ACG, B1C: ATT-CCC-

GTC-CCA-TCA-TCC-TGG-<G>,

B2: AAA-CTG-AGC-CAG-GAG-AAA-CG, LF: GAG-GTT-CCT-

TGA-GCA-GGA-GT, LB: ATT-CCT-ATG-GGA-GTG-GGC-C

PCR product electrophoreses

Figure 2. (a) Lane 1; 100bp DNA Ladder PLUs (Fermentas), 2; PCR product of target
DNA (262 bp), 3; negative control. (b) Lane 1; 100 bp DNA Ladder PLUs (Fermentas), 2;
Positive control, 3; PCR product of pTZR57 plasmid, 4; negative control.

RESULTS

The PCR products were loaded on 1.5% agaros gel, the
fragment's size obtained by using specific primers was
262 bp (Figure 2a) The PCR product was cloned in
pTZR57 plasmid. White colonies were isolated and veri-
fied by PCR (Figure 2b) The LAMP reaction was incu-
bated at 66 C for 1 h. The Electrophoresis of the LAMP
products showed different size fragments in smear shape

(Figure 3). PCR and LAMP had high specificity showed
no reaction to the other infectious agents except DNA of
hepatitis B virus (Figure 4a, 4b). The PCR sensitivity up
to 40 particles was observed (Figure 5a) and the LAMP
sensitivity test was verified up to 4 particles (Figure 5b,
5c).

Among the 104 COBAS PCR positive quantities serum
only 95 cases were PCR positive in our study, but 101
cases were LAMP positive.
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LAMP product electrophoreses

Figure 3. Lane 1; 100 bp DNA Ladder PLUs
(Fermentas), 2; LAMP product of target DNA, 3;
negative control.

PCR and LAMP specificity
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Figure 4. (a) Lane 1; 100 bp DNA Ladder PLUs (Fermentas), 2;
positve control (HBV PCR product), 3; PCR product of Mice DNA, 4;
PCR Human DNA, 5; PCR product of E. coli DNA, 6; Saccharomy-
ces cerevisiae DNA, 7; Hepatitis C virus DNA, 8; Mycobacterium
tuberculosis DNA, 9; Toxoplasma gondii DNA, 10; negative control.
(b) Lane 1; 100 bp DNA Ladder PLUs (Fermentas), 2; positve control
of LAMP (HBV PCR product), 3; Mice DNA, 4; Human DNA, 5; E.
Coli DNA, 6; Saccharomyces cerevisiae DNA, 7; Hepatitis C virus
DNA, 8; Mycobacterium tuberculosis DNA, 9; Toxoplasma gondii
DNA, 10; negative control.

9 cases were PCR negative, among this 9 cases 6 cases
were reported as LAMP positive. In 3 cases LAMP PCR
were both negatives.

DISCUSSION

Hepatitis B virus infection has become a worldwide pro-
blem as seems that about 2.5 million people are infected
by hepatitis B virus in Iran (Alavian et al., 2008).

Even though the serological HBV detection methods
are known very well but they aren't considered as a good
indicator for virus recognition so molecular methods must
be substituted (Shahhosseiny, 2005). One of the most
common molecular techniques is PCR; although it has
high sensitivity and specificity, it has not been used in all
diagnostic centers until now. The Need for improved
instruments like thermal cyclers is the main reason for
this limitation.

LAMP New novel technique is one of the very simple
gene amplification methods which were performed under
isothermal condition. In contrary with its simplicity it has
high specificity and sensitivity with obviating the need for
using thermal cycler (Notomi et al., 2000; Mori et al.,
2009).

The reaction is administered external primers (F3, B3)
and internal primers (FIP, BIP) which each one recog-
nizes 2 separate distinct site and also two special loop
primers which recognize a total of 8 distinct sequences in
the DNA target. The ampilification products are stem-loop
DNA structure with several inverted repeats and caulif-
lower-like structure with multiple loops (Nagamine et al.,
2001; Nagamine et al., 2002a; Mori et al., 2001).

At present time in all over the world grate studies have
been developed to recognize infectious agent by LAMP
technique. Although most of these research are about
RNA viruses detection such as African Trypanosomes
(Kuboki et al., 2003), Tomato yellow leaf curl virus
(Fukuta et al., 2003), Varicella-zoster virus (Okamoto et
al., 2004), West Nile Virus (Parida et al., 2004),
Newcastle disease virus (Pham et al., 2005), Respiratory
syncytial virus (Ushio, 2005), MUMPS virus (Okafuji,
2005), Herpes Simplex Virus (Enomoto et al., 2005),
Encephalitis virus (Parida et al., 2006), Influenza A and B
(Ito et al., 2006), Epstein-Bar Viruse (lwata et al., 2006,
Chikun-gunya Virus (Parida et al., 2007), Ebola Virus
(Kurosaki et al., 2007), Human Papillomavirus type 6, 11,
16, 18 (Hagiwara et al., 2007), HIV-1 virus (Curtis et al.,
2009), Monkeypox virus (lizuka et al., 2009) but also
there are many investigation which approved the detec-
tion of bacteria and parasites like Mycobacterium tuber-
culosis (lwamoto et al., 2003), M. pneumoniae (Saito et
al., 2005), Cryptosporidium QOocysts (Karanis, 2007),
Enterococcus faecalis (Kato et al., 2007), Actinobacillus
actinomycetemcomitans (Osawa et al., 2007), Trypano-
soma brucei rhodesiense (Njiru et al., 2008a,b) Filarial
parasites (Aonuma et al., 2009), Lepospira (Lin et al.,
2009), Toxoplasma gondii (Zhang et al., 2009) by LAMP.
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PCR and LAMP sensitivity
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Figure 5. (a) Lane 1; 100 bp DNA Ladder PLUs (Fermentas), 2; positive control of PCR (HBV PCR
product), 3; serum with 4,000,000 particle, 4; serum with 400,000 particle, 5; serum with 40,000 parti-
cle, 6; serum with 4,000 particle, 7; serum with 400 particle, 8; serum with 40 particle, 9; serum with 4
particle, 10; negative control. (b) Lane 1; 100 bp DNA Ladder PLUs (Fermentas), 2; positive control of
LAMP (HBV PCR product), 3; serum with 4,000,000 particle, 4; serum with 400,000 particle, 5; serum
with 40,000 particle, 6; serum with 4,000 particle, 7; serum with 400 particle, 8; serum with 40 particle,
9; serum with 4 particle, 10;negative control. (¢) Lane 1; positive control of LAMP (HBV PCR product),
2; serum with 4,000,000 particle, 3; serum with 400,000 particle, 4; serum with 40,000 particle, 5;
serum with 4,000 particle, 6; serum with 400 particle, 7; serum with 40 particle, 8; serum with 4
particle, 9; negative control.
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LAMP has verity characteristics and application
besides diagnosis, including SNP typing and DNA quanti-
fication as real-time detection and particularly in develop-
ment of g-POCT devices (Parida et al., 2008). In this
study we designed specific primers for HBs region of
HBV by awy2 serotype, D genotype which is the most
common sero-type in Iran. This technique has a very high
sensitivity and specificity in comparison with PCR and
also against high sensitivity and specificity improved
instruments was not required and the reaction was
verified in a short time merely by using a simple heater.

Among 104 cases with define viral load, 95 cases were
PCR positive whether 101 cases were LAMP positive. 9
cases were PCR negative which these cases had low
viral load and were collected many times ago.

Only 3 cases were LAMP negative that these cases
had slightly viral load (129, 1200, 1600) and also stored
for long time.

Probably decreasing of viral loads with respect to initial
low virus particles, and also long storage, are the main
reasons for negative results in these 3 cases in both
LAMP and PCR tests. Therefore because of significant
LAMP sensitivity in 6 cases with similar condition, LAMP
test was able to detect truly result which seems PCR test
had not this property.

So it can be mentioned that in this study HBV particles
can be detected even thought in old samples with at least
viral load by using LAMP technique.

Although improved instrument are not required in this
technique but it has grate sensitivity and accuracy that
reaction can be done simply by applying just a dry-plate.
By adding 0.1% SYBR_Green and observing under U.V
light the result could be obtained, so needing to post am-
plification processes like as electrophoresis were obviate.

Optimistically It is no far that in near future by using
LAMP technique, HBV detection possibility without admi-
nistering improved instrument with significant sensitivity
and specificity and also cost saving will be available in all
diagnostic centers.

Conclusion

With respect to this result and comparing PCR with
LAMP can be stated that LAMP technique in spite of sim-
plicity and not needing to improved instruments has
higher sensitivity over PCR and could be a proper
replacement for it in future.

REFERENCES

Alavian SM, Hajarizadeh B, Ahmadzad-Asl M, Kabir A, Bagheri-
Lankarani K (2008). Hepatitis B Virus Infection in Iran: A Systematic
Review, Hepatitis Monthly 8(4): 281-294.

Aonuma H, Yoshimura A, Perera N, Shinzawa N, Bando H, Oshiro S,
Nelson B (2009). Loop-mediated isothermal amplification applied to
filarial parasites detection in the mosquito vectors: Dirofilaria immitis
as a study model Parasit Vectors 2: 15.

Behbahani AB, Mafi-Nejad SZ, Tabei KB, Lankarani A, Torab A,
Moaddeb (2006). Anti-HBc & HBV-DNA detection in blood donors

negative for hepatitis B virus surface antigen in reducing risk of
transfusion associate HBV infection, Indian J. Med. Res. 123: 37-42.

Curtis K, Rudolph D, Owen MS (2009). Sequence-Specific Detection
Method for Reverse Transcription, Loop-Mediated Isothermal Amplifi-
cation of HIV-1 J. Med. Virol. 81: 966-972.

Dienstag JL (2008). Hepatitis B Virus Infection, N. Engl. J. Med. 359:
1486-500.

Enomoto Y, Yoshikawa T, lhira M, Akimoto S, Miyake F, Usui C, Suga
S, Suzuki K (2005). Rapid Diagnosis of Herpes Simplex Virus Infec-
tion by a Loop-Mediated Isothermal Amplification Method. J. Clin.
Microbiol. pp. 951-955

Fukuta S, Kato S, Yoshida K, Mizukami Y, Ishida A, Ueda J (2003).
Detection of tomato yellow leaf curl virus by loop-mediated isothermal
amplification reaction. J. Virol. Methods 112: 35-40

Hagiwara M, Sasaki HM, Matsuo K, Honda M, Kawase M, Nakagawa H,
(2007). Loop-Mediated Isothermal Amplification Method for Detection
of Human Papillomavirus Type 6, 11, 16, and 18. J. Med. Virol. 79:
605-615

Ilto M, Watanabe M, Nakagawa N, lhara T, Okuno Y (2006). Rapid de-
tection and typing of influenza A and B by loop-mediated isothermal
amplification: Comparison with immunochromatography and virus
isolation. J. Virol. Methods. 135: 272-275.

lizuka I, Saijo M, Shiota T, Ami Y, Suzaki Y, Nagata N, Hasegawa H
(2009). Loop-Mediated Isothermal Amplification-Based Diagnos-tic
Assay for Monkeypox Virus Infections J. Med. Virol. 81: 1102—1108.

lwamoto T, Sonobe T, Hayashi K (2003). Loop-Mediated Isothermal
Amplification for Direct Detection of Mycobacterium tuberculosis
Complex, M. avium and M. intracellulare in Sputum Samples. J. Clin.
Microbiol. pp. 2616-2622.

Ilwata S, Shibata Y, Kawada J, Hara S, Nishiyama Y, Morishima T, lhira
M (2006). Rapid detection of Epstein—Barr virus DNA by loop-me-
diated isothermal amplification method. J. Clin. Virol. 37: 128—133.

Kato H, Yoshida A, Ansai T, Watari H, Notomi T, Takehara T (2007).
Loop-mediated isothermal amplification method for the rapid detec-
tion of Enterococcus faecalis in infected root canals. Oral Microbiol.
Immunol. 22: 131-135.

Karanis P, Thekisoe O, Kiouptsi K, Ongerth J, Igarashi I, Inoue N
(2007). Development and Preliminary Evaluation of a Loop-Mediated
Isothermal Amplification Procedure for Sensitive Detection of Crypto-
sporidium Oocysts in Fecal and Water Samples Appl. Environ.
Microbiol. September 73(17): 5660-5662.

Kuboki, Inoue N, Sakurai T, Di Cello F, Grab D, Suzuki H, Sugimoto C
(2003). Loop-Mediated Isothermal Amplification for Detection of
African Trypanosomes, J. Clin. Microbiol. pp. 5517-5524

Kurosaki Y, Takada A, EbiharaH, Grolla A, Kamo N, Feldmann H.
Kawaoka Y, Yasuda J (2007). Rapid and simple detection of Ebola
virus by reverse transcription-loop-mediated isothermal amplification,
J. Virol. Methods 141: 78-83.

Lin X, Chen Y, Lu Y, Yan J, Yan J (2009). Application of a loop-media-
ted isothermal amplification method for the detection of pathogenic
Leptospira. Diagn. Microbiol. Infect. Dis. 63: 237-242.

Mori Y, Nagamine K, Tomita N, Notomi T (2001). Detection of Loop-
Mediated Isothermal Amplification Reaction by Turbidity Derived from
Magnesium Pyrophosphate Formation. Biochem. Biophys. Res.
Comm. 289: 150—-154.

Mori Y, Hirano T, Notomi T (2006). Sequence specific visual detection
of LAMP reactions by addition of cationic polymers, BMC Biotechnol.
pp. 3-6

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.

Nagamine K, Kuzuhara Y, Notomi T (2002a). Accelerated reaction by
loop-mediated isotherma amplification using loop primers, Mol. Cell.
Probes pp. 223-229.

Nagamine K, Hase T, Notomi T (2001). Loop-mediated Isothermal
Amplification Reaction Using a Nondenatured Template, Clin. Chem.
47:1742-1743.

Nagamine K, Kuzuhara Y, Notomi T (2002b). Isolation of Single-Stran-
ded DNA from Loop-Mediated Isothermal Amplification Pro-ducts.
Biochem. Biophys. Res. Comm. 290: 1195-1198.

Njiru ZK, Mikosza ASJ, Matovu E, Enyaru JCK, Ouma JO, Kibona SN,
Thompson RCA (2008a). African trypanosomiasis: Sensitive and



rapid detection of the sub-genus Trypanozoon by loop-mediated
isothermal amplification (LAMP) of parasite DNA .Int. J. Parasitol. 38:
589-599.

Njiru ZK, Mikosza ASJ, Armstrong T, Enyaru JC, Ndung'u JM (2008b).
Loop-Mediated Isothermal Amplification (LAMP) Method for Rapid
Detection of Trypanosoma brucei rhodesiense. PLoS Negl. Trop. Dis.
2(2): 147.

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 (12): 63-63.

Okamoto S, Yoshikawa T, lhira M, Suzuki K, Shimokata K, Nishiyama
Y, Asano Y (2004). Rapid Detection of Varicella—Zoster Virus Infec-
tion by a Loop-Mediated Isothermal Amplification Method. J. Med.
Virol. 74: 677-682.

Osawa R, Yoshida A, Masakiyo Y, Nagashima S, Ansai T, Watari H,
Notomi T, TakeharaT (2007). Rapid detection of Actinobacillus acti-
nomycetemcomitans using a loop-mediated isothermal amplification
method. Oral Microbiol. Immunol. 22: 252—-259.

Parida M, Posadas G, Inoue S, Hasebe F, Morita K (2004). Real-Time
Reverse Transcription Loop-Mediated Isothermal Amplification for
Rapid Detection of West Nile Virus, J. Clin. Microbiol. 42(1): 257-263.

Parida M, Horioke K, Ishida H, Kumar Dash P, Saxena P, Mukul Jana
A, Islam MA (2005). Rapid Detection and Differentiation of Dengue
Virus Serotypes by a Real-Time Reverse Transcription—Loop-Media-
ted Isothermal Amplification Assay. J. Clin. Microbial. pp. 2895-2903.

Parida M, Santhosh SR, Dash PK, Tripathi NK, Lakshmi V, Mamidi N,
Shrivastva A (2007).Rapid and Real-Time Detection of Chikungunya
Virus by Reverse Transcription Loop-Mediated Isothermal Amplifi-
cation Assay, J. Clin. Microbiol. pp. 351-357.

Parida M, Sannarangaiah S, Kumar Dash P, Rao PVL, Morita K (2008).
Loop mediated isothermal amplification (LAMP): a new generation of
innovative gene amplification technique; perspectives in clinical
diagnosis of infectious diseases .Rev. Med. Virol. 18: 407—421.

Pawlotsky JM, Bastiec A, He'zodec Ch, Lonjon CI, Darthuy AF,
Re'mire” AJ, Dhumeaux D (2000). Routine detection and quantifi-
cation of hepatitis B virus DNA in clinical laboratories: performance of
three commercial assays, J. Virol. Methods 85: 11-21.

Moslemi et al. 445

Pham HM, Nakajima C, OACI K, Onuma M (2005). Loop-Mediated
Isothermal Amplification for Rapid Detection of Newcastle Disease
Virus. J. Clin. Microbiol. pp. 1646—1650.

Pourazar A, Salehi M, Jafarzadeh A, Kazemi Arababadi M, Oreizi F,
Shariatinezhad K (2005). Detection of HBV DNA in HBsAg Negative
Normal Blood Donors, IJI 2 (3): 172-176.

Saito R, Misawa Y, Moriya K, Koike K, Ubukata K, Okamura N (2005).
Development and evaluation of a loop-mediated isothermal ampilifi-
cation assay for rapid detection of Mycoplasma pneumoniae, J. Med.
Microbiol. 54: 1037-1041.

Shahhosseiny MH (2005). Basic Molecular diagnosis, 430p, Publisher:
Islamic Azad University pp.12-35.

Shahhosseiny MH, Tehrani R (2005). Polymerase Chain Reaction
(PCR) 165p, Publisher: Islamic Azad University pp. 45-68.

Shahhosseiny MH, Rahimi AA (2007). Molecular Genetics: Concepts &
applications 380p, Publisher: Islamic Azad University pp. 180-210.

Ushio M, Yui I, Yoshida N, Fujino M, Yonekawa T, Ota Y, Notomi T
(2005). Detection of Respiratory Syncytial Virus Genome by Sub-
groups-A, B Specific Reverse Transcription Loop-Mediated Isother-
mal Amplification (RT-LAMP) J. Med. Virol. 77: 121-127.

Vernet G (2004). Molecular diagnostics in virology, J. Clin. Virol. 31:
239-247.

Weber B, Berge A (2005). Molecular detection of hepatitis B virus:
recent developments, J. Lab. Med. 29(1): 33—43.

Yoshida A, Nagashima S, Ansai T, Tachibana M, Kato H, Watari H,
Notomi T, Takehara T (2005). Loop-Mediated Isothermal Amplifi-
cation Method for Rapid Detection of the Periodontopathic Bacteria
Porphyromonas gingivalis, Tannerella forsythia, and Treponema
denticola. J. Clin. Microbial. pp. 2418-2424.

Zhang D, Zhang W, Li X, Konomi Y (2001). Detection of rare DNA
targets by isothermal ramification amplification. Gene 274: 209-216.

Zhang H, Thekisoe O, Aboge G, Kyan H, Yamagishi J, Inoue N,
Nishikawa Y (2009). Toxoplasma gondii: Sensitive and rapid detec-
tion of infection by loop-mediated isothermal amplification (LAMP)
method. Exp. Parasitol. 122: 47-50.



