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bstract

Human respiratory syncytial virus (RSV) is a major causative agent of lower respiratory tract infections in children and the elderly. A reverse
ranscription-loop-mediated isothermal amplification (RT-LAMP) was developed assay to amplify the genome of RSV subgroups A and B, in
rder to improve current diagnostic methods for RSV infection. The primer sets for RT-LAMP were designed using highly conserved nucleotide
equences in the matrix protein region of subgroups A and B, and were specific for each subgroup. The RT-LAMP efficiency was compared to virus
solation and a commercially available enzyme immunoassay (EIA) for RSV detection (BD Directigen EZ RSV testTM), using nasopharyngeal
spirates from 59 children with respiratory tract infections. The RT-LAMP was specific for RSV and could not detect other respiratory pathogens.

1% (36/59) of children were positive by RT-LAMP, 34% (20/59) by viral isolation, and 56% (26/46) by EZ RSV. Of 16 specimens that were
egative by both antigen detection and virus isolation, 12.5% (2/16) were RT-LAMP positive. These results suggest that the RT-LAMP is more
ensitive than other methods used to detect RSV. The RT-LAMP assay developed in this study may be useful for diagnostic and epidemiological
tudies of RSV infection.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Human respiratory syncytial virus (RSV) belongs to the
enus Pneumovirus in the subfamily Pneumovirinae of the
amily Paramyxoviridae, and is a major causative agent of res-
iratory tract infections in children worldwide. Children born
reterm or with underlying cardiopulmonary disorders are at
specially high risk of developing severe and lethal RSV respi-
atory tract infections (American Academy of Pediatrics, 2003;

irard et al., 2005; Saijo et al., 1993, 1994). Elderly and

mmunocompromised individuals are also susceptible to severe
espiratory diseases, highlighting the importance of preventing

Abbreviations: EIA, enzyme immunoassay; RSV, respiratory syncytial
irus; RT-LAMP, reverse transcription-loop-mediated isothermal amplification;
T-PCR, reverse transcription-polymerase chain reaction
∗ Corresponding author. Tel.: +81 42 561 0771; fax: +81 42 567 5631.
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asocomial and in-house RSV infections in hospitals and care
enters for the elderly (Englund et al., 1988; Falsey and Walsh,
000). Palivizumab, a monoclonal antibody with neutralizing
ctivity against RSV, was developed recently and made avail-
ble commercially as an effective prophylaxis against disease
American Academy of Pediatrics, 2003). Thus, precise diag-
ostic and epidemiological tests are important for the prevention
f RSV infections.

The diagnosis of RSV infection is generally undertaken
y virus isolation and/or antigen detection using an enzyme
mmunoassay (EIA) (Dayan et al., 2002; Falsey et al., 2002;
eina et al., 2004). However, because of the thermolability of
SV, the rate of isolation is dependent on conditions such as

ample collection and cold chain from sample collection to

ell inoculation. EIAs are useful as bed-side diagnostic tools
n clinical settings, however their sensitivity and specificity are
enerally between 70 and 90%, suggesting that misdiagnosis
f RSV infection is common (10–30%) (Grondahl et al., 2005;

mailto:shirato@nih.go.jp
dx.doi.org/10.1016/j.jviromet.2006.09.014
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hm-Smith et al., 2004; Wren et al., 1990). In addition, it is
ifficult to detect RSV antigen in nasopharyngeal aspirates col-
ected from adults, since only a small amount of RSV antigen
an be found (Casiano-Colon et al., 2003; Falsey et al., 2002;
alsey and Walsh, 2000). The development of more sensitive
nd specific detection methods is therefore essential for more
recise diagnoses of RSV. As a result, molecular methods such
s reverse transcription (RT)-polymerase chain reaction (PCR)
nd quantitative real-time RT-PCR have been developed for
he detection of RSV (Falsey et al., 2002, 2003; Gilbert et al.,
996).

Loop-mediated isothermal amplification (LAMP) was devel-
ped recently to amplify specific nucleic acid sequences using
designated primer set (Nagamine et al., 2002; Notomi et al.,
000). Amplification by LAMP is simple, since the reaction
ixture is incubated at a single temperature for less than 1 h,

nd specificity is high because at least six specific primer region
equences are required for construction of the LAMP primer
et (Nagamine et al., 2002; Notomi et al., 2000). The ampli-
ed product level can be monitored in a real-time quantitative
anner by measuring turbidity since nucleic acid amplifica-

ion results in the precipitation of magnesium pyrophosphate
Mori et al., 2001). The LAMP assay can also be used with
NA templates by combining reverse transcription reactions
ith LAMP (RT-LAMP) (Notomi et al., 2000). Genetic diag-
osis by RT-LAMP has been developed for infections caused
y RNA viruses, such as severe acute respiratory syndrome
SARS), West Nile encephalitis, and Dengue fever (Hong et
l., 2004; Parida et al., 2004, 2005).

Ushio et al. (2005) recently developed RT-LAMP for detec-
ion of the RSV genome and the primers used in their method
ere designed according to the nucleotide sequence of the nucle-
protein region. Highly conserved sequences of the nucleotide
equence are located in the matrix protein region of RSV isolates,
uggesting that this region was a suitable target for designing
AMP primers. In the present study, a RT-LAMP method was
eveloped in which the LAMP primers were designed from the
atrix protein gene, and the competence of this assay was com-

ared to virus isolation and EIA.

. Materials and methods

.1. Specimen and virus isolation

59 nasopharyngeal aspirates were collected from children
ith respiratory tract infections from November 2004 to Novem-
er 2005 at Sendai Medical Center, Sendai, Japan. Nasopharyn-
eal aspirates were suspended in transport medium containing
agle’s minimum essential medium (MEM, Invitrogen Corp.,
arlsbad, CA, USA) supplemented with 0.5% of gelatin, and
ntibiotics (Numazaki et al., 1987) and stored at −20 ◦C prior to
se. The nasopharyngeal aspirates were centrifuged at 3000 rpm
or 15 min, and the supernatant was used for virus isolation.

etection of RSV antigen was analyzed in 46 of the 59 nasopha-

yngeal aspirates using the enzyme immunoassay (EIA), BD
irectigen EZ RSV testTM (Becton, Dickinson and Company,
ranklin Lakes, NJ, USA). The nasopharyngeal aspirates were
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lso used for RNA extraction. Virus isolation was performed
sing six kinds of cells, MDCK, HEp-2, Vero, HMV-II, LLC-
K2, and human embryo fibroblasts, by seeding them in 96-well

late as described previously (Numazaki et al., 1987; Suzuki et
l., 2005).

.2. Viruses

The RSV strains used in this study were laboratory strains
Long and CH-18537) and wild type viruses isolated in 1996
N96-77, N97-23, N91-730, N96-51, and N96-728). Human
etapneumovirus was isolated in the Virus Research Center

t Sendai Medical Center (hMPV; 2003–2404), human coro-
aviruses (HCoV) strain NL63 was supplied by Dr. Hoek (Uni-
ersity of Amsterdam, the Netherlands), HCoV strain 229E was
upplied by Dr. Nomura (FUJITA Health University, Japan),
ARS coronavirus strain Frankfurt was supplied by Dr. J.
iebuhr (University of Würzburg, Germany), parainfluenza
irus 3 was purchased from the American Tissue Culture Col-
ection (ATCC) (C-245), influenza viruses strains A:H5N1,
:H3N2, A:H1N1, and B were stored in the National Institute of

nfectious Diseases in Japan, and adenoviruses serotype 3, strain
.B., serotype 4, strain R163, and serotype 7, strain Gomen
ere stored in National Institute of Infectious Diseases in Japan.
acterial pathogens that induce respiratory tract infections,

ike Bordetella pertussis (Tohama), Bordetella parapertussis
ATCC15311), Haemophils influenza biotype 3, Haemophils
arainfluenza biotype 1, and Mycoplasma pneumonia (M129),
ere also stored in NIID. RSV was propagated in HEp-2 cells

nd titrated using the standard plaque assay on HEp-2 cells cul-
ured in 12-well culture plates.

.3. Design of primer sets for RT-LAMP

RSV strains are divided into two subgroups (A and B) based
n antigenic variation (Gimenez et al., 1986; Mufson et al.,
985). The primer sets for the RT-LAMP assay were designed
rom the alignment sequences of three subgroup A RSV strains
GenBank accession Nos. NC 001803, U39662, U50362) and
hree subgroup B RSV strains (NC 001781, AF013254, and
Y353550) using the online LAMP primer design software

PrimerExplorer; http://primerexplorer.jp/index.html). The loop
rimer set was also designed with this software. The RSV RT-
AMP primer set described by Ushio et al. (2005) was also used

or experiments.

.4. Extraction of RNA and DNA

RNA was extracted from virus stocks using TRIzol reagent
Invitrogen), according to the manufacturer’s instructions. DNA
as extracted from stocks of adenovirus or bacteria using QIA-
EN Genomic-tips (Qiagen, Hilden, Germany) according to the
anufacturer’s instructions. RNA was extracted from 140 �l
f each nasopharyngeal aspirate and eluted with 50 �l of elute
uffer using the QIAamp Viral RNA Mini Kit (Qiagen). Total
NA and genomic DNA were quantitated by measuring the OD
alue.

http://primerexplorer.jp/index.html
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.5. RT-LAMP assay and RT-PCR

The RT-LAMP assay was performed using the Loopamp
NA amplification reagents kit (RT-LAMP; Eiken, Tokyo,

apan) as described. 5 �l of each sample of extracted RNA or
NA was mixed with 40 pmol of the FIP and BIP primers,
0 pmol of the Loop-F and Loop-B primers, 5 pmol of the F3
nd B3 primers, 1 �l of Enzyme Mix, and 12.5 �l of Reaction
ix, and distilled water was added to make a final volume

f 25 �l. For real-time monitoring of the RT-LAMP assay,
he reaction mixture was incubated at 63 ◦C for 45 min in the
oopamp real-time turbidimeter (LA-200; Teramecs, Kyoto,
apan). A no template negative control was included in each
ssay. For the purposes of this study, samples in which the mag-
itude of the turbidity signal was greater than 0.1 within 45 min
ere considered positive. Time during which the turbidity was
reater than 0.1 was expressed as time of positivity in minutes.
he minimum copy number of the target regions produced using

he RT-LAMP assay was determined from the RT-PCR product.
arget regions of the RT-LAMP assay were amplified with
pecific primers and Platinum Taq High Fidelity DNA poly-
erase (Invitrogen). The PCR products were gel-purified with
QIAquick Gel Purification Kit (Qiagen) and the concentration
as determined by measuring the OD value. The DNA copy
umber was calculated using the following formula: copies
number/ml) = ((6.023 × l023 × 5 × l0−5 × OD260)/molecular
eight). RT-LAMP assay was performed using serially
iluted target DNA, and the copy number detection limit was
etermined.

One-step RT-PCR was also carried out to detect RSV
rom clinical specimens as described. 5 �l of each sam-
le was mixed with 1 �l of each primer set (sense:
ARGTRGCTCCAGAATAYAGGCAT, anti-sense: AGCAT-
ACTTGCCCTGAACCATAG; Osiowy, 1998), 25.0 �l of 2×

ccessQuik RT-PCR Master Mix (Promega Corporation, Madi-

on, WI, USA), and 1 �l of supplemented RT enzyme, and
istilled water was added to make a final volume of 50 �l.
he amplification program consisted of an RT step at 45 ◦C for

f
d
N
g

able 1
rimer sets used in the RT-LAMP assay

rimer Positiona

rimer set A
RSAM-F3 3224–3246
RSAM-B3 3438–3421
RSAM-FIP (Flc + F2) 3319–3296 + 3255–3272
RSAM-BIP (Blc + B2) 3322–3343 + 3404–3382
RSAM-Loop F 3295–3273
RSAM-Loop B 3359–3379

rimer set B
RSBM-F3 3254–3275
RSBM-B3 3462–3445
RSBM-FIP (Flc + F2) 3360–3336 + 3276–3294
RSBM-BIP (Blc + B2) 3363–3383 + 3443–3422
RSBM-Loop F 3322–3301
RSBM-Loop B 3395–3419

a RSV subgroup A virus, GenBank accession No. NC 001803; subgroup B virus, N
cal Methods 139 (2007) 78–84

5 min, followed by a denature step at 94 ◦C for 2 min, and 30
ycles of 93 ◦C for 30 s, 55 ◦C for 30 s, and 72 ◦C for 50 s, with
final extension step of 72 ◦C for 7 min (Gruteke et al., 2004).
fter amplification, amplicons were separated by electrophore-

is on a 2% agarose gel, stained with ethidium bromide, and the
ands were visualized under ultraviolet light.

.6. Confirmation of RSV subgroup A and B

RT-LAMP products were purified using the QIAquick PCR
urification Kit (Qiagen), and the purified amplicons were
igested with the restriction enzyme, NlaIII or XbaI, under opti-
al conditions (New England Biolabs, Ipswich, MA, USA).
fter 2 h of digestion, RT-LAMP products were separated by

lectrophoresis on a 3% agarose gel, stained with ethidium bro-
ide, and the bands were visualized under ultraviolet light. The

mplicon from subgroup A RSV was digested with NlaIII, while
hat from subgroup B RSV was digested with XbaI.

. Results

.1. RT-LAMP primer design

The primer sets used in this study are shown in Table 1. The
rimer set for RT-LAMP was first designed with the aim of
mplifying both the A and B subgroups of RSV. This proved
ifficult to design, however, because the LAMP assay uses at
east six specific primer regions. Thus, primer sets were designed
hat had specificity for subgroup A RSV (primer set A) or sub-
roup B RSV (primer set B). Based on alignment analysis of
SV genomic sequences, highly conserved sequences in the
atrix protein coding region were selected as the target genomic

equence (Fig. 1).
A negative control using water was analyzed by RT-LAMP
or 60 min to define the value of the turbidity signal that would
iscriminate positives from negatives in the RT-LAMP assay.
one of the negative controls had a turbidity signal that was
reater than 0.1 within a 45 min reaction time. Thus, turbid-

Sequence (5′–3′)

GGGGCAAATATGGAAACATACGT
GAAGGTCCATTGGGTGTG
AGGGTCATCGTCTTTTTCTAAGACAttttTTCACGAAGGCTCCACAT
ATCACTTACAATATGGGTGCCCttttGTATGTTGACATTAGCTAGTTCT
TTGTATTGAACAGCAGCTGTGT
ATGCCAGCAGATTTACTTATA

GGGCAAATATGGAAACATACG
CCTTTGGGCGTAGAGATC
GTTAGTGATGCAGGATCATCATCTTttttTGAACAAGCTTCACGAAGG
TATGGGTGCCTATGTTCCAGTttttGCTTCACTAGTATGTTGATGCT
GTACTGAACAGCTGCTGTGTAT
GCAGACTTGCTCATAAAAGAACTTG

C 001781.
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Fig. 1. Location of the RT-LAMP primer region. RT-LAMP primer sets were designed using PrimerExplorer online software. The position of six essential primers
(F3, F2, F1, B1, B2, and B3) and the loop primer regions are shown by lines and bold font. Underlined sequences illustrate the recognition site of each restriction
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nzyme (CATG of NlaIII and ACATGT of XbaI).

ty values exceeding 0.1 within the 45 min reaction time were
efined as positive.

.2. Specificity and sensitivity of the RT-LAMP assay

Specific reactions of the designed primer set were tested on
arious respiratory pathogens (Table 2). The RT-LAMP assay
as performed using 100 ng of total RNA or 1 ng of extracted
enomic DNA. The RT-LAMP using primer set A and primer
et B were only able to detect subgroup A RSV and subgroup

RSV, respectively. Samples prepared from other respiratory
athogens, including human coronaviruses, influenza viruses,

etapneumovirus, adenoviruses, and bacteria, showed a nega-

ive reaction by RT-LAMP. Importantly, these pathogens were
ositive by PCR or RT-PCR when primer sets were used that
ere specific for each organism (data not shown). Thus, the

p
t
o
r

rimer set described in this report specifically reacts with RSV.
mplicons were digested with the restriction enzyme NlaIII or
baI and separated by electrophoresis on a 3% agarose gel to
onfirm specific amplification and differentiation of subgroups

and B. As predicted, the RT-LAMP products amplified from
ubgroup A RSV were only digested with NlaIII, while the prod-
cts amplified from subgroup B RSV were only digested with
baI (data not shown).

The sensitivity of RT-LAMP was next evaluated using seri-
lly diluted RNA samples prepared from an RSV stock (Table 3).
he infectivity of the RSV stock was determined by plaque assay
sing HEp-2 cells prior to RNA extraction. The entire process of

reparing the samples including virus propagation, virus titra-
ion, RNA extraction, and the RT-LAMP assay, were carried
ut three times independently. 10−1 to 10−2 PFU of RSV was
equired to provide enough RNA for detection using the RT-
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Table 2
Specificity of the RT-LAMP assay

Pathogen Strain Primer set

Subgroup A Subgroup B

RNA viruses
Respiratory syncytial virus long (A) 13.7 ± 0.5 >45.0

CH-18537 (B) >45.0 20.2 ± 0.2

Viruses isolated from clinical samples N96-77 (A) 17.8 ± 0.5 >45.0
N97-23 (A) 20.1 ± 0.7 >45.0
N91-730(B) >45.0 15.4 ± 0.4
N96-51 (B) >45.0 14.2 ± 0.7
N96-728 (B) >45.0 14.6 ± 0.9

Metapneumovirus 2003–2404 >45.0 >45.0

Human coronavirus NL63 >45.0 >45.0
229E >45.0 >45.0

SARS coronavirus Frankfurt >45.0 >45.0
Parainfluenza virus 3 C-245 >45.0 >45.0

Influenza virus A/VN/JP1203/04 H5N1 >45.0 >45.0
A/Panama/2007/97 H3N2 >45.0 >45.0
A/NC H1N1 >45.0 >45.0
B/Shanghai/361/2002 >45.0 >45.0

DNA virus
Adenovirus Type 3 (O.B.) >45.0 >45.0

Type 4 (R163) >45.0 >45.0
Type 7 (Gomen) >45.0 >45.0

Bacteria
Bordetella pertussis Tohama >45.0 >45.0
Bordetella parapertussis ATCC15311 >45.0 >45.0
Haemophils influenza (biotype 3) >45.0 >45.0
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Haemophils parainfluenza (biotype 1)
Mycoplasma pneumonia M129

ime of positivity in minutes.

AMP assay. The detection limit of nucleic acid copy number
as determined using PCR products of the target region as a

emplate. At least 102 copies/5 �l of the template were required
or detection by RT-LAMP (data not shown).

The RT-LAMP assay was carried out using a mixed sample
f subgroups A and B RSV to evaluate potential interference

etween them. RT-LAMP was able to differentiate between RSV
ubgroups, and each primer set detected specifically its own
arget subgroup (data not shown).

able 3
ensitivity of the RT-LAMP assay

FU (log) 3 2 1 0 −1 −2 −3

ot l
Long 13.4 15.1 16.3 18.5 24.7 28.0 >45
CH-18537 14.6 17.9 18.9 24.0 33.8 >45 >45

ot 2
Long 15.7 17.2 18.8 22.2 23.9 34.3 >45
CH-18537 14.1 15.3 17.3 20.0 29.3 39.6 >45

ot 3
Long 21.8 24.4 27 29.7 42.3 >45 >45
CH-18537 12.7 13.9 16.5 18.5 22.9 32.5 >45

ime of positivity in minutes.

r
t
g
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T
S

>45.0 >45.0
>45.0 >45.0

.3. Amplification of the RSV genome from nasopharyngeal
spirates using RT-LAMP

RT-LAMP assay was performed to evaluate whether the
rimer set used in this study could detect RSV in clinical spec-
mens using 59 nasopharyngeal aspirates from children with
espiratory tract infections, and the results were compared with
hose obtained using virus isolation and the EIA test, BD Directi-
en EZ RSV test (Table 4). 61% (36/59) were positive by
T-LAMP, 34% (20/59) by viral isolation, 56% (26/46) by
Z RSV, and 58% (34/59) by RT-PCR. The success rate of

SV detection using the RT-LAMP assay was higher than virus

solation and the EIA test. Of the 39 RSV isolation-negative
amples, 4 had parainfluenza virus, 3 had influenza virus, and

able 4
uccess rate of RSV detection in clinical nasopharyngeal aspirates

Number of tested
specimens

RSV
positive

RSV
negative

Percent of
positive

RSV isolation 59 20 39 34% (20/59)
EZ RSV 46 26 20 57% (26/46)
RT-PCR 59 34 25 58% (34/59)
RT-LAMP 59 36 23 61% (36/59)
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Table 5
Ability of EZ RSV, RSV isolation, and the RT-LAMP assay to detect RSV
detection from clinical specimens

RT-PCR RT-LAMP assay

Positive Negative Positive Negative

RSV isolation positive (n = 20) 20 0 20 0
EZ RSV positive (n = 16) 16 0 16 0
EZ RSV negative (n = 4) 4 0 4 0

RSV isolation negative (n = 26) 9 17 11 15
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EZ RSV positive (n = 10) 9 1 9 1
EZ RSV negative (n = 16) 0 16 2 14

had enterovirus. These other respiratory viruses isolated were
T-LAMP-negative except for one influenza virus-positive spec-

men that was RSV positive using the primer set described above
s well as the primer set reported by Ushio et al. Comparison
etween the ability of EZ RSV, RSV isolation, and the RT-LAMP
ssay to detect RSV from clinical specimens is shown in Table 5.
f the 20 RSV isolation-positive specimens, 100% (20/20) were
ositive by RT-LAMP and 80% were positive (16/20) by EZ
SV. Of the 26 RSV isolation-negative specimens, 42% (11/26)
ere positive by RT-LAMP and 35% (9/26) by EZ RSV. The sen-

itivity of RT-PCR was similar to that of EIA. However, 12.5%
2/16) of specimens that were both antigen detection and virus
solation negative were positive by RT-LAMP.

. Discussion

This paper describes a highly sensitive and specific genetic
iagnostic method that can detect human RSV using the RT-
AMP assay. Subgroup A and B RSV were both detected by
T-LAMP using primer sets A or B, while other respiratory
athogens were not. The assay developed in this study can detect
iral RNA in 10−1 to 10−2 PFU of RSV. RSV was also detected
n nasopharyngeal aspirates from children with respiratory tract
nfections, suggesting that the RSV RT-LAMP developed in the
resent study may be used for diagnosing RSV infections in
hildren.

RSV infections are usually detected by virus isolation or
IAs. The virus isolation method, however, is only able to detect

nfectious virus. RSV is thermolabile and the quantity of infec-
ious particles depends on sample preparation and storage condi-
ions. Thus, isolation of RSV can be difficult and RSV infection
uns the risk of being overlooked if this is the only method used.
IA kits do not require infectious viral antigens for detection and
an be carried out easily in a short time (approximately 15 min),
nd are considered useful for general clinical diagnosis of young
hildren (Ohm-Smith et al., 2004; Wren et al., 1990). However,
isdiagnosis can occur in 10–30% of RSV infections when the
IA kit is used alone (Grondahl et al., 2005). RSV is not detected
asily in specimens from adult patients using either virus iso-
ation or the EIA kit, because neutralizing antibodies maintain

he virus titer low (Casiano-Colon et al., 2003; Falsey et al.,
002; Falsey and Walsh, 2000). Molecular diagnostic methods
an detect viruses as long as genomic sequences exist, regard-
ess of the integrity of the virus particle. As a result, molecular

C
p
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cal Methods 139 (2007) 78–84 83

iagnostics method should be undertaken for definitive diag-
osis of RSV. The LAMP assay is simpler and quicker than
T-PCR (Hong et al., 2004; Parida et al., 2004), and results can
e obtained by viewing fluorescence or determining turbidity
alues without opening the sample tubes, minimizing concerns
bout contaminating amplified products. In addition, expensive
uorescent probes and detection instruments that are required
or real-time PCR, are unnecessary for the LAMP assay. There-
ore, the LAMP assay is useful for qualitative detection of RSV,
nd RT-LAMP can be used to amplify quantitatively the virus
enome in real-time (Hong et al., 2004). The RT-LAMP assay
ay be useful not only for diagnostic tests but also for prognosis.

n this study, nasopharyngeal aspirates were collected from chil-
ren with respiratory tract infections, and RT-LAMP was able to
etect the RSV genome. The RT-LAMP assay developed in this
tudy also detected RSV genomes in samples that were negative
y virus isolation and EIA, suggesting that RT-LAMP is a more
ensitive assay for the detection of RSV antigens and is more
seful in diagnosing RSV infections than classical methods. The
T-LAMP assay may also be used for diagnosing RSV infec-

ions in adults, although further studies are required to test this.
n this study, supernatants of nasopharyngeal aspirates were used
o detect RSV using the RT-LAMP assay. Since some paramyx-
virus virions are cell associated (Wechsler et al., 1985), this
ssay may be even more sensitive if the cells are not spun out.

Of the clinical specimens, one was RT-LAMP positive using
he RSV primer sets described above and the primer set described
y Ushio et al. (2005) as well as being RSV isolation negative,
nd EIA negative. Viral isolation was influenza virus positive,
owever, so it is thought that this specimen may have been co-
nfected with both viruses. Perhaps the RSV gene was present
n such small amounts that it could only be detected using the
T-LAMP assay.

Recently, Ushio et al. (2005) developed a diagnostic method
or detecting the RSV genome using RT-LAMP using the nucle-
protein region sequences as primers. However, the specificity
f this method of RSV detection was only tested against three
nfluenza virus strains. In contrast, we examined the speci-
city of the RT-LAMP technique against multiple respira-

ory pathogens, including metapneumovirus, influenza viruses,
uman coronaviruses, adenoviruses, and bacteria, and found
hat they were not amplified. When clinical specimens were
ested using the RT-LAMP primer set described above and
hat described by Ushio et al. (2005) RSV genome detection
as comparable. Thus, the sensitivity of our RT-LAMP assay
escribed is equivalent to Ushio’s method (2005). Since RSV is
negative strand RNA virus that develops frequent mutations,

wo or more primer sets may be preferable for diagnosis. The
T-LAMP assay presented in this report should aid laboratory
iagnosis and epidemiological surveillance of RSV infection.
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