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In this study, we developed a one-step, single-tube genogroup-specific reverse transcription–loop-mediated iso-
thermal amplification (RT-LAMP) assay for the detection of norovirus (NoV) genomes targeting from the C
terminus of the RNA-dependent RNA polymerase gene to the capsid N-terminal/shell domain region. This is the
first report on the development of an RT-LAMP assay for the detection of NoV genomes. Because of the diversity
of NoV genotypes, we used 9 and 13 specially designed primers containing mixed bases for genogroup I (GI) and
II (GII), respectively. The RT-LAMP assay had the advantages of rapidity, simplicity, specificity, and selectively and
could obtain results within 90 min, generally even within 60 min, under isothermal conditions at 62°C. The detection
limits for NoV genomes were between 102 and 103 copies/tube for GI and GII with differentiation by genotype, and
no cross-reactions among NoV GI and GII and other gastroenteritis viruses, such as sapovirus, human astrovirus,
adenovirus type 40 and 41, and group A and C rotavirus, were found. In the evaluation tests with fecal specimens
obtained from gastroenteritis outbreaks, the sensitivity and specificity of the RT-LAMP assay with regard to
RT-PCR were 100 and 94% for GI and 100 and 100% for GII, respectively. These findings establish that the
RT-LAMP assay is potentially useful for the rapid detection of NoV genomes from fecal specimens in outbreaks of
food-borne and person-to-person-transmitted gastroenteritis.

Noroviruses (NoVs), which belong to the family Calici-
viridae (5), commonly cause human gastroenteritis world-
wide (1, 3, 7, 10, 14) and are sometimes detected in oysters
(2, 7) and clams (12). In addition, they are also recognized
as a cause of person-to-person transmission of gastroenter-
itis in nursing homes, hospitals, and schools (5, 7, 14). The
detection of NoVs is usually carried out by electron micros-
copy and reverse transcription-PCR (RT-PCR) because they are
noncultivable (5).

Recently, the detection of NoV genomes by nucleic acid
sequence-based amplification (NASBA) (6, 9, 15) as an iso-
thermal amplification method was reported, and similarly, a
transcription-reverse transcription concerted (TRC) assay (8)
for the detection of NoV genomes has been commercially
developed in Japan. As another isothermal amplification
method, the loop-mediated isothermal amplification (LAMP)
assay developed by Notomi et al. (18) is a simple method for
genome diagnostics and has the advantages of high specificity
and selectivity. Six primers containing two loop primers in an
RT-LAMP assay are required for rapid and sensitive detection
of RNA. Although more primers are needed in the RT-LAMP
assay than in other amplification methods, the RT-LAMP as-
say has recently been applied for the rapid detection of several
RNA viruses in humans, such as West Nile virus (23), severe
acute respiratory syndrome coronavirus (22, 25), influenza A
virus (21), mumps virus (19), measles virus (4), dengue virus
(20), and respiratory syncytial virus (26).

Because the NoVs are classified into two genogroups (GI
and GII) and further divided into 14 genotypes in GI and 17
genotypes in GII according to the scheme of Kageyama et al.
(10), it has been thought likely that the design of consensus
primers for many genotypes of NoVs might be difficult.

In this study, we developed a genogroup-specific RT-LAMP
assay for detecting NoV genomes using multiple primers con-
taining mixed bases.

MATERIALS AND METHODS

Fecal specimens. A total of 91 fecal specimens, including 75 samples obtained
from 26 gastroenteritis outbreaks and 16 additional NoV-negative samples con-
taining three sapoviruses, three human astroviruses, one adenovirus type 40,
three type 41 adenoviruses, three group A rotaviruses, and three group C rota-
viruses obtained from sporadic gastroenteritis in children were used for the
specificity and evaluation tests of the RT-LAMP assay. Sapoviruses and human
astroviruses were detected by RT-PCR with the primers of Vinjé et al. (27) and
Sakon et al. (24), respectively. Adenoviruses of types 40 and 41 and group A
rotaviruses were detected by enzyme immunoassay (Adenoclone 40/41 and Ro-
taclone; Meridian Bioscience, Cincinnati, OH), and group C rotaviruses were
detected by reversed passive hemagglutination assay (DENKA SEIKEN, Tokyo,
Japan).

Viral RNA extraction. The viral RNA was extracted from 140 �l of the
supernatant of approximately 10% fecal specimens with a QIAamp viral RNA
mini kit (QIAGEN, Valencia, CA). The extracted RNAs were kept at �80°C
until use in tests.

Primer design. The NoV-specific primers were designed on the basis of the
sequence of the region from the C terminus of the RNA-dependent RNA
polymerase gene to the capsid N-terminal/shell domain region, and two sets of
genogroup-specific primers for GI and GII were designed. For GI, the nine
primers consisted of two outer primers (F3 and B3), four inner primers (FIP1,
FIP2, BIP1, and BIP2), and three forward loop primers (LF1, LF2, and LF3).
For GII, the 13 primers consisted of two outer primers (F3 and B3), seven inner
primers (FIP1, FIP2, FIP3, BIP1, BIP2, BIP3, and BIP4), and four forward loop
primers (LF1, LF2, LF3, and LF4). FIP contain F1C, a TTTT spacer, and F2, and
BIP contain B1C, a TTTT spacer, and B2. The B3 reverse outer primers for GI
and GII were the G1SKR and G2SKR primers, respectively, as described else-
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where (13). The FIP and BIP primers were high-performance liquid chromatog-
raphy-purified primers, and the others were oligonucleotide purification car-
tridge-purified primers. The sequences and locations of the oligonucleotide
primers are shown in Table 1 and Fig. 1.

Genogroup-specific RT-LAMP assay. The RT-LAMP assay was performed in
25 �l of the reaction mixture with an RNA amplification kit (Eiken Chemical,
Tochigi, Japan). The reaction mixture contained 12.5 �l of 2� reaction mix, 1.0
�l of enzyme mix, 2.5 �l of RTmate (Nippon gene, Toyama, Japan), 5 pmol
(each) of outer primers F3 and B3, 25 pmol (each) of inner primers FIP1, FIP2,
BIP1, and BIP2 for GI or 40 pmol (each) of inner primers FIP1 and BIP1 and
20 pmol (each) of inner primers FIP2, FIP3, BIP2, BIP3, and BIP4 for GII, 20
pmol each of loop primers LF1, LF2, and LF3 for GI or 20 pmol each of loop
primers LF1, LF2, LF3, and LF4 for GII, and 2 �l of RNA extract. The reaction
mixture was incubated at 62°C for 90 min and heated at 80°C for 5 min in a
Loopamp real-time turbidimeter (LA-320C; Teramecs, Kyoto, Japan). For per-
forming the RT-LAMP assay, standard RNAs described below, as positive con-
trols, and distilled water, as a negative control, were used in each test, and a
turbidity value of �0.1 was considered positive. For measuring the detection
limit of the RT-LAMP assay, the samples were tested in triplicate and the lowest
concentration of genome copies was taken as the limit when all of the triplicate
samples were positive. In addition, the fecal specimens that gave positive results
at over 60 min were retested another time. Then, 2 �l of the amplified product
from the RT-LAMP assay was electrophoresed on a 3% agarose gel in Tris-
acetate-EDTA buffer, stained with ethidium bromide, and visualized under UV
light, when necessary.

RT-PCR and real-time quantitative PCR. A conventional RT-PCR was per-
formed to compare with the sensitivity of the RT-LAMP assay. The RT was first
performed in 20 �l of a mixture containing 50 pmol of random nonamer [pd(N)9;
Takara Bio, Shiga, Japan], 20 U of RNase inhibitor (TOYOBO, Osaka, Japan),
100 U of reverse transcriptase (ReverTra Ace; TOYOBO), 2.5 mM concentra-
tions of each deoxynucleoside triphosphate, and 9.5 �l of RNA extract. The RT
conditions were 30°C for 10 min and then 42°C for 60 min, followed by 99°C for
5 min. After RT, PCR was performed in 50 �l of a reaction mixture containing
0.25 U of Ex Taq DNA polymerase (Takara), 2.5 mM concentrations of each
deoxynucleoside triphosphate, 10 pmol (each) of primers G1SKF and G1SKR for
GI or G2SKF and G2SKR for GII, as previously described (13), and 3 �l of cDNA.

For the measurement of the number of genome copies in the RT-LAMP-
positive samples, real-time quantitative PCR was performed by using primers
COG1F and COG1R and fluorogenic probe RING1-TP(a) for GI and primers
COG2F and COG2R and fluorogenic probe RING2-TP for GII (11) with a

LightCycler (Roche Diagnostics, Penzberg, Germany). The real-time PCR was
performed in 20 �l of a reaction mixture containing 2 �l of 10� PCR master mix
(LC FastStart DNA hybridization probes; Roche), 10 pmol of each of the
primers, 8 pmol fluorogenic probe, 3 mM MgCl2, and 5 �l of cDNA. The
following real-time PCR conditions were used: 95°C for 10 min, 50 cycles of 95°C
for 15 s, 56°C for 20 s, and 72°C for 4 s, and a final cooling at 40°C for 30 s.

Standard RNA. The plasmid DNAs containing the target sequences amplified
with primer sets F3 and B3 (G1SKR) for GI or F3 and B3 (G2SKR) for GII were
first prepared with the pDrive cloning vector (QIAGEN). The standard RNAs
were transcribed from the plasmid DNAs by using SP6 polymerase (Ambion,
Austin, TX) and were used to determine the sensitivity of the RT-LAMP assay.
The standard RNAs for GI and GII belonged to genotypes GI/2 and GII/12,
respectively, according to the scheme of Kageyama et al. (10).

Genotyping. After purification of the RT-PCR-positive products with a QIAquick
PCR purification kit (QIAGEN), the sequencing of 260 bp was carried out
with a SequiTherm EXCEL II DNA sequencing kit LC for 25- to 41-cm gels
(EPCENTRE Technologies, Madison, WI) and a LI-COR 4200 series sequencer
(LI-COR, Lincoln, NE). The sequences were compared with those of the refer-
ence strains of NoVs obtained from GenBank and classified into 31 genotypes as
described by Kageyama et al. (10).

RESULTS

We developed a one-step, single-tube RT-LAMP assay for
the detection of NoV genomes with genogroup-specific prim-
ers for GI and GII. The RT-LAMP assay was carried out with
a set of 9 and 13 primers for GI and GII, respectively. These
multiple primers used for the detection of many genotypes
contained several mixed bases, which were not used in many
other RT-LAMP assays (4, 19, 22, 23, 25). Taking the use of
mixed bases into consideration, to achieve high sensitivity,
the RT-LAMP reaction in this study was extended to 90 min
at 62°C, followed by heat inactivation at 80°C for 5 min. The
RT-LAMP assay amplified 402-bp (nucleotides 5270 to 5671
of Norwalk/68/US, GenBank accession number M87661)
and 411-bp (nucleotides 4979 to 5389 of Lordsdale/93/UK,

TABLE 1. Primer sets for genogroups I and II for detection of noroviruses

Genogroup Primer namea Typeb Targetc Sequence(s) (5�–3�)d

I F3 OF 5270–5671 CCRGGNTGGCARGCNATGTT
B3 (G1SKR) OR CCAACCCARCCATTRTACA
FIP1 IF F1C, CATTTACGAATTCGGGCAGG; F2, CGCTGGATGCGNTTCCATGA
FIP2 IF F1C, CATTTACAAAATCGGGCAGG; F2, CGCTGGATGCGNTTCCATGA
BIP1 IR B1C, GATGGCGTCTAAGGACGC; B2, AGCTGTRTTTGCCTCTGGWAC
BIP2 IR B1C, GATGGCGTCTAAGGACGC; B2, AGCWGTATTAACCTCCGGYAC
LF1 LF AGATYGCGATCYCCTGTCCA
LF2 LF AGATTGCGATCTCCTGCCCA
LF3 LF AGCTCGCGGTCTCCTGTCCA

II F3 OF 4979–5389 GGNMTGGANTTTTAYGTGCCMAG
B3 (G2SKR) OR CCRCCNGCATRHCCRTTRTACAT
FIP1 IF F1C, GGGAGCMAGATTGCGATCGC; F2, GAGBCNATGTTYAGRTGGAT
FIP2 IF F1C, GGGAGCMAGATTGCGATCGC; F2, GAGCCCATGTTCAGRTGGAT
FIP3 IF F1C, GGGAGCGAGATTGCGATCGC; F2, GAGTCAATGTTYAGGTGGAT
BIP1 IR B1C, TGTGAATGAAGATGGCGTCG; B2, CTCATTRTTRVTCTCTGGBACGAG
BIP2 IR B1C, TGTGAATGAAGATGGCGTCG; B2, CTCATTRTTGCYCTCTGGYACGAG
BIP3 IR B1C, TGTGAATGAAGATGGCGTCG; B2, CTCATTGTTGAYCTCTGGKACGAG
BIP4 IR B1C, TGTGAATGAAGATGGCGTCG; B2, CTCATTRTTACTTTCTGGCACGAG
LF1 LF GTGCTCARATCWGARAACCTC
LF2 LF GTGCTGAGGTCWGARAATCTC
LF3 LF GTGCTCAAATCTGAGAATCTC
LF4 LF GTGCTCAAGTCTGAGAAYCTC

a B3 primers used for genogroups I and II were G1SKR and G2SKR, respectively, as described by Kojima et al. (13). FIP and BIP primers consist of F1C plus TTTT
plus F2 and B1C plus TTTT plus B2, respectively, where TTTT is a spacer.

b OF, outer forward; OR, outer reverse; IF, inner forward; IR, inner reverse; LF, loop forward.
c Nucleotide positions according to those of Norwalk/68/US (GenBank accession number M87661) for genogroup I and Lordsdale/93/UK (X86557) for genogroup II.
d Mixed bases in degenerate primers are as follows: K, T or G; M, A or C; R, A or G; W, A or T; Y, C or T; B, not A; H, not G; V, not T; N, any.
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X86557) target sequences from the C terminus of the RNA-
dependent RNA polymerase gene to the capsid N-terminal/
shell domain region for GI and GII, respectively.

Sensitivity and specificity of the RT-LAMP assay. The sen-
sitivity of the RT-LAMP assay for the detection of NoV ge-
nomes was tested by using serial 10-fold dilutions of standard
RNAs of GI and GII with Easy Dilution solution (Takara) and
compared with that of conventional RT-PCR. The detection
limits of the RT-LAMP assay for the standard RNAs of GI and
GII were found to be approximately 102 and 103 copies/tube,
with a time of positive change of 57 to 65 min (average, 61 min)
and 57 to 60 min (average, 59 min), respectively, which were
the same as for the turbidity assay, but 10-fold less reactivity
than that of RT-PCR was observed (Fig. 2). A positive reaction
in the RT-LAMP assay was seen as a ladder-like pattern in 3%
agarose gel electrophoresis analysis. No cross-reaction was
found between GI and GII with the standard RNAs of geno-
types GI/2 and GII/12 at 108 copies/tube, respectively. Graphs
of the data obtained for real-time amplification in the RT-
LAMP assay are shown in Fig. 3. The times until positive
change were found to be 31 min for genotype GI/2 and 20 min
for GII/12. Furthermore, serial 10-fold dilutions of RNA ex-
tracts prepared from the fecal specimens were used to deter-
mine the sensitivity of the RT-LAMP assay according to ge-
notype. For GI, the sensitivities of genotypes GI/1, GI/2, GI/4,

FIG. 1. Location of primers used for genogroup I (A) and II (B) for genogroup-specific RT-LAMP assay. (A) Sequence of Norwalk/68/US
(GenBank accession number M87661); (B) sequence of Lordsdale/93/UK (X86557). Numbers at the beginning and end of the sequences denote
nucleotide positions. Primers FIP and BIP in Table 1 consist of F1C plus TTTT plus F2 and B1C plus TTTT plus B2, respectively, where TTTT
is a spacer. The B3 primers for genogroups I and II were primers G1SKR and G2SKR, respectively, as described by Kojima et al. (13).

FIG. 2. Sensitivity of genogroup-specific RT-LAMP assay for stan-
dard RNAs of genotype GI/2 for genogroup I (A) and GII/12 for geno-
group II (B). Lanes: M, 100-bp DNA ladder; 1, 104 copies/tube; 2, 103

copies/tube; 3, 102 copies/tube; 4, 101 copies/tube. Positive reaction shows
a ladder-like pattern in 3% agarose gel electrophoresis. The turbidity was
measured using an LA-320C (Teramecs), and RT-PCR was carried out
with primers G1SKF and G2SKR for genogroup I and G2SKF and
G2SKR for genogroup II (13). �, positive; �, negative.
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GI/8, GI/11, and GI/14 tested were 102, 102, 102, 102, 102, and
103 copies/tube, respectively, in the turbidity assay. For GII,
the sensitivities of genotypes GII/1, GII/2, GII/3, GII/4, GII/5,
GII/6, GII/8, GII/12, and GII/14 tested were 103, 102, 103, 102,
103, 103, 103, 103, and 103 copies/tube, respectively. Thus, the
sensitivity of the RT-LAMP assay was different depending on

the genotype. Although the fecal specimens containing the
genotypes GI/2, GI/11, and GII/5 used in this test also included
other genotypes (GII/12, GII/3, and GI/14, respectively), these
sensitivities were similar to the others. Furthermore, it was
observed that none of the genogroup-specific primers cross-
reacted between genogroups with any of the fecal specimens
obtained from NoV outbreaks (Table 2).

The specificity of the RT-LAMP assay was checked using 16
fecal specimens containing the following: sapovirus (3 speci-
mens), human astrovirus (3 specimens), adenovirus type 40
and 41 (4 specimens), and group A and C rotavirus (6 speci-
mens). The fecal specimens containing these gastroenteritis
viruses gave negative results for the RT-LAMP assay within a
90-min run (data not shown). Thus, the genogroup-specific
RT-LAMP assay with the multiple primers containing mixed
bases had a high degree of specificity for NoV genomes.

Evaluation of RT-LAMP assay with fecal specimens. A total
of 75 fecal specimens obtained from 26 NoV outbreaks were
tested by the genogroup-specific RT-LAMP assay, and the
results were compared to those of conventional RT-PCR. A
concordance of 95% (71 of 75) between the RT-LAMP assay
and RT-PCR was observed. Of the 75 samples, 23 and 57 were
positive for GI and GII, respectively, and 48 and 18 were
negative for GI and GII, respectively, in both assays. The
RT-LAMP assay, however, gave positive results for four RT-
PCR-negative specimens of two outbreaks and detected NoV
GI in these specimens. These fecal specimens were also posi-
tive by the RT-LAMP assay in retests. The sensitivity and

FIG. 3. Evaluation of cross-reactivity of genogroup-specific RT-
LAMP assay between genogroups I and II. Standard RNAs of geno-
types GI/2 and GII/12 at 108 copies/tube were used in genogroups I
and II, respectively. The real-time turbidity was determined using an
LA-320C (Teramecs).

TABLE 2. Comparison of RT-PCR and RT-LAMP assays for detection of noroviruses in gastroenteritis outbreaks

Outbreak
no.

Genogroup I Genogroup II Epidemiology
(transmission)RT-PCRa RT-LAMPa Genotype(s)b RT-PCRa RT-LAMPa Genotype(s)b

40 ●●● ●●● GI/1, GI/1, GI/1 ��� ��� Person to person
38 ●●� ●●� GI/1, GI/11 ●●● ●●● GII/3, GII/3, GII/3 Food borne
35 ��● ●●● GI/2 ●●● ●●● GII/5, GII/5, GII/5 Food borne
20 �●● �●● GI/2, GI/2 ●●● ●●● GII/12, GII/12, GII/14 Food borne
32 ��● ��● GI/2 ●●● ●●● GII/14, GII/14, GII/14 Food borne
61 ●●● ●●● GI/4, GI/4, GI/4 ��� ��� Person to person
43 ●● ●● GI/4, GI/4 ●● ●● GII/3, GII/3 Food borne
25 �● �● GI/4 ●● ●● GII/12, GII/12 Person to person
16 ●●● ●●● GI/4, GI/4, GI/8 ��� ��� Food borne
48 ��● ��● GI/8 ●●� ●●� GII/4, GII/12 Food borne
42 ●� ●� GI/14 �● �● GII/4 Food borne
27 ●●● ●●● GI/14, GI/14, GI/14 �●● �●● GII/5, GII/5 Food borne
15 ��� ��� ●●� ●●� GII/1, GII/1 Food borne
45 ��� ��� ●�● ●�● GII/1, GII/1 Food borne
60 ��� ��� ●●● ●●● GII/2, GII/2, GII/2 Person to person
39 ��� ��� ●●● ●●● GII/3, GII/3, GII/3 Person to person
49 ��� ��� ●�● ●�● GII/4, GII/4 Person to person
50 ��� ��� ●●● ●●● GII/4, GII/4, GII/4 Person to person
51 ��� ��� ●●� ●●� GII/4, GII/4 Person to person
55 ��� ��� ●●● ●●● GII/4, GII/4, GII/4 Person to person
57 ��� ��� �●● �●● GII/4, GII/4 Person to person
59 ��� �●● ●●� ●●� GII/4, GII/6 Food borne
28 ��� ��� ●●● ●●● GII/5, GII/5, GII/5 Food borne
37 ��� ��� ●●● ●●● GII/5, GII/5, GII/5 Food borne
54 ��� ��� ●●● ●●● GII/6, GII/6, GII/6 Person to person
33 ��� ��� ●●● ●●● GII/8, GII/8, GII/8 Person to person

a Same samples in order in RT-PCR and RT-LAMP assay. ●, positive; �, negative. Each circle refers to the results from a single fecal specimen in the outbreak.
Underlined results denote that positivity was detected at over 60 min in the RT-LAMP assay.

b The genotyping of amplicons by RT-PCR was carried out according to the scheme of Kageyama et al. (10). The column represents the genotypes identified in the
outbreak and the genotypes of the positives by RT-PCR are shown in order. Eleven outbreaks were due to multiple genotypes, and one or two genotypes in each fecal
specimen were identified.
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specificity of the RT-LAMP assay with regard to RT-PCR
were 100 and 94% for GI and 100 and 100% for GII, respec-
tively. Of 27 NoV-positive specimens in GI, 22 (81%) reacted
within 60 min in the RT-LAMP assay and 50 (88%) of 57
positive specimens in GII reacted within 60 min (Table 2). The
genotypes detected from the 26 NoV outbreaks were divided
into six types (GI/1, GI/2, GI/4, GI/8, GI/11, and GI/14) for GI
and nine types (GII/1, GII/2, GII/3, GII/4, GII/5, GII/6, GII/8,
GII/12, and GII/14) for GII. The RT-LAMP assay was able to
detect all of these genotypes of NoV with a high degree of
specificity. The number of genome copies in the RT-LAMP-
positive specimens was estimated to range from 1.7 � 102 to
3.7 � 108 copies/tube in GI and from 1.3 � 103 to 3.2 �106

copies/tube in GII (Table 3). The numbers of copies of NoV
genomes in the fecal specimens obtained from gastroenteritis
outbreaks in this study were higher than the levels of sensitivity
of the RT-LAMP assay.

DISCUSSION

NoVs are major causative agents of nonbacterial gastroen-
teritis in many countries in the cold season (16). Therefore, the
rapid detection of NoV genomes is needed when acute gastro-
enteritis outbreaks occur. The detection of NoV genomes is
usually performed by RT-PCR (5), which requires 3 to 4 h.
Isothermal amplification methods such as LAMP, NASBA,
and TRC are available for the detection of NoV genomes
within a shorter time (6, 8, 9, 15, 18), but the NASBA assay
requires a further test for the confirmation of NoV genomes
and the TRC assay requires a precision instrument such as a
real-time fluorometer. On the other hand, the RT-LAMP as-
say has extremely high specificity and selectivity because of its
use (generally) of six primers, with two loop primers recogniz-
ing eight distinct regions on the target sequence. The specific-
ity and selectively of the RT-LAMP assay have been docu-
mented in previous studies (4, 19–23, 25, 26). Furthermore, the

RT-LAMP reaction yields a white precipitate of magnesium
pyrophosphate in the reaction mixture, and the positive reac-
tion can be identified at the end point of the assay by the
appearance of this white precipitate without a turbidimeter.

We could achieve rapid detection of NoV genomes by using
a one-step, single-tube genogroup-specific RT-LAMP assay.
This is the first report of the development of an RT-LAMP
assay for the detection of NoV genomes. The specificity of the
RT-LAMP assay for NoV genomes was established by exam-
ining the cross-reaction with standard RNAs of GI and GII,
RNA templates of 15 genotypes of NoVs, and RNAs of other
viruses causing gastroenteritis. The RT-LAMP assay for the
detection of NoV genomes was genogroup and genus specific
and can be used for the detection of NoVs from outbreaks of
food-borne and person-to-person-transmitted gastroenteritis
and sporadic gastroenteritis cases.

At least 14 and 17 genotypes have been found for GI and
GII, respectively (10). It is difficult to detect many genotypes
using an RT-LAMP assay system with a high degree of sensi-
tivity because of the diversity of NoV genotypes. Our RT-
LAMP assay was able to detect NoV genomes with sensitivity
levels of approximately 102 to 103 copies/tube in serial 10-fold
dilution tests of RNA templates and had good performance
with regard to concordance, specificity, and sensitivity in com-
parison to RT-PCR. Although the sensitivity of the RT-LAMP
assay differed by genotype and was not influenced by the pres-
ence of multiple genotypes in a fecal specimen, our RT-LAMP
assay was sufficient to detect NoV genomes from fecal speci-
mens. However, it may be necessary to further lower the limit
of detection because the numbers of copies of the NoV ge-
nome in foods such as oysters are low (17).

A total of 15 genotypes (GI/1, GI/2, GI/4, GI/8, GI/11, and
GI/14 of GI and GII/1, GII/2, GII/3, GII/4, GII/5, GII/6, GII/8,
GII/12, and GII/14 of GII) tested could be detected by our
RT-LAMP assay. The sensitivity of the detection of the re-
maining 16 genotypes (GI/3, GI/5, GI/6, GI/7, GI/9, GI/10,
GI/12, and GI/13 of GI and GII/7, GII/9, GII/10, GII/11, GII/
13, GII/15, GII/16, and GII/17 of GII) by our RT-LAMP assay
must be tested in further studies, although the primers used in
the RT-LAMP assay were probably designed as consensus
primers for the NoV sequences obtained from GenBank, and
it is expected that the RT-LAMP assay will also be able to
detect the remaining genotypes not tested in this study.

We expect that the genogroup-specific RT-LAMP assay will
be routinely used in most laboratories because of its simplicity,
specificity, and selectively. The greatest advantage of the RT-
LAMP assay is the substantial reduction in required time com-
pared to that required for RT-PCR. Our simple-to-use geno-
group-specific RT-LAMP assay shortens the amplification
time to within 90 min or even 60 min in most cases.
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