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Abstract: We designed a new set of primers for reverse transcriptase loop-mediated isothermal amplification (RT-
LAMP) to specifically amplify the HA gene of avian influenza viruses subtype HSN1. By testing nine H5N1 virus
strains and 41 clinical samples collected in Northern Vietnam, we found that the new primers showed higher sensi-
tivity and specificity than the previously published RT-LAMP primers and were comparable to the RT-PCR method
currently recommended by WHO. These results suggest that our RT-LAMP assay may be a better choice as a diag-

nostic tool for current HS5N1 influenzavirus infection.
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INTRODUCTION

The infection of avian populations with certain subtypes of
avian influenza A virus poses a continuous global human
public health risk of a sporadic human zoonotic infection
and emergence of a pandemic influenza strain. Human in-
fection with one of these novel highly pathogenic avian in-
fluenza (HPAI) A(H5N1) viruses was first recognized dur-
ing the 1997 outbresk in Hong Kong S.A.R. of China
Since 2003, outbreaks of HPAI A(H5N1) have occurred
among poultry in Asia, Europe and Africa, and human in-
fections with this subtype are continuing [1]. The conse-
guences have worsened with 382 infected human cases and
241 deaths as of April, 2008 [2]. Millions of avian species
have been lost by culling, imposing a huge economical bur-
den on developing countries.

The ongoing circulation of avian influenza A(H5N1) vi-
ruses in poultry in areas of Asia and Africa and the contin-
ued human infection with this subtype emphasize the need
to enforce a diagnostic protocol for rapid and sensitive de-
tection of the infections. Severa methods have been used
for A(H5N1) diagnosis in reference laboratories including
PCR, RT-PCR and real-time PCR, especially a conventional
RT-PCR method using specific primers as recommended by
the World Health Organization (WHO) [3].

Loop-mediated isothermal amplification (LAMP) is a novel
nucleic acid amplification method reported by Notomi et al.
in 2000 [4, 5] with the advantage of being smple, rapid and
easy to perform especialy in the field setting where there is
a lack of sophisticated diagnostic equipment. LAMP has
been successfully applied in the detection of viruses like Se-
vere Acute Respiratory Syndrome (SARS) Coronavirus,
Rift Valley Fever Virus, West Nile Virus and Dengue Virus
[1,6,7,8].

Reverse transcriptase (RT)-LAMP has been used for A(H5
N1) avian influenza virus identification with some initia
success [9, 10, 11]. However, the sensitivity of LAMP,
which uses six primers recognizing eight distinct regions on
the target gene, is not stable due to the rapid changes of A
(H5N1) influenza virus genotypes. Updating the primer se-
guences is necessary to maintain the high sensitivity of the
H5 RT-LAMP assay.

In this study, we designed a new set of RT-LAMP primers
for H5 hemagglutinin (HA) gene identification with a speci-
ficity and sensitivity higher than previoudy reported RT-
LAMP primer sets. In addition, our primers may be appli-
cable for all the clades and subclades of A(H5N1) influenza
viruses based on the lower number of mismatches to the ref-
erence seguences. Experimental results with nine A(H5N1)
virus strains of both clade 1 and 2 (subclade 2.3) and the
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clinical samples collected in 2007 in Vietnam showed high
specificity and sensitivity. Our new RT-LAMP primers are
considered to be a useful method for HPAI virus infection
diagnosis and surveillance.

MATERIALSAND METHODS

Virus: The nine H5N1 influenza virus strains used in this
study were isolated from humans in 2004, 2005 and 2007.
Two of them belong to clade 1 (HN3040 and HN30408)
and the others to subclade 2.3 (BM 196, HN 30850, HN
31203, HN 31242, HN 31244, HN 31312 and HN 31323).
The viruses were isolated using MDCK cells, and the virus
titer in the infected culture fluid (ICF) was examined by
plaque assay using MDCK cells according to the standard
protocol. Briefly, confluent MDCK cells were incubated in
a24-well plate for 1h at 37°C with 10-fold seria dilution of
virus ICF. The cells were then overlaid with minimum es-
sential medium (MEM) containing 1.5% agar and 1ug/ml
of TPCK trypsin. The plaques were visualized after incuba-
tion at 37C for three days by staining with 0.1% crysta
violet solution containing 10% formaldehyde.

Clinical specimens. A total of 41 specimens, including
throat swabs and tracheal aspirates, were collected from
HPAI infection-suspected patients in Vietnam in 2007.
Among them, seven patients were confirmed as A(H5N1)
cases as reported by WHO. All the patients had fulfilled the
WHO definition of A(H5N1) suspected human cases.
Processing of clinical samples and virus isolation were per-
formed at biosafety level 3 containment facilities in the De-
partment of Virology, Nationa Institute of Hygiene and
Epidemiology (NIHE), Hanoi, Vietnam.

Designing of primers: A set of six primers recognizing
eight distinct regions on the target HA gene was designed as
described previoudly [1, 6, 7, 8]. A(H5N1) HA gene se-

quences selected from reference viruses (1) were aligned by
clustalX software. The most conserved region was chosen
(nucleotide 1048 to 1230 in the HA gene of HN 30850
strain - GenBank accession no. HM 114537.1) and applied
to the LAMP primer designing software PrimerExplorer V4
(Eiken Chemicals, Japan: http://primerexplorer.jp/e/; ver-
sion 4). Four of the six primers were modified as degener-
ate primers (Table 1).

RNA extraction: Viral RNA was extracted from 140pl of
clinical specimens or virus ICF using a QlAamp viral RNA
mini kit (Qiagen, Hilden, Germany) according to the manu-
facturer's instructions. The initial processing of specimens
was performed at biosafety level 3 containment facilities.
The extracted RNA was eluted in a total volume of 60l of
elution buffer and stored at -70%C until further use.

RT-LAMP assay: The RT-LAMP reaction was carried out
in 25ul total reaction volume using the Loopamp RNA am-
plification (RT-LAMP) kit (Eiken Chemical Co. Ltd.; To-
chigi, Japan) containing 40 pmol each of FIP and BIP prim-
ers, 20 pmol each of loop-primers, 5 pmol each of F3 and
B3 outer primers, 1.4 mM concentrations of deoxynucleo-
side triphosphates, 0.8 M betadine, 0.1% Tween 20, 10 mM
(NH,)2SO., 10 mM KCl, 20 mM Tris-HCI (pH 8.8), 8 U of
Bst DNA polymerase (New England Bolabs), 0.625 U of
avian myeloblastosis virus reverse transcriptase (Invitrogen),
and 5yl of extracted RNA. The reaction mix was incubated
at 62.5°C for 90 minutes in Loopamp realtime turbidimeter
LA-200 (Teramecs, Japan). Positive and negative controls
were included in each run, and al precautions to prevent
cross-contamination were observed.

Conventional RT-PCR assay: To compare the sensitivity
and specificity of the H5 RT-LAMP assay, conventional RT-
PCR was also performed with the primer set designed by
the WHO H5 Reference Laboratory Network [12]. The se-

Table 1: Primers for RT-LAMP amplification of the HA gene of H5N1 influenzaviruses. K, R, W, Y is the mixture of (G, T),

(A, G), (A, T) and (C, T) respectively.

Primers Sequence ?ﬁnﬁ ggg:—,lc()))n
H5-F3 GCTATAGCAGGKTTTATAGAGG 1048-1069
H5-B3 GCCTCAAACTGAGTGTTCAT 1210-1229
H5-FL GGTGRWACCCATACCAACCA 1092-1111
H5-BL CYACTCAAAAGGCAATAGATGGA 1154-1176
H5-FIP ACTCCCCTGCTCRTTGCTATGGATGGCAGGGAATGGTA 1074-1089
1110-1131
HS5-BIP GGTACGCTGCAGACAARGAATGAGTTGACCTTATTGGTGA 1133-1153
1178-1196




guences of these primers were 5" -
GCCATTCCACAACATACACCC-3' (H51) and 5'-
CTCCCCTGCTCATTGCTATG- 3 (H5-3). 5pl of RNA
solution was added as the template to 45ul of master mix-
ture using Qiagen Onestep RT-PCR kit. Procedures were
followed as described in the WHO protocol [12].

Realtime RT-PCR assay: According to the A(H5N1) diag-
nostic protocol in the Department of Virology, National In-
gtitute of Hygiene and Epidemiology (NIHE), Hanoi, Viet-
nam, real-time RT-PCR assay was used to confirm cases
which showed unclear positive results using the conven-
tional RT-PCR. The primer/probe sequences and procedure
are described in the WHO protocol [12].

RESULTS

Sensitivity and specificity of HS RT-LAMP:

To evaluate the sensitivity of the RT-LAMP assay with our
H5 primer set, al the nine A(H5N1) virus strains with
known plague-forming unit (PFU) titers were seriadly di-
luted 10- fold until 10° PFU and tested. At the same time,
two RT-LAMP assays using NIID primers and our H5 prim-
ers and a conventional RT-PCR using H5 WHO primer were
carried out for each virus strain to compare the sensitivity.
The sensitivity of our RT-LAMP primers compared with the
RT-PCR were the same (for seven strains) or 10 times lower
(for two strains). On the other hand, compared with the
NIID RT-LAMP primer set, the sensitivity of our RT-LAMP

O

Figure 1: Red-time amplification of H5 HA gene by H5 RT-
LAMP using turbidity measurement machine LA-200.
10-fold serial dilutions of H5N1 virus strain HN 30850
ranging from 10 to 10° PFU/reaction were tested.
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assay was 10 to 100 times higher (for four strains) or the
same (for five straing) (Table 2). Our H5 RT-LAMP prim-
ers could detect the viruses at the concentration of 1 PFU
per reaction within 20 minutes, and &l of the positive sam-
ples showed positivity within 60 minutes (Figure 1).

The specificity of the HS RT-LAMP tests was checked by
examining H5 viruses and other respiratory viruses includ-
ing seasona human influenza H3N2 and HIN1 (data not
shown). All the positive samples were H5 virus strains, and
this was confirmed by agarose gel electrophoresis (3%,
ethidium bromide staining). The H5 samples showed very
clear ladder-like patterns on the gel, while no positive am-
plification was observed in other viruses.

Table 2: Limit of detection of H5N1 virus strains calculated by Plaque Forming Unit (PFU) titers.

) . RT - LAMP
Virus strain Year of Clade/ - RT - PCR
(Accession no.) isolation Subclade I\_“ ID Nag"mk' WHO primers
primers primers
HN 3040
(HM 114481.1) 2004 1 0.01 0.01 0.01
HN 30408
(HM 114529.1) 2005 1 0.01 0.001 0.001
BM 196 2005 2/2.3 1 0.01 0.01
HN 30850
(HM 114537.1) 2005 2/2.3 0.001 0.001 0.001
HN 31203
(HM 114545.1) 2007 2/2.3 1 1 0.1
HN 31242 2007 2/2.3 1 1 1
HN 31244
(HM 114561.1) 2007 2/2.3 1 0.1 0.1
HN 31312
(HM 114577.1) 2007 2/2.3 1 0.1 0.01
HN 31323 2007 2/2.3 1 1 1




O

Evaluation of H5 RT-LAMP with clinical specimens:

A total of 41 clinical samples of H5 suspected patients col-
lected in Northern Vietnam in 2007 were examined. All of
the samples were tested both by our RT-LAMP and by
WHO RT-PCR. Some with unclear results were confirmed
by real-time RT-PCR. The data showed identical positive

results between RT-LAMP and RT-PCR in 16 of 41 samples.
Twenty four samples gave negative results by both methods.

Only one sample, which was negative with RT-LAMP, gave
an unclear positive (+/-) result with RT-PCR, but was con-
firmed as positive by real-time RT-PCR (Table 3). All the
positive samples by RT-LAMP showed the ladder-like pat-
ternin electrophoresis analysis.

Furthermore, we have tested 30 recently collected human
and avian samples, which are the suspected and confirmed
cases of A(H5N1) in Northern Vietnam between late 2007
and March 2008 (data not shown). 100% of the positive
cases with RT- PCR had been detected by RT- LAMP and
there was no false positive result. Notably, the positive
samples whose detection time was around 20 minutes could
be propagated in cell culture.

DISCUSSION

The efficient transmission of A(H5N1) influenza viruses
among humans, which is an essential prerequisite for a pan-
demic, has not been reported. However, human cases trans-
mitted by close contact with infected poultry have been re-
ported continuously. An early and rapid method for diagno-
sis of A(H5N1) human suspected cases has an important
rolein the surveillance of the disease.

LAMP has been shown to be a useful nucleic acid amplifi-
cation method for clinical diagnosis and surveillance of dis-

Table 3: Identification of H5 virusesin clinical samples from Vi-
etnam using RT-LAMP and RT-PCR. (*): confirmed as
positive by real-time RT-PCR

Clinical samples RT - LAMP RT - PCR
(Nagasaki primers) WHO primers
Positive 16 16
Negative 25 24
Un-clear 0 1°
Total 41 41

eases due to its simple operation, rapid reaction and easy
detection. An RT-LAMP assay is asimple diagnosis tool in
which the reaction is carried out in a single tube by mixing
the buffer, primers, reverse transcriptase, and DNA polym-
erase and incubating the mixture at 62.5C for 60 minutesin
a regular laboratory water bath or heat block. The results
can be detected by naked-eye observation. However, apply-
ing the RT-LAMP method to A(H5N1) influenza virus iden-
tification faces difficulties such as the rapid genetic changes
of the virus. Because the RT-LAMP primer set consists of
six primers that recognize eight distinct regions on the tar-
get gene, new strains of A(H5N1) virus with a number of
mismatches may emerge easily. This could be the reason
why the sensitivity of the RT-LAMP assay is not consistant
among the strains of A(H5N1) virus. Hence, the sequences
of the primers should be updated frequently.

In this study, we designed a new RT-LAMP primer set to
detect the H5 HA gene of HPAI viruses. The experimental
results for nine Vietnamese strains of A(H5N1) influenza
viruses showed a comparable sensitivity to that of the WHO
recommended RT-PCR assay (the sensitivity was the same
in seven strains, while the other two were 10 times lower)
and a little higher than the previously published H5 RT-
LAMP primer set. These data (with clade 1 and 2.3 of H5
viruses) and the alignment showing the very limited number
of mismatches with clade 2.1 and 2.2 (Table 4) suggest that
our LAMP primers can be used widely and effectively with
all circulating A(H5N1) viruses.

The detection limits of H5 RT-LAMP vary from 1 PFU to
10° PFU for each virus strain (Table 2). Although PFU titer
indicates a functional measurement rather than a quantitive
method, higher detection limits of 0.1 or 1 PFU were ob-
tained, and amost al of the viruses were 2007 isolates,
which have re-emerged since November 2005. Two strains
that showed lower sensitivity by our RT-LAMP method also
belonged to that group. This suggests that the genotypes of
circulating A(H5N1) influenza viruses have changed and
that the sensitivity of the RT-LAMP method was reduced
even though the assay has been updated thistime. Analysis
of genetic changes in A(H5N1) viruses and continuous up-
grading of the primers may be needed in the near future.
Current examinations on human and avian clinical samples
in Northern Vietham from late 2007 until March 2008
showed that our RT-LAMP primers had high sensitivity and

Table 4: Number of mismatches between the two sets of primer and the clades of A(H5N1) influenza viruses.
Alignment of each clade/subclade was done using the reference strains from the WHO report (1).

Clade 1 Clade 2.1 Clade 2.2 Clade 2.3 VN strains
Nagasaki H5 RT-LAMP primer set 1 2 1 1 2
NIID H5 RT-LAMP primer set 5 3 7 6 13




specificity to those strains compared to RT-PCR and vira
isolation. The evolution analysis of updated A(H5N1) vi-
ruses has characterized Vietnam's strains belonging to sub-
clade 2.3.4 [13], and the sequence alignment of these strains
shows that the target region for our RT-LAMP is till well
conserved. Thus we predict that our primers will work well
on new A(H5N1) viruses from Vietnam.

In conclusion, a new set of RT-LAMP primers for H5 HA
gene detection was developed and tested. The sensitivity
and specificity of our RT-LAMP primer set compared with
another RT-LAMP primer set and the conventional RT-PCR
demonstrates the potential of this method for use in the di-
agnosis and surveillance of H5 suspected human cases, es-
peciadly in thefield.
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