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A new nucleic acid amplification-based rapid test for diagnosis of pandemic influenza (HIN1) 2009 virus was
developed. The molecular test for pandemic HIN1, SAMBA (simple amplification-based assay), is based on
isothermal amplification and visual detection on a dipstick characterized by high sensitivity, high specificity,
a short turnaround time, and minimal technical requirements. The amplification step is monitored with an
internal control to ensure correct interpretation of test results. The clinical performance of this assay was
evaluated using blinded RNA samples extracted from nasal/throat swab specimens from 262 patients exhib-
iting influenza-like illness. Compared with the United Kingdom National Standard Method, based on quan-
titative reverse transcription-PCR, the sensitivity, specificity, positive predictive value, and negative predictive
value of the new assay were 95.3% (95% confidence interval, 88.5 to 98.7%), 99.4% (95% confidence interval,
96.9 to 99.9%), 98.8% (95% confidence interval, 93.5 to 99.9%), and 97.8% (95% confidence interval, 94.4 to
99.4%), respectively. The SAMBA for pandemic HIN1 provides a new technology that could potentially
facilitate timely diagnosis and management of infected individuals, thereby informing decision making with

regard to patient isolation during a pandemic outbreak.

Since the identification of the pandemic influenza (HIN1)
2009 virus and its subsequent antigenic and genetic character-
ization, this new influenza virus strain has rapidly spread
worldwide (1, 10). As of December 2009, >600,000 cases and
at least 8,768 deaths were reported (27). In June 2009, the
outbreak was officially declared a pandemic by the World
Health Organization (WHO). The pandemic (HIN1) 2009
strain evolved from the family of swine triple-reassortant vi-
ruses, which contain genes derived from avian, swine, and
human influenza viruses. The swine triple-reassortant viruses
are mainly enzootic, with only sporadic cases of human infec-
tion having been reported (25). The pandemic (HIN1) 2009
strain acquired the hemagglutinin (H) gene from a swine
HIN2 virus and the neuraminidase (N) and matrix protein
genes from the Eurasian swine lineage, and it evolved into a
pathogen capable of sustaining efficient human-to-human
transmission (4).

Despite the demonstration of a high viral titer in the lungs as
well as viral shedding and replication in the lower respiratory
tract (trachea, bronchi, and bronchioles) in ferret models in-
oculated with the virus, laboratory-confirmed cases of pan-
demic influenza (H1N1) 2009 virus in humans have so far been
suggestive of a generally mild course of disease (19, 20). The
clinical symptoms are similar to those associated with seasonal
influenza, including fever, cough, and sore throat, with a high
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proportion of gastrointestinal symptoms (diarrhea, vomiting)
being perhaps the only atypical clinical manifestation specific
to pandemic (HIN1) 2009 virus. Most individuals experience
an uncomplicated influenza virus infection and recover without
the need for medical attention. However, pregnant women,
young children, and people with underlying chronic diseases
are at a higher risk of developing severe illness after infection,
which might be associated with reduced IgG2 levels (12, 27).
With regard to antiviral treatment, pandemic (HIN1) 2009
virus is sensitive to both oseltamivir and zanamivir (28). A
pandemic vaccine has recently become available, and large
immunization schemes have been implemented in many coun-
tries since November 2009 (29).

Frontline pandemic surveillance relies on rapid diagnosis of
suspected cases and timely treatment of infected individuals.
The current diagnostic tests for pandemic (HIN1) 2009 virus
include nucleic acid amplification tests (NAATSs) and antigen-
based assays. The NAATS are based on quantitative reverse
transcription-PCR (qRT-PCR) analysis with primers specific
for the hemagglutinin or neuraminidase gene (or both) of the
pandemic virus. Despite the high sensitivity and specificity
offered by qRT-PCR, this diagnostic platform is complex and
expensive and therefore suitable for use only in centralized
settings with highly trained staff. In contrast, the antigen-based
assays provide rapid diagnosis (within 15 min) but with a sen-
sitivity of only 56 to 74% compared with the results of NAATS
(14, 22). Mathematical modeling has estimated that the pop-
ulations of developing countries with poor medical resources
and infrastructure would account for 96% of the total mortality
if a pandemic similar to the 1918 Spanish flu should occur (2,
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21). Given that NAATSs are not readily accessible in re-
source-limited settings, the development of diagnostic as-
says that encompass the precision of nucleic acid-based tests
and the point-of-care characteristics of rapid immunoassays
at an affordable cost is critically needed for pandemic sur-
veillance. We now describe a molecular diagnostic assay for
specific detection of pandemic (H1N1) 2009 virus based on
isothermal amplification of nucleic acid and visual detection
on a dipstick. The test for pandemic HINI, designated
SAMBA (simple amplification-based assay), was evaluated
against the United Kingdom National Standard Method
(www.hpa-standardmethods.org.uk) as the “gold standard.”

MATERIALS AND METHODS

Control virus cultures. Cultured A/England/195/2009 pandemic HIN1 virus
was provided by the Centre for Infections (CfI), Health Protection Agency
(HPA), London, United Kingdom. The cultured virus was heat inactivated (56°C
for 90 min) and diluted in Copan universal transport medium (UTM). Quality
Control for Molecular Diagnostics (QCMD) influenza virus hemagglutinin typ-
ing panels 2007 and 2008 and cultures of 10 common respiratory pathogens were
obtained from Qnostics Ltd. (Glasgow, United Kingdom). RNA extracts from an
external quality assessment (EQA) panel were provided by CfI, HPA.

Clinical samples. A total of 265 mixed nasal/throat swab specimens submitted
to the Clinical Microbiology and Public Health Laboratory at Addenbrooke’s
Hospital, Cambridge, United Kingdom, for pandemic (HIN1) 2009 virus testing
between 12 and 27 November 2009 were analyzed in a double-blinded manner by
both the United Kingdom National Standard Method and the SAMBA for
pandemic HIN1. All of these specimens were randomly selected from individuals
who presented with influenza-like symptoms. Three postmortem samples were
excluded, leaving 262 valid samples. Patient ages ranged from 19 days to 91 years,
with a mean of 22.4 years, and the male-to-female ratio was 1.2 to 1. The
specimens were decoded, and the results were compared at the end of each
working day. Samples that gave discordant results with qRT-PCR and the
SAMBA for pandemic HIN1 were tested again by the SAMBA as well as sent to
CAT for confirmation by qRT-PCR and sequencing.

Nucleic acid extraction. RNA from cultured virus was extracted using a
QIAamp viral RNA minikit (Qiagen, Crawley, United Kingdom). Clinical sam-
ples (500 wl) were processed with the NucliSENS easyMAG system (bioMérieux,
Lyon, France), taking 40 min. As an internal control, bacteriophage MS2 (ATCC
15597-B1) was included (at ~4,600 PFU) in each sample prior to extraction (24).
Viral nucleic acid (all from RNA viruses except two adenovirus isolates, which
are DNA viruses) for the specificity study was extracted with the use of a
QIAamp DNA minikit (Qiagen). Extracted nucleic acid was used as the template
for the SAMBA and the qRT-PCR assay.

Detection of pandemic (HIN1) 2009 virus by the United Kingdom National
Standard Method. Clinical specimens were screened for influenza virus with
qRT-PCR assays by biomedical scientists at the regional clinical microbiology
laboratory in the Cambridge Health District, United Kingdom. A generic quad-
riplex assay capable of detecting all influenza A virus subtypes, influenza B virus,
the hemagglutinin H5 subtype, and bacteriophage MS2 was performed as de-
scribed previously (15). A minor modification was made to the specific minor
grove binding (MGB) TaqMan probe for the matrix protein gene (at the third
position) to improve its similarity to the pandemic HIN1 sequence (VIC-TCY
TGTCACCTCTGAC-MGBNFQ [where MGBNFQ is the minor-groove binder
nonfluorescence quencher]; Applied Biosystems, Warrington, United Kingdom).
The second assay was specific for pandemic (HIN1) 2009 virus and was originally
designed and developed at CfI but was modified into a one-step quantitative
assay for the Rotor-Gene 3000 or 6000 real-time thermal cycler (Corbett Re-
search, Qiagen). The primers (Metabion, Martinsried, Germany) H1 Sw For-
ward (5'-TTACCAGATTTTGGCGATCTAYT-3") and H1 Sw Reverse (5'-CC
AGGGAGACTASCARTACCA-3") target the 5’ terminus of RNA segment 4
(hemagglutinin gene) and yield a 62-bp amplicon. The MGB probe (5'-ACWG
TCGCCAGTTC-3") contains a 6-carboxyfluorescein (FAM) label at its 5’ end.
Degeneracies were introduced into the primers and probe to facilitate the ad-
ditional amplification of positive-control material (A/Aragon/RR3218/2008 vi-
rus) supplied by CfI to laboratories in England at the start of the influenza
pandemic. Both assays were performed with the use of a SuperScript IIT Plati-
num one-step qRT-PCR kit (Invitrogen, Paisley, United Kingdom) in a reaction
volume of 25 pl (containing 3 mM MgSO,) using the Rotor-Gene 3000 or 6000
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FIG. 1. Detection of pandemic (HIN1) 2009 virus on the dipstick.
After amplification of the influenza viral genome, the amplification
product was visually detected on the dipstick by naked eye and the
signal strength can be scored according to the scoring chart. (a) Ref-
erence scoring chart showing signal strength from 0.5 to 5 in 0.5-point
increment. (b) Samples of test results on the dipsticks showing strong
positive, intermediate positive, and negative (from left to right) sam-
ples. The upper line is the internal control line, which should be
present in all tests to validate the test run; the lower line is the test line
indicating the presence of the pandemic (H1N1) 2009 viral genome in
the samples.

instrument. The same amplification conditions were applied for each assay:
incubation at 50°C for 30 min and at 95°C for 2 min, followed by 45 cycles of
denaturation at 95°C for 15 s and annealing and extension at 60°C for 1 min. The
fluorescence was measured at the end of each cycle. For the pandemic (HIN1)
2009 virus-specific assay, the primer (forward or reverse) and probe concentra-
tions were 600 and 250 nM, respectively. Excluding sample extraction, the assay
took 125 min.

Design of primers and probes for SAMBA for pandemic HIN1. Primer and
probe sets were designed to target conserved sequences specific for the pandemic
(HINT1) influenza virus. Virus sequences were obtained from the Influenza Virus
Resource (National Center for Biotechnology Information; http://www.ncbi.nlm
.nih.gov/genomes/flu/flu.html). The sequences of the hemagglutinin genes of
A/California/07/2009, A/Brisbane/59/2007 (HIN1), and A/Brisbane/10/2007
(H3N2) viruses were first aligned with the use of the multiple alignment using
fast Fourier transform (MAFFT) program, available from the European Molec-
ular Biology Laboratory-European Bioinformatics Institute (EMBL-EBI; http:
/lwww.ebi.ac.uk/tools/mafft), and were then analyzed with the Jalview program
(version 2.3; University of Dundee, Dundee, United Kingdom). Regions that
were conserved among pandemic HIN1 strains but that contained mismatched
sequences relative to the sequences of seasonal influenza A viruses were selected
as targets for the primers. Detector and capture probes were also designed to
target similarly mismatched nucleotides. The primers and probes were compared
with the sequences in the Nucleotide Collection database at NCBI with the use
of the Basic Local Alignment Search Tool (BLAST) in order to determine their
specificities. The primer set was also aligned with all H1, H3, and H5 sequences
to confirm subtype specificity. The oligonucleotides were analyzed for predicted
secondary structure, GC content, and potential hetero- and homodimer forma-
tion with the use of an OligoAnalyzer (version 3.1; IDT Integrated DNA Tech-
nologies).

Detection of pandemic (HIN1) 2009 virus by SAMBA for pandemic HIN1.
Amplification of RNA extracted from pandemic (HIN1) 2009 virus was per-
formed by isothermal amplification (18). The amplified products were then
detected with a visual detection system on a dipstick, as described previously (5,
17). In brief, after the amplification step, the amplification product was incubated
in a 2-ml microcentrifuge tube at 41°C on a heating block. Twenty microliters of
amplification product was added to our proprietary detection mixture, and the
dipstick was inserted in the reaction mixture. The test results were examined
after 25 min of incubation, and the signal on the dipstick was scored by at least
two operators, according to the in-house scoring chart (Fig. 1). The total time for
amplification and detection was 85 min. The procedure was performed by a
research student and a research assistant in the University of Cambridge.

Statistical analysis. Pearson’s correlation coefficient was used to compare the
threshold cycle (C;) value of the qRT-PCR and the signal strength of the
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SAMBA for pandemic HINI test. A P value of <0.05 was considered statistically
significant.

RESULTS

Primers and probes for SAMBA for pandemic HIN1. Primer
and probe design for the SAMBA for pandemic HIN1 took
advantage of the limited number of mismatched nucleotides in
the hemagglutinin gene between the pandemic (HIN1) 2009
and seasonal HINT strains. A 199-bp target region was ampli-
fied by the forward primer (5'-ACTTTGTTGGTCAGCACT
AGTAGAT-3’) and reverse primer (5'-CAATCATGACTCG
AACAAAGGT-3"), which was attached to a T7 promoter
sequence and a linker sequence (5'-AATTCTAATACGACT
CACTATAGGGAGAAGG-3', at the 5’ end). The detector
probe (5'-TTCCTTTTTTAACTAGCCAT-3"), which was la-
beled with multiple hapten moieties, and the capture probe
(5'-CTTTCCCTTTATCATTAATG-3") were designed to an-
neal to sequences within the single-stranded amplification
product. The underlined nucleotides are specific to pandemic
(HINT1) 2009 virus. Comparison of the primer sequences with
the sequences in the Nucleotide Collection database at NCBI
predicted no cross-reaction of the primer set with common H1,
H3, H5, H7, or HY influenza A viruses, influenza B viruses, or
other common human pathogens. A panel of common H1, H3,
HS5, H7, and H9 influenza A viruses, influenza B viruses, and
four swine influenza viruses as well as other common respira-
tory pathogens was used to test the specificity of the SAMBA
for pandemic HIN1 (Table 1). All virus strains in the panel,
including the two HINI1 and two HIN2 swine viruses, tested
negative.

Analytical sensitivity. The limit of detection of the SAMBA
for pandemic HIN1 was determined by testing diluted RNA
extracts from a titrated stock of reference virus (A/England/
195/2009). The limit of detection was defined as the lowest
concentration of extract at which 95% of replicates tested
positive (signal, =0.5). Testing of 20 replicates of 5, 1, 0.5, 0.25,
0.125, 0.05, and 0.01 PFU of cultured virus per test by three
operators independently yielded an analytical sensitivity of
0.25 PFU per test.

Evaluation of SAMBA for pandemic HIN1 with clinical
samples. Among 262 nose/throat swab samples tested, 82 ini-
tially yielded positive results with both the SAMBA pandemic
HINTI test and the comparator method. Seven samples were
reactive only by qRT-PCR, and one sample was reactive only
by the SAMBA. These eight discordant samples were tested
again by the SAMBA for pandemic HINI1, and two of the
seven that initially tested negative by this test were found to be
positive. The remaining six discordant samples were sent to CfI
for further testing. Four samples were not confirmed to harbor
pandemic (HINT1) virus, and the remaining two samples were
reactive by qRT-PCR, although sequencing failed as a result of
a low viral load. In summary, among 86 true-positive and 176
true-negative samples, the SAMBA for pandemic HIN1 de-
tected 82 positive and 175 negative samples but gave one
false-positive and four false-negative results. Among the four
samples with false-negative results, two yielded a positive re-
sult on retesting with a lower volume of extract (5 pl instead of
15 pl), possibly as a result of dilution of residual inhibitor in
the extract. The proportion of positive samples detected was
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TABLE 1. Specificity panel used to evaluate the analytical
specificity of SAMBA for pandemic HIN1¢

Virus Type, subtype, or strain

Influenza viruses

A/Brisbane/59/2007 .....c.ceeveveeeereeeeerereeeeeeeseseesaenens HIN1

A/New Caledonia/20/1999.........cccoeeevevereeeennieeenienens HIN1

AINEA/301/06 .o snenens H1

A/Netherlands/S65/05 .....ccoveueeriveeriereerieeeeneeeerienens H3N2

A/Wisconsin/67/2005 .......ccveveveeererereeerereeeeeeeseseensesens H3N2

A/Wyoming/3/2003 H3N2

AINEA/ZA4/06 .o H3

A/Hong Kong/213/03 H5N1

A/Mallard/Netherlands/12/00.........ccccoevveerereerererieneenens H7N3

A/Mallard/NL/1/05

A/SWINE/TV/1999.....eieiieiieeeeeeeee e

A/Swine/Switzerland/2005

A/SWINE/CA/T0/9T oo

A/Swine/CA/144/2005

B/Malaysia/2506/2004 ........cccceurereeeurmnerereenenecreeneceereeneaes

B/Jiangsu/10/2003

B Y lINCAZE ...
AdCNOVITUS ..ttt se e e se e aesenns
Adenovirus

Respiratory syncytial VIrus ........ccccoeeeevveininieininenrineneees
Respiratory syncytial virus...
Parainfluenza virus..........ccccccceeeiiiciieicccceceeeenes
Parainfluenza virus

Parainfluenza Virus........ccceeeeveevecieenenieieeseeeese e 4
Rhinovirus 72
COTONAVITUS. ...veveeveieriereereeeseerenaesesessessesesessessesessensessssessenees QC43
Coronavirus 229FE

“ The titers of the viruses are 10* TCIDsys/ml for A/Brisbane/59/2007, 10357
TCIDs,s/ml for A/New Caledonia/20/1999, 1033 TCIDs,s/ml for A/Wisconsin/
67/2005, 10> TCIDsgs/ml for A/Wyoming/3/2003, 10>% TCIDsys/ml for
B/Malaysia/2506/2004, and 10*4> TCIDs,s/ml for B/Jiangsu/10/2003. Influenza
Y-lineage virus was used as the positive control at the Scientific Institute of
Public Health, Belgium. A/Swine/IV/1999, A/Swine/Switzerland/2005, A/Swine/
CA/790/97, and A/Swine/CA/144/2005 were RNA extracts used by the Centre for
Infection, Health Protection Agency, for evaluating the qRT-PCR assay. The
rest of the cultured viruses were purchased from Qnostics Ltd.

31.3% (82/262), which was similar to the prevalence (34.5%) of
pandemic HIN1 between week 46 (week ending 15 November
2009) and week 48 (ending 29 November 2009) in England
(13).

To address the reason for the apparent deficit in sensitivity
of the SAMBA for pandemic HIN1, we examined the corre-
lation between the SAMBA signal strength and the C, value
for qRT-PCR testing (Fig. 2). The visual signal of the SAMBA
pandemic HINT1 test showed a significant inverse correlation
with the C; value of qRT-PCR (r = —0.68, P < 0.0001). The
sensitivity deficit of the SAMBA appeared to be related to the
low HINT RNA load in several samples. Compared with that
of the gold standard method, the performance of the SAMBA
test was thus characterized by a sensitivity of 95.3%, specificity
of 99.4%, positive predictive value (PPV) of 98.8%, and neg-
ative predictive value (NPV) of 97.8% (Table 2).

DISCUSSION

Efficient and accurate diagnosis of infections in individuals is
critical for monitoring of a constantly evolving pandemic. A
rapid result is also important because timely treatment with
neuraminidase inhibitors (oseltamivir or zanamivir) can reduce
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FIG. 2. Correlation of the dipstick signal for the SAMBA for pandemic HIN1 and the C; value for qRT-PCR with clinical samples. Samples
that tested positive by both the SAMBA for pandemic HIN1 and qRT-PCR (O), those that tested initially negative but subsequently positive by
the SAMBA (@), and those that tested negative by the SAMBA but positive by qRT-PCR (A) are indicated. The C; value is inversely proportional

to the viral load. A significant inverse correlation was apparent between the two sets of results (r = —0.68, P < 0.0001).

disease severity and duration (3). Rapid antigen tests were
among the first-line diagnostic tools for the detection of pan-
demic (H1N1) 2009 virus infection during the initial outbreak.
However, commercial antigen-based tests show variable per-
formance, with the sensitivities of tests from different manu-
facturers ranging from 9 to 77% (6, 8, 9, 11). A negative result
with an antigen-based rapid test thus does not rule out infec-
tion and still requires confirmation by a NAAT. After the
emergence of pandemic (HIN1) 2009 virus, qRT-PCR proto-
cols for HIN1 were immediately made available by academic
institutions and health agencies around the world (30). Most of
these assays require detection of multiple targets (including
H1, N1, and matrix protein genes) to confirm a positive case.
In particular, the U.S. Centers for Disease Control and Pre-
vention (CDC) protocol recommended by the WHO entails
four separate amplifications, including those for the hemagglu-
tinin (H1) and matrix protein genes of influenza A virus, a
universal swine target, and an internal positive control (31).
Other assays involve detection of the H1 gene, followed by
detection of the N1 gene for confirmation. Such assay formats,
with prolonged turnaround times and low throughputs, are
more labor-intensive and potentially more expensive than a
single assay. The SAMBA for pandemic HIN1 bypasses the
need for multiple testing by targeting a region of the hemag-
glutinin gene specific to the pandemic (H1N1) 2009 virus, thus
allowing direct identification of the pandemic strain in one
reaction with sensitivity comparable to that of the qRT-PCR
assay (0.25 PFU versus 0.2 PFU per test). In terms of the
turnaround time (from extraction to detection), the SAMBA
reduces 25% of the testing time compared to that required for
qRT-PCR (125 min versus 165 min). However, the use of a

single target by the SAMBA carries the risk of compromising
sensitivity if mutation in the target sequence occurs. The de-
velopment of the SAMBA for pandemic HIN1 was designed as
a proof-of-principle study to demonstrate the specific applica-
tion of the technology in the context of the recent pandemic
outbreak with pandemic (HIN1) 2009 virus as the predomi-
nant circulating strain. It should be noted that to detect other
seasonal/subtypes of influenza viruses, an assay targeting con-
served sequences of influenza A and B viruses would be more
appropriate.

The SAMBA for pandemic HIN1 showed an overall sensi-
tivity of 95.3% and specificity of 99.4%. The sensitivity deficit
of the SAMBA appeared to be related to the low HIN1 RNA
load in several samples. By targeting only the hemagglutinin
gene, however, the SAMBA showed a high specificity com-
pared with the results of the gold standard assay. The signal
strength of the SAMBA dipstick showed a significant inverse
correlation with the C; value of qRT-PCR, although the cor-
relation was less apparent for samples with C;- values of >32.
The overall performance of the SAMBA was similar to the
overall performances of the HPA (H1)v (95.5% sensitivity)
and CDC (H1)v (90.7% sensitivity) assays, both of which are
based on qRT-PCR (7).

Although the occurrence of oseltamivir-resistant pandemic
influenza (HIN1) 2009 virus remains sporadic and is usually
manifest in immunocompromised individuals, nonselective
prescription of antiviral drugs to uninfected individuals results
in unnecessary exposure to the side effects of these drugs (26).
Furthermore, despite stockpiling of neuraminidase inhibitors
in many countries as a pandemic control measure, the stock of
anti-influenza antiviral drugs is insufficient globally (32). Rapid

TABLE 2. Overall clinical evaluation of SAMBA for pandemic HIN1 with qRT-PCR as the comparator method

Value Sensitivity Specificity PPV NPV
% (no. of samples positive/total no. of samples tested) 95.3 (82/86) 99.4 (175/176) 98.8 (82/83) 97.8 (175/179)
95% exact confidence interval binomial 88.5-98.7 96.9-99.9 93.5-99.9 94.4-99.4
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and accurate diagnosis of infection with the pandemic (HIN1)
2009 virus may thus be helpful not only for treatment-related
decision making but also for prevention of person-to-person
transmission in both hospitals and communities. For example,
timely decisions on patient isolation and school closure are
critical public health issues. Furthermore, long delays of up to
2 weeks in obtaining confirmatory testing results from state
health department reference laboratories, where qRT-PCR
testing was performed, made contact tracing and appropriate
control and treatment of the infected cases ineffective (23).
Given the limited number of isolation wards in hospitals, ac-
commodation of a large number of suspected infected individ-
uals would be difficult in practice even in developed countries.
Moreover, at the community level, timely closure of schools
must be implemented before 1% of the population falls ill to
achieve a significant reduction in transmission (33). In these
particular settings, the SAMBA for pandemic HIN1 might be
a useful tool in giving direct diagnostic information to aid with
disease management.

During the preparation of the manuscript, Kubo et al. re-
ported the development of a pandemic H1N1-specific assay
based on reverse transcription—-loop-medicated isothermal am-
plification (RT-LAMP) (16). The assay was intended for use in
resource-limited settings. The SAMBA differs in that the de-
tection step is achieved on a dipstick, which is very similar to
most rapid antigen tests. The interpretation of test results for
clinical samples reported here was solely done by the naked
eyes of the operators. The SAMBA for pandemic HIN1 also
includes an internal control line to monitor the validity of test
results (Fig. 1b). The current SAMBA provides an alternative
approach to the amplification step with a simple visual detec-
tion system. For diagnosis of influenza in emergency rooms,
doctor’s offices, or resource-limited settings, development of a
simple, rapid, inexpensive, and robust sample extraction
method is needed.

In conclusion, we report on the development of a NAAT
based on isothermal amplification and visual dipstick detection
for diagnosis of pandemic influenza (H1N1) 2009 virus infec-
tion. This assay provides high sensitivity and specificity
through detection of sequences specific to the hemaggluti-
nin gene of the pandemic (HIN1) 2009 virus without the
need for a secondary confirmation step. Furthermore, the
use of isothermal amplification and dipstick detection elim-
inates the requirements for expensive equipment and
trained technicians. This assay has proven effective in the
detection of pandemic (HIN1) 2009 virus infections in in-
dividuals presenting with influenza-like illness in November
2009 in the United Kingdom.
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