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Ultrasensitive version of nucleic acid sequence-
based amplification (NASBA) utilizing a nicking and
extension chain reaction system†

Yong Ju,‡a Hyo Yong Kim,‡a Jun Ki Ahna,b and Hyun Gyu Park *a

Nucleic acid sequence-based amplification (NASBA) is a transcription-based isothermal amplification

technique especially designed for the detection of RNA targets. The NASBA basically relies on the linear

production of T7 RNA promoter-containing double-stranded DNA (T7DNA), and thus the final amplifica-

tion efficiency is not sufficiently high enough to achieve ultrasensitive detection. We herein ingeniously

integrate a nicking and extension chain reaction system into the NASBA to establish an ultrasensitive

version of NASBA, termed Nicking and Extension chain reaction System-Based Amplification (NESBA). By

employing a NESBA primer set designed to contain an additional nicking site at the 5’ end of a NASBA

primer set, the T7DNA is exponentially amplified through continuously repeated nicking and extension

chain reaction by the combined activities of nicking endonuclease (NE) and reverse transcriptase (RT). As

a consequence, a much larger number of RNA amplicons would be produced through the transcription

of the amplified T7DNA, greatly enhancing the final fluorescence signal from the molecular beacon (MB)

probe binding to the RNA amplicon. Based on this unique design principle, we successfully identified the

target respiratory syncytial virus A (RSV A) genomic RNA (gRNA) down to 1 aM under isothermal con-

ditions, which is 100-fold more sensitive than regular NASBA.

Introduction

Over the past few decades, isothermal amplification tech-
niques have shown great promise by serving as an alternative
technique to conventional PCR method due to their several
intrinsic merits including low hardware dependence and rapid
amplification.1–3 Since these advantageous features of the iso-
thermal strategy are very critical to realize point-of-care (POC)
or on-site nucleic acid detection in resource-limited environ-
ments, various isothermal amplification methods such as
loop-mediated amplification (LAMP),4–8 strand displacement
amplification (SDA),9–11 helicase-dependent amplification
(HDA),12–14 rolling circle amplification (RCA),15–17 recombinase
polymerase amplification (RPA),18,19 isothermal chain amplifi-
cation (ICA),20,21 exponential amplification reaction

(EXPAR),22,23 nucleic acid sequence-based amplification
(NASBA),24–26 and so on27–30 have been extensively developed.

Of these, NASBA is the only isothermal strategy designed to
detect genomic RNA (gRNA) targets, while almost all the other
methods are intended to identify double-stranded DNA
targets.31–34 In the NASBA, the presence of target RNA triggers
the formation of T7 RNA promoter-containing double-stranded
DNA (T7DNA) through the combined activities of reverse tran-
scriptase (RT) and RNase H. T7 RNA polymerase (T7RP) then
promotes the transcription from the T7 RNA promoter region
within the T7DNA, consequently producing numerous anti-
sense RNA amplicons. The RNA amplicon also serves as a tem-
plate to produce another T7DNA in the similar manner to the
original gRNA, further accelerating the isothermal amplifica-
tion of RNA amplicons. The produced RNA amplicons are
finally monitored by employing molecular beacons (MBs),
which could produce highly fluorescent signal upon binding
to the RNA amplicons. By relying on this design principle, the
NASBA has served as the most powerful method to identify
gRNA targets under an isothermal condition and has been
extensively applied for the diagnosis of RNA virus
infections.31,35–37 Notably, several diagnostic kits to identify
SARS-CoV-2 virus have been recently developed and commer-
cialized based on the NASBA technology in the current
ongoing pandemic of COVID-19.38,39 The key intermediate
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component of NASBA, T7DNA, however, is just linearly pro-
duced but not in an exponential manner and thus the final
amplification efficiency is not sufficiently high enough to
enable highly sensitive detection of target RNA, which might
lead to false-negative results.40,41

Based on this background, we herein developed an
advanced ultrasensitive version of NASBA, called Nicking and
Extension chain reaction System-Based Amplification (NESBA)
by ingeniously incorporating a nicking and extension chain
reaction into the NASBA method. With the NESBA technique,
we successfully identified the target gRNA extracted from res-
piratory syncytial virus A (RSV A) down to 1 aM, which is not
feasible with the conventional NASBA method.

Experimental
Materials

All DNA oligonucleotides used in this study were synthesized
and purified by high performance liquid chromatography
(HPLC) using Bioneer® (Daejeon, Korea). The sequences of
the oligonucleotides are listed in Table S1.† Nt.AlwI, 10×
NEBuffer™ 2.1 (100 mM Tris-HCl, pH 7.9, 500 mM NaCl,
100 mM MgCl2, and 1 mg ml−1 BSA), ribonucleotide solution
mixture (rNTPs), and deoxynucleotide solution mixture
(dNTPs) were purchased from New England Biolabs Inc.
(Beverly, MA, USA). NASBA enzyme cocktail (avian myeloblasto-
sis virus reverse transcriptase (AMV RT), RNase H, and T7 RNA
polymerase (T7RP) in a high molecular weight sugar matrix)
and 3× NASBA reaction buffer (120 mM Tris-HCl, pH 8.5,
210 mM KCl, 36 mM MgCl2, 30 mM DTT, and 45% DMSO)
were purchased from Life Science Advanced Technologies Inc.
(St Petersburg, FL, USA). RevertAid RT reverse transcription kit
was purchased from Thermo Fisher Scientific (Waltham, MA,
USA). i-StarMAX™ II PCR kit was purchased from iNtRON
Biotechnology Inc. (Daejeon, Korea). ATCC VR-26 (RSV A),
KUMC-42 (RSV B), A/Brisbane/10/2007 (H3N2), A/equine/
Kyonggi/SA1/2011 (H3N8), A/California/07/2009 (H1N1), A/
swine/Korea/GC0502/2005 (H1N2), and A/aquatic bird/Korea/
CN2-MA/2009 (H5N2) viruses were provided by the Korea
Research Institute of Bioscience and Biotechnology (KRIBB,
Daejeon, Korea). Ultrapure DNase/RNase-free distilled water
(DW) was purchased from Bioneer® and used in all experi-
ments. All other chemicals were of analytical grade and used
without further purification.

gRNA extraction

The gRNAs were extracted from ATCC VR-26 (RSV A), KUMC-42
(RSV B), A/Brisbane/10/2007 (H3N2), A/equine/Kyonggi/SA1/
2011 (H3N8), A/California/07/2009 (H1N1), A/swine/Korea/
GC0502/2005 (H1N2), and A/aquatic bird/Korea/CN2-MA/2009
(H5N2) viruses by using QIAamp Viral RNA Mini kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocol.
The concentrations of the extracted gRNAs were determined by
using a NanoDrop™ 1000 spectrophotometer (Thermo Fisher

Scientific, MA, USA). The extracted gRNAs were stored at
−20 °C before use.

The NESBA procedure for target gRNA detection

30 µM MB solution was prepared in 1× NESBA reaction buffer
(45 mM Tris-HCl (pH 8.5), 70 mM KCl, 25 mM NaCl, 17 mM
MgCl2, 10 mM DTT, 15% DMSO, and 50 μg mL−1 BSA) by
using MB stock solution. The prepared MB solution was then
heated up to 95 °C for 5 min, followed by slow cooling down to
25 °C, and was further incubated at 25 °C for 30 min.

The NESBA solution was next prepared by mixing two separ-
ately prepared solutions, solution A and B. The solution A
(14.5 μL) prepared by mixing 2.8 μL rNTPs (25 mM each),
1.4 μL dNTPs (10 mM each), 1.4 μL NESBA primer set (20 µM
each), 0.2 μL MB (30 µM), 7.7 μL NESBA reaction buffer (2.6×),
and 1 μL gRNA solution at varying concentrations was heated
up to 65 °C for 5 min, followed by slow cooling down to 41 °C,
and was further incubated at 41 °C for 5 min. The solution B
(5.5 μL) containing 5 μL NASBA enzyme cocktail (4×) and
0.5 μL Nt.AlwI (10 U μL−1) was added to the solution A. The
mixed NESBA solution (20 μL) was incubated at 41 °C for 1 h
during which the fluorescence signal from MB was measured
every 1 min by using a CFX Connect™ Real-Time System (Bio-
Rad, CA, USA).

The NASBA procedure for target gRNA detection

The NASBA reaction was conducted by following the manufac-
turer’s protocol of the NASBA kit (Life Science Advanced
Technologies Inc., FL, USA) and the reaction products were
analyzed according to the same procedure described in ‘The
NESBA procedure for target gRNA detection’.

RT-PCR

The reverse transcription (RT)-PCR was performed on a
C1000™ thermal cycler (Bio-Rad, CA, USA) in a 20 µL solution
containing 4 μL reaction buffer for RT (5×), 0.6 μL RevertAid
RT (200 U μL−1), 2 μL PCR reaction buffer (10×), 1.4 μL dNTPs
(2.5 mM each), 1.4 μL primer set (20 µM each), 0.5 μL
i-StarMAX™ II DNA polymerase (5 U μL−1), and 1 μL gRNA
solution. T7DNA (NESBA), T7DNA-1 (NESBA), T7DNA-2
(NESBA), and T7DNA (NASBA) were produced by employing a
NESBA primer set, NP2 and NASBA primer1, NASBA primer2
and NP1, and a NASBA primer set, respectively. RT was first
carried out for 30 min at 50 °C and the PCR was performed for
10 min at 95 °C, followed by 35 cycles of 30 sec at 95 °C, 45 sec
at 50 °C, and 60 sec at 72 °C, and further incubation for 5 min
at 72 °C. After the completion of the reaction, the RT-PCR pro-
ducts were analyzed by agarose gel electrophoresis. The
RT-PCR products were also purified from the product solution
by using a Wizard® SV Gel and PCR Clean-Up System
(Promega, WI, USA), and their concentrations were determined
by using a NanoDrop™ 1000 spectrophotometer (Thermo
Fisher Scientific, MA, USA). The purified RT-PCR products
were used as markers on lane M1–M4.
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Gel electrophoresis

For agarose gel electrophoresis, a 5 µL aliquot of the reaction
solution was resolved on 2% agarose gel containing EtBr at a
constant voltage of 135 V for 45 min using 1× TBE as the
running buffer. Gels were scanned using a UV transilluminator
(Bio-Rad, CA, USA).

Target gRNA detection directly from the lysed virus sample

The virus sample (ATCC VR-26 (RSV A), KUMC-42 (RSV B),
A/Brisbane/10/2007 (H3N2), A/equine/Kyonggi/SA1/2011
(H3N8), A/California/07/2009 (H1N1), A/swine/Korea/GC0502/
2005 (H1N2), and A/aquatic bird/Korea/CN2-MA/2009 (H5N2))
was first thermally lysed by incubating it at 70 °C for 10 min.
Then, 1 μL of the lysed solution was added into the NESBA
solution (19 μL) instead of 1 μL gRNA solution. The target
gRNA included in the lysed virus sample was then analyzed
according to the same procedure described in ‘The NESBA pro-
cedure for target gRNA detection’.

Results and discussion
Overall procedure of the NESBA reaction

The overall procedure of the NESBA reaction is illustrated in
Fig. 1. The NESBA reaction basically consists of three reactions
denoted as (a), (b), and (c) in Fig. 1: (a) target-induced pro-

duction of T7 RNA promoter-containing double-stranded DNA
(T7DNA), (b) exponential amplification of T7DNA through
nicking and extension chain reaction, and (c) transcription-
mediated production of RNA amplicons and generation of
additional T7DNA from the produced RNA amplicons. The key
component underlying the NESBA reaction is a NESBA primer
set designed to contain an additional nicking site at the 5′ end
of a conventional NASBA primer set consisting of annealing
site extended by T7 RNA promoter sequence.

In the absence of target RNA, the T7DNA would not be pro-
duced and no following NESBA reaction would proceed. In the
presence of target RNA, however, NESBA primer 1 (NP1) binds
to the target RNA and is extended through reverse transcrip-
tion promoted by RT, producing a DNA/RNA hybrid. RNase H
then degrades the RNA strand in the produced DNA/RNA
hybrid leaving extended NP1, to which NESBA primer 2 (NP2)
would bind. RT again promotes the extension of the annealed
NP2 by an intrinsic DNA polymerase activity, consequently pro-
ducing T7DNA42,43 (Fig. 1(a)). This process for target-induced
production of T7DNA is exactly the same with that of the
NASBA reaction. The T7DNA produced in the NESBA reaction,
however, possesses the nicking site at both 5′ ends because a
NESBA primer set, NP1 and NP2, contains an additional
nicking site at the 5′ ends.

Due to the nicking site at the ends, the produced T7DNA is
exponentially amplified through a continuously repeated
nicking and extension chain reaction (Fig. 1(b)). Among the
several different types of NE, we particularly employed Nt.AlwI
because its optimal temperature and working buffer compo-
sition are the most compatible with the NESBA reaction
(Table S2†). Specifically, Nt.AlwI recognizes the nicking sites in
the T7DNA and cleaves one strand generating the 3′ hydroxyl
group (OH), from which a new DNA strand is synthesized by
RT, producing two types of T7DNAs containing the nicking
site at only one end. From the nicking site within the T7DNAs,
repeated cycles of nicking, extension, and strand displacement
reaction are continuously promoted by the combined activities
of NE and RT, consequently producing a large number of
T7DNAs. During the extension reaction catalyzed by RT, the
cleaved long single-stranded (ss) DNAs are concomitantly dis-
placed to bind to free complementary NP1 or NP2, which
enters the nicking and extension chain reaction and further
contributes to the exponential amplification of T7DNA.

In the following transcription step, T7RP recognizes the T7
RNA promoter sequence within the T7DNA and catalyzes tran-
scription, producing the final antisense RNA amplicons. The
produced RNA amplicons also contribute to the production of
T7DNA by binding to NP2 in a similar manner with the orig-
inal target RNA, further accelerating the production of final
RNA amplicons. As a consequence of these combined amplifi-
cation reactions, a large number of RNA amplicons would be
produced. The RNA amplicons could be finally monitored in
real-time through the fluorescence signal from the MB
probe binding to the amplicons, enabling ultrasensitive detec-
tion of target RNA under an isothermal reaction temperature
(41 °C).

Fig. 1 Schematic illustration of nicking and extension chain reaction
system-based amplification (NESBA) for target RNA detection, consisting
of (a) target-induced production of T7DNA, (b) exponential amplification
of T7DNA through continuously repeated nicking and extension chain
reaction, and (c) transcription-mediated production of RNA amplicons
and generation of additional T7DNA from the produced RNA amplicons.
The arrow indicates the 3’ end of the nucleic acid strand.
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Feasibility of the NESBA reaction

To prove the feasibility of the proposed method, we conducted
the NESBA reaction under various combinations of reaction
components by employing respiratory syncytial virus A (RSV A)
gRNA as a model target and monitored real-time fluorescence
signals produced from the MB binding to the amplified RNA
amplicons. As presented in Fig. 2, the highly enhanced fluo-
rescence signal was observed when all the reaction com-
ponents including a NESBA primer set and NE together with
target gRNA were applied (curve 1), whereas no fluorescence
signal was observed without target gRNA (curve 2). For com-
parison, we also conducted the conventional NASBA reaction
for the same target (curves 3 and 4). As a result, the NASBA
reaction also produced fluorescence signal to some extent
from the target, but the signal intensity was quite lower than
that from the NESBA reaction because the NASBA reaction is
not able to bring about the nicking and extension chain reac-

tion even in the presence of NE (curve 5). In addition, when
the NE was omitted from the NESBA reaction, the fluorescence
signal was very similar with that of the NASBA reaction (curve
6), confirming that T7DNA is just linearly produced in this
case and NE is obviously responsible for the exponential
amplification of T7DNA.

We additionally conducted an agarose gel electrophoresis
analysis of the products obtained from the NESBA reactions to
further support the fluorescence results. For this analysis, we
priorly conducted the RT-PCR reactions by employing a
NESBA, NESBA/NASBA combined, or NASBA primer set to
produce several possible T7DNA intermediate products, which
include T7DNA (NESBA) having the nicking site at both ends,
T7DNA-1 (NESBA) and T7DNA-2 (NESBA) having the nicking
site at only one end, and T7DNA (NASBA) without any nicking
site. The produced four T7DNA intermediate products were
then employed as markers (M1–M4) for the analysis of the
NESBA reaction products. As shown by the results presented in
Fig. 2(b), only lane 1 containing all NESBA components (target
gRNA, a NESBA primer set, NASBA enzyme cocktail, and NE)
showed the bands corresponding to the three key intermediate
products of the NESBA reaction including T7DNA (NESBA)
(M1), T7DNA-1 (NESBA) (M2), and T7DNA-2 (NESBA) (M3),
while none of them was observed without target gRNA (lane 2).
On the other hand, the conventional NASBA reaction using a
NASBA primer set correctly produced the key intermediate
T7DNA product without any nicking site at a slightly lower
position only in the presence of target gRNA (lane 3). When
NE was additionally added to the NASBA reaction, there was
no change observed for the T7DNA product band (lane 5), indi-
cating that not only NE but also a NESBA primer set are
needed to produce the intermediate T7DNA products contain-
ing the nicking site. Very importantly, the T7DNA product
bands obtained from the complete NESBA reaction (lane 1)
were much more intensive than those from the NASBA reaction
(lane 3) and the incomplete NESBA reactions omitting either a
NESBA primer set (lane 5) or NE (lane 6). All these results
clearly confirm that the NESBA reaction is properly initiated by
target gRNA and both a NESBA primer set containing the
nicking site at the 5′ end and NE are quite essential for a
highly enhanced amplifying capability of the NESBA reaction,
as envisioned in Fig. 1.

Sensitivity of the NESBA reaction

To maximize the efficiency of the NESBA reaction, we opti-
mized various reaction conditions including the concen-
trations of reaction components (reaction buffers, enzymes,
rNTPs, dNTPs, and the NESBA primer set) and reaction temp-
erature by comparing the time-dependent fluorescence signals
obtained from the reaction samples with target gRNA to those
from the negative control sample without target gRNA. The
results showed that 1× NASBA reaction buffer and 0.5×
NEBuffer™ 2.1, 1× NASBA enzyme cocktail, 0.25 U µL−1 NE,
3.5 mM each rNTP, 0.7 mM each dNTP, 0.7 µM each NESBA
primer set, and 41 °C for the reaction temperature are the
most optimal for the proposed strategy (Fig. S1–S5†). Thus,

Fig. 2 Feasibility of the NESBA reaction. (a) Time-dependent fluor-
escence signals produced from the MB during the NESBA reaction. (b)
Agarose gel electrophoresis image of the products obtained after
45 min of the NESBA reaction (1: target gRNA + NESBA primer set +
NASBA enzyme cocktail + NE, 2: NESBA primer set + NASBA enzyme
cocktail + NE, 3: target gRNA + NASBA primer set + NASBA enzyme
cocktail, 4: NASBA primer set + NASBA enzyme cocktail, 5: target gRNA
+ NASBA primer set + NASBA enzyme cocktail + NE, and 6: target gRNA
+ NESBA primer set + NASBA enzyme cocktail). The final concentrations
of target gRNA, NASBA/NESBA primer set, NASBA enzyme cocktail, and
NE are 1 pM, 0.7 µM each, 1×, and 0.25 U µL−1, respectively. M1–M4 are
markers for the band analysis (M: 25/100 bp mixed DNA ladder, M1:
T7DNA (NESBA), M2: T7DNA-1 (NESBA), M3: T7DNA-2 (NESBA), M4:
T7DNA (NASBA)). The final concentrations of the markers used for M1–
M4 are 100 nM.
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these conditions were used for further experiments in this
work.

To determine the sensitivity of the NESBA reaction, target
gRNAs at a series of concentrations were subjected to the
NESBA reaction and the produced fluorescence signals were
measured in a real-time manner. As can be seen in Fig. 3(a),
the threshold time (Tt), defined as the time when the fluo-
rescence signal reached the threshold intensity (50 a.u.),
gradually decreased as the target gRNA concentration (Ctarget)
increased in the range from 1 aM to 1 pM. Tt was then plotted
against the logarithm (log) of Ctarget (Fig. 3(b)). As a result, the
log of Ctarget showed an excellent linear relationship (Tt =
−3.6223 log (Ctarget) − 29.75, R2 = 0.994) with Tt, confirming
that the NESBA reaction is quite capable of quantitatively
detecting target gRNA in a real-time manner. The limit of
detection (LOD) was estimated to be 1 aM.

For comparison with our strategy, target gRNA at various
concentrations was also subjected to the conventional NASBA
reaction (Fig. 4). Based on the time-dependent fluorescence
signal from the MB probe during the NASBA reaction, we

determined Tt for various target concentrations and the
obtained Tt was then plotted against the log of Ctarget to deter-
mine the LOD. The LOD was estimated to be 100 aM, which is
100-fold higher than that of the NESBA reaction. These results
firmly confirm that the proposed NESBA reaction could yield
much higher sensitivity than that of the traditional NASBA
reaction.

As the NASBA reaction normally requires an initial dena-
turation step to enhance the amplification efficiency, the devel-
oped NESBA reaction also employed the initial denaturation
step before the main amplifying reaction. This initial denatura-
tion step, however, might be a critical drawback for the isother-
mal strategies, and we additionally conducted both the NESBA
and NASBA reactions without the initial denaturation step and
the reaction products were compared with those from the reac-
tions with the initial denaturation step. As shown by the
results presented in Fig. S6,† the elimination of the initial
denaturation step slightly diminished the fluorescence signals
for both the NESBA and NASBA reactions, but the signal
reductions were only marginal, indicating that the initial dena-
turation is not so critical for the reactions. More importantly,
we also observed that the signal reduction due to the omission
of the initial denaturation was smaller for the NESBA reaction
than the NASBA reaction, indicating that the NESBA reaction is
more robustly functional on the target gRNA than the NASBA
reaction.

Specificity of the NESBA reaction

The specificity of the NESBA reaction was next investigated by
measuring the time-dependent fluorescence signal from the
MB probe during the NESBA reaction for gRNAs extracted from
various types of viruses such as RSV A, RSV B, H3N2, H3N8,
H1N1, H1N2, and H5N2. As shown by the results in Fig. 5, the
highly enhanced fluorescence signal was observed only from
the target RSVA gRNA, while the fluorescence signals from the

Fig. 3 Sensitivity of the NESBA reaction. (a) Time-dependent fluor-
escence signals produced from the MB during the NESBA reaction for
target gRNA at varying concentrations. (b) The linear relationship
between Tt and logarithm of Ctarget in the range from 1 aM to 1 pM,
where Tt is defined as the time when the fluorescence signal reached
the threshold intensity (50 a.u.) and Ctarget is the concentration of target
gRNA.

Fig. 5 Specificity of the NESBA reaction. Time-dependent fluorescence
signals produced from the MB during the NESBA reaction for gRNAs
extracted from various types of viruses such as RSV A, RSV B, H3N2,
H3N8, H1N1, H1N2, and H5N2. The concentrations of gRNAs extracted
from RSVA and the other viruses are 1 pM and 10 pM, respectively.

Fig. 4 Sensitivity of the NASBA reaction. (a) Time-dependent fluor-
escence signals produced from the MB during the NASBA reaction for
target gRNA at varying concentrations. (b) The linear relationship
between Tt and logarithm of Ctarget in the range from 100 aM to 1 pM,
where Tt is defined as the time when the fluorescence signal reached
the threshold intensity (50 a.u.) and Ctarget is the concentration of target
gRNA.
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non-target samples such as RSV B, H3N2, H3N8, H1N1, H1N2,
and H5N2 were very negligible and their intensities were
almost the same with that from the negative control without
any gRNA even though the non-target gRNAs were employed at
10-fold higher concentration than that of the target RSV A
gRNA. Very importantly, even RSV B gRNA having a high
sequence homology with RSVA gRNA was also clearly discrimi-
nated from the target RSVA gRNA, verifying the excellent capa-
bility of the NESBA system to specifically detect the target
gRNA against non-specific gRNAs.

Direct detection of target gRNA in lysed virus

Since the integrity of the initial nucleic acids strongly influ-
ences the downstream amplification and detection step in
molecular diagnostics, the target viral RNA first needs to be
extracted from the specimen and undergo purification. In
general, silica-based methods such as silica columns44,45 and
silica-coated magnetic beads46,47 are used to isolate viral RNA
from other contaminants after the virus is disrupted. The sep-
arate purification step for target nucleic acid, however, would
be a great bottleneck, significantly hindering the realization of
the fully automated point-of-care (POC) and on-site molecular
diagnostics. Therefore, the elimination of the purification step
would greatly benefit the molecular diagnostics by simplifying
the overall procedures.

Based on this background, we applied the NESBA reaction
to detect target gRNA directly from the thermally lysed RSV A
virus sample without any gRNA purification step. As shown in
Fig. 6(a), the significantly enhanced fluorescence signals were
obtained from the target RSV A samples and the signals cor-
rectly increased as the virus concentration increased, ranging
from 500 to 105 TCID50 mL−1, which is the typical RSV A con-
centration range causing bronchiolitis or pneumonia.48–50 On
the other hand, the signals from non-target viruses such as
RSV B and H1N1 were very negligible and almost the same
with that from the negative control without any virus. The
NASBA reaction was also able to identify the target gRNA by
producing the fluorescence signal, but its detecting sensitivity
was quite lower than that of the NESBA reaction. The results
demonstrate that the NESBA reaction is quite robust against
PCR inhibiting substances present in biological samples and

does not require strict sample purification prior to the amplifi-
cation, making the NESBA strategy quite promising for POC
testing adaptation.

Conclusions

We have developed an ultrasensitive version of NASBA utilizing
a nicking and extension chain reaction system for target RNA
detection termed NESBA. By ingeniously designing a NESBA
primer set to contain a nicking site at the 5′ end of a conven-
tional NASBA primer set, the detection sensitivity was signifi-
cantly enhanced by exponentially amplifying T7DNA produced
during the conventional NASBA reaction. The NESBA reaction
successfully identified the target gRNA down to 1 aM with an
excellent discriminating capability against non-specific gRNAs.
The practical utility of this system was further demonstrated
by reliable detection of target gRNA directly from the thermally
lysed virus sample without any extraction step, confirming its
robust applicability in the field of POC and on-site molecular
diagnostics.
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