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Abstract

A biosensor for rapid and simultaneous visual identification of high-risk human papillomavirus (HPV) genotypes 16 and 18
in clinical samples based on polymerase chain reaction (PCR) integrated lateral flow strip platform was developed. Using an
one-step protocol to extract nucleic acid rapidly and the functionalized primer sets specific to HPV-16 and 18 were designed
for the simultaneous amplification. In the presence of target HPV genotypes, the corresponding functionalized primer sets
will participate in the PCR process and produce numerous duplex functionalized dsSDNA amplicons. With the bridge effect
of duplex functionalized dsDNA amplicons between gold nanoparticles-fluorescein isothiocyanate antibody conjugates
(AuNP-FITC antibody conjugates) and other two antibodies on corresponding test line (T, or T,), visualized color signals
on test lines could be obtained directly visible with a naked eye. Combining the high amplification efficiency of PCR and
the visualized sensing of LFS, as low as 700 copies of HPV-16 and 18 DNA were detected simultaneously within 75 min,
which can promote application in the resource limited settings.

Keywords Molecular amplification - Rapid screening - Visualized sensing - Nucleic acid lateral flow strip - Human

papillomavirus - Two-cancer screening

and over 99% of invasive cervical cancers are associated
with high-risk HPV genotypes [2-5]. Recent evidences have

Introduction

Early diagnosis and timely prevention of diseases, espe-
cially for cancer, are urgent issues in clinical monitoring.
It is estimated that approximately 600,000 women are diag-
nosed with, and more than 300,000 women die from, cervi-
cal cancer worldwide annually [1]. Extensive research shows
that HPV infection is the principal cause of cervical cancer,
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strongly indicated that dentification of HPV genotypes is
more efficient to screen and prevent invasive cervical cancer
[6, 7]. It has been reported that 12 kinds of high-risk geno-
types including HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, and 59 types have been classified as the group I carcino-
gens by the International Agency for Research on Cancer
(IARC) [8, 9]. Among these HPV genotypes, HPV-16 is
the highest risk one in cervical cancer cases compared to
other high-risk HPV genotypes, which is followed by HPV-
18 [3, 9]. Take all these into consideration, development of a
rapid, reliable, and convenient method for routine screening
or identification of HPV-16 and HPV-18 is of great signifi-
cance for keeping health and early diagnosis.

Up to now, more than 150 methods have been reported
for discriminating the HPV genotypes, but most of them
have not come to the stage of clinical applications [7, 10,
11]. Among the current clinical adopted methods for HPV
detection, the morphological and immunological methods
were not effective enough with poor sensitivity and speci-
ficity and could also not be used for the identification of
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specific HPV genotypes [12]. Current gold standard meth-
ods for HPV genotyping were hybrid capture 2 (HC2) and
polymerase chain reaction (PCR) [10]. Although HC2 was
widely used for the detection of 13 kinds of HPV genotypes
with high sensitivity, its specificity was greatly influenced
by the cross-reaction with other types [13, 14]. PCR-based
protocols were sensitive enough to achieve single and mul-
tiple HPV diagnosis [15]. Honestly, the post-treatment of
PCR amplicons severely hampers its practical application in
clinical diagnosis especially in the resource-limited setting
in the developing countries, where the simplicity and the
cost of methods are of greater importance. The agarose gel
electrophoresis and probe hybridization protocols can only
be adopted in the R&D process. Alternatively, the microar-
ray and fluorescent measurement module have made PCR or
real-time PCR extensively utilized in the professional labs.
Due to the strict requirements about the location and opera-
tors and high cost of the hardware, these methods still can-
not be widely applied in resource-limited settings [16—19].
Adoption of an easy-operational and low-cost strategy is of
great significance to further widen the screening application
in the field of in vitro diagnosis (IVD).

In clinical and point-of-care test (POCT), the colloidal
lateral flow strip (LFS), especially the early pregnancy diag-
nosis LFS, can be defined as the first generation and the most
successful commercialized products all over the world. And
these LFS-based protocols and kits have been extensively
applied in environmental monitoring, food safety, and also
early diagnosis of various diseases due to its simplicity, effi-
ciency and low cost [20-25]. Meanwhile, besides the gold
nanoparticles, some functional nanomaterials including
quantum dots (QDs) [26], multiwalled carbon nanotubes
(MWCNTs) [27, 28], fluorescent microsphere [29], and
magnetic beads [30] have been adopted as the signal indica-
tors or signal enhancers in LFS [31]. However, most of these
LFS methods and products are just based on the immune
recognition principles, implying the existence of antibody
of targets being the prerequisite. And then, some nucleic
acid templates were adopted as the target of LFS analysis
[32, 33], and satisfied results were achieved even for on-site
COVID-19 diagnosis [34, 35]. Intrinsically, these nucleic
acid detections are the analysis of the target template by
direct hybridization, and the detection limit of these meth-
ods without amplification are far away from the practical
requirements.

In this study, the extraordinary amplification capability of
PCR was deftly integrated with simplicity of LFS for rapid
and easy identification of HPV target genotypes. The func-
tionalized amplicons of HPV-16 and HPV-18 were simul-
taneously produced by the portable thermal controller with
the designed functional primer sets. Then, the amplicons of
both HPV genotypes were visually judged with the designed
LFS. And the high-risk genotypes of HPV-16 and 18 clinical
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samples were successfully identified by this molecular LFS
without any assistance of expensive hardware.

Experimental
Chemicals and apparatus

The conjugate pads, sample pads, polyvinyl chloride (PVC)
adhesive backing pads, absorption pads, and nitrocellulose
membranes were all purchased from Jie-ning Biotech. Co.
Ltd. (Shanghai, China). Guillotine cutting module CM4000
and XYZ 3000 Dispensing Platform were purchased from
Bio-Dot Inc. (Irvine, CA, USA). Tag DNA polymerase
(5 U/uL), dNTP mix (25 mM), DNA ladder, 4S Red Plus
nucleic acid stain (1000 X), streptavidin (SA), and agarose
were all obtained from Sangon Biotech (Shanghai, China).
Chloroauric acid tetrahydrate (HAuCl,-4H,0) was pur-
chased from J&K Co. Ltd. (Shanghai, China). Bovine serum
albumin (BSA) was purchased from Bio-Dee Biotech. Co.
Ltd. (Beijing, China). Fluorescein isothiocyanate (FITC)
antibody and digoxin (DIG) antibody were purchased from
Sinopharm Chemical (Wuhan, China). Other common rea-
gents used in this study were all purchased from Sinopharm
Chemical Reagent Co., Ltd. (Wuhan, China) of analytical
grade. Ultrapure deionized water (> 18 MQ-cm) was used
throughout the test. The one-step nucleic acid release and
storage buffer was purchased from the Shenzhen E-bio Intel-
ligence & Biotechnology Company (Shenzhen, China).

All HPV clinical samples used in this research were
obtained from the First Affiliated Hospital of Anhui Medi-
cal University and all the studies conducted have been
approved by the ethic committee of Anhui Medical Univer-
sity (P-2021-18-25). For optimizing the detection conditions
of designed protocol and confirming the specificity and sen-
sitivity of designed primer sets, recombination plasmids that
contain HPV-16 and 18 DNA, respectively, were synthesized
by Sangon Biotech (Shanghai, China, www.sangon.com).

Primer set design and functionalization

The E6 and E7 open reading frames of HPV-16 and 18 were
downloaded from GenBank and aligned (GenBank Acces-
sion Numbers K02718 and X05015, respectively). Species-
specific primer sets for HPV-16 and 18 were designed by
primer premier 5.0, respectively, and synthesized from Gen-
eral Biosystems (Anhui, China). The specificity of two pairs
of primers was verified by the BLAST program. The detailed
sequences of the designed primer sets were given and could
be checked in Table S1. Typically, in order to realize simul-
taneous amplification of both genotypes and production of
functional amplicons for rapid identification with LFS, each
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primer set should be carefully designed and functionalized
without any cross-reactivity.

Simple treatment of clinical samples for rapid and effective
DNA extraction

For wide application in the resource-limited settings, simple
extraction treatments of samples were the first choice and
one-step direct lysis protocol was adopted and optimized.
Typically, the nucleic acid lysis and release reagent was
added into the clinical collected samples (cervical exfoliated
cells) at the volume ratio of 1:3, and the reaction mixture
was kept for 5 min at room temperature with rotation, and
then the mixture could be used directly for amplification.
Compared with the traditional MNP-based method [36, 37]
for nucleic acid extraction, this method holds the character-
istics of rapidity, simplicity, and good repeatability without
the need of magnetic beads, magnetic stand, and multi-step
operations. Of great significance, this direct lysis protocol
can be adopted for the treatment of the collected cervical
exfoliated cells samples by the swab and can be conducted
at home or in the resource-limited settings in less than 5 min.

Preparation of AuNPs and AuNP-FITC antibody conjugates

AuNPs were prepared based on the classic reduction of gold
chloride with trisodium citrate using a previous reported
method with minor modifications [38, 39] and the detailed
preparation procedures and the characterization results of
AuNPs and AuNP-FITC antibody conjugates can be found
in the supporting information (Figure S1).

Construction of the molecular lateral flow strip

Before the assembly and construction of molecular LFS for
detection of amplicons, the sample pad was saturated over-
night with a buffer containing 50 mM Tris—HCI (pH 8.0),
150 mM NacCl, and 0.25% Triton X-100, while the conjugate
pad was pretreated by a buffer containing 10 mM PB (pH
7.4), 5% sucrose, 1% trehalose, 0.3% Tween-20, and 0.25%
PEG 20,000. Then, 6 pL of the prepared AuNP-FITC anti-
body conjugates is spotted onto the conjugate pad by the
Biodot XYZ 3000. All treated components were dried at
30 °C for future use. Five components including a sample
pad, a conjugate pad, a nitrocellulose (NC) membrane, an
absorbent pad, and a plastic adhesive pad are assembled to
construct the LFS, as depicted in Fig. 1 (II). For the prepa-
ration of NC membrane, typically, DIG antibody and SA
were immobilization onto the NC membrane as the test
line 1 (T, line) and test line 2 (T, line) corresponding to
the HPV-18 and HPV-16, respectively, while the goat-anti-
mouse antibody was immobilized as the control line (C line).
For assembly the LFS, it should be noted that each pad was

overlapped with adjacent pads with a length of 2 mm to
ensure the successful migration of the detection fluids.

Simultaneous amplification of HPV-16 and HPV-18
with portable PCR

Both HPV-16 and HPV-18 were simultaneously amplified
in the same system. The amplifications of this duplex PCR
were carried out in the 50 pL reaction volume containing
1 X PCR buffer (10 mM Tris—HCI (pH 8.8), 50 mM KCl,
0.08% (v/v) NP-40), 160 nM of primer set of 16-F/16-R,
80 nM of primer set of 18-F/18-R, 0.2 mM of each dNTP,
2 mM MgCl,, 1.5 U Taq DNA polymerase, and 1 pL of
DNA template. PCR amplifications were performed with
the portable thermal controller (Hangzhou Aomin Biological
Ltd. Co.) under the following conditions: denatured at 95 °C
for 5 min, followed by 30 cycles of denaturation at 94 °C
for 20 s, annealing at 58 °C for 20 s and extension at 72 °C
for 20 s followed by a final extension incubation for 3 min
at 72 °C. Negative control reaction mixture contained the
ultrapure deionized water instead of extracted HPV genomic
templates. About 5 pL PCR product was confirmed by 2%
(w/v) agarose gel electrophoresis in 1 X TBE buffer at a con-
stant voltage of 200 V for 20 min.

Simultaneous visual detection of HPV-16 and 18
with the designed molecular LFS

For rapid analysis of the obtained mixture of functional
amplicons, the products were diluted five times with
10 mM PB (pH 7.0) and loaded directly onto the sample
pad of LFS. The signals on T, line, T, line, and C line can
be visually judged and further quantitatively analyzed with
Image] and the infection of HPV-16 or HPV-18 can be easily
diagnosed without any complicated operations.

The collected HPV clinical samples were the cervi-
cal exfoliated cells and obtained from the First Affiliated
Hospital of Anhui Medical University, which were all pre-
determined with real-time PCR. The obtained samples were
treated with the direct lysis and extraction reagents and the
mixtures were used directly for amplification. All detection
results detected with our molecular LFS were compared with
those of real-time PCR.

Results and discussion

Mechanism for simultaneous visual judgement
of HPV-16 or 18 infection

Although identification HPV-16 or HPV-18 infection can be

well realized with the current molecular protocols in profes-
sional labs, rapid and easy screening of HPV-16/HPV-18
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without precise instruments or professional operators are
still urgently needed in the developing countries, especially
in the resource-limited settings. In this research, firstly, rapid
gene extraction treatment was studied for easy operations.
Then, the on-site amplification with portable thermal con-
troller was integrated with the LFS to achieve the simulta-
neous visual and easy identification of different amplicons.
The designed schematic diagram of the research was shown
in Fig. 1 (I). With the designed primer sets for both HPV-16
(FITC and biotin labeled primer set) and HPV-18 (FITC
and DIG-labeled primer set), in the presence of target viral
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genotypes, the sequences can be amplified with the port-
able thermal controller, respectively, and dual functionalized
amplicons of HPV-16/HPV-18 can be obtained. FITC acts
as the universal tag, which can be recognized by the AuNP-
FITC Ab. The biotin and DIG are the specific tags for HPV-
16/HPV-18, which can be recognized and captured by the
SAV on T, line and DIG antibody on T} line, respectively.
The formed recognition structures (AuNP-FITC-dsDNA-
SAV on T, line and AuNP-FITC-dsDNA-DIG on T, line)
and the captured AuNPs on different test lines induce the
observable optical signal. Therefore, different amplicons can
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be directly measured with the designed LFS and HPV-16/
HPV-18 can be visually differentiated by the distinct T, line
and T, line on LFS. On the contrary, without HPV-16 and
HPV-18 templates, there will be no formation of recogni-
tion induced structures on T or T, line and no capturing of
AuNPs on test lines, showing no observable optical signals
on test lines (Fig. 1 (IT)). Of great significance, simultaneous
detection of both HPV-16 and HPV-18 will not be influenced
by the detection results of each other even one of them is at
the comparable trace amount. Meanwhile, for the validation
of each test, whether the existence of HPV-16/HPV-18 or
not, the immobilized secondary antibody on C line can rec-
ognize the goat-anti-mouse antibody on AuNPs and capture
the AuNPs on C line, showing the observable red color of C
line and demonstrating the validation of the detection.

Feasibility of one-step nucleic acid extraction

In order to well meet the requirements for easy identifica-
tion of high-risk HPV genotypes in the resource-limited

00
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Fig. 2 Feasibility verification results. Left image: illustration of aga-
rose gel electrophoresis (AGE) verification (M: maker; 1: blank con-
trol; 2: negative sample; 3: HPV-16 positive sample; 4: blank control;
5: negative sample; 6: HPV-18 positive sample). Right image: results
of LFS verification, the first three LFS were used to detect the HPV-
16, and the last three LFS were used to detect the HPV-18. (FPypy s:

settings, the pretreatment of the cell samples for gene
extraction is also of critical significance. The direct lysis
protocol was the first consideration for on-site applica-
tions. The pre-confirmed negative, HPV-16 and HPV-18
positive samples were treated directly with our lysis proto-
col. The obtained DNA of HPV-16 and HPV-18 has been
measured with the nucleic acid quantification instrument,
and the concentration of HPV-16, HPV-18 was 501.49 ng/
MI and 438.5 ng/pL, respectively. Then, these obtained
genomic materials are adopted as the target temples for
amplification, and the detection results are demonstrated
in Fig. 2. For one aspect, the results of agarose gel electro-
phoresis in the left image of Fig. 2 indicate that the genetic
materials can be effectively extracted and amplified with
PCR proved by the presence of target bands in the HPV-
16 and HPV-18 positive lanes, respectively. For the other,
results in the right image of Fig. 2 also demonstrate that
the amplified products of both HPV-16 and HPV-18 can be
well measured with our designed molecular LFS and the
positive signals of HPV-16 or HPV-18 can be well judged
by visual observation and distinguished from each other.

FPuvis @ @
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forward primer of HPV-18; RPypy s: reverse primer of HPV-18;
FPypy6: forward primer of HPV-16; RPypy 4: reverse primer of
HPV-16; Typy,g: template of HPV-18; Typy ¢ template of HPV-16.
Green circle means with the presence of the component; empty circle
means without the component)
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Optimization of conditions for the identification
of HPV-16/HPV-18

In order to achieve the best detection performance of
designed protocol for rapid and simultaneous identification
of both HPV-16 and HPV-18 in clinical samples, some key
parameters of both the amplification and LFS measurements
were optimized. The concentrations of primer set of HPV-16
and HPV-18 were optimized as 160 nM and 80 nM, respec-
tively (see optimized results in Figure S2 and discussions in
Supporting Information). The LFS for rapid analysis of pro-
duced amplicons were also carefully studied and optimized.
1 mg/mL of DIG antibody on T, line, 1.2 mg/mL SA on T,
line, and 6 pL. of AuNP-FITC antibody conjugates on the
conjugation pad were adopted as the optimal conditions for
the detection with LFS. Besides, the dilution of amplicons
for LFS detection was optimized and 8 pL. amplicon mixed
with 40 pL 10 mM PB (pH 7.0) was treated as the best con-
dition for the visual measurements, which could guarantee
the optical signals on both T, and T, lines for visual observa-
tion (see detailed results in Figure S3).

Analytical performance of this constructed strategy

Under above optimized amplification and visual meas-
urement conditions, target HPV-16 and HPV-18 DNA at

different concentrations were detected. The samples were
prepared with both HPV-16 and HPV-18 DNA at different
spike ratios. From results shown in Fig. 3, in the samples
from left to right, the concentration of HPV-18 DNA is
increased, while the concentration of HPV-16 is decreased
accordingly. The agarose gel electrophoresis results clearly
demonstrate that the optical intensity of bands correspond-
ing to HPV-16 (the lower bands) are decreased while that of
HPV-18 (the upper bands) increased, which are in accord-
ance with concentration variation trends. And the detection
limit of both HPV-16 and HPV-18 could come to 0.7 x 10°
copies. Of great significance, the visual measured results
with LFS are in total agreement with those of agarose gel
electrophoresis. And the lowest detection limits of electro-
phoresis are also as low as 0.7 x 10° copies for both HPV-16
and HPV-18 genotypes. Although, for this achieved detec-
tion limit, it is comparable to that of the electrophoresis or
better than other normal molecular protocols (see compari-
son results in Table 1) and can be adopted for qualitative
screening, for practical applications, the detection limit
should be the more sensitive the better and further improve-
ment of the detection limit to the final single-cell resolu-
tion for better performance is still of significance. In that
case, trace target high-risk cells can be accurately screened
as early as possible. Besides, it could also be found in
Fig. 3 that simultaneous detection of both genotypes does

HPV16/HPV18 (Copies)
(Ol;fc\{)-;:izs) 100 10' 102 10% 104 105 10° 107 O
T, Line
(OI-_;*Px;iGeS) 107 108 10° 104 10% 102 10' 10° O O
T, Line

Maker

500 bp
400 bp

300 bp

200 bp
150 bp
100 bp
75 bp
50 bp

25 bp

Fig. 3 Illustration of the designed protocol’s sensitivity: the results at
different concentrations of HPV-16 and HPV-18; left panel: results of
agarose gel electrophoresis to decreasing concentrations of HPV-16
and increasing concentrations of HPV-18; right panel: results of LFS
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to decreasing concentrations of HPV-16 and increasing concentra-
tions of HPV-18; and the quantitative analysis of the LFS results with
Imagel
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Table 1 An overview of recent reported nanomaterial-based methods for the detection of HPV-16/18

Methods Materials used LOD Target Technique DNA extraction time and ~ Reference
conditions

Molecular amplification AuNPs 7 % 107 copies HPV-16 and 18 Colorimetric 5 min, room temperature ~ This work
integrated lateral flow
strip platform

A fully integrated paper AuNPs 10* copies HPV-16 Colorimetric  10-15 min, room tem- [40]
fluidic molecular diag- perature
nostic chip

PCR-immunochromato- AuNPs 107 copies HPV-16 and 18 Colorimetric 40 min, room temperature  [41]
graphic

CRISPR-Cas12a with AuNPs HPV-16 170.6 copies/uyL HPV-16 or 18  Dolorimetric 5 min, 95 °C [42]
lateral-flow strip HPV-18 151.8 copies/pL.

PCR and fluorescence FL beads / HPV-16 or 18 Fluorescence >25 min, variable tem- [43]

DNA chip

perature

not interfere with each other. Comparatively speaking, this
molecular LFS can be the ideal alternative protocol of the
traditional PCR and even comparable to the real-time fluo-
rescent PCR with simpler operations and lower cost. Mean-
while, different concentrations of both HPV-16 and HPV-18
can be qualitatively judged by naked-eye observation, which
can meet the requirements of practical screening of high-risk
HPV. For further quantitative analysis, the results of LFS
can be read and measured directly by the photos taken with
designed apps. The interference of ambient brightness and
other conditions can be effectively avoided by the standard
color and inbuilt QR code, which would be acquired simul-
taneously by taking photos. The semi-quantitative analysis
could be achieved by the calibration curve information that
the QR code included. Related studies are still ongoing in
our labs.

Furthermore, the specificity of this designed amplifica-
tion-assisted molecular LFS protocol for rapid and simul-
taneous identification of HPV-16 and 18 was investigated.
Twenty kinds of real-time PCR confirmed HPV genotypes
including HPV-16, 18, 6, 11, 30, 31, 33, 35, 39, 44, 45,
51, 52, 53, 56, 58, 59, 66, 68, and 81 were adopted for
PCR amplification and analyzed by traditional gel elec-
trophoresis and our amplification-assisted molecular LFS,
respectively. Detailed results shown in Fig. 4 demonstrate
that with designed primer sets, only the target HPV-16 and
HPV-18 can be amplified, and the specific band of the gel
can be observed. For other genotypes of HPV detected with
designed primer set, there is no band in the gel, indicat-
ing the excellent specificity of the designed primer sets.
However, the specificity may also be influenced by the sub-
sequent LFS detection. Results in Fig. 4 well demonstrate
the specificity of the final LFS detection. Besides the C
line on all LFS indicating the validation of detection, only
the three groups of HPV-16/HPV-18, HPV-16, and HPV-
18 show the observable signals on the T lines (T and T,
line for HPV-16/HPV-18; T, line for HPV-16; T, line for

HPV-18). Other genotypes of HPV do not show any signals
on test lines of molecular LFS. This extraordinary specific-
ity of the designed protocol is attributed to the excellent
specificity of two designed primer sets for HPV-16 and 18,
respectively. Meanwhile, the specific recognition systems
including the FTIC, DIG, and biotin also contribute to this
excellent specificity.

Finally, the amplification-assisted molecular LFS was uti-
lized for the rapid visual identification of HPV-16 and HPV-
18 clinical cell samples. Twenty real-time PCR confirmed
clinical cell samples were treated and detected with our
amplification-assisted molecular LFS. All visual detection
results of LFS are shown in Fig. 5. From the visual judged
results, all the HPV-16 or HPV-18 positive samples have
been labeled with the symbol of star (*). There are 2 samples
(samples 1 and 6) simultaneously infected by high-risk 16
and 18 genotypes, while other 5 samples (sample 4, 7, 12,
16, and 18) are infected by just one genotype of HPV-16 or
18. Meanwhile, two important aspects should be noted: (1)
Both the HPV-16 & HPV-18 can be well identified and dis-
tinguished from each other (4 and 18 of HPV-16 while 7, 12,
and 16 of HPV-18) with the sample amplification-assisted
molecular LFS; (2) The severe and mild infections can be
well differentiated of the same genotype (12 of mild infec-
tion and 16 of severe infection of HPV-18). And these visual
judgments obtaining positive results are totally in agreement
with the pre-confirmed results of real-time PCR, demon-
strating the great capability of this amplification-assisted
molecular LFS for rapid and visual identification of high-
risk HPV genotypes. Besides, one thing should be noted
that although two genotypes have been successfully identi-
fied simultaneously on the same LFS, there are other 10
high-risk genotypes required for identification. For the same
LFS, the max number of analytes would be no more than 5
or 6 genotypes due to the limited physical length of the lat-
eral flow strip. In the future studies, some multi-LFS can be
combined together to realize the whole high-risk genotypes
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Specificity of the designed protocol
Type of HPV 16/18 16 18 6 11 30 31 33 35 39 44 45 51 52 53 56 58 59 66 68 81 Blank
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Fig.4 Specificity study of the amplification and LFS. (Mixture of HPV-16 and HPV-18, HPV-16, HPV-18, and other 18 types of HPV were
selected to verify the specificity of the designed protocol)
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screening of HPV. Alternatively, the functional primer sets
can be mixed and the recognition systems can also be mixed
on the single test line. If positive results obtained on the
single test line, the new round screening with multi test lines
on the new LFS will be conducted for confirmation of exact
genotypes. And this multi-round screening can well resolve
the high throughput identification of high-risk HPV geno-
types. Furthermore, the systematic integration of amplifica-
tion with the LFS can realize the “sample in”/ “results out”
detection, which greatly contributes to the easy operation
and broaden the application of molecular LFS.

Conclusions

An on-site amplification-assisted molecular LFS strat-
egy has been developed for rapid and visual identification
of the high-risk genotypes of HPV for application in the
resource-limited settings. To realize the rapid and on-site
identification of high-risk HPV-16 and HPV-18; the direct
lysis treatments of samples were investigated to adapt the
requirement of complicate instrument-free identifications.
With the designed functional primer sets, target templates
of HPV-16 and HPV-18 can be simultaneously amplified
in the same system, and the functional amplicons can be
directly measured with the designed molecular LFS. Both
HPV-16 and HPV-18 can be simultaneously distinguished
from each other by the visible signals on the different test
lines on the same LFS. And the clinical samples have been
well identified with the satisfied differentiation results of
HPV-16 and HPV-18. What should be noted is that all the
rapid identification of the high-risk genotypes from the cer-
vical exfoliated cells can be performed in the common labs
or even at home without any precise-unmovable instruments
by the normal operators or even the consumers themselves.
Further effective replacement of PCR with the isothermal
amplification strategy such as the recombinase polymerase
amplification (RPA) will further empower the molecular
LFS without hardware, and related studies are still ongo-
ing in our lab. These are of great importance for the routine
screenings of “Two cancers” for guaranteeing the women
health in the remote districts and resource-limited settings.
Even more, this designed amplification-assisted molecular
LFS can be extended to rapid and visual screening of other
high-risk genotypes of HPV and diagnosis of other infec-
tious diseases.
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