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Abstract: Background: Xinjiang, China shows the world’s highest incidence and mortality rates of cervical cancer.
Due to limited conditions available for medical examination, hybrid capture 2 (HC2) and other detection methods
are used rarely, and early screening for human papillomavirus (HPV) cannot be carried out. Therefore, we estab-
lished a double-antibody sandwich (DAS)-enzyme-linked immunosorbent assay (ELISA) based on a polymorphism of
the Xinjiang HPV16 L1 strain (KU721788). Methods: According to the conserved sequence and specific epitope of
Xinjiang strain HPV16 L1, we prepared two anti-HPV16 L1 monoclonal antibodies and combined them to construct
a DAS-ELISA. Detection conditions for the DAS-ELISA were optimized, and HC2 was used as the control to verify
the specificity, repeatability and coincidence detection of the DAS-ELISA. Results: The optimized conditions for the
DAS-ELISA were: dilution of the capture antibody was 1:100; the enzyme-labelled antibody was 1:10; the sample
reaction time was 45 min; the enzyme-labelled antibody was applied for 40 min, and the substrate color develop-
ment time was 15 min. The quality of the DAS-ELISA for the detection of HPV 16 was very high, and there was no
significant difference when compared with HC2. Conclusion: The DAS-ELISA developed on the basis of the Xinjiang
strain (KU721788) polymorphism possesses the advantages of a detection rate similar to that for the HC2 assay
currently used clinically, but it is more convenient operationally and at lower cost. DAS-ELISA is thus easier to imple-
ment for cervical cancer screening in economically depressed areas.

Keywords: Xinjiang HPV16 L1 gene polymorphisms, double antibody sandwich ELISA, hybrid capture 2, cervical
cancer screening, monoclonal antibody.

Introduction lesions is beyond doubt. Epidemiologic studies
have confirmed that HPV16 genomic polymor-

Each year, more than 85% of new worldwide phisms can reflect the carcinogenic character-

cases of cervical cancer are concentrated in
developing countries, and China accounts for
approximately 12% [1]. Human papillomavirus
(HPV)16 is the most dominant high-risk (HR)-
HPV genotype, accounting for 31.39% of cervi-
cal intraepithelial neoplasia (CIN)1, 42.99% of
CIN2, 75.18% of CIN3 and 71.17% of invasive
cervical cancer (ICC) [2]. The HPV16 detection
rate increases with the increase in the severity
of the disease, and its dominant role in cervical

istics of the virus. Different HPV16 mutant
strains show different carcinogenic potential
and biologic activities, and show certain region-
al differences [3].

The HPV L1 protein can self-assemble into
virus-like particles (VLPs) which induce high lev-
els of neutralizing antibodies that are highly
protective [4]. L1-VLPs are the components
used to design specific prophylactic vaccines,
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and they also constitute markers used in HPV
detection. The expression levels of HR-HPV L1
protein in cervical tissues provide guidelines
for the diagnosis of CC and CIN classification.
Study of the HPV16 L1 epidemic strain in
Xinjiang would be significant in disease detec-
tion and vaccine development, and although
HPV16 L1 is significant overall, there are very
few reports regarding the Xinjiang strain. We
therefore investigated this strain and compar-
ed it with other vaccine strains (Reference
sequencing: GenBank accession number
DQ469930) [5].

Effective screening can detect HSIL in time to
administer appropriate treatment, which is an
important means to reduce the incidence and
mortality of cervical cancer. Currently, cytologi-
cal testing by thin-prep cytological test (TCT)
and Hybrid Capture 2 (HC2) are the two primary
methods employed for the preventative screen-
ing for cervical cancer. These detection meth-
ods are especially important in developing
countries, but due to their complexity and the
need for certain molecular biology detection
techniques, their wide application is limited.

It has been reported that anti-peptide antibod-
ies induced by the surface oligopeptide of
L1 18283 (**PNNNKILVPKVSGLQYRVFR™) and
18294 (>®4LYIKGSGSTANLASSNYFPT3) are
conserved among different high-risk HPV types,
can be used for extensive screening [6], and
are believed to be highly sensitive for identify-
ing patients with cervical cancer and precan-
cerous lesions. Based on the aforementioned
study, we developed a double-antibody sand-
wich enzyme-linked immunosorbent assay
(DAS-ELISA) using the conserved sequence of
HPV L1 and polymorphisms of Xinjiang strain
HPV16 L1. Our objective was to explore the fea-
sibility of DAS-ELISA in the detection of HPV in
exfoliated cervical cells.

Materials and methods
Ethical issues

Ethical approval was obtained from the Shihezi
University School of Medicine Research Ethics
Committee, and written informed consent was
obtained from each patient.

Specimen collection

Exfoliated cervical cells were collected random-
ly from the First Affiliated Hospital of the
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Medical College of Shihezi University during a
single year. Each exfoliated cell sample was
diagnosed using HC2 performed according to
the Digene Hybrid Capture(R) 2 (HC2) High-Risk
HPV DNA Test kit instructions.

PCR amplification of the Xinjiang strain HPV16
L1 nucleotide sequence and bioinformatic
analysis

Exfoliated cervical cells were collected from
198 patients aged 14 to 74 years who were
positive for HR-HPV by HC2 testing, and placed
in cervical preservation fluid. DNA from each
sample was extracted for HPV L1 sequencing.
Primers were synthesised, and PCR systems
were used as previously described [7, 8].

PCR amplification products were visualized on
1.2% agarose gels, and fragments were
retrieved, linked to the pMD19-T vector and
transformed into Escherichia coli DH5a. A posi-
tive clone was selected for sequencing, and the
sequence was BLAST-searched against the
NCBI nucleotide database for sequence-align-
ment analysis. After splicing and proofreading
gene sequences with DNAMAN (Ver. 7.0) soft-
ware, the sorted sequences were submitted to
the GenBank nucleic acid database using
Sequin software.

Following DNAMAN software analyses of nucle-
otide and amino acid sequences of Xinjiang
strain HPV16 L1, the B-cell epitope was pre-
dicted using ABCpred software (http://crdd.
osdd.net/raghava/abcpred/ABC  submission.
html) [9] and the secondary structure was pre-
dicted using Predicprotein (https://www.pre-
dictprotein.org/home) [10]. The vaccine strain
was used as a reference strain.

Establishment of the DAS-ELISA

According to the gene polymorphisms of
Xinjiang HPV16 L1, the Yao Qiang Biological
Technology Company (Shanghai, China) scr-
eened two monoclonal antibodies (MAbs) with
excellent specificity and affinity using a con-
served recombinant HPV16 L1 polypeptide and
a B-cell-specific epitope polymorphism peptide
(GenBank accession number KU721788). The
company provided a capture antibody (anti-
HPV16 L1-1gG1l), an enzyme-labelled antibody
fused to horseradish peroxidase (HRP; anti-
HPV16 L1-1gG2b) and a recombinant HPV16 L1
protein (100 pyg/mL).
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For assays, 96-well microplates were coated
with capture antibody (100 pL/well) in carbon-
ate coating buffer (pH 9.6) for 1-3 h at 37°C.
Plates were washed three times with PBST
(1xPBS, 0.05% Tween-80) for 5 min, and 100
uL of skim milk (5%)/well was added and incu-
bated for 3 h at 37°C in a humidified incubator.
Plates were washed as described above, and
100 uL/well of sample (antigen) was added and
incubated in a humidified incubator at 37°C for
1 h. Additionally, blank controls, negative con-
trols (BSA), and positive controls (recombinant
HPV16 L1 protein) were included. Plates were
washed and HRP-labelled antibody (100 uL/
well) was added and incubated for 1 h at 37°C
in a humidified incubator. Plates were washed,
100 pL of TMB/well was added, and plates
were incubated for 10-30 min at 37°C in the
dark. The HRP reaction was halted by the addi-
tion of stop buffer (50 yL/well) and absorbance
values were immediately measured at 450 nm.

Antibody concentration for optimal capture

Capture antibody was diluted 1:10, 1:50 and
1:100, and used to coat the ELISA plates.
Standard samples at different dilutions (1:10,
1:50 and 1:100) were then added, and all of
the other steps were carried out as described
above.

Determination of the optimal enzyme-labelled
antibody concentration

The optimal capture-antibody concentration
was determined by coating plates using a serial
dilution. Enzyme-labelled antibody was diluted
1:10, 1:50, and 1:100; all of the subsequent
steps were performed as described above.

Optimal antigen (sample) reaction time

Using the optimal-capture antibody concentra-
tion, the standard (at a 1:10 dilution) was
allowed to react for different times. All of the
subsequent steps were performed as described
above.

Determination of optimal reaction time for the
enzyme-labelled antibody

After establishing the concentration and sam-
ple reaction time, the standard (1:10 dilution)
was reacted for different times. All subsequent
steps were performed as described above.

Optimal color development time

After determining the appropriate concentra-
tion, the sample reaction time and the enzyme-
labelled antibody reaction time, color develop-
ment was allowed to proceed for different time
periods. All subsequent steps were performed
as described above.

Determination of the cut-off value for the DAS-
ELISA

We collected 20 HPV16-negative samples of
exfoliated cervical cells that were determined
to be HR-HPV-negative by HC2, and HPV16
L1-negative by PCR. Based on a literature
report, the primers and reaction conditions for
the HPV16 L1 PCR were determined and tested
using the optimised DAS-ELISA [11]. The mean
(X) and standard deviation (SD) of 20 samples
were calculated to determine the cut-off value
(X+/-2 SD) and the 450 nm OD value, where val-
ues > X+/-2 SD were considered positive, and
values < X+/-2 SD were considered negative.

Quality evaluation of DAS-ELISA detection of
HPV 16

Specificity: A total of 50 samples of exfoliated
cervical cells that were HR-HPV as determined
by DAS-ELISA were tested for specificity, includ-
ing 10 HPV16-positive, 10 HPV18-positive and
10 HPV45-positive samples; 10 samples of
HR-HPV-positive strains other than 16, 18 and
45, and 10 samples of HR-HPV-negative cells.
The detection process was as described above.

Repeatability: We selected 18 wells from three
ELISA plates (different batches), with six wells
per plate. These wells were assayed together to
detect an identical HPV16 sample. By calculat-
ing the coefficient of variation (CV%), we anal-
ysed the inter-batch repeatability of the
DAS-ELISA.

Coincidence detection: Exfoliated cervical cells
were collected from 257 suspected cases of
HPV infection at all ages for 1 year. Each sam-
ple was divided into two parts for the assay by
HC2 and DAS-ELISA, respectively. Consistency
between DAS-ELISA and HC2 was evaluated
using McNemar’s and Kappa-consistency tests
[12]. The McNemar test analysis showed that
the test level was 0.05. When P < 0.05, the dif-
ference between the two was statistically sig-
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Table 1. HPV16 L1 nucleotide and amino acid differentiation sites

Gene ID of HPV16 L1  Differential sites by N—C terminus

Nucleotide KU721788 DQ469930 1-78 (ATGCAGGTGAC ATTTACATCCTAG TTATTACATGTTACGAAAACGACGTAAACGTTTACCATATTT T CAG-*)
(1596 bp) (1518 bp) 402 (T-C); 465 (T-A), 945 (G-A); 1500 (A-G)
Amino acid AMN09986 ABF06542 1-26 (MQVTFIYILVITCYENDVNVYHIFFQ-*)

(531aa) (505aa)

Table 2. B-cell epitopes of KU721788 are more
specific than DQ469930

Rank Sequence Start position Score
8 YILVITCYENDVNVYH 7 0.86
11 QMSLWLPSEATVYLPP 26 0.82
32 CYENDVNVYHIFFQMS 13 0.57

nificant; P > 0.05 was considered no statistical
difference. Kappa was used for the consistency
test and analysis. The consistency was consid-
ered very poor (0-0.20), weak (0.21-0.40),
moderate (0.41-0.60), highly consistent (0.61-
0.80), or extremely consistent (0.81-1.00) [12].

Results

PCR amplification of the Xinjiang strain HPV16
L1 nucleotide sequence

We submitted an HPV16 L1 fragment to the
GenBank nucleic acid database and obtained
GenBank accession number KU721788 and
protein id AMN0O9986. A comparison of the
Xinjiang strain KU721788 (protein id AMN-
09986) with the vaccine strain DQ469930
(protein Id ABF06542) using DNAMAN provided
an identity match of 94.86% for the nucleic
acid sequence and 95.10% for the amino acid
sequence (the differential sites are listed in
Table 1). It is worth noting that the N-terminus
of the Xinjiang strain includes an additional 26
amino acids that are absent in the vaccine
strain, and that 505 amino acids coincide com-
pletely with the vaccine strain.

B-cell epitope prediction

Using ABCpred for B-cell epitope prediction, we
selected a window length of 16 to utilize for
prediction, with a threshold [0.1 to 1] of 0.51.
The Xinjiang strain HPV16 L1 had 56 B cell epi-
topes for a mean score of 0.774 (scoring was
between O and 1), with a minimum of 0.530
and a maximum of 0.950. The HPV16 L1 vac-
cine strain has 53 B-cell epitopes with an aver-
age score of 0.776, a minimum of 0.530 and a

maximum of 0.950. The Xinjiang strain had
three more epitopes than the vaccine strain
(shown in Table 2), and the other epitopes (not
shown) showed an identical sequence, although
the scores were slightly different.

Secondary structure prediction

We used Predicprotein software to predict sec-
ondary structure and functional features.
KU721786 had 11 protein-binding regions and
5 polynucelotide-binding regions, while DQ-
469930 had only 14 protein-binding regions
(shown in Figure 1 as first line-binding sites).
Through solvent accessibility analysis, we
found that the distribution of amino acid resi-
dues was different from that of the exposed or
buried protein, which may affect the hydropho-
bicity and antigenicity of the protein (shown in
Figure 1 as third line-solvent accessibility). In
addition, the disordered regions were slightly
different (shown in Figure 1 as the fourth line-
disordered region). Disordered regions are
involved in many biologic processes, such as
regulation, signal conduction, and cell cycle
control, and they are related to protein or DNA
molecular recognition and phosphorylation.

KU721786 and DQ469930 exhibited many
loop structures (63.09% and 64.36%, respec-
tively), suggesting the existence of multiple epi-
topes (shown in Table 3). The proportion of heli-
ces, strands and loops did not differ significant-
ly, but the Figure 1 second line-structure shows
numerous slight changes in their positions,
especially at the N-terminus.

Standardization of DAS-ELISA

We performed several tests to determine the
optimal reaction conditions for the DAS-ELISA,
and we determined the optimal conditions for
the experiment by calculating the positive/neg-
ative ratio (P/N).

The following were our optimized conditions.
The optimal dilution of the capture antibody
was 1:100 (concentration 16.9 ug/mL, Figure
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Figure 1. Secondary structures and functional features as predicted by Predicprotein. Note: *AMNO09986 (531aa,
coded by KU721788). “ABF06542 (505aa, coded by DQ469930). First line-binding sites: ¢ protein binding region;
® @0 polynucelotide-binding region; second line-secondary structure: mm strand; W helix; third line-solvent acces-

sibility: = exposed;

Table 3. Secondary structure and binding sites by Predicprotein

buried; fourth line-disordered region: mm disordered.

3.40%, 1.90% and 3.00%)
were < 5% (except for 5.03%

at > 5%), indicating that the

intra-batch/inter-batch re-

producibility was acceptab-
le (shown in Table 4).

Coincidence detection sh-
owed that for the same
batch of 257 patient samples, 47 were HC2
positive, 210 were negative, 50 were DAS-
ELISA positive, and 207 were negative. Of the
257 total samples, both methods showed posi-
tivity in 42 samples and 202 were negative. Of
the 13 samples in dispute, 5 samples were
positive by the HC2 method and negative by
the DAS-ELISA and 8 samples were negative by
HC2 and positive by DAS-ELISA. According to
McNemar’s test (P = 0.0001 < 0.05), the differ-
ence in diagnostic results was significant, while

prediction
o . Secondary structure strand
Binding sites -
Helix Strand Loop
KU721786 11 Protein-binding regions 18.08% 18.83% 63.09%
5 Polynucelotide-binding regions
DQ469930 14 Protein-binding regions 18.02% 17.62% 64.36%
Dilution multiple of
standard sample
15+
- 1:10
-= 1:50
104 -+ 1:100
z
o
54
N R .\-T‘& -s"-"@

Dilution multiple of capture antibody

Figure 2. Optimal capture antibody concentration.

2), the optimal dilution of the enzyme-labelled
antibody was 1:10 (Figure 3), the sample reac-
tion time was 45 min (Figure 4), the enzyme-
labelled antibody was applied for 40 min
(Figure 5) and the substrate color-development
time was 15 min (Figure 6). The specificity test
results of our double-antibody sandwich ELISA
showed that only HPV16 was positive (OD450
nm value >0.147), indicating that the specificity
of the method was good (Figure 7).

The repeatability test showed that the intra-
batch CV%s (2.60%, 2.40% and 5.03%) and
inter-batch CV%s (3.00%, 2.99%, 2.56%,

the kappa test [kappa = 0.835 > 0.75] indicat-
ed highly consistent diagnostic results (shown
in Table 5).

Discussion

A general rule for macromolecules is that
sequence determines structure, and structure
determines function [13]. At the amino-acid
level, the Xinjiang strain HPV16 L1 had only 26
more amino acids at the N-terminal than vac-
cine strain HPV16 L1, while the other 505
amino acids were identical. The two strains
exhibited very high sequence identity, with
nucleotides at 94.86% and amino acids at
95.10%, and the loop percentages in the sec-
ondary structure were 63.09% (KU721788)
and 64.36% (DQ469930), respectively. Judging
from these data alone, there should be little dif-
ference between the two proteins; however,

Int J Clin Exp Pathol 2022;15(1):1-10
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Figure 4. Optimal sample reaction time.
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Figure 5. Optimal reaction time of enzyme-labelled

antibody.

when we assessed the position of the second-
ary structure and the composition of antigen
epitopes, we uncovered many small differenc-

6

5.5

5.0

P/N

4.5

4.0 T T T T T Ll
5 Qe P P D
Substrate color reaction time (min)

Figure 6. Optimal color developing time.

0OD450 nm value

Figure 7. Specificity analysis of the DAS-ELISA.

es between them. These differences are
expected to produce cumulative effects and
affect the higher structure of the proteins, thus
affecting some of their functions-including pro-
tein binding sites, hydrophilicity and the num-
ber, specificity, and affinity of antigen epi-
topes.

Antibodies bind to antigens at sites known as
antigenic determinant regions, which are also
called B-cell epitopes. B-cell epitopes are
essential to several biomedical applications
such as rational vaccine design, disease diag-
nostics, and immune-therapeutics [14].

From these results, we can infer that Xinjiang
strain HPV16 L1 retains good immunogenicity
and reactivity compared with the vaccine strain
HPV16 L1, and this information may be used to
develop vaccines or diagnose disease. Of
course, there are also some notable differenc-
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Table 4. Intra-batch assay/inter-batch assay coefficients of variation

First batch Second batch

Third batch

Inter-batch assay

SD Means  C/V (%)
0D450 nm value 0.329 0.336 0.349 0.01015 0.338 3.00
0.345 0.325 0.336 0.01002 0.335 2.99
0.329 0.335 0.346 0.00862 0.337 2.56
0.345 0.334 0.322 0.01150 0.334 3.40
0.335 0.328 0.341 0.00651 0.335 1.90
0.324 0.315 0.305 0.00950 0.315 3.00
Intra-batch assay SD 0.00885 0.00804 0.1675
Means 0.335 0.329 0.333
C/V (%) 2.60 2.40 5.03

Table 5. Coincidence rate in clinical samples
between the DAS-ELISA and HC2

HC2
+
DAS-ELISA + 42 8
- 5 202
X2 179.379
P 0.0001
kappa 0.835

es between the strains. We observed differ-
ences in the secondary structure of the protein
and B-cell antigen epitopes through bioinfor-
matic analysis, and these may affect the speci-
ficity and effectiveness of a vaccine or alter
disease diagnosis [15]. These differences also
provide a theoretical basis for the development
of HPV 16 vaccines and disease diagnoses
suitable for the province of Xinjiang.

The purpose of HPV testing is to detect patients
with cervical precancerous lesions and not viral
carriers; therefore, the sensitivity of the detec-
tion method should match the clinical sensitiv-
ity. There is a specific relationship between
viral load and clinical pathological changes. If
the clinical sensitivity of the HC2 is 5000 cop-
ies/mL, then the PCR is too sensitive, and an
analytical sensitivity of 10 copies/mL cannot
truly reflect clinical pathological changes [16].
ELISA is widely used in disease detection
because of its high sensitivity, convenient oper-
ation, rapidity, economy of use and other
advantages. Since ELISA comprises an antigen-
antibody binding reaction, there is no PCR
amplification of a small sample in vitro, and the
sensitivity of detection will be lower than that of

PCR. However, whether ELISA test sensitivity
can reach clinical sensitivity is unknown. We
developed DAS-ELISA by using conserved
HR-HPV L1 sequences [6] and three unique
B-cell epitopes in Xinjiang strain KU721788
L1 ("YILVITCYENDVNVYH?2, 26QMSLWLPSEAT-
VYLPP** and *CYENDVNVYHIFFQMS?®). We
observed no statistical difference between our
ELISA and the approved HC2 assay (P = 0.0001
< 0.05), and the former was highly consistent in
diagnostic results (kappa = 0.835 > 0.75), indi-
cating that the test sensitivity of the DAS-ELISA
reached clinical sensitivity.

Cytologic screening and HPV testing are the
two primary preventive approaches to cervical
cancer. During the early stages, cytologic
screening plays a very important role in the
clinic; however, it is suitable only in patients
with detectable lesions, and is ineffective for
those with HPV infection who have no detect-
able lesions [17]. The US FDA has approved
only four HPV tests related to cervical cancer
currently: Hybrid Capture 2 based on hybridisa-
tion capture, Cervista HPV based on enzyme-
digestion signal amplification, Cobas HPV
based on real-time PCR, and Aptima HPV based
upon transcription-mediated isothermal ampli-
fication [18]. The first three HPV tests all detect
HPV DNA and belong to the first generation of
high-risk HPV tests. Although they are clinically
sensitive and achieve detection of high-grade
precancerous lesions (CIN2+), their specificity
is low, and the majority of positive results are
false-positives due to transient infection (i.e.,
with no high-grade histologic lesions). This is
mainly because HPV DNA is a structural gene
that can be detected when an infection occurs.
These false-positive results cause patients to

Int J Clin Exp Pathol 2022;15(1):1-10
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suffer unnecessary psychological pressure,
which can lead to unnecessary and traumatic
follow-up tests (such as colposcopy and tissue
biopsy) that may harm patients, waste limited
medical resources, cause social problems
among family members, and may damage doc-
tor-patient relationships [19]. Aptima HPV is a
second-generation detection method based on
E6/E7 mRNA [20]; its clinical sensitivity, nega-
tive predictive value and safe screening inter-
val are consistent with first-generation HPV
DNA tests, and hence Aptima HPV can also be
used in first-line population screening [21, 22].
In terms of clinical specificity and positive pre-
dictive value-and compared with the first gen-
eration of HPV DNA tests-false positives can be
reduced by ~40% in first-line screening, thus
reducing subsequent and unnecessary shunts
and referrals for colposcopy and histologic
testing.

The DAS-ELISA we established was consistent
with the HC2 assay in terms of detection sensi-
tivity and specificity, but the object of detection
was different. HC2 detects HPV DNA, while
DAS-ELISA detects HPV L1 protein, and HPV L1
protein is of more clinical significance.

Recent studies have shown that HPV L1 DNA
and HPV L1 protein expression levels can
reflect the replicative status of cells, and that
the expression levels of the HPV L1 protein indi-
cate the progression and regression of cervical
lesions [23]. The presence of the HPV L1 pro-
tein indicates that HPV DNA is in a free state
consistent with a transient HPV infection
phase, and that there exists a good correlation
with abnormal cellular regression. Detection of
the L1 capsid protein allows effective assess-
ment of the progression of cervical cancer and
precancerous lesions, and some data indicate
that its positive expression rate in HSIL and
cervical cancer patients is significantly lower
than that in LSIL and healthy individuals [24].
As the grade of cervical lesions increases, the
positive expression rate of HPV L1 capsid pro-
tein exhibits a downward trend; and for these
reasons, we selected the L1 protein as a target
for screening HPV infection.

Although there are vaccines available against
cervical cancer in China, these are too expen-
sive for ordinary families. Therefore, HPV
screening is still an effective measure for pre-
venting cervical cancer, at least for a period of
time, and it is therefore important to develop

8

convenient and inexpensive assays that are
highly sensitive and accurate and suitable for
remote and less economically developed areas.

ELISA is widely used in disease detection due
to its high sensitivity, convenient operation,
rapidity, and cost-effectiveness [25]. Since
ELISA is based on an antigen-antibody binding
reaction, the primary challenge is ensuring the
specificity and accuracy of the antigen and anti-
body. The DAS-ELISA not only ensures specific-
ity and accuracy, but it is also suitable for
screening HPV infection in low-grade cervical
lesions since it is based upon the HPV L1 pro-
tein. This is especially important for underde-
veloped areas such as Xinjiang, as it achieves
early screening, early treatment, reduces treat-
ment costs, and improves the cure rate.

Conclusions

Based on the recombinant HPV L1 sequence,
we herein prepared a monoclonal antibody that
contains species-specific conserved peptides,
and using HPV16 Xinjiang epidemic strain
(KU721788) epitope polymorphism peptides,
established a DAS-ELISA. Compared with HC-2,
the DAS-ELISA possesses the advantages of
simple specimen processing, less antigen loss,
low reagent cost, and simple operation. The
assay is therefore especially suitable for cervi-
cal cancer screening in developing countries.
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