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ABSTRACT

Background and Objectives: Human papillomavirus (HPV) is a significant etiological agent in cervical cancer. This study
aimed to evaluate the performance of PCR-ELISA for detecting HPV genotypes 11, 16, and 18 compared to the conventional
hybridization methods.

Materials and Methods: PCR-ELISA was designed and optimized to detect target HPV genotypes using biotin-labeled
probes. Sensitivity, specificity and reproducibility were assessed through intra-assay and inter-assay variability tests. Addi-
tionally, a cost-benefit analysis was performed to compare PCR-ELISA with RT-PCR and gel electrophoresis.

Results: PCR-ELISA demonstrated high sensitivity (HPV18: 94.92%, HPV16: 98.36%, HPV11: 93.75%) and specificity
(100% for all genotypes), with Kappa values ranging from 0.84 to 0.92, indicating strong agreement with the reference stan-
dard. Reproducibility analysis showed intra-assay CVs below 5% for most samples and inter-assay CVs within acceptable
limits. The cost-benefit analysis revealed significant reductions in reagent and equipment costs compared to RT-PCR, making
PCR-ELISA a cost-effective alternative.

Conclusion: PCR-ELISA offers a reliable, sensitive and cost-effective method for HPV detection, particularly in re-
source-limited settings. Its simplicity and compatibility with existing workflows makes it a promising tool for routine diag-
nostic applications.

Keywords: Human papillomavirus; Polymerase chain reaction-Enzyme-linked immunosorbent assay; Molecular diagnos-
tics; Hybridization techniques; HPV DNA detection

INTRODUCTION types (1). Papillomavirus is a double-stranded DNA

(dsDNA) virus with a 20-sided capsid capable of in-

Human papillomaviruses (HPV) represent an ex-  fecting skin, oral and genital epithelial cells (2). Hu-

tensive range of viruses discovered in twenty diverse man papillomavirus is classified into two categories
mammalian species and are classified into different according to tissue orientation (3).
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The papilloma group comprises of a pathogenic
virus with low risk. It primarily targets the keratin
levels of the skin and leads to harm. The virus strains
involved are 6, 11, 40, 42, 43, 44, 54, 61, 62, 67, 70,
71, 72, 74, 81, 83, 84 and 91 (4, 5). Another group
comprises of papillomaviruses with a heightened
risk of pathogenicity, which are more likely to cause
infection (6). In the throat, airways, mucous mem-
branes of the mouth and especially the genitals, cer-
tain members of this group result in common warts
(7, 8). However, most members within this group
result in injuries that lead to malignancies, such as
types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58,
59, 66, 68, 69, 73 and 82 (4, 9).

Cellular culturing and serologic techniques are
not useful in identifying this virus and its variations
(10). The most precise means for diagnosing HPV is
through molecular techniques, specifically PCR and
Real-Time PCR. The latter method is predominantly
employed by diagnostic laboratories (11). Molecular
testing represents the most advanced and specialized
approach when it comes to detecting various types
of HPV genomes by means of specific primers (12).
Molecularly sensitive methods offer valuable insights
into diagnosis of human papilloma virus (HPV) in-
fection. These methods are capable of detecting var-
ious types of HPV in both symptomatic and asymp-
tomatic individuals (13, 14).

PCR-ELISA combines the sensitivity of molec-
ular diagnostics with cost-effectiveness and ease of
implementation. Compared to RT-PCR, which is
widely used for HPV detection, PCR-ELISA offers
comparable sensitivity but requires less sophisticat-
ed equipment, making it accessible for routine diag-
nostics. Droplet digital PCR provides high precision
in quantification, yet it remains expensive and re-
source-intensive (15). On the other hand, next-gen-
eration sequencing (NGS) delivers comprehensive
data, including co-infections and mutations, but it is
unsuitable for high-throughput settings due to its cost
and complexity (16). PCR-ELISA strikes a balance
by being cost-effective, rapid and capable of process-
ing a large number of samples, thereby meeting the
needs of diagnostic laboratories in resource-limited
environments.

After analyzing molecular methods that use hy-
bridization, including PCR, RT-PCR and PCR-ELI-
SA, it was concluded that PCR-ELISA is a viable al-
ternative due to its ability to diagnose small amounts
of specific disease gene sequences at an acceptable
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speed and limit. The use of digoxigenin is also rec-
ommended as a non-radioactive diagnostic method
for detecting PCR products. The present study em-
ployed the detection of digoxin-labeled products
through an anti-DIG antibody conjugated to perox-
idase. A PCR-ELISA was subsequently designed us-
ing a pair of primers and a specialized probe, aiming
to detect HPV types 11, 16, and 18.

MATERIALS AND METHODS

Sample preparation. To detect HPV in paraf-
fin-embedded specimens, the 5-um sections were cut
and treated with xylene for deparaffinization. Sam-
ples were then incubated with a Lysis mixture (200
pl) overnight at 37°C. Subsequently, a phenol-chlo-
roform-isoamyl alcohol solution (100 pl; 25:24:1) was
added, mixed thoroughly, and centrifuged to extract
the top phase. Afterwards, a phenol-chloroform-iso-
amyl alcohol solution (100 pl; 25:24:1) was added,
mixed thoroughly, and centrifuged to extract the top
phase. DNA was precipitated by adding 1ml of 95%
ethanol and 50 pl of 3.5 M sodium acetate (pH 3.5).
After centrifuging at 13000 rpm, the pellet under-
went two washes with 70% ethanol, dried at room
temperature, and was ultimately resuspended in 30 pl
of deionised water. Furthermore, the DNA extraction
kit from bioneer Inc. (South Korea) was employed to
extract 17 samples.

Selection of gene fragment and design of suitable
primer for PCR and RT-PCR reaction. This was
followed by primer design to isolate and amplify genes
located in a specific region of the HPV genome, tar-
geting genotypes 11, 16, and 18, through bioinformat-
ics software. The designed primers and probes were
evaluated using BLAST against the NCBI nucleotide
database to confirm specificity. The results showed
no significant alignment with unrelated sequences or
closely related HPV genotypes, confirming their high
specificity for HPV types 11, 16, and 18. After de-
signing the primer, BLAST analysis was employed to
determine its specificity, followed by the examination
of Tm, AG, loop formation, and dimer primer through
DNASIS and Oligo 5 software. Table 1 displays the
primers designed for the desired HPV genomes.

Proper design of probes for PCR-ELISA pro-
cedure. A probe was developed to detect the HPV
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PCR product using a PCR-ELISA reaction. Table 2
illustrates the probes for each of the 11, 16, and 18
HPV types. The characteristics of the probe, such as
Tm temperature, GC percentage, and the probabili-
ty of loop formation were assessed using Oligo and
DNASIS-Primer3-BLAST software. Cross-reactivity
was tested against HPV types 31, 33, 45, and 52 us-
ing PCR and PCR-ELISA. No amplification or sig-
nal was observed for these genotypes, demonstrating
the specificity of the primers and probes. To further
ensure specificity, off-target amplification tests were
conducted under standard reaction conditions. No
unintended products were observed, confirming the
robustness of the primer and probe design. Upon final
approval, the probe was ordered from Sina Clone and
labeled with biotin.

RT-PCR and PCR reaction design. After ensur-
ing the primer suitability through primer design soft-
ware, we placed an order for manufacturing with Sina
Clone Company (Iran). Subsequently, a PCR reaction
was conducted to amplify 25 pl HPV genes of types
11, 16 and 18. Each reaction contained 0.4 micromoles
of each primer, 0.5 units of Tag DNA polymerase en-
zyme (Sinaclone Co., Iran), 2.5 ul of X10PCR buffer,
3 mM MgCI2 concentration and varied concentra-
tions of the genomic DNA. A RT-PCR Mastermix for
SYBR Green was utilized with a 12 microliter con-
centration for the reaction. The temperature program
for PCR and RT-PCR involves denaturation at 95°C

Table 1. Primers designed for HPV type 11, 16 and 18 genes.

for 10 minutes, denaturation at 94°C for 1 minute, an-
nealing at 54°C for 1 minute, extension at 72°C for 30
seconds and a final extension at 72°C for 5 minutes.
Additionally, PCR was carried out in 35 cycles and
RT-PCR in 45 cycles. To visualise the PCR product, 5
ul of the final PCR product was electrophoresed on a
1% agarose gel prepared in TBE buffer. To determine
the size of the PCR product, we utilised a 100 bp plus
ladder indicator manufactured by Sinagen Company
in Iran. The product was then viewed by staining the
gel with ethidium bromide and preparing the accom-
panying image on the Gel document machine made
by Omega in Germany.

Marking of genomic PCR product by DIG-
dUTP. DIG-dUTP was utilised for labelling the PCR
product of the HPV types 11, 16, and 18 genomes.
This was achieved by replacing a portion of dTTP in
the dNTPs mixture with DIG-dUTP. The Taq DNA
polymer uses DIG-dUTP in certain regions instead
of dTTP. The ratio of dTTP to DIG-dUTP used was
1:30. Alongside the original sample, a negative con-
trol sample was included in which the dNTP mixture
without DIG-dUTP was used. The PCR reaction was
prepared in a final volume of 25 ul, and the thermal
cycles were conducted as previously described.

Detection by PCR-ELISA reaction. For the ex-
periment, 5 pl of streptavidin was mixed with 95 pl
of coating buffer in well A. In well B, 10 ul of PCR

Virus strain Sequence 5>3 Primer  Nucleotide position Expect Product
length (bp) size (bp)
HPV11 F HPV11 GGAATACATGCGCCATGTGG 20 6760-6740 360
R HPV11 CGAGCAGACGTCCGTCCTC 19 7118-7099
HPV16 FHPV16 ACCCAGTATAGCTGACAGTATAAAAAC 27 1623-1596 512
RHPV16 CTCGTTTATAATGTCTACACATTGTTG 27 2108-2018
HPV18 F HPV18 GCTTTGAGGATCCAACACGG 20 28-8 430
R HPV18 TGCAGCACGAATGGCACTG 19 446-427
Table 2. Probes of HPV types 11, 16 and 18 used in PCR-ELISA reaction
Virus strain Sequence 5>3 Prob length Nucleotide position
(bp) (bp)
HPV+11 Biotin-CCTGTCAGAAACCCACACCTG 21 6937-6958
HPV+16 Biotin- GAGCCTCCAAAATTGCGTAG 20 1786-1806
HPV+18 Biotin- GATGCTGCATGCCATAAATG 20 184-204
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product labeled with digoxin was mixed with 90 pl
of coating buffer. In well D, 10 ul of normal (unla-
beled) PCR product was mixed with 90 pl of coating
buffer. In well E, 100 pl of coating buffer was added.
Finally, 5 ul of normal PCR product was mixed with
95 ul of coating buffer in well F. The mixture was
incubated for 1 hour at 37°C. The wells were then
washed 3 times with PBST buffer (saline phosphate
containing 0.05% tween). In the subsequent stage,
100 pl of blocking buffer containing 3% skimmed
milk was introduced to each well, followed by an
incubation period of 37 minutes at 37°C. The wells
were then washed as previously directed. Simultane-
ously, 20 pl of DIG-labelled PCR product was added
to 80 ul of SSC (saline-sodium citrate) hybrid buffer,
and the combination was boiled for 5 minutes. The
labelled picomole probe was subsequently added,
with biotinylated 5 ends, and incubated at 55°C for
1 hour. The resultant mixture was transferred to well
A and incubated at 37°C for an additional hour. Af-
ter washing with PBST buffer for three times, 100 pl
of peroxidase-labelled anti-digoxin-labelled antibody
was added to each well with a dilution of 1000. The
mixture was then incubated for 1 hour at 37°C. Fol-
lowing this, a substrate solution containing 5 mg OPD
in 4 ml of phosphate citrate buffer with a pH of 5 was
added to each well, along with 5 pl of 30% hydrogen
peroxide. The well plate was left in a dark room for a
few minutes before the reaction was stopped with 100
ul of 5.2M sulfuric acid. The device (ELISA Reader,
Biotek USA) was used to read the light absorption at
492 nm. This process was executed individually for
HPV types 11, 16, and 18.

Determination of sensitivity of RT-PCR and
PCR reaction. To accomplish our objective, we im-
plemented the dilution method. We initially purified
the genome of the HPV following the aforementioned
steps. To achieve this, we initially gauged the concen-
tration of genomic DNA extracted from the HPV us-
ing the nano-APP. The measured concentrations were
127.9, 12.4, and 9.4 ng/ul, respectively. Subsequently,
we extracted this DNA and produced a dilution se-
ries, employing DDW. Finally, these dilutions were
utilized as a model in RT-PCR and PCR reactions to
evaluate the sensitivity of the study.

Determination of minimum genomic concen-

tration detectable by PCR-ELISA. Following the
quantification of the PCR product of labelled HPV,
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serial dilutions were prepared for 11, 16 and 18 HPV
types in nanograms. One well served as the negative
control. 10 microlitres was added to each well, fol-
lowing which the other detection steps were conduct-
ed and measured using an ELISA reader.

Determining the specificity of PCR, RT-PCR,
and PCR-ELISA methods. To assess the specifici-
ty of the primers designed, four distinct types were
utilized in conjunction with the studied type. Subse-
quently, RT-PCR, PCR, and PCR-ELISA procedures
were conducted to evaluate their efficacy.

RESULTS

PCR and RT-PCR process optimization. Under
optimized reaction conditions and appropriate thermal
cycles, PCR reactions were conducted with specific
primers targeting HPV types 11, 16, and 18 genes. The
observation of single bands at sizes of 360 bp, 512 bp,
and 430 bp for types 11, 16, and 18 HPV, respectively
was made. Fig. 1 presents the corresponding gel im-
age. Similarly, RT-PCR reactions were carried out and
the outcome is demonstrated in Fig. 2.

Upon examination and comparison of the obtained
sequences with those in the gene sequence bank, it
was confirmed that they are directly linked to the HPV
gene. The BLAST software confirmed that the ampli-
fied fragment is entirely compatible with the HPV
gene as evidenced by the sequencing results and align-
ment against sequences in the gene bank database.

Melting curve analysis of the Real-Time PCR
reaction. After replication by the device, a melting

Fig. 1. Results of PCR reaction; lane 1: 100 bp DNA mark-
er; lane 2: HPV + 11; lane 3: HPV + 16; lane 4: HPV + 18.
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Fig. 2. Results of RT-PCR reaction (amplification plot) including; (A) HPV + 11; (B) HPV + 16; (C) HPV + 18.
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curve analysis was carried out on the reproduction
product to confirm the specificity and identity the
replicated product. To perform this analysis, the tem-
perature of the plate was gradually raised from 65°C
to 95°C, while the device continuously recorded the
fluorescence signal of the amplified product. Subse-
quently, the device generated a curve or graph of fluo-
rescence intensity against temperature. By examining
the unique and distinct peak of the studied product,
specifically types 11, 16, and 18 of the HPV, the Re-
al-Time PCR amplification's specificity was verified.
Fig. 3 illustrates the analysis of the melting curve for
the RT-PCR reaction for types 11, 16, and 18 of the
HPV.

Based on the melting curve diagrams, it can be con-
cluded that the fragment was present in the RT-PCR
reaction and it was not contaminated. The absence of
additional peaks in the curves confirms this. Further-
more, dimer primer was not detected during the con-
firmation process.

Determining the degree of specificity of designed
primers. To establish the specificity of the primers
utilized, every primer pair underwent testing with the
genomes of four distinct HPV types. Electrophoresis
showed that no band was present in these reactions,
indicating that the primers used were highly specific.
Fig. 4 indicates the specificity of HPV types 11, 16
and 18 with four different HPV types.

Determination of the sensitivity of PCR and RT-
PCR reactions. Genomic DNA from HPV genome
types 11, 16, and 18 was diluted and used to perform
PCR and RT-PCR reactions. The PCR products were
analyzed by electrophoresis on agarose gel, and the
resulting image is presented in Fig. 5. Subsequently,
the RT-PCR reaction was evaluated, and the results
are displayed in Fig. 6. The optimized PCR reaction's
detection limit was established for 11, 16, and 18
HPV types, as well as 1.9, 0.7, and 3 ng/ug of genom-
ic DNA. Additionally, the detection limit was deter-
mined for all types in RT-PCR reaction, up to 80 pg of
genomic DNA.

Labeling of PCR reaction product to perform
PCR-ELISA reaction. DIG-dUTP was used to label
the PCR product. Fig. 7 displays that the PCR prod-
uct amplified with the digoxin gene is monoclonal and
slightly larger than the PCR product amplified with
normal dNTPs. This is due to the presence of the di-
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goxin gene in the indicated PCR product, which in-
creased the weight of the desired fragment. Therefore,
performing PCR reactions in the presence of DIG-
dUTP is recommended. Fig. 7 illustrates the findings
of DIG-labeled products on a 10% agarose gel.

PCR-ELISA reaction. After labelling the PCR
products, we conducted ELISA and measured light
absorption at 492 nm using an ELISA Reader. Fig. 8
displays that the OD of the labelled HPV types 11, 16,
and 18 PCR products were considerably higher than
that of the control samples, indicating acceptability.

Evaluation of PCR-ELISA reaction sensitivity. In
order to assess the sensitivity and establish the mini-
mal detectable genomic concentration via PCR-ELI-
SA diagnostic methodology, serial dilutions of the
purified genome were subjected to fragment amplifi-
cation by PCR, followed by detection via ELISA. As
depicted in Fig. 9, the results obtained are both mean-
ingful and acceptable.

Specificity of PCR-ELISA method. The diagnostic
method's specificity was evaluated using four distinct
types of HPV. The results indicated that the designed
primers were specific. No bands were observed on the
agarose gel for the other HPV tested in this study. Sub-
sequently, the PCR-ELISA method's results were as-
sessed and recorded in accordance with the data pro-
vided in Fig. 10. The light absorption of the samples
for HPV types 11, 16, and 18 was greater than that of
the reaction controls, whereas the light absorption for
other HPV types was lower than that of the reaction
control.

Reproducibility analysis of PCR-ELISA intra-as-
say and inter-assay variability. To evaluate the re-
producibility of PCR-ELISA, intra-assay and inter-as-
say variability were assessed using three positive HPV
samples (HPV18, HPV16, and HPV11) over three
days, with three replicates per day. The coefficient of
variation (CV) was calculated for each condition.

For HPV18, the intra-assay CVs ranged from 2.63%
to 4.37%, with an inter-assay CV of 8.92%. Similarly,
for HPV16, the intra-assay CVs ranged from 2.63%
to 10.48%, and the inter-assay CV was 9.71%. For
HPV11, the intra-assay CVs were between 0.70% and
4.10%, and the inter-assay CV was 2.05%.

These results, summarized in Table 3, demonstrate
the robust reproducibility of PCR-ELISA, with most

IRAN. J. MICROBIOL. Volume 17 Number 3 (June 2025) 488-502 493
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Fig. 3. Component connection temperature and the highest possible adsorption rate on the number of cycles in the Real-Time
PCR reaction are; (A) HPV + 11; (B) HPV + 16; (C) HPV + 18, respectively.
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HPV+16

Fig. 4. Gel image of the gene bands of types 11, 16 and 18 of the HPV genotype along with four different HPV types to deter-
mine the specificity of the HPV; (A) HPV + 11; (B) HPV + 16; (C) HPV + 18.

8 7 65 43 24

Fig. 5. Gel image showing sensitivity analysis. Lane 1: 100 bp DNA marker; Lanes 2-8: serial dilutions of HPV DNA con-

centrations for types 11, 16, and 18.

CVs within acceptable limits for clinical applications.
The slightly higher inter-assay variability reflects day-
to-day differences but confirms the method's reliabili-
ty for large-scale diagnostics.

Diagnostic performance of PCR-ELISA sensitiv-
ity, specificity, and Kappa analysis. The diagnostic
performance of PCR-ELISA was assessed for HPV
types 18, 16, and 11. For HPV18, the assay achieved a
sensitivity of 94.92%, specificity of 100%, and a Kap-
pa value of 0.84, indicating strong agreement with the
reference standard. Similarly, for HPV16, sensitivity
was 98.36%, specificity 100%, and the Kappa value
0.92, reflecting excellent agreement. For HPV11, sen-
sitivity was 93.75%, specificity 100%, and the Kappa
value 0.84, highlighting the reliable performance.

These findings confirm the high accuracy and reli-
ability of PCR-ELISA, with no false positives report-
ed across all tested genotypes. Minimal discrepancies,
primarily due to false negatives in low viral load sam-
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ples, were observed. The results, summarized in Table
4, underscore PCR-ELISA's robust diagnostic perfor-
mance.

Detection of clinical specimens using PCR-ELI-
SA. For this study, we collected the genomes extract-
ed from positive samples of HPV types 11, 16, and 18,
along with control samples from healthy individuals,
as referenced by TehranLab Lab. These results were
then confirmed using the OPERON Kkit. We performed
PCR programs with 30 cycles on these samples and
measured them using an ELISA reader. Table 5 per-
tains to individuals who were referred to TehranLab
Laboratory due to clinical signs of HPV for diagnosis.
The types of HPV were identified using a kit from OP-
ERON company and PCR-ELISA method.

The concordance between PCR-ELISA and the
OPERON kit was 96.7%, with two negative samples
missed by PCR-ELISA. Potential reasons for this
discrepancy include low DNA concentrations in the
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Fig. 6. The result of determining the reaction sensitivity in terms of the concentration of genomic DNA in the Real-Time PCR
reaction, which includes; (A) HPV + 11; (B) HPV + 16; (C) HPV+18.
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Fig. 7. PCR product labeling with DIG-dUTP including Fig.
(A) HPV+11; Lane 1: DAN size indicator (100 bp DNA lad-
der), Lane 2: Unlabeled PCR product, Lane 3: PCR product
labeled. Fig. B: HPV+16, Lane 1: DAN size indicator (100
bp DNA ladder), Lane 2: Unlabeled PCR product, Lane 3:
Labeled PCR product. Fig. C: HPV+18, Lane 1: DAN size
indicator (100 bp DNA ladder), Lane 2: Unlabeled PCR
product, Lane 3: Labeled PCR product.
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Fig. 8. Detection of avidin-containing microtiter plates us-
ing HPV strain 11, 16, and 18 gene product in comparison to
PCR-ELISA reaction
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Fig. 9. Determination of PCR-ELISA sensitivity using PCR
product for each of the 11, 16, and 18 genes of the HPV.
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B HPV+11
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Fig. 10. The result of OD reading of PCR product of HPV
genome types 11, 16, and 18 with different types to evaluate
the specificity of PCR-ELISA reaction.

samples, possible degradation of DNA in paraffin-em-
bedded tissues, and minor mismatches in probe design
that could reduce binding efficiency. Operator vari-
ability during sample preparation and handling may
also have influenced the results.

To address such issues in future applications, we rec-
ommend optimizing protocols for low-concentration
samples, refining probe design to improve target bind-
ing, and ensuring standardized training for laboratory
personnel. These measures could further enhance the
sensitivity and reliability of PCR-ELISA in diagnostic
workflows.

DISCUSSION

Human papillomavirus (HPV) is a DNA virus
with over 100 known types, with over 40 of them
affecting the genital area. The virus is transmitted
through sexual contact and is the leading cause of
cervical cancer in women. The most effective way
to reduce the risk of HPV infection is through vac-
cination and safe sexual practices. It is important to
raise awareness of the dangers of HPV and the im-
portance of prevention measures (17). One of the pri-
mary means of HPV transmission is sexual contact.
Each HPV strain is identified by a unique numerical
or alphabetic type designation (18). Of the 100 types
of HPV, about 60 cause warts in areas such as the
hands and feet (19). Another 40 or more HPV types
can enter the body through sexual contact and attach
to the mucous membranes surrounding the genitals
(20). The typical means of identifying PCR products
involves gel electrophoresis, followed by staining
with ethidium bromide and hybridization (21). All
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Table 3. Summary of intra-assay and inter-assay variability for PCR-ELISA across HPV types.

HPV Type Day Intra-assay Mean  Intra-assay CV (%) Inter-assay Mean  Inter-assay CV (%)
HPV+18 Day 1 0.873 2.63 0.796 8.92
Day 2 0.732 4.37
Day 3 0.783 3.70
HPV+16 Day 1 0.943 4.03 0.958 9.71
Day 2 1.059 10.48
Day 3 0.873 2.63
HPV+11 Day 1 0.892 3.70 0.876 2.05
Day 2 0.878 4.10
Day 3 0.857 0.70

Table 4. Sensitivity, specificity, and Kappa coefficients of
PCR-ELISA for detecting HPV types

HPV Type Sensitivity (%) Specificity (%) Kappa
HPV18 94.92 100 0.84
HPV16 98.36 100 0.92
HPV11 93.75 100 0.84

of these approaches present their own limitations,
from restricted timeframes for detecting samples to
dangerous substances such as ethidium bromide and
agarose gel. Presently, various diagnostic methods
are utilised to ascertain and substantiate HPV human
papillomavirus infection. Many of these involve mo-
lecular techniques, such as PCR - RT - PCR — RFLP
(22, 23). The approach employed here utilizes general
primers MY11/MYQ9 and GP5+/6+ for L protein and
the E1 region of the HPV papillomavirus genome,
respectively. This allows for increased objectivity
and precision in analysis (24). The use of GP5+/6+
instead of primer MY11/M Y09 resulted in amplified
DNA and consequential discrepancies in diagnosis.
These inconsistencies were due to variations in tar-
get protein expression across different HPV types
and DNA positioning in cancer cell genes, as well as
an inability to detect the target DNA (25). Due to the
extensive range of the HPV genome, it has become
quite challenging to accurately identify the virus and
select the appropriate primer considering the variety
of virus types.

PCR-ELISA has been employed in diagnosis of
herpesvirus infections (26), leishmaniasis (27), di-
arrhea-causing Escherichia coli isolates (28), My-
cobacterium tuberculosis (29), and others, but not
much has been done to diagnose HPV infections
using PCR-ELISA. In 1998, this method was used
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to diagnose HPV by Venturoli and Zorbini (30, 31).
MVO9/MY I primers and digoxigenin-labelled nu-
cleotides were used in the PCR reaction to hybridise
the biotinylated probe to the product. This technique
involves the use of a streptavidin plate as the overlay
component.

The resulting hybrid was added to a microtiter
plate and obtained through the interaction of biotin
and streptavidin. Scientists are currently investigat-
ing the detection of the complex bound by anti-Dig
antibody to a conjugated enzyme, as well as the ad-
dition of a suitable substrate (30). One of the most
significant benefits of utilising PCR-ELISA in con-
trast to alternative methods is that the ELISA ap-
proach requires a series of incubation stages which
can be easily accomplished due to the procedure's
simplicity (30, 32). The specificity of the method-
ology can be improved through the application of a
specialised probe. Large scale analysis, as well as the
use of UV and darkroom, are no longer necessary.
The method presents several advantages such as a
reduced environmental impact in comparison with
other techniques, like Saturn staining. Additionally,
it is imperative to avoid radioactive and carcinogen-
ic substances such as ethidium bromide, due to their
adverse implications to human safety and health (32).
The PCR-ELISA method eliminates the use of haz-
ardous chemicals such as ethidium bromide, com-
monly employed in gel electrophoresis. In contrast,
PCR-ELISA reduces hazardous waste production
by over 90%, as it relies on non-toxic reagents like
biotin-labeled probes and enzyme substrates. Gel
electrophoresis requires the use of agarose gel and
running buffers, which collectively produce approx-
imately 100g of solid and liquid waste per batch. In
comparison, PCR-ELISA uses pre-coated ELISA
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Table 5. The number of patients displaying clinical symptoms who were diagnosed with HPV types using the OPERON kit

and PCR-ELISA method at the Tehran Lab Laboratory.

Strain examined HPV18 HPV16 HPV11

Total number of samples examined 60 40 30

Detection method PCR-ELISA  operon PCR-ELISA  operon PCR-ELISA  operon

- onosis (bositi . 22 £ £ 22 2g¢ £ 02

Diagnosis (positive & negative) = g = s = = s B B =
g 8 e 8 ® 8 ® 8 ® 3 2 3
Zz o Zz O Zz o Zz o Zz o z o

Results of the experiment 2 58 - 6 - 40 - 40 - 30 - 30

plates, which significantly leads to less waste. Fur-
thermore, the absence of UV visualization equip-
ment reduces energy consumption and operational
risks. From a safety perspective, PCR-ELISA elim-
inates the need for personnel to handle carcinogen-
ic substances like ethidium bromide and minimizes
exposure to UV radiation during gel visualization.
This makes PCR-ELISA a safer alternative for rou-
tine diagnostic workflows. Cost-benefit analysis Ta-
ble 6 showed that PCR-ELISA significantly reduces
reagent and equipment costs while maintaining high
sensitivity and specificity. Its simplified workflow
also lowers labor costs compared to RT-PCR, mak-
ing it a cost-effective alternative for diagnostic ap-
plications.

PCR-ELISA requires specialized equipment such
as ELISA plate readers and thermal cyclers, which
may pose challenges in resource-limited settings.
However, these devices are increasingly accessible
due to their versatility and cost-effectiveness. The
method also requires trained personnel for proper ex-
ecution and interpretation, a challenge that can be ad-
dressed through targeted training programs. Despite
these limitations, PCR-ELISA integrates seamlessly
into existing diagnostic workflows in laboratories
equipped with ELISA and PCR systems. Its compati-
bility with standardized reagents and protocols mini-
mizes the need for additional infrastructure, making
it a practical option for many laboratories.

This approach lifts the testing constrains for the
quantity of pandemic samples. This dissimilarity ap-
pears to be rooted in the detection method employed,
since in PCR only the size of the target sequence is
used to ascertain its accuracy and the existence of
the virus in the sample. This study discovered that
PCR-ELISA is more sensitive than PCR and RT-
PCR using the SYBR Green method. This dissimi-
larity appears to be rooted in the detection method
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Table 6. A comparative cost-benefit analysis of RT-PCR and
gel electrophoresis.

Parameter PCR- RT-PCR Gel
ELISA Electrophoresis

Reagent Cost $2.5 $5.0 $1.5

(per test)

Equipment Cost Moderate High Low

Labor Requirement Moderate High High

Throughput 96 48 24

(samples/day)

Hazardous Waste Minimal Moderate High

employed, since in PCR only the size of the target
sequence is used to ascertain its accuracy and the ex-
istence of the virus in the sample. In RT-PCR using
the SYBR Green method, the criterion for detection
is the synthesis of two strands and the presence of
SYBR Green dye between them. This criterion, how-
ever, is not entirely definitive. In contrast, PCR-ELI-
SA employs a probe as the detector of the fragment,
which detects the specific linkage of bases to deter-
mine the exact reason for the presence of the frag-
ment and identify the infection with the virus under
question. The study demonstrated the PCR-ELI-
SA technique's ability to detect minute quantities
of DNA in a sample in terms of detectability. This
heightened sensitivity may be partially attributed to
the detection method and apparatus employed. The
enzyme molecule that binds to the biotin in the probe
can irreversibly modify the substrate molecules,
generating a dye in the surrounding environment.
This is of particular significance when the initial
pattern value is minute. Despite its high sensitivity
and specificity for PCR and RT-PCR, this method ne-
cessitates real-time devices, gel electrophoresis, and
UV light with a dark room. Furthermore, it does not
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employ materials such as ethidium bromide. As pre-
viously stated, this technique allows for the analysis
of a large number of samples simultaneously. This
technology can be automated, providing benefits for
clinical use. Conducting the initial amplification and
diagnosis in a tube reduces contamination and oth-
er errors. PCR-based methods generally minimize
direct handling of clinical specimens, lowering risk
for personnel. Furthermore, samples can be stored
at -20°C until needed. As there is no requirement
for a contagious virus, only intact DNA, there is no
need for extreme precautions during the collection
and storage of samples. Any physician can easily
collect, store, and send samples to a laboratory if
necessary.

The results of this study demonstrate that PCR-ELI-
SA provides excellent diagnostic performance, as
evidenced by high sensitivity and specificity across
all tested HPV types. The calculated Kappa values
(ranging from 0.84 to 0.92) further indicate strong
agreement with the reference standard. These results
suggest that PCR-ELISA is a reliable method for de-
tecting HPV genotypes, particularly in clinical set-
tings where accuracy is critical.

While the assay showed minimal discrepancies
(e.g., a few false negatives for low viral load sam-
ples), the overall performance underscores its poten-
tial as a cost-effective and accurate alternative to ex-
isting methods such as RT-PCR. Future studies may
focus on optimizing the assay for low-concentration
samples to further enhance its sensitivity.

Multiplex assays allow for the simultaneous de-
tection of multiple HPV genotypes in a single reac-
tion, which increases throughput and reduces reagent
usage. However, these assays require more complex
instrumentation and optimization to avoid cross-re-
activity between the targets. In contrast, PCR-ELISA
focuses on a smaller set of targets with high specifici-
ty and lower costs, making it suitable for laboratories
with limited resources.

Digital PCR provides absolute quantification of
HPV DNA and is highly sensitive, even at very low
viral loads. While this precision is advantageous
for clinical research, the high cost and technical
complexity of digital PCR limit its widespread use.
PCR-ELISA offers a practical alternative by balanc-
ing sensitivity with cost-effectiveness, particularly in
high-throughput diagnostic settings.

As HPV diagnostics continue to evolve, PCR-ELI-
SA serves as a bridge between traditional methods
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like gel electrophoresis and more advanced technol-
ogies such as digital PCR and NGS. Its adaptability
and affordability ensure its relevance in both research
and clinical laboratories, especially in resource-lim-
ited settings.

Despite its advantages, PCR-ELISA has limitations,
including reliance on high-quality DNA samples,
lower throughput compared to automated methods
and potential false negatives in low viral load cases.
Addressing these issues in future studies could en-
hance its clinical applicability.

CONCLUSION

Therefore, it can be concluded that the PCR-ELISA
technique offers various advantages over alternative
diagnostic methods. Firstly, the combination of PCR
product with a complementary cross-reaction step
has enhanced the accuracy of the work. Secondly,
the use of a plate enables the examination of a larger
number of samples. Thirdly, this technique has high-
er sensitivity and specificity than agarose gel electro-
phoresis and RT-PCR by the SYBR Green method.
Further benefits of this methodology include the ab-
sence of a gel electrophoresis apparatus or darkroom
requirement, the potential for reduced environmental
contamination compared to Saturn staining proto-
cols and the employment of cost-effective materials
in the real-time assay. While PCR-ELISA demon-
strates significant potential for HPV diagnostics, ad-
dressing its current limitations will further enhance
its reliability and applicability.
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