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Background. Infection with human papillomavirus is the most critical risk factor for
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cervical cancer. Given the lack of detection of this virus type by serological methods,
using PCR-based molecular methods is particularly important in the accurate and early
detection of this virus. The present study aimed to develop and validate a sensitive and
specific method based on TagMan Real-time PCR for detecting HPV 31 and 33
genotypes using the E6 gene sequence.

Methods. In this descriptive-analytical study, 50 Pap smears of patients with cervical
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cancer were examined. After genomic DNA extraction, two high-risk genotypes, 31 and
33, were detected using the Multiplex Tagman Real-Time PCR method based on the E6

Results. This study showed that 28% of the samples were positive for 31 and 33
genotypes. The frequency of infection with the 33 genotype was 22%, and the 31
genotype was 6%. Also, simultaneous infection with both genotypes was observed in

2% of samples. Data analysis showed a sensitivity of 97% and a specificity of 100%.
Conclusion. The Tagman Multiplex Real-Time PCR is an efficient and cost-effective
method for screening 31 and 33 HPV genotypes. Due to its high accuracy, this method
can be used for the early detection of HPV genotypes.

Practical Implications. Due to its high speed and accuracy, this technique can be
suitable and cost-effective for identifying human HPV genotypes.
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Extended Abstract

Background

Cervical cancer is the fourth most common
cancer and the second leading cause of cancer death
in women worldwide. Persistent infection with
high-risk genotypes of human papillomavirus
(HPV) in the genital tract is the leading cause.
Genotypes 31 and 33 are classified in the high-risk
group following genotypes 16 and 18. Two

regulatory genes, E6 and E7, play a crucial role in
the initial stages of cervical tumor formation. The
precise and timely detection of HPV is essential for
effective early screening for cervical cancer.
Molecular biology techniques, especially the real-
time PCR method, have higher speed, sensitivity,
and accuracy in identifying HPV genotypes.
Additionally, multiplexing reduces errors when
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simultaneously identifying genotypes. The present
study aimed to develop and validate a sensitive and
specific TagMan Real-time PCR-based method for
detecting genotypes 31 and 33 using the E6 gene
sequence.

Methods

In this descriptive-analytical study, 50 abnormal
Pap smear samples from patients with cervical
cancer and HPV infection were collected from
pathology laboratories in Rasht city. Informed
consent forms were obtained from all patients to
participate in the study. Specific primers and probes
were designed to detect HPV 31 and 33 genotypes
in the E6 gene. Each TagMan probe was labeled
with a separate fluorescent dye. Genomic DNA
extraction from samples was performed using a
tissue DNA extraction kit per its protocol. Before
performing the Multiplex Real-Time PCR method,
the PCR reaction was conducted in three replicates
for each genotype. This was done to optimize the
primers and probes’ concentration and the
appropriate annealing temperature. Three different
concentrations of primers and probes were tested
for each genotype. To optimize the fluorescence
value in the Real-Time PCR method on the E6 gene
in the multiplex system, various concentrations of
primers (0.1, 0.2, and 0.4 uM) and probes (0.05,
0.1, and 0.2 uM) were tested. Once the primers
were optimized, multiplex Real-Time PCR was
performed on the samples using the designed
primers and probes. Single-mode reactions were
conducted for each strain using primers and probes
corresponding to each genotype to compare the
performance of single-mode and multiplex
reactions. In the next step, intra- and inter-assay
reproducibility was evaluated based on the cycle
threshold (Ct) and coefficient of variation (CV). To
determine the limit of detection (LOD) of the
developed test, the desired amplicon was amplified
using specific primers for each strain in a
thermocycler. To evaluate and measure the
performance of the developed method, HPV
positive samples were analyzed using a diagnostic
kit. Statistical analyses were performed using SPSS
software. In statistical analysis, the chi-square test

was used to determine the significance level of the
obtained values. A p-value of less than 0.05
(P<0.05) was considered significant.

Results

The age range of the patients was 19 to 57 years,
with a mean age of 36.2 £ 9.4. Among the patients,
29 (58%) were under 40, while 21 (42%) were over
40. Based on the data collected in this study, no
significant relationship was observed between age
and the prevalence of infection in the patients
(P=0.86). The optimal concentration for two
Multiplex Real-Time PCR (genotypes 31 and 33)
was determined by the highest RFU and the lowest
Ct value. The results showed that the best average
concentration for the probe was 0.1 umol, and each
of the primers (forward and reverse) was 0.2 pmol.
There was no statistically significant difference
between Ct values and primer concentration
(independent of probe concentration) (P<0.05).
Based on the results, the best bonding temperature
for the reaction was selected as 620°C. After
optimizing the appropriate concentration of primer
and probe in the two genotypes and the annealing
temperature in the single PCR. The same conditions
were applied for Multiplex PCR, and the binding
results obtained for the multiplex were consistent
with the single-plex mode. To determine the limit of
detection (LOD), serial dilutions (1, 10, 10?2, 103,
104, 10°, 108 107) were prepared for each HPV
genotype. In the method described above, the limit
of detection (LOD) was determined as the lowest
concentration at which more than 95% of replicate
tests yielded positive results. The results indicated
that the lowest concentration consistently yielding
positive results for both genotypes was 10
copies/ulL. The results showed that the coefficient
of variation Ct obtained in intra-assay and inter-
assay repeatability tests for all dilutions was less
than 5 percent. This indicates that the method
described above has high repeatability. Based on the
calculated kappa value (kappa=0.978), the
specificity and sensitivity of the developed clinical
method were determined to be 100 percent and 97
percent, respectively. Of the 50 Pap smears with
HPV infection, 14 (28%) samples were positive for
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genotypes 31 and 33. Genotype 31 had a higher
frequency than genotype 33, with 11 (22%) patients
having genotype 31 and 3 (6%) of them positive for
genotype 33. Simultaneously, infection with both
types was observed in 2% of the samples.

Conclusion

The developed multiplex Real-time PCR method
is an efficient and cost-effective way to identify
high-risk HPV genotypes with high sensitivity and
specificity. This method is a suitable, specific, and
accessible diagnostic that can simultaneously detect
multiple HPV genotypes, especially the clinically
important 31 and 33 genotypes. Due to the

limitations of this study, such as the small
population size and the limited number of samples
studied, further research is needed on larger
populations and a greater variety of samples with
different HPV genotypes in Iran. Additionally, it is
necessary to compare and measure the sensitivity
and specificity of various molecular methods for
detecting different HPV genotypes to establish a
comprehensive screening program.
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