
 
 

 

 

 
 
 

 
Bengul Durmaz1 , Hande Toptan2 , Mehmet Koroglu2 , Riza Durmaz3*  , Ulker Cuhaci4  

 
 

 

 

 

 

 

 

 

 

 

 

 
1. INTRODUCTION 

Human papillomaviruses are small, double-
stranded DNA viruses in the Papillomaviridae 
family.1 Among more than 200 HPV genotypes 
identified, the high-risk HPV (hrHPV) genotypes, 
including HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 
58, and 59 are strongly associated with cervical 
cancer.2,3 Two of these, genotypes 16 and 18 are 
responsible for approximately 70% of cervical 
cancer cases worldwide.3,4 In addition to cervical 
cancer, there is growing evidence that HPV is 
associated with head and neck cancers and other 
anogenital cancers such as anus, vulva, vagina and 
penis cancer.5,6 Cervical cancer is the fourth most 
common cancer among women worldwide. It is 
estimated that 604,127 women are diagnosed 
with cervical cancer each year and 341,831 
women died from this disease in 2020.5 It is 
thought that >90% of cervical cancers are caused 
by HPV.6 

The main objective of cervical cancer screening is 
to detect easily treatable precursor lesions to 
prevent progression to invasive cancer.7 To screen 
cervical cancer, three approaches including 
polymerase chain reaction (PCR) for detection of 
hrHPV genotypes, Papanicolaou (Pap) smear for 
screening cervical cell changes,  and  both test 
together have been used.2,8 Recent data showed 
that using molecular methods to detect nucleic 
acids of hrHPV types is more effective than 
cytology9,10 International guidelines recommend 
HPV detection as primary screening test.11  

The DiaRD-HPV screening kit is a novel real-time 
multiplex PCR (Rt-PCR) kit developed for 
identifying genotypes 16 and 18, and screening 18 
other common hrHPV genotypes (6, 11, 26, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, 67, 68, 73, and 82).  
The kit contains specific primers for genotypes 16 
and 18, and fluorescent dye-labeled TaqMan 
probes to differentiate each of these genotypes. In 
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Objectives: Rapid detection and identification of high-risk human papillomavirus 
(hrHPV) genotypes in cervical specimens has a crucial importance for management of 
patients. In this study, we evaluated the performance of the novel DiaRD-HPV Rt-PCR kit 
developed for screening HPV in cervical samples and identifying hrHPV types 16 and 18.  

Materials and Methods: The performance of the novel DiaRD-HPV Rt-PCR kit was tested 
on a total of 243 clinical samples, including 65 HPV positive (genotype 16, n=23; genotype 
18, n=2; other genotype, n=40) and 178 HPV negative samples previously tested with the 
QIAscreen HPV PCR test kit. DNA was isolated from cervical specimens in PreservCyt 
transport medium using the Diarex Viral DNA/RNA extraction kit. Multiplex PCR was 
performed following the DiaRD-HPV Rt-PCR kit protocol.  

Results: The results of the novel kit were compared to those of the QIAscreen HPV PCR 
test kit using a comparator test.  Of the 65 samples that were positive with the comparator 
kit, 62 (95.4%) were also positive with the novel kit. All 178 HPV DNA negative samples 
were also negative with the novel kit. The sensitivity, specificity, and accuracy of the novel 
kit were 95.4%, ≥99.9%, and 98.8%, respectively. According to the cycle threshold (Ct) 
values determined in the reproducibility studies, the intra-assay and inter-assay 
coefficients of variations (CVs) were less than 1%. 

Conclusion: The high concordance between the results of the novel kit and comparator 
kit supports the use of the DiaRD HPV Rt-PCR kit in clinical samples.  
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addition, there are genotype-specific primers and 
TaqMan probes labeled with a common 
fluorescent dye for amplification and detection of 
the DNA of each of the other 18 HPV genotypes.  To 
control any PCR inhibitor, the novel kit also 
includes primers and probe specific for beta-actin 
gene.  The aim of this study was to compare 
performance of a novel DiaRD-HPV Rt-PCR 
screening kit with the comparator QIAscreen HPV 
PCR kit in detecting common HPV genotypes in 
cervical samples and identifying hrHPV genotypes 
16 and 18.  

2. METHODS  

2.1. Study population 

In this retrospective study, a total of 243 samples, 
65 of which were HPV positive including 
genotypes 16 (n:23), genotype 18 (n:2), and other 
genotypes (n:40) and 178 HPV negative were 
randomaly selected to evaluate the performance 
characteristics and comparability of a novel 
DiaRD-HPV Rt-PCR screening kit (Diagen Inc, 
Ankara, Türkiye) with a comparator test. All 
samples previously tested with  the QIAScreen 
HPV PCR test (comparator test) for routine 
detection and genotyping of the hrHPV genotypes 
during 2023 were provided by the Medical 
Microbiology Laboratory of Sakarya University 
Education and Research Hospital in 
Sakarya/Türkiye. Cervical swab samples in 
PreservCyt (Hologic Corp.) transport medium 
were transferred in tightly sealed, break-resistant, 
screw-capped tubes and stored at 2-8°C without 
freezing until DNA isolation. Before testing by the 
novel kit, patient’s information such as the name, 
surname, ID number, or phone number was 
anonymized. The study was approved by the 
ethics committee of Sakarya University, Medical 
Faculty Ethical Committee (Ethical Committee 
number: E-16214662-050.01.04-305620-153 and 
date of approval: 14.11.2023). 

2.2. DNA Extraction 

The DiaRD-HPV Rt-PCR screening kit was 
validated with DNA samples extracted using 
Diarex Viral DNA/RNA extraction kit (Cat. No: 
5295-50 VDR-8786, Diagen AS, 
www.diagen.com.tr). DNA extraction was 
performed by following manufacturer’s 

instruction. Brie�ly, after vortexing of cervical 
specimen in PreservCyt transport medium, 200 µl 
of the sample was mixed with 25 µl of proteinase 
K and 300 µl of lysis buffer. After spinning for 15 s, 
the tubes were incubated at 56°C for 5 min. Then, 
300 µl of absolute ethyl alcohol was added and 
vortexed for 15 s. The entire lysate was 
transferred to a spin column placed in a collection 
tube and centrifuged at 8000 x g for 1 min. The 
spin column was placed back into the collection 
tube and 500 µL of wash buffer -1 was added and 
centrifuged at 8000 x g for 1 min. This step was 
repeated for wash buffer -2. The spin column was 
placed in a new collection tube and 60 µL of 
elution buffer was added and left for 2 min. Then 
it was centrifuged to 8000 x g for 1 min.  

2.3. PCR ampli�ication 

Total reaction volume and amount of target DNA 
for the novel kit were 20 µl and 5 µl, respectively. 
An amplification program was constructed with 
an initial denaturation at 95°C for 10 min, 
following 50 cycles including denaturation at 95°C 
for 10 s, annealing and extension at 58°C for 50 s. 
After amplification, HPV DNA positivity and 
identification of genotypes 16 and 18 were done 
according to the criteria in the kit’s instruction. 
Briefly, if cycle of threshold (Ct) values were ≤45 
for HPV type 16 and/or for HPV type 18, and/or 
for the other HPV types, and ≤35 for beta-actin 
gene, sample was evaluated as HPV DNA positive. 
In positive samples, according to signal detected 
probe, the genotype was identified. When there 
was no fluorescent signal from HPV probes, but 
the Ct value of beta-actin gene was ≤35, the result 
was negative. 

2.4. Reproducibility of the novel kit 

Three HPV positive clinical samples, genotype 16, 
genotype 18, and other genotype were used to test 
inter- and intra- assay reproducibility of the novel 
kit. For each genotype, eight Rt PCR replicates 
were done over three separate days. The precision 
data was calculated based on the Ct values.  
 

2.5. Statistical analysis 

For statistical analysis, SPSS Software Version 17 
was used. The sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 

http://www.diagen.com.tr/
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(NPV), and accuracy of the novel kit were 
estimated by the comparison of the novel kit 
results to those of the comparator kit. Ct values of 
the samples used in reproducibility experiments 
were used to calculate the mean, standard 
deviation, and coefficient of variation (CV) values. 

3. RESULTS 

The performance studies of the DiaRD-HPV Rt-
PCR screening kit on 243 clinical specimens 
showed a diagnostic sensitivity of 95.4%, 
specificity of  >99.9%, PPV of >99.9%, and NPV of 
98.3%. Of the 65 samples that were positive with 

the comparator kit, 62 (95.4%) were also positive 
with the novel kit.  Positive samples had Ct values 
between 19.40 and 31.30 (mean: 24.65) for 
genotype 16, between 29.15 and 39 (mean:31.20) 
for genotype 18, between 16.61 and 26.54 (mean: 
21.07) for other genotypes. Three samples having 
positive signals with the probe of beta-actin gene 
did not have any signal with HPV probes. Of these 
three samples having false negative results with 
the novel kit, one was genotype 18, two were the 
other HPV genotypes. All 178 HPV negative 
samples were also negative with the novel kit 
(Table 1).  

Table 1.  

Diagnostic performance of the DiaRD-HPV Rt-PCR screening kit 
 

QIAscreen HPV PCR kit (comparator kit) 
 

DiaRD-HPV Rt-PCR kit Positive Negative Total 
Positive 62 0 62 
Negative 3 178 181 

Total 65 178 243 
Sensitivity (%) 95.4 - - 
Speci�icity (%) - 100 - 

Positive predictive value (%) 100 - - 
Negative predictive value 

(%) 
- 98.3 - 

Accuracy (%) - 98.8 - 

All positive samples yielded fluorescent signals 
with relative fluorescence units (RFU) more than 
1000. Cycles of threshold values for positive 
samples ranged from 18 to 29. In all clinical 

samples, Ct values of internal control were about 
22. Representative results for Rt-PCR positive and 
negative clinical samples were shown in Figure 1. 
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Figure 1. 

Rt-PCR results of positive and negative clinical samples. a: belongs to a clinical sample positive with 
genotype 16 (red color), b: represents the positive results for genotype 16 (red color) and other genotype 
(blue color), c: represents the positive results for genotype 18, d: belongs to a sample positive with any of 
the other 18 genotypes, and e: represents negative sample. All samples have positive signal with the beta-
actin gene probe  

Reproducibility of the novel kit was evaluated by 
intra-assay, inter-assay, and overall variations. 
According to Ct values, the intra-assay, inter-
assay, and overall coefficient of variations (CVs) 
for genotype 16, 18, and others were 0.01%, 0.03-
0.06%, and 0.01%, respectively. The Ct values for 

the genotype 16 in 24 repeats were between 23.46 
and 24.04 (nean:23.8). These values for genotype 
18 and genotype other ranged from 32.38 to 39.17 
(mean: 35.2), and 26.37 to 27.52 (mean: 27), 
respectively (Table 2). 

 

 

 

 



Sakarya Med Journal, 15(2) 2025, 164-172 

168 
 

Table 2.  

Reproducibility of the DiaRD HPV Rt-PCR screening kit according to Ct values 

HPV genotypes 16 18 Other 
 Ct values Ct values Ct values 

First day 
 
 
 
 
 
 
 

23.94 
23.83 
24.02 
23.98 
23.76 
24.04 
23.88 
24.03 

34.16 
34.77 
34.10 
33.84 
35.24 
36.10 
33.54 
35.43 

27.52 
27.32 
26.76 
27.13 
27.02 
27.02 
27.07 
27.16 

Second day 
 
 
 
 
 
 
 

23.78 
23.59 
23.67 
23.89 
23.85 
23.67 
23.79 
23.98 

34.95 
35.39 
37.00 
34.67 
35.04 
35.70 
37.69 
36.06 

26.86 
26.71 
27.09 
27.03 
26.37 
27.01 
26.66 
26.81 

Third day 
 
 
 
 
 
 
 

Total variations 
Means (Range) 

Standard 
deviations 

Coef�icient of 
variation (%)  

23.88 
23.57 
23.71 
23.80 
23.71 
23.46 
23.64 
23.97 

 
23.80 (23.46-24.04) 

0.162 
 

0.01 

35.22 
34.57 
33.61 
32.76 
32.38  
36.92 
39.17 
35.34 

 
35.15 (32.38-39.17) 

1.488 
 

0.04 

26.88 
26.83 
27.18 
27.22 
26.67 
27.21 
26.97 
27.27 

 
26.99 (26.37-27.52) 

0.252 
 

0.01 

4. DISCUSSION 

Polymerase chain reaction-based nucleic acid 
detection methods provide rapid and accurate 
results for detection of HPV at low level in clinical 
samples and can differentiate highly oncogenic 
genotypes, thereby helping clinicians for 
optimized patient management and 
understanding of the infection progression after 
treatment.12 They become preferable tools in 
many counties instead of cytology-based cervical 
screening.13-16 For these purposes several PCR-
based tests having advantages and disadvantages 
have been developed. They use different genes as 

target and can separate different numbers of 
hrHPV genotypes. These tests also show a wide 
range of analytical sensitivity, diagnostic 
sensitivity, specificity, and accuracy.3, 7, 10 
Therefore, selecting the most accurate methos for 
cervical cancer screening purposes is a very 
critical issue.  

The current study showed that the novel kit had a 
diagnostic performance comparable to many 
commercially available HPV DNA screening kits. It 
gave true positive results in 95.4% of the HPV 
positive cervical samples. Getting false-negative 
results in three samples, one of which was a high-
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risk genotype 18 and two of these were in the 
other common genotypes, is an important point 
that should be considered. False negativity may 
result from the difference between analytical 
sensitivities of the novel and comparator kits. 
According to kit’s instruction, the DiaRD HPV Rt-
PCR screening kit had an analytical sensitivity of 
207 copies/reaction (41 copies/µL) for genotype 
16, 181 copies/reaction (36.2 copies/µL) for 
genotype 18, and 205.8 copies/reaction (41.2 
copies/µL) for other genotypes 
(htps://diagen.com.tr/human-papilloma-virus-
rt-pcrkiti). The analytical sensitivity of the 
comparator kit was reported as 206 
copies/reaction for genotype 16, 69 
copies/reaction for genotype 18, and ≥617 
copies/reaction for other genotypes.17 The other 
reason might be the difference in DNA extraction 
method.  Both comparator and the novel kits use 
the manual DNA extraction protocol with different 
companies’ products, QIAamp®DSP virus spin kit 
versus Diarex Viral DNA/RNA extraction kit, 
respectively. The sample volume used in DNA 
isolation is different in the comparator and the 
novel kit, 500 µL versus 200 µL, respectively. 
These technical variations might be the reason for 
the false negative results. 

Discrepancy between the novel and comparator 
kits may result from difference among their 
covered genotypes. The novel kit had been 
developed to identify genotypes 16 and 18 and to 
screen 18 different genotypes (6, 11, 26, 31, 33, 35, 
39, 45, 51, 52, 58, 59, 66, 67, 68, 73 and 82). The 
number of HPV genotypes screened in this kit is 
higher than those of many commercial screening 
kits.  For instance, AmpFire HPV screening 
16/18/HR kit includes genotype 16,18 and a bulk 
of 13 hrHPV types, Abbott RealTime high risk HPV 
test includes genotype 16, 18, and 12 other hrHPV 
types, Cobas 4800 HPV Test includes genotype 
16,18 and 12 other hrHPV types, and Alinity m HR 
HPV Assay detects individual genotype 16,18, 45, 
and 11 other hrHPV genotypes.7  The QIAScreen 
HPV PCR kit used as comparator test is able to 
identify genotypes 16 and 18 and to screen 
genotype 31, 33, 35, 39, 45, 51, 52, 58, 59, 66, 67, 
and 68.17 The novel kit includes all genotypes in 
the comparator kit.  Genotypes in the novel kit also 

covered the HPV types commonly identified in 
Turkish population.18-22 

The novel kit did not result in any false positivity, 
having a specificity more than 99.9% and NPV of 
98.3%.  These results agreed with those of several 
commercial kit. For instance, clinical sensitivity 
and specificity of the comparator test were 
reported as 97.1% and 94.3% for cervical 
intraepithelial neoplasia grade 2 (CIN2).23 The 
relative clinical sensitivity and specificity values of 
the Cobas HPV 6800 platform for CIN2 were 
reported as  ≥ 0.95 and  ≥ 0.98 respectively.24  
Sensitivity for ≥CIN2 and specificity for ≤CIN1 of 
BD Onclarity HPV assay on self-collected samples 
were found as 100% and 83%, respectively.25 The 
clinical sensitivity and specificity of Abbott 
RealTime High Risk HPV assay for CIN2+ were 
detected as 92% and 95%, respectively.26  Using 
Xpert HPV assay as comparator kit, it showed that 
AmpFire® Multiplex HPV Assay had a sensitivity 
of 91.2%, and specificity of 79.3%.27 These data 
indicate that performances of the DiaRD HPV Rt-
PCR screening kit were like those of existing 
commercial kits used in routine diagnosis of HPV 
infection.  

Reproducibility of the diagnostic test results is a 
critical issue, which should be addressed. The 
novel kit showed a total coefficient of variation 
(CV) of ≤ 0.1% indicating excellence 
reproducibility. This CV value is at a similar level 
to existing commercial kits. In the kit instruction, 
the total CV value for Cobas HPV kit was reported 
less than 2.7% for genotype 16 and 18, between 
2.1 and 5.6% for pooled genotypes 
(https://www.accessdata.fda.gov/cdrh_docs/pdf
10/p100020s017c.pdf. Accessed date: June 10, 
2025 ).  The total CV for BD Onclarity HPV Assay   
ranges from 2.1% to 5.63% 
(https://www.accessdata.fda.gov/cdrh_docs/pdf
16/P160037C.pdf. Accessed date: June 10, 2025). 
CV values of the High-Risk HPV multiplex real-
time PCR Kit (NZYtech) were reported between 
0.61 and 1.46% 
(https://www.nzytech.com/media/dds/brochur
escertificates/md0492_im_en_v2401.pdf.  
Accessed date: June 10, 2025). 

The current study has some limitations. First, the 
study population, mainly the number of HPV 

https://diagen.com.tr/human-papilloma-virus-rt-pcrkiti
https://diagen.com.tr/human-papilloma-virus-rt-pcrkiti
https://www.accessdata.fda.gov/cdrh_docs/pdf10/p100020s017c.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf10/p100020s017c.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160037C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160037C.pdf
https://www.nzytech.com/media/dds/brochurescertificates/md0492_im_en_v2401.pdf
https://www.nzytech.com/media/dds/brochurescertificates/md0492_im_en_v2401.pdf
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positive cases is relatively small. Second, this 
study carried out on the patients admitted to a 
single hospital, therefore these results might not 
be generalized. Third limitation, since this 
retrospective study is performed on the stored 
specimens, we could not discuss our results with 
Pap smear, demographic and epidemiological 
characteristics of study population.  

5. CONCLUSION 

The results of the current study showed that 
diagnostic sensitivity and specificity of the novel 
kit were comparable with the IVD/CE approved 
kits, together with high agreement between its 
reproducibility studies. One can conclude that 
DiaRD HPV Rt-PCR screening test is a promising 
option to identify genotype 16 and 18 and to 
screen other 18 common genotypes in cervical 
specimens. A larger prospective study including 
PCR, cytology, and clinical data will be useful for 
providing more comprehensive data for 
diagnostic performance of the novel kit. 
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