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Abstract 

Recently, highly sensitive multiplex test PCR kit have been developed. It is an in vitro test for the 

detection of HPV by amplification of target DNA by the PCR based on DPO technology. This study 

aims to compare the ability of multiplex PCR Kit with nested PCR method. A total of 40 DNA samples 

were amplified using nested PCR and multiplex PCR kit. Ten (25%) samples were positive using the 

Nested PCR and only four (10%) using multiplex PCR Kit. Using nested PCR, results showed that 7 

out of 10 positives were HPV types 16, one sample is HPV type 18, one sample HPV type 31 and one 

sample HPV type 33. While using kit, we detected two samples as positive for HPV type 16, one 

sample positive for HPV type 18 and 31. There was a moderate agreement between the two methods 

(kappa value of 0.5) and Chi Square value is p> 0.05.   
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1. Introduction  

Human Papilloma virus (HPV) is a major etiological agent of cervical cancer (Zur Hausen et al., 1984).   

. There are approximately 45 HPV types that capable to infect genital mucosa. All of them have been 

classified as low-risk HPV (LR-HPV) or high-risk HPV (HR-HPV) based on their association with 

premalignant and malignant lesions (Burd, 2003). Generally, cancer progression is associated with 

persistent high-risk HPV infection and deregulated viral gene expression, which leads to excessive cell 

proliferation, deficient DNA repair, and genetic damage in the infected cells (Doorbar et al., 2012).  . 

Since the absence of HPV infection nowadays drive to negligibility of cervical cancer risk, it is therefore 

testing for HPV has now been incorporated into screening programs that previously relied on cytology 

(Burd, 2003).     

  

HPV DNA analysis has now shown encouraging results when used in conjunction with cytological 

analysis in primary screening of cervical cancer for women aged 30 years and above (Bulkmans et al., 

2004; Johnson et al., 2003). As a result of large randomized clinical trials, testing for HPV DNA is now 

recommended for most women with equivocal findings on cervical cytological analysis (atypical 

squamous cells of undetermined significance – ASCUS) (Arbyn et al., 2004; Manos et al., 1999). 

Furthermore, HPV DNA testing also provides a unique advantage for early detection of treatment failure 

(Bekkers et al., 2004; Chao et al., 2004). HPV DNA can be detected in over 98% of all cervical cancers; 

the most common genotype found in these lesions is HPV 16 (50%), followed by HPV 18 (15%) 

(Walboomers et al., 1999).   

  

In clinical studies, PCR techniques normally used consensus primers, type-specific primers or type-

specific probes in order to elucidate the importance of the differences in HPV genotypes. The most 

frequently primer pairs used for amplification part are MY09/MY11 and GP5+/GP6+. Besides, both of 

them also have been listed as the most published primer sets in the literature for the detection of HPV in 

clinical samples and has been considered as a “reference standard” (Fontaine et al., 2007). The reference 

standard for HPV genotyping is sequencing of PCR amplicons. This technique not only provides the most 

conclusive genotype information, but labour intensive as well (Giovannelli et al., 2004; Gravitt et al., 

2000; Nelson, 2000).   

  

However, HPV cannot be propagated in tissue culture, and therefore, in most cases its accurate 

identification relies on molecular biology techniques. The multiplex PCR kit is an in vitro test for the 

detection of HPV by amplification of target DNA by the polymerase chain reaction (PCR) based on 

DPOTM (Dual Priming Oligonucleotide) technology. This DPO technology provides freedom in primer 

design and PCR optimization and maximizes PCR specificity and sensitivity by fundamentally blocking 

non-specific priming. Other than that, this kit also able to detect six different HPV DNA genotypes [HPV 

16, HPV 18, HPV 31, HPV 45, HPV 6 and HPV 11].  

    

This study aims to evaluate a novel test (The Multiplex PCR kit) by Seegene USA, developed to 

improve the sensitivity of detection of high-risk HPV-DNA, and to allow high throughput testing. This 

was assessed by comparing the ability of multiplex PCR Kit with nested PCR and then measure its 

sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for both 

methods.  
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2. Materials and Methods  

  

2.1 Samples Preparation  

  

Cervical specimens collected with cytobrushes were placed into a sterile urine container containing 

5 ml phosphate buffer saline (PBS) and stored on ice. DNA extraction was performed using QIAamp DNA 

Blood Minikit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. Finally, 50 µl of 

AE Buffer (provided in the kit) was used to elute the extracted DNA. Strict procedures were followed to 

avoid false-positive reaction due to contamination. DNA extraction, reagent preparation and addition of 

DNA samples were carried out in separate laboratories geographically remote from each other. Every test 

included negative control (NC) amplification containing distilled water without DNA sample.  

  

2.2 Nested Polymerase Chain Reaction   

  

Nested PCR was performed using combination of MY09/MY11 (outer primer) and GP5+/GP6+ 

(inner primer) which targeted the L1 gene of the HPV. A HeLa cell line was used as positive control (PC) 

and no template DNA as the negative control (NC). To avoid false negative results due to poor DNA 

quality, β-globin PCR was performed which targeted the housekeeping gene. PCR amplification was 

performed using MJ research PTC-200 thermal cycler with initial denaturation at 950C for 3 min, 

denaturation 950C for 30 s, annealing 550C for 30 s, extension 720C for 45 s and final extension 720C for 

5 min. The PCR reaction was carried out for 35 cycles. The PCR product was then loaded into 1.5%  

(w/v) agarose gel containing ethidium bromide and viewed under ultraviolet using Alpha Innotech 

Alphaimager® HP to verify the size of the band. Positive result from the second round nested PCR was 

sequenced with automated sequencing for confirmation. Results from sequencing were aligned using 

BLASTn software (http://www.ncbi.nlm.nih.gov/blast/html).  

  

2.3 PCR Using Multiplex PCR Kit  

  

This multiplex PCR kit is an in vitro test for the detection of HPV by amplification of target DNA 

by the polymerase chain reaction (PCR) based on DPOTM (Dual Priming Oligonucleotide) technology. 

This kit can detect six different HPV DNA genotypes [HPV 16, HPV 18, HPV 31, HPV 45, HPV 6 and 

HPV 11].The PCR reaction using this kit was performed using MJ research PTC-200 thermal cycler with 

40 cycles.    

  

2.4 Statistical Analysis  

  

Statistical analyses were performed using SPSS 15.0 software. Kappa statistic was calculated to 

determine the agreement between two PCR methods. Chi square test was used to determine the association 

between two PCR methods used. P value of <0.05 was taken as level of significance.  

  

3. Results  

A total of 40 samples were amplified using nested PCR and the same samples were also amplified using 

the multiplex PCR kit .Ten (25%) samples were positive using the Nested PCR and only four (10%) 

samples were positive using multiplex PCR Kit.  Using nested PCR, the sequencing results showed that 7 

out of 10 positives were HPV types 16, followed by one sample is HPV type 18, one sample HPV type 31 
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Table 2: Sensitivity and Specificity PCR Vs Multiplex PCR Kit  

  Method Sensitivity   Specificity  PPV  NPV 

 Nested PCR  100%  83.3%   62.5%   100% 

 Multiplex PCR Kit  40%  100%  100%  85.7% 

 
 

 

4. Discussion  

  

Establishment of HPV infection status and identification of the HPV genotype in clinical samples 

are gaining ground as important prognostic indicators in the clinical screening of women and management 

of those found to be at risk for the development of cervical cancer (Cox, 1996; Ledger et al., 2000; Burd et 

al., 2003). The risk for developing cervical cancer differs greatly between individuals infected by low risk 

HPV genotypes and those infected by high risk HPV genotypes. Thus, high-risk HPV has been proposed 

as a method of triage for women with mild or borderline smear from the cervix uteri abnormalities in 

screening programmes and in addition to cytology (Cuzick et al., 1995).   Reference (Van den Akker-Van 

Marie et al., 2003) had suggested that women with a negative smear HPV test have a strongly reduced risk 

of developing cervical abnormalities in the years following the test and that HPV testing lengthens the 

detectable stage by 2-5 years, compared to Pap smear detection alone.  

  

The direct comparison of the nested PCR and the multiplex PCR kit was performed on a set of 

specimens in order to evaluate the sensitivity (ability to detect low concentration of virus) in both methods.  

Although the results showed that there is no significant association between both methods, this study 

demonstrated that the nested PCR was more sensitive (100%) when compared to the multiplex PCR kit in 

detecting high-risk HPV.  

  

In this study, six samples were detected as false negative by the multiplex PCR kit. Actually, 

nested PCR is the most sensitive HPV DNA assay which enables the detection of HPVs in samples 

containing a low HPV DNA copy number but it seems like impractical to be applied for large sample size 

(Evander et al., 1992; Kay et al., 2002). This is because of the two rounds of PCR and it cannot directly 

detect the HPV types as compared to multiplex PCR kit. Other than that, nested PCR is labour intensive 

and time consuming. Another possible reason why nested PCR more sensitive when compared to other 

methods is because of the smaller size of the PCR product (150 bp) and the fact that the GP primers do not 

contain degenerated bases.  

  

In addition, the “MY/GP plus sequencing” method also able to detect a broader panel of genotypes 

(either HR or LR) than the HR-Hybrid Capture 2 test and provides further information on the genotypes 

(Pannier-Stockman et al., 2008). Considering the importance of HPV detection, variety methods have been 

developed nowadays such as nucleic acid hybridization assays, signal-amplification assays and nucleic 

acid amplification (Abreu et al., 2012). To date, only Digene Hybrid Capture 2® (HC2) High-Risk HPV 

DNA Test approved for clinical use by the Food and Drug Administration. The HC2 kit uses liquid nucleic 

acid hybridization and detects 13 high-risk types HPV. Unfortunately, this cocktail detection method does 
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not identify specific HPV genotypes. Above all, identifying the genotypes of infected HPV for 

determining appropriate clinical management strategies for cervical cancer screening and follow-up 

subsequent to HPV vaccination is critical (Meijer et al., 2006).   

  

The nested procedure and subsequent direct sequencing has a number of advantages over the 

multiplex PCR kit, because it can detect all existing and novel HPV genotypes, while for the multiplex 

PCR kit can detect only six types of HPV. Additionally, nested PCR can eliminate the risk of incorrect 

identification by multiplex PCR kit. Over 50% of the cervical HPV infections depend on a nested PCR 

DNA amplification for detection and subsequent validation (Lee et al., 2009).  Furthermore, it have been 

suggested that nested PCR detection of HPV followed by short target DNA sequencing can be used for 

screening and genotyping to formulate a paradigm in clinical management of HPV-related disorders in a 

rapidly developing economy (Ge et al., 2012).   

  

The clinical impact of high-risk HPV, particularly HPV-16 and HPV-18 has been evaluated in 

different studies (Schwartz et al., 2001; Pilch et al., 2001; Lai et al., 2007) and these strains are associated 

with poor prognosis in cervical cancer patients, poor overall survival, and cancer relapse. In one study, 20 

percent of women with the highest HPV-16 quantities had a 60-fold increased risk of carcinoma in situ of 

the cervix compared to HPV negative controls (Josefsson et al., 2000). Thus, the test under evaluation can 

provide valuable information to clinicians in terms of early stage cervical cancer at high-risk for disease 

recurrence.  

  

Furthermore, the CDC in its most recent STD treatment guidelines, suggest that HPV testing may 

be useful for determining optimal follow up for women with atypical squamous cells of undetermined 

significance (ASCUS) and that HPV testing may have a role in screening programs for women aged > 30 

years (Workowski and Berman, 2006). Finally, to avoid excessive and unnecessary harmful cervical 

biopsies, highly sensitive, type-specific or perhaps even variant-specific methods must be used in routine 

HPV testing for patient management to reliably distinguish persistent HPV infections from transient HPV 

infections if a viral DNA test is to be implemented as a primary cervical screen tool in conjunction with 

the traditional Pap smear cytology (Lee et al., 2014).  

  

5. Conclusion  

  

In conclusion, the nested PCR method could be a valuable screening for detecting low copy HPV 

DNA. Unfortunately, the method described was not able to identify coinfections but only allowed 

detection and identification of the major genotypes. Although nested PCR is time consuming but it was 

more cost-effective than the multiplex PCR kit. Furthermore, it was compatible with current diagnostics 

procedures for HPV infection, since high-throughput sequencing methods are increasingly efficient and 

accessible.     
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