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Abstract:  The results of the genital human papillomavirus (HPV) detection in 439 cervical 

samples by cervical cytology were compared with sequencing analysis and a newly 

developed HPV genotyping 9G membrane test. The excellent sensitivity and specificity of 

the HPV genotyping 9G membrane test was assured by a signal to noise ratio of more than 

300 and a target hybridization to non-target hybridization ratio of 300 ~ 400 at 25 °C. The 

final results can be obtained in 29 min by simple loading of the hybridization and washing 

solutions and scanning the membranes without any drying steps or special handling. The 

100% identical results of the HPV genotyping 9G membrane test with sequencing results 

in 439 clinical samples demonstrate significant clinical application for this test. HPV 

genotyping 9G membrane tests can identify and discriminate five HR-HPV genotypes 

which are prevalent in almost 87% of cervical cancer cases. Its simple handling makes the 

HPV genotyping 9G membrane test a very convenient platform for accurate  

HPV genotyping. 
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1. Introduction  

Genital human papillomavirus (HPV) is the most common sexually transmitted infection in the 

United States, with an estimated 6.2 million people becoming newly infected every year [1]. Cervical 

cancer caused by HPV infection is the second most common cancer in terms of both incidence and 

mortality worldwide [2]. Estimated new cases and deaths from cervical cancer due to HPV infections in the 

United States in 2000 are 12,800 and 4500, respectively, which indicates a mortality rate of 35% [3,4]. 

Molecular epidemiologic evidence clearly indicates that certain types of high-risk human 

papillomavirus (HR-HPV) are the principal cause of the invasive cervical cancer [5] and the cervical 

intraepithelial neoplasia [6,7]. Eighty-seven percent of cervical cancer cases were detected to be 

infected with HPV16, HPV18, HPV45, HPV31, and HPV33 [8]. Therefore, a highly proficient HPV 

test that can genotype the high-risk HPV is essential.  

However, traditional methods for HPV detection, such as morphological and immunological 

methods, lack the ability to detect specific HPV types [9]. Real-time PCR based methods are widely 

used, however the clinical sensitivity and specificity of these methods is very low and hence unsuitable 

for early clinical diagnosis of HPV infection [10]. Sequencing analysis is a ñgold standardò for the 

detection of genotypes in clinical samples. However, the major disadvantage of these methods is that 

they need expensive instrumentation and highly trained professionals.  

The high mortality rate in HPV infected patients demands the urgency to develop a rapid and  

field-deployable HPV genotyping test [11]. Ideally, to be of general field utility, HPV genotyping test 

must be capable of sensitive and specific HPV detection while retaining simplicity of use and 

independence from complex laboratory instrumentation. 

Recently, we have reported the 9G DNAChip technology [12] for the genotyping of highly 

pathogenic viruses such as human papillomavirus (HPV) [13,14] and human influenza virus (H1N1) [15]. 

Though this technology is highly reproducible and allows the HPV 9G DNAChips to get 100% clinical 

sensitive and specific genotyping results in clinical samples [16], the use of costly instrumentation and 

highly trained professionals limits its use in laboratory settings. Therefore, to address these problems a 

HPV genotyping 9G membrane test was developed for simple and convenient HPV genotyping. Final 

results can be obtained directly by loading the hybridization and washing solutions.  

The HPV genotyping 9G membranes for the rapid detection and discrimination of the HPV 

genotypes were tested in 439 clinical samples. It is for the first time that the genotyping results are 

obtained by the direct hybridization of the Cy5 labeled PCR products to the immobilized probes on the 

membrane. The HPV genotyping 9G membranes show high sensitivity, 100% target-specific 

hybridization, discrimination of the genotypes with a ratio of 360:1, at 25 °C in 28 min, and does not 

need a complex and expensive instrumentation. The HPV genotyping 9G membrane test can 

effectively detect the five HR-HPV genotypes which are prevalent in cervical cancer cases. The HPV 

genotyping 9G membrane is basically designed for the detection and discrimination of the five  

HR-HPV genotypes. Moreover, the HPV2 genotyping 9G membrane can screen the presence or 

absence of the other 14 HR-HPV genotypes. 
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2. Results and Discussion 

2.1. HPV Detection and Genotyping by the Sequencing 

The primed PCR product was added to the sequencing reaction mixture. Sequencing was performed 

bidirectionally with the BigDye3 terminator cycle sequencing kit (PE Applied Biosystems) using ABI 

PRISM 310 Genomic Analyser (PE Applied Biosystems) at a dispensing pressure of 600 mbar with  

8-ms open times and 65-s cycle times. The sequencing procedure was carried out by stepwise 

elongation of the primer strand upon cyclic dispensation of the different deoxynucleoside triphosphates 

(Amersham Pharmacia Biotech). A CCD camera detected the light output resulting from nucleotide 

incorporation. The data were obtained in a graphic format (Figure 1). Out of the 439 clinical samples 

140 samples were found to be HPV positive in the sequencing analysis. 

Figure 1. Human papillomavirus (HPV) genotyping by the sequencing analysis  

(a) HPV-16; (b) HPV-18. 
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2.2. HPV Genotyping 9G Membrane Test and HPV2 Genotyping 9G Membrane Test 

The HPV genotyping 9G membranes consist of the five HR-HPV type specific probes (HPV-16, 

HPV-18, HPV-45, HPV-31, and HPV-33). Whereas, the HPV2 genotyping 9G membrane consist of 

the 14 HR-HPV type specific probes (Line A: HPV-66, HPV-52; Line B: HPV-59, HPV-56; Line C: 

HPV-35, HPV-51, HPV-58, HPV-68, HPV-69; Line D: HPV-70, HPV-39; and Line E: HPV-73,  

HPV-53, HPV-26). The 5 µl of PCR product was subjected to agarose gel electrophoresis, using a 2% 

agarose gel, the product size of HPV DNA was found to be 250 base pairs (bp).  

For the detection and discrimination of the HPV genotypes in the clinical samples the 110 ɛL of 

hybridization mixture containing Cy5 labeled PCR product of HPV genotype (e.g., HPV16, HPV18 etc.) 

was loaded into the sample loading port on the HPV genotyping 9G membrane strip. If necessary 

another 110 ɛL of hybridization mixture containing Cy5 labeled PCR product was loaded on the HPV2 

genotyping 9G membrane strips. The hybridization, washing and scanning procedure was followed as 

mentioned earlier. Each experiment was done more than three times. HPV amplicons can be 

hybridized with type-specific oligonucleotide probes on HPV genotyping 9G membrane and can 

visualized on the graph after analysis of results (Scheme 1, Scheme 2). 

Scheme 1. HPV genotyping 9G membrane, hybridization, washing, scanning, and result. 
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Scheme 2. Detection and discrimination of the HR-HPV genotypes by HPV genotyping 

9G membrane and HPV2 genotyping 9G membrane. 

 

The HPV genotyping 9G membrane can detect five HR-HPV genotypes. After hybridization of the 

PCR products with probes immobilized on the HPV genotyping 9G membrane, the three possible 

results as shown in the Scheme 2 can be observed. (i) HPV present, specific type detected: the results of 

scanning can demonstrate the fluorescence intensities for the HC, PC, PCR, and a specific HR-HPV 

type (e.g., HPV16, HPV18, HPV45, HPV31, and HPV33). (ii) HPV NOT present: the results of 

scanning can demonstrate the fluorescence intensities only for the HC, PC. (iii) HPV present Type NOT 

detected: the results of scanning can demonstrate the fluorescence intensities for the HC, PC, and PCR. 

Table 1. Comparison of the results of HPV genotyping by the Cervical Cytology with the 

results of the sequencing analysis, HPV genotyping 9G membrane test (439 clinical samples). 

Cervical Cytology 
Sequencing HPV genotyping 9G membrane test 

HPV + HPV - HPV + HPV - 

Normal 362 74 (20.4%) 288 74 (20.8%) 288 

ASC-US 47 39 (83.0%) 8 39 (83.0%) 8 

ASC-H 9 7 (77.8%) 2 7 (77.8%) 2 

LSIL 9 8 (88.9%) 1 8 (88.9%) 1 

HSIL 12 12 (100%)  12 (100%)  

Note: ASC-USðatypical squamous cells of undetermined significance; ASC-US-Hðatypical squamous 

cells cannot exclude HSIL; LSILðlow-grade squamous intraepithelial lesion; HSILðhigh-grade squamous 

intraepithelial lesions. 
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Table 2. Comparison of the results of HPV genotyping by the sequencing analysis and 

HPV genotyping 9G membrane test in the 439 clinical samples. 

 

Note: AðResults of sequencing analysis; BðResults of HPV genotyping 9G membrane test; ASC-USð

atypical squamous cells of undetermined significance; ASC-US-Hðatypical squamous cells cannot exclude 

HSIL; LSILðlow-grade squamous intraepithelial lesion; HSILðhigh-grade squamous intraepithelial lesions. 

In the case of the (i) and (ii) results, the use of the HPV2 genotyping 9G membrane test is not 

necessary as the HPV genotyping 9G membrane test can either detect the absence of HPV genotype or 

presence of at least one HR-HPV genotype out of five HR-HPV genotypes. However, in the case of 

result (iii) , the hybridization mixture containing same PCR product should be loaded on the HPV2 

genotyping 9G membrane test for further detection of the HR-HPV genotype out of 14 HR-HPV 

genotypes. 

In the case of the HPV2 genotyping 9G membrane test, two possible results as shown in the 

Scheme 2 can be observed. (i) HPV present Type C (e.g., A, B, D, or E) detected: the results of 

scanning can demonstrate the fluorescence intensities for the HC, PC, PCR and Type C. (ii) HPV 

present Type NOT detected: the results of scanning can demonstrate the fluorescence intensities for the 

HPV genotyping 9G membrane Test 
Normal ASC-US ASC-H LSIL HSIL 

A B A B A B A B A B 

HPV Type           

 HPV 16 11 11 7 7 3 3 2 2 7 7 

 HPV 18 4 4 2 2       

 HPV 45 2 2         

 HPV 31 2 2 2 2   1 1 1 1 

 HPV 33 2 2 1 1 1 1 1 1   

HPV2 genotyping 9G membrane Test  

Line A 
HPV 66 2 2 2 2       

HPV 52 11 11 7 7 2 2     

Line B 
HPV 59           

HPV 56 2 2 4 4   2 2   

Line C 

HPV 35   1 1       

HPV 51 1 1 1 1   1 1   

HPV 58 5 5 6 6 1 1   4 4 

HPV 68 5 5 1 1       

HPV 69           

Line D 
HPV 70           

HPV 39 7 7 1 1   1 1   

Line E 

HPV 73           

HPV 53           

HPV 26           

NOT HR-HPV Types 20 20 4 4       

Negative 288 288 8 8 2 2 1 1   
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HC, PC, and PCR. In the case of result (ii) , the presence of the fluorescence intensity for PCR indicate 

that the clinical sample does contain the HPV genotype except for the 19 HR-HPV genotypes which 

can be detected by both types of membranes. Therefore, in such cases, the presence of the HPV 

genotype in the clinical sample is recorded as NOT HR-HPV genotype in the final results as shown in 

Table 2. The results of the HPV 9G membrane tests and the HPV2 9G membrane tests are presented in 

Figure 2 and Tables 1 and 2.  

Figure 2. HPV genotyping by the HPV genotyping 9G membrane. Respective graphs of 

fluorescence intensities after the hybridization of the immobilized probes on HPV 

genotyping 9G membrane with the Cy5 labeled PCR products of the HPV genotypes.  

 

Interestingly, the excellent specificity of the probes immobilized on the HPV genotyping 9G 

membranes ensured a SBR of more than 300 (Figure 2) which is superior to the reported HPV 

detection tools. The target hybridization provides 300 ~ 400 times stronger signal intensity as 


