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Abstract

HPV testing is a necessary tool for cervical cancer screening. It mainly includes DNA-based and 
mRNA- based tests. Here we briefly summarized the commonly used commercial HPV tests and their 
technologies. We also pointed the better sensitivity of the HPV mRNA test compared to the HPV DNA test. 
We hope this can help customers to decide their HPV test selection in addition to the preference of their 
local healthcare authority.
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Introduction
According to CDC, every year, 200,000 people are diagnosed with cervical precancer and 

9 out of the 10 cervical cancers are caused by Human Papilloma Virus (HPV) [1]. This makes 
high-sensitivity HPV testing an important screening tool for cervical cancer. Indeed, HPV 
testing provides heightened sensitivity and enables the earlier detection of cervical lesions 
with a higher likelihood of progressing to cancer compared to cytology alone. American 
cancer society has guidelines to screen for cervical cancer starting at age of 25. For people 
from age 25 to 65, an HPV primary screening by a method such as those approved by the FDA 
(see below) is done every five years, or an HPV test combined with the Pap (Papanicolaou) 
test every five years, or the Pap test every three years [2]. Many HPV test based on different 
technologies are commercially available. Each method has its advantages and disadvantages. 
We briefly summarized these HPV tests and hope to provide some guidance for clinician and 
patients to select the appropriate test.

Current HPV Screening Methods
The FDA approved HPV testing methods include DNA-based and mRNA-based assays. The 

DNA-based methods include Digene Hybrid Capture 2 test (HC2) [3,4], Roche Cobas HPV test 
[5,6], BD HPV Assay (BD) [7] and Alinity m high risk (HR) HPV [8] assay. The mRNA-based 
HPV test is the Hologic Aptima test (FDA-approved) [9], PreTect HPV-Proofer assay [10], and 
QuantiVirus™ HPV mRNA E6/E7 mRNA test.

HC2 test is a direct hybridization-based method. The cervical cells are subjected to an 
alkaline denaturation solution to release the HPV viral DNA which is hybridized by an RNA 
probe cocktail for 13 HR-HPV to form DNA-RNA hybrids. These DNA-RNA hybrids are identified 
through specific antibodies and a chemiluminescent signal is read with a luminometer.

All other HPV DNA testing methods are based on PCR amplification with different primer 
sets designed in the HPV genome L1 region. This method needs DNA extraction, is suspensible 
to PCR inhibitors, DNA contamination and subjective data interpretation.

Aptima test is based on Transcription-Mediated Amplification (TMA) technology. This 
involves the isothermal amplification of E6/E7 mRNA by reverse transcription and subsequent 
generation of numerous transcripts by RNA polymerase. The test requires mRNA extraction 
and is performed in a close system. PreTect Proofer is another E6/E7 mRNA detection method 
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which is based on Nucleic Acid Sequence-Based Amplification 
(NASBA) [10]. NASBA is a two-step process in which specific 
primers are annealed to RNA template and an enzyme cocktail is 
used to produce multiple copies of the single stranded RNA.

All the enzyme-based target amplification technology including 
PCR, TMA and NASBA may give high false-positive results due to 
template contamination and primer interactions.

QuantiVirusTM HPV mRNA E6/E7 mRNA Test is a CE/IVD-
certified, highly sensitive and specific signal amplification nucleic 
acid probe assay based on bDNA technology [11]. It detects HPV 

oncogenes E6/E7 mRNA from 14 high-risk type (16, 18, 31, 33, 35, 
39, 45, 51, 52, 56, 58, 59, 66 and 68) and genotypes HPV 16 and HPV 
18 directly from cervical samples (PreservCyt® and SurePath® 
preservation fluid) for cervical cancer screening [12,13]. This assay 
is a direct hybridization assay without DNA/RNA extraction or 
PCR amplification. It significantly reduced the false-positive from 
the contamination and false amplification that are common in 
other target amplification methods. It has a higher sensitivity and 
specificity than Digene method due to bDNA signal amplification 
and its special oligos design. These methods are summarized in 
Table1.

Table 1: Commonly used HPV DNA and RNA testing methods.

Products Target Nucleic Acid Purification Technology Genotypes

HC2 genomic DNA direct hybridization DNA-RNA hybrid 
specific antibody

pooled reports of 13 types of HR-HPV: 16, 18, 31, 
33,35, 39, 45, 51, 52, 56, 58, 59, 68)

Cobas HPV Test L1 DNA DNA extraction PCR
pooled results of 12 high-risk HPV types (31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), and 
specifically reports on HPV 16 and 18

Alinity m high risk 
(HR) HPV assay L1 DNA DNA extraction PCR

pooled results of 14 high-risk HPV types (16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), 

and specifically reports on HPV 16,18 and 45

BD HPV Assay L1 and E6/E7 
DNA DNA extraction PCR six HPV types (16, 18, 31, 45, 51, and 52), as well as 

detection of all 14 HR-HPV

APTIMA HPV Assay E6/E7 mRNA mRNA extraction transcription mediated 
amplification

pooled reports of 14 types of HR-HPV (16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68)

PreTect Proofer E6/E7 mRNA mRNA extraction Nucleic acid sequence-
based amplification HPV types 16, 18, 31, 33 and 45

QuantiVirus HPV 
E6/E7 mRNA Test E6/E7 mRNA direct hybridization bDNA amplification

pooled reports of 14 types of HR-HPV (16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) and 

individual HPV 16 and 18

HPV mRNA testing vs. HPV DNA testing
Although HPV DNA testing has widely been used and only a few 

mRNA tests are available, it has been demonstrated that the mRNA 
test is more specific than DNA test in both biology and clinical 
studies. In biology, HPV mRNA tests using E6 and E7 HPV mRNA 
is more specific as it detects only the HPV-positive population that 
is very likely to develop cervical cancer. This is due to the fact that 
oncogenic potential of HPV infection relies on the production of 
viral E6/E7 oncoproteins [14]. HPV DNA tests, on the other hand, 
detect both transient infection and persistent infection of HPV. But 
at transient infection, the HPV virus is not active, will be cleared, 
and does not cause cervical cancer. Therefore, there are more 
false- positive cervical cancer patients that need to be treated 
and followed up, causing both significant healthcare cost and 
unnecessary emotional burden to the patients [15,16]. In addition, 
the follow-up and treatment may lead to fertility problems due 
to damaged cervix caused by the follow-up required by the HPV 
false-positive testing results. Clinical studies have also confirmed 
the better specificity and similar sensitivity of HPV mRNA tests 
compared to HPV DNA tests [17]. Furthermore, integration of the 
HPV genome often occurs in the late stages of cervical cancer [18] 
and L1 region is lost in cancer progression [19]. Thus HPV-DNA 
method will fail to detect HPV. A recent review of the current mRNA 

testing supports the hypothesis that HPV mRNA testing is sufficient 
as the secondary screening tool for cervical cancer [20].

Conclusion
Facing the advantages of HPV mRNA tests, many labs are still 

insisting on HPV DNA test. Part of the reason is the switch cost of 
the tests; the other part of the reason is that some labs have ignored 
the healthcare cost and emotional burden the less specific HPV 
DNA test has caused. Some of the healthcare providers may even 
believe following up the false-positive HPV DNA testing patients 
can reduce the number of people that will develop cervical cancer 
and would be possibly missed by the HPV mRNA tests. Although 
there is no clear guideline on which test shall be chosen, many 
diagnostic testing labs have started or are thinking to switch the 
HPV tests from DNA testing to mRNA testing. However, the actual 
benefits of switching still remain to be seen.
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