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Introduction

Persistent infection with 10 to 15 genotypes of human papillo-
maviruses (HPV) known as high-risk HPV (hrHPV) is a necessary 
etiological factor in the development of cervical carcinoma. HPV-
16 and HPV-18 together account for approximately 70% of cervi-
cal cancers worldwide (1). Consequently, in several countries (in-
cluding Slovenia) hrHPV testing has become an invaluable part of 
clinical guidelines for cervical carcinoma screening, triage, and 
follow-up after treatment. The four major agreed-upon indica-
tions for HPV testing in current clinical practice are: 1) triage of 
women with equivocal cytology results showing the presence of 
atypical squamous cells of undetermined significance (ASC-US) 
in order to determine which patients should be referred for col-
poscopy; 2) follow-up of women with abnormal screening cytol-
ogy results that are negative at initial colposcopy/biopsy; 3) pre-
diction of the therapeutic outcome after treatment of CIN2+; and 
4) primary screening of women 30 years and older in combina-
tion with a Pap smear to detect cervical cancer precursors (2–5). 
Another potential application of HPV testing is quality control of 
cervical cytology (6).

In a recent comprehensive inventory of commercial tests 
for detecting alpha-HPV, we identified at least 125 distinct HPV 
tests and at least 84 variants of the original tests (2). However, 

our study showed that only a small subset of HPV tests has doc-
umented clinical performance for any of the standard HPV test-
ing indications. For more than 75% of HPV tests currently on the 
market, no single publication in peer-reviewed literature can be 
identified. We strongly recommended that HPV tests that have not 
been properly clinically validated and that lack proof of reliabil-
ity, reproducibility, and accuracy should not be used in clinical 
management (2).

Here we present a concise review of validation studies of a 
next-generation real-time polymerase chain reaction (PCR)–
based assay, the Abbott RealTime High Risk HPV test (RealTime)
(Abbott Molecular, Des Plaines, IL, USA), for triage in referral 
population settings and for use in primary cervical cancer screen-
ing in women 30 years and older. RealTime was launched on the 
European market in January 2009 and is currently used in many 
laboratories worldwide for routine detection of hrHPV. Together 
with the cobas® 4800 HPV Test (Roche Molecular Systems Inc., 
Alameda, CA, USA), RealTime belongs to the group of next-gen-
eration real-time PCR-based HPV DNA assays in which detection 
of 14 HPV genotypes is combined with concurrent genotyping 
for HPV-16 and HPV-18 (2, 7). The design of such HPV tests was 
based on the results of clinical studies that demonstrated the ex-
ceptionally high oncogenic potential of HPV-16 and HPV-18 com-
pared to other hrHPV types and showed that tests simultaneously
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distinguishing HPV genotypes HPV-16 and HPV-18 may identify 
women at greatest risk of CIN3+ and may permit less aggressive 
management of women with other hrHPV infections (8).

Description of the test

The Abbott RealTime High Risk HPV test is a real-time PCR-based 
assay for concurrent detection and individual genotyping of HPV-
16 and HPV-18 and pooled detection of 12 other hrHPV genotypes: 
HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-
56, HPV-58, HPV-59, HPV-66, and HPV-68. The HPV target se-
quence for RealTime is located in the conserved L1 region of the 
genome. RealTime is performed on the m2000rt real-time PCR 
instrument using a modified GP5+/6+ primer mix consisting of 
three forward primers and two reverse primers designed to hy-
bridize to an approximately 150-base HPV consensus region (9). 
The internal process control (IC) designed for monitoring sample 
adequacy and DNA extraction and amplification target sequence 
is amplified using a primer set targeting a region of 136 bases in the 
human beta-globin gene. The HPV and internal control probes are 
single-stranded DNA oligonucleotides modified with a fluorescent 
moiety covalently linked to one end of the probe and a quenching 
moiety to the other end (9). Through the distinct labels, signals 
for HPV-16, HPV-18, non-HPV-16/18 types, and IC can be simulta-
neously detected and distinguished in a single reaction. The assay 
also has a proprietary algorithm for amplification curve validation.

The RealTime turnaround time is 6 to 8 h for 96 samples, de-
pending on the method used for DNA extraction. The fully au-
tomated high-throughput instrument m2000sp or the smaller 
m24sp instrument can be used for DNA extraction or, alternative-
ly, DNA can be prepared manually. The assay is officially validated 
for use with cervical specimens collected with ThinPrep Preserv-
Cyt Solution, SurePath Preservative Fluid, and the Abbott Cervi-
Collect Specimen Collection Kit; however, in our experience, cer-
vical specimens collected in Digene Specimen Transport Media 
(STM) are also appropriate (10). In addition to cervical specimens, 
RealTime can reliably detect and identify targeted HPVs in fresh 
tissue, fresh-frozen tissue, and tissue fixed with formalin and sub-
sequently embedded in paraffin or paraplast (10–14).

Analytical validation studies

Probit analysis showed that the analytical sensitivity of RealTime 
is between 500 and 5,000 copies of HPV DNA per assay, depend-
ing on the HPV type (9). An analytical specificity study on a panel 
of 41 bacteria, viruses, and fungi that can be found in the female 
anogenital tract revealed no cross-reactivity with any of the or-
ganisms tested, including all relevant low-risk HPV genotypes (9). 
The high analytical specificity of RealTime and virtually no cross-
reactivity with non-targeted HPV genotypes in clinical specimens 
has been confirmed in all studies performed to date, which have 
focused not only on the clinical performance of RealTime, but 
also its analytical performance (10, 15–21).

Validation of RealTime sensitivity for CIN3 and cervical 
cancer

The clinical sensitivity of the RealTime test was initially evaluated 
in 593 archived cervical specimens from Amsterdam (the Nether-
lands) and the presence of hrHPV was detected in 97.2% (246/253) 
and 98.5% (335/340) of CIN3 and cervical cancer specimens, re-

spectively (22). Of 12 hrHPV-negative specimens evaluated further, 
eight had invalid beta-globin results by the Roche Linear Array 
HPV Genotyping Test and four contained only low-risk HPVs. In a 
Slovenian study, HPV was detected by RealTime in 96.4% (245/254) 
and 98.8% (84/85) of cases of CIN3 and cervical cancer containing 
targeted hrHPVs, respectively (23). As described below, the high 
sensitivity of RealTime for CIN3+ lesions, including cervical cancer, 
has been confirmed in further RealTime validation studies in the 
referral population and primary cervical cancer screening settings.

Clinical validation of RealTime in a referral population 
setting

RealTime clinical performance in a referral population setting has 
been evaluated in several studies (17–19, 24–28). The results of 
the most important studies with clinical endpoints (CIN2+ and/
or CIN3+) are presented in Table 1. Although these eight studies 
differed significantly in the composition of the referral population 
for colposcopy (the majority enrolling women with abnormal cy-
tology of any grade), the absolute clinical sensitivity of RealTime, 
as well as its sensitivity relative to the clinically validated compar-
ator test Hybrid Capture® 2 HPV DNA Test (HC2) (Qiagen, Hilden, 
Germany), were consistently high for both CIN2+ and CIN3+ in 
all studies performed to date (Table 1). As expected, the absolute 
clinical specificity for CIN2+/CIN3+ varied greatly across stud-
ies due to the heterogeneous nature of the referral populations 
(Table 1). However, the clinical specificity of RealTime relative to 
HC2 was above 1.00 in all except one study (Table 1). RealTime 
also performed well in both multi-HPV assay comparison studies: 
Predictors 1 (25) and Predictors 2 (28) were among the HPV assays 
with high clinical sensitivity for cervical high-grade disease and 
showed comparable clinical specificity with a few other clinically 
validated HPV DNA assays (25, 28, 29). The high clinical sensitiv-
ity and acceptable clinical specificity of RealTime in the referral 
population was further confirmed in a recent meta-analysis (5).

Clinical validation of RealTime for use in primary cervical 
cancer screening in women 30 years and older

RealTime has been clinically validated for use in primary cervical 
cancer and pre-cancer screening in women 30 years and older in 
four studies (Table 2) (15, 16, 30, 31). A Slovenian study evaluated 
RealTime prospectively in comparison with HC2 on 3,129 women 
(15). Italian (16) and Dutch (30) studies evaluated RealTime fol-
lowing the “Guidelines for HPV DNA test requirements for pri-
mary cervical cancer screening in women 30 years and older” (32) 
in comparison with HC2 and GP5+/6+ PCR on retrospective sam-
ples collected from 998 and 927 women, respectively. As shown 
in Table 3, all three studies showed that RealTime fulfilled the 
cross-sectional clinical equivalence criteria of the international 
consensus guidelines (32), which indicates that RealTime can be 
considered a clinically validated assay for cervical cancer screen-
ing purposes. RealTime also performed well in a multi-HPV assay 
comparison study (Predictors 3), being among HPV assays with 
the highest clinical sensitivity for cervical high-grade disease 
in women 30 years and older and showing comparable clinical 
specificity with other clinically validated HPV DNA assays (31). 
This was further confirmed in a recent meta-analysis (5), in which 
RealTime was listed as one of four currently available HPV as-
says that can be considered clinically validated for use in primary 
screening.
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Validation of RealTime intra-laboratory reproducibility 
and inter-laboratory agreement

Intra-laboratory reproducibility and inter-laboratory agreement of 
RealTime have been extensively validated following the “Guide-
lines for HPV DNA test requirements for primary cervical cancer 
screening in women 30 years and older” (32) in three and two 
studies, respectively (15, 16, 30). As shown in Table 3, both intra-
laboratory reproducibility and inter-laboratory agreement of Re-
alTime were well above confidence levels in all studies (> 87%, 
with kappa values > 0.5), confirming the exceptional reproducibil-
ity and reliability of RealTime for detecting targeted hrHPV, even 
in samples stored for more than 3 years.

Conclusions

RealTime has been extensively evaluated in the last 4 years and 
can be considered clinically validated for triage in referral popu-
lation settings and for use in primary cervical cancer screening in 
women 30 years and older.
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