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High-risk human papillomavirus (hrHPV) testing is now being introduced as a potential primary screening test for improved
detection of cervical precancer and cancer. Current U.S. Food and Drug Administration-approved tests are batch tests that take
several hours to complete. A rapid, non-batch test might permit point-of-care (POC) testing, which can facilitate same-day
screen and management strategies. For a non-batch, random-access platform (GeneXpert; Cepheid, Sunnyvale, CA), a prototype
hrHPV assay (Xpert) has been developed where testing for 14 hrHPV types can be completed in 1 h. In the first clinical evalua-
tion, Xpert was compared to two validated hrHPV tests, the cobas HPV test (cobas, Roche Molecular Systems) and Hybrid Cap-
ture 2 (hc2, Qiagen), and to histologic outcomes using specimens from colposcopy referral populations at 7 clinical sites in the
United States (n � 697). The sensitivity of Xpert for cervical intraepithelial neoplasia grade 2 or more severe diagnoses (CIN2�)
(n � 141) was equal to that of cobas (90.8% versus 90.8%, P � 1) and greater than that of hc2 (90.8% versus 81.6%, P � 0.004).
Xpert was more specific than cobas (42.6% versus 39.6%, P � 0.02) and less specific than hc2 (42.6% versus 47.7%, P < 0.001).
Similar results were observed for cervical intraepithelial neoplasia grade 3 or higher (CIN3�) (n � 91). HPV16 detection by
Xpert identified 41.8% of the CIN2� specimens with a positive predictive value (PPV) of 54.6%. By comparison, HPV16 detec-
tion by cobas identified 42.6% of the CIN2� specimens with a PPV of 55.0%. hrHPV detection by the Xpert demonstrated excel-
lent clinical performance for identifying women with CIN2� and CIN3� that was comparable to that of currently available clin-
ically validated tests.

There is now significant evidence that molecular testing for the
�15 high-risk human papillomavirus (hrHPV) types that

cause virtually all cervical cancer is more sensitive and less specific
for the detection of cancer, cervical intraepithelial neoplasia grade
2 (CIN2), more-severe CIN2 (CIN2�), or CIN3� than cervical
cytology (1–7). hrHPV testing and the associated treatment for
high-grade disease can reduce the risk of incident cervical cancer
within 4 to 5 years (5) and the risk of cervical cancer-related death
within 8 years (7). Because hrHPV testing is more sensitive than
cervical cytology for cervical precancer and cancer, a negative
hrHPV result provides more-robust information regarding the
absence of incident cervical precancer and cancer (8, 9).

hrHPV testing is now recommended for cervical cancer
screening in several evidence-based guidelines. hrHPV and cervi-
cal cytology “cotesting” every 5 years in women 30 and older is
recommended in the United States (10). The World Health Orga-
nization recently recommended hrHPV testing for cervical cancer
screening in places where cervical cytology has not been estab-
lished (http://apps.who.int/iris/bitstream/10665/94830/1/978924
1548694_eng.pdf). Several countries are now in the process of
considering or performing evaluations for modifying a program
relying on cervical cytology to incorporate hrHPV testing (11).

There are 4 U.S. Food and Drug Administration (FDA)-ap-
proved hrHPV tests: Hybrid Capture 2 (hc2; Qiagen, German-
town, MD) (2003), Cervista (Hologic, Bedford, MA) (2009), the
cobas HPV test (cobas; Roche Molecular Systems, Pleasanton,
CA) (2011), and Aptima (Gen-Probe/Hologic, San Diego, CA)
(2011). All are batch tests that take several hours to complete.

The Cepheid Xpert HPV assay (referred to as “Xpert” here) is a
new, qualitative, real-time PCR assay for the detection of hrHPV
DNA. The assay is formatted in a single-use GeneXpert test car-
tridge and is run on the Cepheid GeneXpert system, a multiana-
lyte, random access, molecular-diagnostic platform ranging in ca-
pacity from 1 to 80 test processing modules. Importantly, a single
hrHPV DNA test can be completed in 1 h, permitting same-day
screening, diagnosis, and treatment which reduce the potential
loss to follow-up in lower-resource settings and permit decentral-
ized, clinic-based (versus lab-based) testing in higher-resource
settings.

To identify the preliminary clinical cutoffs for Xpert and com-
pare performance to that of two benchmark assays, cobas and hc2,
a study of hrHPV detection was conducted on cervical specimens
collected from women undergoing colposcopy for an abnormal
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cervical cytology result. The results of the three tests were com-
pared to each other for the detection of hrHPV and to the severity
of disease as determined by biopsy-confirmed diagnoses. The clin-
ical parameters for each test for detection of women with cervical
precancer and cancer were calculated.

MATERIALS AND METHODS
Study population and design. This study was a two-stage, multicenter (7
U.S. sites), prospective study that enrolled women of all ages referred for
colposcopy evaluation based on one or more prior abnormal Pap test
results or an abnormal Pap test result in combination with a positive
hrHPV test result or other clinical suspicion of cervical cancer. Two Pap
specimens (specimen A and specimen B) were collected and placed into
ThinPrep (Hologic) collection vials from each subject immediately before
colposcopy. Specimen A was processed for cytology review followed by
analysis with Xpert. Specimen B was reserved for comparator hrHPV
analysis with hc2, cobas, and, finally, Xpert. Both specimens were col-
lected using an endocervical brush/spatula combination per the ThinPrep
package insert instructions. A minimum of two cervical biopsy specimens
were collected from each subject as well as an endocervical curettage
(ECC) in cases of unsatisfactory colposcopy results. The study was ap-
proved by the Institutional Review Board at each participating site.

Laboratory testing. Xpert includes reagents for the simultaneous de-
tection of 13 hrHPV types (HPV16, -18, -31, -33, -35, -39, -45, -51, -52,
-56, -58, -59, and -68) and 1 possible hrHPV type (HPV66), a human
reference gene (HMBS [hydroxymethylbilane synthase]), and an internal
Probe Check Control (PCC). The 14 targeted HPV types are detected in
five fluorescent channels: fluorescent channel 1 (HPV16), fluorescent
channel 2 (HPV18 and -45) (“HPV18/45”), fluorescent channel 3
(HPV31, -33, -35, -52, and -58), fluorescent channel 4 (HPV51 and
HPV59), and fluorescent channel 5 (HPV39, -56, -66, and -68). The hu-
man reference gene (fluorescent channel 6) verifies specimen adequacy.
The PCC verifies reagent rehydration, PCR tube filling in the cartridge,
probe integrity, and dye stability. In total, the assay utilizes six fluorescent
channels for the detection of individual types of HPV, groups of HPV, and
the human reference gene. Each fluorescent channel has its own cutoff
parameters for target detection/validity. If sufficient signal is detected by
the human reference gene (i.e., if the sample has sufficient cellularity), the
assay results are reported as an overall “positive” if any type of targeted
HPV is detected, but, additionally, HPV16 and HPV18/45 and, collec-
tively, the other high-risk HPV types detected by the assay are reported
specifically as “positive” or “negative.” The Xpert HPV test result from
specimen B was used for analyses described below.

Stage I recruited 144 subjects with 31 cases of CIN2�. Data from stage
I were used to estimate a set of clinical cutoffs for the assay relative to
CIN2� (and separate analysis of CIN3�) disease endpoints using a re-
ceiver operating characteristic (ROC) approach. Stage II recruited 564
subjects with 111 cases of CIN2�. Data from stage II were used to refine
the clinical cutoffs relative to CIN2� (and CIN3�) disease endpoints also
using an ROC approach (see Table S1 in the supplemental material).

Retrospectively, a homogeneity analysis was conducted to confirm
that the results from stage I and stage II could be pooled. This analysis
examined subject population characteristics (racial/ethnic group and sub-
ject age) and specimen properties (cytology status and the threshold cycle
[CT] distributions of the human reference gene and the HPV targets).
Stage I had a statistically greater proportion of African-American subjects
than stage II (54.2% versus 41.7%; Fisher’s exact P value � 0.05). Stage II
had a statistically larger proportion of Hispanic or Latina subjects than
stage I (25.9% versus 11.1%; Fisher’s exact P value � 0.05). However,
these two racial/ethnic groups are well represented in both stages, com-
prising �60% of each study population, and thus, the statistical difference
was deemed to represent a minimal risk with respect to combining across
stages. Other than these two racial/ethnic groups, stage I and stage II had
statistically similar populations (Fisher’s exact P value � 0.1). Stage II had
a statistically greater proportion of subjects over the age of 60 than stage I

(14.5% versus 4.2%; Fisher’s exact P value � 0.01). For subjects under the
age of 60, stage I and stage II had statistically equivalent distributions of
the various age groups (Fisher’s exact P value � 0.6). Stage I and stage II
were statistically equivalent in the proportions of subjects represented in
each cytology category (Fisher’s exact P value � 0.16). The mean, mini-
mum, and maximum CT values observed in each reporting channel of
Xpert were relatively consistent between stage I and stage II of the study. In
a test for similarity of the mean CT values for the channels, only the mean
CT value for HMBS was statistically different (P � 0.0001) between stage
I (mean CT, 30.0) and stage II (mean CT, 31.0). The difference in mean CT

values between stage I and stage II has little impact on study findings, as
both mean CT values were substantially removed from the maximum CT

value for the channel that defines specimen adequacy. The subject popu-
lation characteristics and the specimen properties from stage I and stage II
indicate that the data from these stages could be pooled for the analyses
presented below.

Xpert results were compared to the results from hc2 testing and cobas
testing, which were conducted per their respective U.S. in vitro diagnostic
(US-IVD) package inserts. hc2 testing was performed at the Wishard Hos-
pital (Indianapolis, IN) (T.E.D.) and cobas testing was performed at Pur-
due University (Indianapolis, IN) (B. van der Pol). cobas targets the same
14 HPV types targeted by Xpert. hc2 is a signal amplification DNA test for
the same 13 hrHPV types as Xpert and cobas and is known to detect
HPV66 due to cross-reactivity (12). For this analysis, we assumed that all
3 tests detect 14 hrHPV types. All testing was done blind to the histological
diagnosis or the results of the other hrHPV tests.

Test results for Xpert were categorized hierarchically according to a
priori cancer risk: (i) HPV16 positive or (ii) HPV16 negative and
HPV18/45 positive or (iii) HPV16 and HPV18/45 negative and positive
for other hrHPV types or (iv) hrHPV negative. Likewise, results for cobas
were categorized as follows: (i) HPV16 positive or (ii) HPV16 negative
and HPV18 positive or (iii) HPV16 and HPV18 negative and positive for
other hrHPV types or (iv) hrHPV negative.

Consensus pathology diagnoses of CIN2� that tested negative by any
hrHPV test in stage I and stage II of the study were subjected to further
molecular analysis to describe the nature or cause of the apparent false-
negative result. These biopsy specimens underwent p16INK4a immunohis-
tochemistry analysis (CINtec; Roche and Ventana Medical Systems, Inc.,
Tucson, AZ). ThinPrep specimens underwent a two-stage HPV genotyp-
ing at an independent laboratory (K. Cuschieri) with the Linear Array
HPV Genotyping Test (LA; Roche Molecular Systems, Pleasanton, CA)
for 37 HPV genotypes, including the 14 HPV types detected by the clinical
assays being evaluated (13–15). Specimens negative by LA were retested
by a multiplex, laboratory-developed bead array assay with higher analyt-
ical sensitivity.

Pathology review. A pathology review of the biopsy and ECC speci-
mens was first made locally for standard of care/patient management and
then retrospectively, in a blind fashion, by a panel of three expert review
pathologists (M.H.S, T.C.W., and A.F.) to determine a consensus final
cervical disease status, which was used in this analysis.

Statistical analysis. The study targeted the recruitment of 150 CIN2�
cases, which with a clinical sensitivity of 92% for CIN2� would result in a
95% confidence interval of approximately �6%, i.e., 86% to 98%. The
number of subjects required to achieve the sample size of cases was de-
pendent upon disease prevalence in the study population. In women with
atypical squamous cell of undetermined significance (ASC-US) or low-
grade squamous intraepithelial lesion (LSIL) cytology referred to imme-
diate colposcopy in the ASCUS-LSIL Triage Study (ALTS) (n � 1,163),
15.3% had a consensus pathology review diagnosis of CIN2� at enroll-
ment (16). In women with only one mildly dyskaryotic smears referred for
colposcopy in the United Kingdom (n � 510), the overall prevalence of
CIN2� was 28.7% (17). In a preclinical validation study of an mRNA-
based hrHPV assay in a colposcopy referral population (18), the preva-
lence of CIN2� was 18.7%. Given the variability in CIN2� prevalence in
different populations, the a priori target recruitment was 600 to 1,000
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women referred to colposcopy, corresponding to 25% to 15% CIN2�
prevalence, respectively.

For the three pairwise comparisons of hrHPV detection by the three
hrHPV tests, kappa values with 95% confidence intervals (95% CI), per-
cent total agreement, and percent positive agreement were calculated.
Binomial 95% CI values were calculated for the percent test positive.
Differences in percent test positive were tested for statistical significance
(P � 0.05) using an exact version of the McNemar chi-square test. The
percent positive for each histologic diagnosis was calculated. Differences
in percent positive for a histologic diagnosis were tested for statistical
significance using a Pearson chi-square test.

The clinical performance parameters of sensitivity, specificity, positive
predictive values (PPV) and negative predictive values (NPV), odds ratios
(OR), and positive likelihood ratios (PLR) and negative likelihood ratios
(NLR) for cervical intraepithelial neoplasia grade 2 (CIN2) or more-se-
vere CIN2 (CIN2�) and grade 3 (CIN3) or more-severe CIN3 (CIN3�)
were calculated for all three tests. Pairwise differences in sensitivity and
specificity between tests were tested for statistical significance using an
exact version of the McNemar chi-square test. Clinical performance pa-
rameters were stratified by age groups (18 to 29 years, 30 to 39 years, and

40 to 75 years and older). The risk of CIN2� and CIN3� was calculated
for hierarchical HPV risk groups for Xpert and cobas.

A P value of �0.05 was considered statistically significant. Analyses
were done using Excel software and STAT 12.1 (College Station, Texas).

RESULTS

Of the 708 women recruited into the study, 697 (98.4%) had all
three test results and were included in the analysis. Of the 11
women excluded, 9 had indeterminate Xpert results and 2 had
indeterminate hc2 results. Table 1 shows the sociodemographics
of the 697 women. The number enrolled from each site ranged
from 49 (7.0%) from site 7 to 151 (21.7%) from site 3. Most
women were African-American (44.2%), followed by white
(29.1%) and Hispanic or Latina (22.7%). The mean age, median
age, and range of ages were 35.2, 33, and 18 to 75 years, respec-
tively; 35.0% of the women were 18 to 29 years of age, and 12.6%
were 60 to 75 years of age.

Table 2 shows the three pairwise results for the three hrHPV
tests. The percent hrHPV positive for Xpert was 64.1% (95% CI �
60.4% to 67.7%), for cobas was 66.6% (95% CI � 62.9% to
70.0%), and for hc2 was 58.2% (95% CI � 54.5% to 61.9%). cobas
was more likely to test positive than Xpert (P � 0.02) and hc2 (P �
0.0001), and Xpert was more likely to test positive than hc2 (P �
0.0001). The kappa value for Xpert and cobas was 0.84 (95% CI �
0.80 to 0.88), for Xpert and hc2 was 0.73 (95% CI � 0.67 to 0.78),
and for cobas and hc2 was 0.67 (95% CI � 0.62 to 0.73).

There were 60.0% of women with negative histology, 19.8%
with CIN1, 7.2% with CIN2, 12.8% with CIN3/AIS, and 0.3%
with cervical cancer (Table 3); 20.2% had CIN2 or a more severe
diagnosis (CIN2�) (n � 141). The percent positive increased with
increasing severity of diagnosis for all three tests (ptrend � 0.0001
for all tests); the percent positive for hc2 was consistently lower

TABLE 1 Sociodemographics of the 697 women referred to colposcopy
and included in this analysis

Parameter No. of women %

Clinical site
1 117 16.8
2 69 9.9
3 151 21.7
4 109 15.6
5 81 11.6
6 121 17.4
7 49 7.0
Total 697 100

Race or ethnicity
American Indian/Alaskan native 13 1.9
Asian 5 0.7
Black or African American 308 44.2
Hispanic or Latina 158 22.7
White, not Hispanic or Latina 203 29.1
Other 10 1.4
Total 697 100

Age group (yrs)
18–29 244 35.0
30–39 137 19.7
40–49 139 19.9
50–59 89 12.8
60–75 88 12.6
Total 697 100

TABLE 2 Pairwise comparisons and agreement statistics for high-risk human papillomavirus DNA detection by Xpert (Cepheid), cobas (Roche),
and hc2 (Qiagen)a

Comparison

No. (%) of results

Total no.
of results Kappa

% total
agreement

% positive
agreement PTest 1 Pos Test 2 Pos

Test 1 Pos,
test 2 Pos

Test 1 Pos,
test 2 Neg

Test 1 Neg,
test 2 Pos

Test 1 Neg,
test 2 Neg

Xpert vs cobas 447 (64.1) 464 (66.6) 430 (61.7) 17 (2.4) 34 (4.9) 216 (31.0) 697 0.84 92.7 96.2 0.02
Xpert vs HC2 447 (64.1) 406 (58.2) 381 (54.7) 66 (9.5) 25 (3.6) 225 (32.3) 697 0.73 86.9 85.2 �0.0001
cobas vs HC2 464 (66.6) 406 (58.2) 381 (54.7) 83 (11.9) 25 (3.6) 208 (29.8) 697 0.67 84.5 82.1 �0.0001
a An exact version of the McNemar chi-square test was used to test for statistically significant differences (P � 0.05) between tests in percentages of positive tests. Abbreviations:
Pos, positive; Neg, negative.

TABLE 3 Distribution of histologic diagnoses and the percentages of
positive test results for high-risk human papillomavirus DNA detection
by Xpert (Cepheid), cobas (Roche), and hc2 (Qiagen)a

Diagnosis
No. of
tests

% of
tests

Xpert
%Pos

cobas
%Pos

hc2
%Pos

Negative 418 60.0 50.5 54.8 45.7
CIN1 138 19.8 78.3 77.5 72.5
CIN2 50 7.2 88.0 88.0 84.0
CIN3/AIS 89 12.8 92.1 92.1 79.8
Cancer 2 0.3 100.0 100.0 100.0
�CIN2 556 79.8 57.4 60.4 52.3
CIN2� 141 20.2 90.8 90.8 81.6
a Abbreviations: CIN, cervical intraepithelial neoplasia; AIS, adenocarcinoma in situ;
%Pos, percentage of positive test results.
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than for the other two tests for noncancer diagnoses. The differ-
ence in testing hrHPV positive was significant in women with a
negative diagnosis (P � 0.03).

The clinical performance of each test for CIN2� and CIN3� is
shown in Table 4. Xpert and cobas were equally sensitive for
CIN2� (90.8%) and CIN3� (92.3%) and were more sensitive
than hc2 for CIN2� (81.6%) (P � 0.004 versus Xpert; P � 0.002
versus cobas) and for CIN3� (80.2%) (P � 0.003 versus Xpert;
P � 0.003 versus cobas). In contrast, hc2 was more specific than
Xpert or cobas for either endpoint (P � 0.0001), and Xpert was
more specific than cobas with the CIN2� endpoint (P � 0.02) and
the CIN3� endpoint (P � 0.02). All three tests had very similar
PLR (�28% for the CIN2� endpoint and �18% for the CIN3�
endpoint). The OR for CIN2� and CIN3� were 7.32 and 8.00 for
Xpert, 6.45 and 7.11 for cobas, and 4.03 and 3.11 for hc2.

Overall, in stage I and stage II combined, there were 13 (9.2%)
Xpert-, 13 (9.2%) cobas-, and 26 (18.4%) hc2-negative results for
women diagnosed with CIN2�. The laboratory and pathology
results for any CIN2� from stage II of the study (n � 19) with at
least one false-negative hrHPV test result are shown in Table S2 in
the supplemental material. Of the 19 CIN2� women, 2 tested
Xpert negative alone, none tested cobas negative alone, 8 tested
hc2 negative alone, 2 tested Xpert and cobas negative, 1 tested
Xpert and hc2 negative, 1 tested cobas and hc2 negative, and 5
tested negative by all three tests.

There were 11 very clear examples of false-negative re-
sults— cases of CIN3 or p16INK4a-positive CIN2 and/or inde-
pendent confirmation by LA of the presence of a targeted
hrHPV genotype—that tested negative by one of the three tests
being compared. A specimen from another case of p16INK4a-
negative CIN2 (CXH162050) which was negative by hc2 con-
tained HPV52 but may not have represented a true case of
precancer. Five cases were negative by all three tests; of those, 3
were questionable cases, 1 was a p16INK4a-positive CIN3 case
(CXH035066) that was caused by an untargeted HPV genotype
(HPV69), and 1 was a p16INK4a-positive CIN2 case (CXH162068) that

may have been caused by a HPV type not detected by any of the
HPV assays, including LA. There were two cases that were positive
only by hc2, most likely due to cross-reactivity with untargeted,
borderline carcinogenic HPV types (12): a p16INK4a-positive CIN2
case (CXH162063) was caused by HPV70 and a rare p16INK4a-
negative CIN3 case (CXH014105) that was positive for both
HPV51 and HPV82 but for which both Xpert and cobas were
negative, suggesting that HPV82 might have been the causal HPV
type.

Figure 1A shows the sensitivity for CIN3�, panel B the percent
test positive, and panel C the positive predictive value for CIN3�
for each test stratified by age groups. For all three tests, sensitivity
was highest in women 18 to 29 years of age whereas there was a
notable decrease in sensitivity and increase in false-negative re-
sults in women of age 30 to 39. Percent test positive decreased with
increasing age for all tests. The positive predictive values for all
three tests were similar and remained relatively constant in the
three age groups.

For HPV16 detection by Xpert and cobas, the percent total
agreement was 99.0%, the percent positive agreement was 93.8%,
and the kappa value was 0.96 (95% CI � 0.89 to 1.00). Table 5
shows the absolute risk (PPV) of CIN2� and CIN3� by HPV risk
groups defined by Xpert or cobas. The risk of CIN2� and CIN3�
was highest for HPV16 detected by either of the tests, 54.6% for
CIN2� and 43.5% for CIN3� by Xpert, and 55.0% for CIN2�
and 44.0% for CIN3� by cobas. The risks for CIN2� and CIN3�
were similar for HPV18/45 detected by Xpert and HPV18 detected
by cobas; while the percent positive for HPV18/45 by Xpert was
greater than for HPV18 by cobas (8.8% versus 4.9%), HPV18/45
detection by Xpert identified more CIN2� (9.2% versus 5.0%)
and more CIN3� (7.7% versus 4.4%) than HPV18 detection by
cobas. Like many cross-sectional studies and analyses (1, 3, 16, 19,
20), the risk of CIN2� and CIN3� for HPV18/45- or HP18-
positive women was similar to that for women testing positive for
carcinogenic HPV types other than HPV16 and HPV18/45 or
HPV18.

TABLE 4 Clinical performance of Xpert (Cepheid), cobas (Roche), and hc2 (Qiagen) for the detection of CIN2 or CIN2� and CIN3 or CIN3�a

Endpoint and parameter

Xpert cobas hc2

Value 95% CI Value 95% CI Value 95% CI

CIN2�
Sensitivity 90.8% 84.7–95.0% 90.8% 84.7–95.0% 81.6% 74.2–87.6%
Specificity 42.6% 38.5–46.9% 39.6% 35.5–43.8% 47.7% 43.4–51.9%
Positive predictive value 28.6% 24.5–33.1% 27.6% 23.6–31.9% 28.3% 24.0–33.0%
Negative predictive value 94.8% 91.3–97.2% 94.4% 90.6–97.0% 91.1% 87.2–94.1%
Odds ratio 7.32 4.07–13.2 6.45 3.58–11.6 4.03 2.56–6.34
Positive-likelihood ratio 1.58 1.45–1.73 1.50 1.38–1.64 1.56 1.39–1.74
Negative-likelihood ratio 0.216 0.128–0.216 0.233 0.137–0.395 0.387 0.270–0.553

CIN3�
Sensitivity 92.3% 84.8–96.9% 92.3% 84.8–96.9% 80.2% 70.6–87.8%
Specificity 40.0% 36.1–44.0% 37.2% 33.3–41.2% 45.0% 40.9–49.0%
Positive predictive value 18.8% 15.3–22.7% 18.1% 14.7–21.9% 18.0% 14.4–22.1%
Negative predictive value 97.2% 94.3–98.9% 97.0% 93.9–98.8% 93.8% 90.4–96.3%
Odds ratio 8.00 3.70–17.3 7.11 3.29–15.3 3.31 1.94–5.65
Positive-likelihood ratio 1.54 1.41–1.68 1.47 1.35–1.60 1.46 1.29–1.65
Negative-likelihood ratio 0.192 0.0938–0.394 0.207 0.101–0.425 0.440 0.288–0.672

a Abbreviations: CIN2, cervical intraepithelial neoplasia grade 2; CIN2�, more-severe cervical intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3;
CIN3�, more-severe cervical intraepithelial neoplasia grade 3; 95% CI, 95% confidence interval.
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DISCUSSION

This is the first report on the performance of a novel hrHPV DNA
assay, the Xpert HPV assay, on the GeneXpert clinical laboratory
platform. Xpert is a rapid (1-h), non-batch HPV test that might

permit point-of-care (POC) testing, which can facilitate same-day
screen and management strategies. Xpert results were comparable
to the results from two U.S. FDA-approved tests, cobas and hc2.
There was good agreement between all assays for hrHPV detec-
tion, with the best pairwise agreement between Xpert and cobas.
Surprisingly, Xpert was more sensitive albeit less specific than hc2
and more specific than cobas for CIN2�.

Also, HPV16 detection by Xpert was comparable to detection
by cobas and was strongly associated with the presence of CIN2�
and CIN3�. HPV18/45 detection by Xpert and HPV18 detection
by cobas had similar predicted CIN2� and CIN3� results, with
HPV18/45 detection being more sensitive and HPV18 detection
being more specific for those endpoints.

A detailed analysis of 19 cases with at least one negative hrHPV
test showed that there were a variety of causes of apparent false-
negative results. Some were truly false negatives, i.e., cases of
CIN2� that should have been detected by all three assays. Others
were questionable cases of CIN2�, despite a rigorous pathology
review, and/or caused by untargeted HPV genotypes, some of
which have the ability to occasionally cause cervical cancer (19, 21,
22). Similar cases of hrHPV-negative CIN3 were observed in
ALTS (23).

The target sample size of the study was 150 CIN2� in order to
achieve a 95% confidence interval of �6% for a test that was 92%
sensitive for CIN2�. The actual sensitivity for Xpert was 90.8%,
and 141 cases of CIN2� were diagnosed. Thus, the final 95%
confidence interval was 84.7% to 95.0%, consistent with the de-
sign goal of the study established a priori.

We noted two important limitations of the study. First, the
study was conducted in colposcopy referral populations to enrich
for CIN2� endpoints and not in the intended-use populations,
which are general screening populations. Women are referred to
colposcopy for an abnormal cytology, which is associated with
higher hrHPV viral loads than in women with normal cytology
(24–26). Therefore, the results are not generalizable to the intend-
ed-use screening population. However, we noted that the results
of Xpert were comparable to those of two other assays that have
been validated and approved by the U.S. FDA for general screen-
ing. Second, Pap test results leading to the referral for colposcopy
were not available for this analysis. We therefore could not com-
pare the performance of Xpert with that of cobas and hc2 for
another regularly used clinical indication for reflex hrHPV testing
of the ASC-US population.

GeneXpert platforms are now widely available where there is
endemic tuberculosis since the World Health Organization en-
dorsement of Cepheid’s Xpert MTB/RIF technology for molecular
detection of TB and drug-resistant TB in late 2010. For example,
South Africa is rolling out a national program for TB detection
and treatment based on the Xpert test (27). These same regions
often have a high incidence of cervical cancer due to limited pre-
ventive services and high prevalence of HIV, which increases the
risk of cervical cancer substantially (28, 29). Once fully clinically
validated, the Xpert HPV assay could be easily deployed to these
regions to provide rapid point-of-care screening, including same-
day screen-and-treat programs to minimize losses to follow-up
that substantially reduce the effectiveness of screening programs.
The GeneXpert can be configured to meet a wide range of testing
volumes and so can be customized to meet the specific local de-
mands for hrHPV testing. In conclusion, the Xpert HPV assay is a

FIG 1 Sensitivity of Xpert (Cepheid), cobas (Roche), and hc2 (Qiagen) for
cervical intraepithelial neoplasia grade 3 (CIN2) or more-severe CIN (CIN3�)
(A), percent positive specimens (B), and positive predictive value for CIN3�
by age group (C).
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promising new assay for hrHPV DNA detection that warrants
further evaluation.
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