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a  b  s  t  r  a  c  t

Background:  careHPV  is a new,  lower-cost  DNA  test  for human  papillomavirus  (HPV).  There  are  limited
analytic  comparisons  of careHPV  against  a  referent  HPV  DNA  test  like  Hybrid  Capture  2 (HC2).
Objective:  To  assess  the test agreement  between  careHPV  and  HC2  on  self-  and  clinician-collected  speci-
mens.
Study  design:  In  a population  of 7541  women  living  in  rural  China,  women  provided  a  self-collected  (sc)
and  two  clinician-collected  (cc)  specimens  and  underwent  visual  inspection  after  acetic  acid  (VIA).  The
sc specimen  and  one  cc  specimen  were  tested  by  careHPV  and  HC2;  a random  subset  of specimens  was
tested  for  HPV  genotypes.
Results: The  percent  positive  on cc specimens  and sc specimens  was  14.69%  and  14.97%  for  careHPV,
respectively,  and  15.05%  and  18.53%  for HC2,  respectively;  HC2  testing  of sc  specimens  was  more likely
to  test positive  than  other combinations  of tests  and  specimens  (p  <  0.0001  for  all comparisons).  The
agreement  between  different  tests  on the  same  specimens  (kappa  =  0.787  and  0.691  for  cc  and  sc  spec-
imens,  respectively)  was  better  than  the same  test  on different  specimens  (kappa  =  0.653  and  0.649  for
HC2  and  careHPV,  respectively).  Disagreement  between  the same  test  on  different  specimens  increased
with  increasing  participant  age  (ptrend = 0.0001  for HC2  and  0.002  for  careHPV).  HC2-positive/careHPV-
negative  specimens  were  more  likely  to test  positive  for non-carcinogenic  HPV  genotype  than  test  HPV
negative  whereas  the  converse  was  true for HC2-negative/careHPV-positive  specimens.
Discussion:  The  agreement  for  HPV  DNA detection  between  careHPV  and  HC2  was  good  to very  good.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Background

Testing for high-risk human papillomavirus (HPV) is now
being recommended for cervical cancer screening in both higher-
resource settings [1] and lower-resource settings [2]. For the latter,
careHPVTM (QIAGEN, Gaithersburg, MD,  USA), a lower-cost, signal-
amplification DNA test for a pool of 14 HPV types, was  developed.
careHPV is based on the same biochemistry as Hybrid Capture 2
(HC2; QIAGEN), a DNA test for a pool of 13 HPV types (the same as

∗ Corresponding author. Tel.: +1 7037720611.
E-mail address: castle.philip@gmail.com (P.E. Castle).

careHPV minus HPV66) that was U.S. Food and Drug Administra-
tion approved in 2003. Several studies have shown that careHPV
has a sensitivity and specificity for cervical precancer and cancer
that can approach that of HC2 [3,4].

We recently conducted a study of lower-cost tests and strate-
gies for screening and triage in China [3–5]. We  reported that HC2
and careHPV had comparable clinical performance for detection
of cervical precancer and cancer, cervical intraepithelial neopla-
sia grade 2 (CIN2) or more severe diagnoses (CIN2+) and grade 3
(CIN3) or more severe diagnoses (CIN3+), when testing clinician-
collected (cc) specimens [3]. However, we found that there was a
decrement in performance for careHPV when using self-collected
(sc) specimens [3], similar to what has been shown in other studies
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[6,7]. Using lower positive cutpoints for careHPV for both cc and
sc specimens could potentially improve sensitive but not without
significantly lowering specificity for CIN3+ [5]. A higher positive
cutpoint for careHPV for cc specimens non-significantly reduced
sensitivity but significantly increased specificity for CIN3+ [5].

Here, we describe the analytic agreement for HPV DNA detection
for different tests, careHPV vs. HC2, on the same specimen, cc or sc,
and the agreement for different specimens, cc vs. sc, using the same
test, careHPV or HC2. These pairwise comparisons have not been
explored previously in depth elsewhere. Specifically, we  investi-
gated the simple concordance and correlation of signal strengths of
these pairwise comparisons. Moreover, we investigated how visual
inspection after acetic acid (VIA) results, as a proxy for lesion size,
and age influenced discordance (1-concordance) between pairwise
results. We  considered the concordance of all 4 HPV DNA results,
careHPV and HC2 on both cc and sc specimens, in the general pop-
ulation and in women with CIN2+ or CIN3+. Finally, in a subset
of specimens, we compared pairwise results of careHPV and HC2
to results from a third, HPV genotyping test to look at relative
predilection of each test to cross-react with non-carcinogenic HPV
genotypes, as has been reported for HC2 [8].

2. Objective

To describe the agreement for detection of HPV DNA between
careHPV and HC2

3. Study design

3.1. Enrollment

The recruitment and enrollment of 7500 women aged 25–65
years and living in rural China has been previously reported in
detail [3,4]. All eligible women were then asked to complete the
written, informed consent in order to participate in the study. The
PATH, Cancer Institute and Hospital, Chinese Academy of Medical
Sciences (CICAMS), and US National Cancer Institute institutional
review boards (IRBs) approved the study.

Women  were screened by 6 screening tests: HC2 and careHPV
testing on cc and sc specimens, OncoE6TM testing (Arbor Vita Cor-
poration, Freemont, CA, USA) on a second cc specimen, and VIA.
Women  underwent colposcopy and a 4-quadrant microbiopsy pro-
tocol if any screening test was positive or was selected as a random
sample of approximately 10% screen-negative women as previ-
ously described [3,4].

3.2. HPV DNA tests

careHPV and HC2 testing was done on both cc and sc specimens
as previously described [3,4].

For HPV genotyping, QIAmp 96 DNA Blood Kits (96 wells, 12
plates/kit) (QIAGEN, Hilden, Germany) were used for DNA isolation
on CCM samples according to the manufacturer’s protocol. Ten �l
was used for HPV genotyping by INNO-LiPA HPV Genotyping Extra
(Innogenetics NV, Ghent, Belgium), which uses SPF10 primers for
DNA amplification by PCR [9,10] and detected HPV genotypes by
reverse hybridization. This system targets 28 HPV types (HPV6, 11,
16, 18, 26, 31, 33, 35, 39, 40, 43–45, 51–54, 56, 58, 59, 66, 68–71,
73, 74 and 82).

HPV genotyping results on self- or clinician-collected speci-
mens were categorized as carcinogenic HPV positive (HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and/or 68) [11] to match
the same types targeted by careHPV and by HC2 plus HPV66,
which HC2 detects due to cross-reactivity [8], else carcinogenic HPV

negative and positive for non-carcinogenic HPV (any other type or
tests positive for HPV but no HPV type detected), or HPV negative.

3.3. Pathology

The primary histopathologic diagnosis was provided by two
CICAMS pathologists after reaching agreement, and the worst of
the biopsies or surgical specimen was  used for the final diagnosis
in these analyses.

3.4. Analysis

Test agreement statistics (percent agreement, percent positive
agreement, and kappa values) between 6 pairwise combinations
of the two tests (careHPV and HC2) done on the two specimens
(cc and sc) were calculated. McNemar chi-square test was  used
to test for statistical significance between test results. The Spear-
man  correlations between signals (rlu/pc) were calculated for those
pairwise results in which one or both results were positive. The per-
cent disagreement and its relationship to subject age, categorized
into quartiles (25–38, 38–43, 44–50, and 51–65 years), was  eval-
uated using a test of trend [12]. Agreement and correlations were
also stratified on whether women were VIA positive or negative.
The distribution for all combinations of the 4 tests was calcu-
lated overall, among women  with CIN2+, and among women with
CIN3+.

4. Results

Fig. 1 shows the scatter plots of the rlu/pc values (signal
strength) for 6 pairwise combinations of specimen types and HPV
test results. The spearman correlations among HPV positive for
either test (excluding the HPV negatives for both) ranged from
0.432 for HC2 testing on cc specimens vs. careHPV testing on sc
specimens to 0.842 for both tests done on the cc specimens. In gen-
eral, there was poorer correlation of the signal strengths when two
different specimens were used than when different tests were run
on the same specimen; there was better correlation on cc spec-
imens than on sc specimens for the two  assays (0.842 vs. 0.710,
respectively). There was  a stronger signal for HC2 on sc speci-
mens than cc specimens (p < 0.0001) while the reverse was true
for careHPV (p < 0.0001).

The paired positive/negative results for HPV detection for the
two specimens and two  tests are shown in Table 1. The percent
positive was 14.69% for careHPV on cc specimens and 14.97% on sc
specimens and 15.05% for HC2 on cc specimens and 18.53% on sc
specimens. Only the percentage of positive HPV test results for HC2
on sc specimens was significantly different from HPV results for the
other combinations (p < 0.0001 for all comparisons). The percent
agreement for all pairwise results was  ∼90% but the positive agree-
ment and the kappa values differ greatly, reflecting the patterns for
the signal strengths described above. There was better agreement
between different tests on the same specimens (kappa = 0.787 and
0.691 for cc and sc specimens, respectively) than the same test on
different specimens (kappa = 0.653 and 0.647 for HC2 and careHPV,
respectively).

Shown in Fig. 2 are the (A) age quartile-specific percent HPV pos-
itive (prevalence) for each test and specimen combination and (B)
discordant HPV results by test (HC2 vs. careHPV) for a given spec-
imen type (self-collection or clinician-collection) and by specimen
type for a given test. For each combination of test and speci-
men, the percent HPV positive increased with older age groups
(ptrend < 0.0001), with HC2 testing of sc specimens consistently hav-
ing a 2–4% higher test positive than other combinations. While
there was a significant trend of increasing discordance with older
age group for HPV with the two  specimen types for the same test
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