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a  b  s  t  r  a  c  t

Background:  Studies  have  shown  that self-sampling  for hrHPV  testing  (HPV  self-sampling)  is highly
acceptable  to women,  increases  screening  participation  rate,  and may  therefore  further  reduce  cervi-
cal cancer  incidence.  However,  it  is  important  to  clinically  validate  HPV  self-sampling  procedures  for
screening  purposes.
Objectives:  Clinical  validation  of  combined  brush-based  self-sampling  with  GP5+/6+-PCR  EIA for  primary
cervical  screening.  In  addition,  HPV  type-specific  agreement  between  sample  types  and  acceptability  of
brush-based  self-sampling  were  evaluated.
Study design:  135  women  referred  for  colposcopy  took  a  self-sample  at home  prior  to  vaginal-  and  cervical
sampling  by  a gynaecologist.  All  women  were  biopsied  for histology.  HPV  testing  was done  by  GP5+/6+-
PCR  EIA,  with  genotyping  by reverse  line  blotting  (RLB).  Acceptability  of sampling  methods  was  measured
with  a questionnaire.
Results:  In  this  outpatient  population,  hrHPV  test  results  showed  good  concordance  between  self-samples
and physician-taken  cervical  scrapes  (86%,  k = 0.70),  with  sensitivities  and  specificities  for  CIN2+  that
did  not  differ  significantly  (93%  and  51%,  91%  and  51%,  respectively  (P = 1.0)).  The  clinical  sensitivity  of
brush-based  self-sampling  combined  with  GP5+/6+-PCR  EIA  hrHPV  testing  for  detection  of CIN2+  was
non-inferior  to that  of  hrHPV  testing  on physician-taken  cervical  samples  (P =  0.018).  In  addition,  hrHPV
genotyping  results  were  highly  concordant  between  sample  types,  with  almost  perfect  agreement  for

HPV16  (k  =  0.81)  and  HPV18  (k = 0.92).  Finally,  91% of participants  described  brush-based  self-sampling
as  easy-to-use.
Conclusions:  Brush-based  self-sampling  in combination  with  GP5+/6+-PCR  EIA  hrHPV  testing  is  acceptable
to  women  and valid  for  assessing  the  risk  of  CIN2+  in  comparison  to  hrHPV  testing  on physician-taken
scrapes.  In  addition,  there  was  high  concordance  of  HPV  genotyping  results.  Therefore,  this  HPV  self-

 be  co
sampling  procedure  may
Abbreviations: hrHPV, high-risk Human papillomavirus; lrHPV, low-risk Human
apillomavirus; CIN, cervical intraepithelial neoplasia; CIN2+, high-grade cervical

ntraepithelial neoplasia (CIN2/3) and cervical cancer (CIN2+); RLB, reverse line
lotting.
∗ Corresponding author. Tel.: +31 20 444 4070; fax: +31 20 444 2964.

E-mail address: cjlm.meijer@vumc.nl (C.J.L.M. Meijer).

386-6532/$ – see front matter ©  2012 Published by Elsevier B.V.
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nsidered  for use  in routine  cervical  screening.
© 2012 Published by Elsevier B.V.

1. Background

In forthcoming years, self-sampling may  become increasingly
important in cervical screening since self-collection for HPV testing
(HPV self-sampling) has shown to persuade a subset of non-
attendees to participate.1–6 Targeting non-attendees is important,
because they are at higher risk of developing cervical cancer.7–9
Additionally, self-sampling may  make cervical screening accessible
to women  in developing regions.10–12

Studies have shown that HPV testing on self-samples is
non-inferior to that of physician-collected cervical samples for

dx.doi.org/10.1016/j.jcv.2012.02.022
http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
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CIN2+ of GP5+/6+-PCR EIA hrHPV testing on self-collected sam-
ples was non-inferior to that of GP5+/6+-PCR EIA hrHPV testing
on physician-taken cervical specimen (P = 0.018). Two CIN2 lesions
were hrHPV negative in both sample types, whereas one CIN2 lesion

Table 1
hrHPV DNA test results and sensitivity for underlying CIN lesions of self-collected
vaginal samples and corresponding physician-taken cervical samples.

Histology hrHPV DNA
vaginal self-sample

Physician cervical sample

Pos Neg Total

≤CIN1 Pos 37 8 45
Neg 8 39 47

≥CIN2a Pos 38 2 40
48 M.G. Dijkstra et al. / Journal of 

he detection of CIN2+, although reported data are rather
nconsistent.13–17 This most likely reflects the use of different self-
ollection devices in combination with different HPV tests.17,18

herefore, it is important that a self-collection device is clinically
alidated in combination with an HPV test, prior to use as an HPV
elf-sampling procedure in cervical cancer screening. In addition,
ompatibility between self- and physician-collected samples at the
evel of HPV genotyping is of interest, since discerning individual
ypes may  be relevant for CIN2+ risk assessment as HPV16 is cor-
elated with an increased risk of CIN2+ compared to all non-HPV16
enotypes.19

. Objectives

The Viba-brush® (Rovers Medical Devices B.V.) has been used for
elf-sampling by non-attendees,2,4 and the GP5+/6+-PCR enzyme
mmunoassay (EIA) HPV test is clinically validated for cervical
creening purposes.20 Here, we aimed firstly to determine whether
he combination of this self-sampling device and GP5+/6+-PCR
IA-based hrHPV testing has an equal clinical performance to
etect CIN2+ as GP5+/6+-PCR EIA-testing on physician-taken cervi-
al scrapes, in a gynaecology outpatient population. In addition, the
revalence of HPV genotypes was compared between self-samples
nd physician-taken vaginal- and cervical samples. Finally, accept-
bility and user-friendliness of the brush-based self-collection
evice were assessed with a short questionnaire.

. Study design

.1. Study population

Between October 2009 and November 2010, 135 women were
ecruited at the Department of Obstetrics and Gynaecology of the
U University Medical Center and Albert Schweitzer Ziekenhuis,

he Netherlands. 105 women were referred for colposcopy-directed
iopsy because of a cervical smear with moderate dyskaryosis or
orse, or repeated equivocal Pap smear results and 30 women

eferred for post-coital bleeding had normal cytology. The median
ge of the participants was 34 years (range 20–68). All women  were
iven an illustrated instruction leaflet and were asked to self-collect

 vaginal sample in a 20 ml  Thinprep® vial (PreservCyt®, Hologic
nc.), one week prior to their visit to the gynaecologist.

In addition, participants received a short questionnaire with
uestions using a 3-point ordinal scale on the acceptability of self-
ampling, preferences for self- or clinician sampling and physical
dis)comfort and perceived (dis)advantages of the procedure. Dur-
ng the subsequent visit to the outpatient clinic, first a vaginal
ample was taken by the gynaecologist with a Viba-brush, and
hen a vaginal speculum was inserted to take a regular cervical
crape using a Rovers® Cervex-brush. Both clinician samples were
ollected in 20 ml  Thinprep® preservation medium. Self-collected-
nd physician-obtained vials were blinded for the procedure, prior
o delivery to the laboratory. The time between sample collection
nd hrHPV testing was at maximum two weeks.

During colposcopy, a biopsy specimen was taken of any cervi-
al lesion observed. In case no lesions were visualised, at least one
andom biopsy was taken. The most severe histological finding per
oman was used for comparison calculations. Participants were

reated according to the Dutch guidelines.21

.2. HPV detection
Testing for HPV DNA was performed by GP5+/6+-PCR EIA and
ubsequent reverse line blot (RLB) assay for genotyping. DNA
as extracted from 1/10th of the samples by using the Hamilton
ICROLAB STARlet robot, and subjected to GP5+/6+-PCR EIA as
l Virology 54 (2012) 147– 151

described previously.22 EIA-positive GP5+/6+-PCR products were
genotyped by RLB according to a previously described protocol.23

As a quality control for the presence of amplifiable DNA and absence
of PCR inhibitors in the isolated material, we performed a PCR for
�-globin.

3.3. Data and statistical analysis

Cohen’s kappa statistics were used to assess concordance
between type-specific HPV test results of corresponding self-
collected- and physician-taken samples. Strength of agreement
was judged according to Landis and Koch24: kappa < 0: poor;
0–0.20: slight; 0.21–0.40: fair, 0.41–0.60: moderate; 0.61–0.80:
substantial; 0.81–1.00: almost perfect. For assessing overall
genotype concordance, results were scored as either concordant
(methods yielded completely identical genotyping results), com-
patible (one or more of the same genotypes were detected), or
discordant (no similarities between genotypes detected). Type-
specific agreement was  calculated only for those types that had at
least six positive results.

Differences in sensitivity and specificity between sampling
methods were assessed using Chi-square tests (McNemar). In addi-
tion, clinical sensitivity was  compared by using a non-inferiority
score test (software R), using a sensitivity threshold for CIN2+ of
at least 90% relative to that of GP5+/6+-PCR EIA hrHPV testing
on physician-taken cervical samples.25 Confidence intervals were
calculated, and the significant level was set at 0.05. All statistical
analyses were performed using SPSS11.5-software.

4. Results

4.1. hrHPV DNA detection and histological diagnosis

Eighty-five of the one hundred and thirty-five participants (63%)
had a self-collected vaginal specimen that tested positive for hrHPV
DNA, compared to 84 (62%) in physician-taken cervical samples.
This high prevalence of hrHPV is in line with the expectations for
women attending a colposcopy clinic. hrHPV test results in self-
collected samples and corresponding physician-obtained cervical
samples show a substantial agreement, i.e., 86% resulting in a kappa
of 0.70 (95% CI: 0.60–0.78; Table 1). Prevalence of CIN2+ lesions
was 32% (43/135). The sensitivities and specificities for CIN2+ did
not differ significantly between sampling methods (i.e., sensitivity:
93% vs. 91%, and specificity both 51%, for GP5+/6+-PCR EIA hrHPV
testing on self-collected samples and physician-taken cervical sam-
ples, respectively (P = 1.0)). Using a sensitivity threshold for CIN2+
of at least 90% relative to that of GP5+/6+-PCR EIA hrHPV testing
on physician-taken cervical samples,25 the clinical sensitivity for
Neg 1 2 3
Total 84 51 135

a Discrepancies in detection ≥CIN2 lesions: double neg: 2× CIN2; self-sample neg:
1× CIN2; physician-taken sample neg: 1× CIN2 and 1× CIN3.
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Table 2
Prevalence of hrHPV genotypes in different sample types.

Genotype Number of samples found positive bya Concordance (kappa (95% CI))

Self-collected VS Physician-taken VS Physician-taken CS Self-collected VS
physician-taken VS

Self-collected VS
physician-taken CS

HPV 16 26 22 27 0.79 (0.71–0.85) 0.81 (0.72–0.87)
HPV  18 6 8 7 0.85 (0.79–0.89) 0.92 (0.88–0.95)
HPV  31 11 11 11 0.86 (0.80–0.90) 0.79 (0.67–0.86)
HPV  39 6 6 6 1.00 1.00
HPV  51 10 11 12 0.85 (0.79–0.89) 0.88 (0.82–0.93)
HPV  56 7 8 7 0.87 (0.82–0.91) 0.92 (0.87–0.95)

V
e infections.

w
c

4

s
c
H
p
2
p
a
a

v
i
t
c
t
d
t

l
T
p
p
(
p
s
f

4

a
t
g
c
a
i
s
c

5

s
b
s
o
w

91

70

9

30

0

10

20

30

40

50

60

70

80

90

100

I do not agree
I agree

I find the brush

easy-to-use I prefer self-sampling

when given a choice

P
e

rc
e

n
ta

g
e

 (
%

)

Questionnaire
S, vaginal sample; CS, cervical sample.
a Frequencies indicated here include presence of types both in single and multipl

as hrHPV negative in the self-sample while positive in the clini-
ian sample, and vice versa for a CIN2 and one CIN3 lesion (Table 1).

.2. HPV genotyping

Overall, thirty different HPV genotypes were detected in self-
amples compared to 31, and 30 in physician-obtained vaginal- and
ervical samples, respectively. Of all participants, 82 women tested
PV DNA-positive by each of the three collection methods, with
erfect type agreement in 54 (66%) cases, and compatible results in
6 (32%) specimens. Two women showed discordant types in their
hysician-taken cervical samples compared to corresponding self-
nd physician-collected vaginal specimens (i.e., HPV16 vs. HPV 42
nd HPV52 vs. HPV 42, respectively).

Low-risk HPV types (lrHPV) were slightly more prevalent in
aginal specimens (self- (39%) and physician-obtained (40%)) than
n cervical samples (37%; P = 1.0). Further, the prevalence of mul-
iple (i.e., two  or more) HPV genotypes was significantly lower in
ervical samples (21%) than in self-collected- (28%) and physician-
aken vaginal samples (33%) (P = 0.029). The “extra” genotypes
etected in these multiple infections were predominately lrHPV
ypes (mainly HPV6, HPV11 and HPV42).

Regardless of the collection method, HPV16 was the most preva-
ent hrHPV type followed by types HPV31 and HPV51 (Table 2).
he type-specific agreement between self-collected samples and
hysician-taken cervical samples ranged from substantial to almost
erfect (k = 0.79–1.00). The latter included types HPV16 (k = 0.81
95% CI: 0.72–0.87)) and HPV18 (k = 0.92 (95%CI: 0.88–0.95)). Com-
arable results were seen for concordance between both vaginal
amples (self- and physician-obtained) with kappa values ranging
rom 0.79 to 0.87.

.3. Acceptability of self-sampling

The far majority of participants (91%) described the brush
s easy-to-use (Fig. 1), and many of these women mentioned
he aspect of self-sampling being less time-consuming as the
reatest benefit. Approximately one third of participants was
oncerned about performing the test properly, and said to prefer
n “expert” taking the sample. Nevertheless, the majority of
nterviewed women (70%) favoured self-sampling over physician
ampling when given a choice (Fig. 1), for reasons of comfort and
onvenience.

. Discussion

In this study we show that the clinical performance of HPV
elf-sampling, consisting of Viba-brush-based self-collection com-

ined with GP5+/6+-PCR-EIA-based hrHPV testing, to detect CIN2+
hows high agreement with that of hrHPV testing on physician-
btained cervical samples. hrHPV testing on self-collected material
as equally effective in detecting high-grade CIN (40/43 vs. 39/43),
Fig. 1. Results of a short questionnaire on the acceptability of brush-based self-
sampling.

while at the same time the specificity did not differ significantly
between both sampling methods (both 51%). One CIN3 case was
even detected by hrHPV testing on the self-collected sample only.
Our data support the concept that the right combination of self-
collection device and clinically validated HPV test is clinically
equivalent to HPV testing on physician-taken cervical smears.

Previous studies have reported similar data on the clinical per-
formance of hrHPV testing on self-collected specimen.11–13,17,26–28

Some other studies reported a lower sensitivity and specificity of
hrHPV testing on self-samples.29–32 This difference may  relate to
the use of different devices for self-collection (swab, brush, tampon
or lavage) and clinician sampling (cone shaped brush, cytobrush,
Dacron swab or Cervex brush), or to the use of different hrHPV
detection methods. The lower specificity in some studies may be
due to cross-reactivity of the hrHPV test with lrHPV types.33 Belin-
son et al. showed that this can be lowered when HPV detection
assays are used that do not show cross-reactivity with lrPV types.17

It should be noticed, that our study was done in a gynaecology out-
patient clinic population with higher rates of HPV infection and
CIN2+ lesions than average detected in women attending screen-
ing. This might have led to an overcalling of the specificity of the
HPV test.

Our evaluation of HPV genotypes showed a slightly higher
prevalence of low-risk types in vaginal samples compared to
physician-taken cervical scrapes, though not statistically signifi-
cant (P = 1.0), in line with previous reports.15,34 Also, the prevalence
of multiple HPV types was higher by vaginal sampling (P = 0.029).

Mainly, additional lrHPV types were detected in these multiple
infections, which supports the idea that vaginal samples repre-
sent a mixture of infected vaginal cells and exfoliated cervical cells.
The high-risk type-specific agreement between sampling methods,
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owever, ranged from substantial to almost perfect (k = 0.79–1.00),
ndicating that self-samples are representative of the hrHPV types
hat infect the cervix. These results are in line with data from a
ecent study by Deleré et al.35 This is important for CIN2+ risk
ssessment and monitoring of HPV genotype persistence.36–38 The
ood representation of types HPV16 and HPV18 in self-samples,
n our study, is especially interesting as these genotypes confer an
ncreased risk of CIN2+ compared to other hrHPV types.19,39–42

Earlier we have validated a lavage-based self-sampling device
Delphi screener) in combination with the GP5+/6+-PCR EIA,13

nd here we show that the Viba-brush self-sampling device in
ombination with the GP5+/6+-PCR EIA is equally suitable for pri-
ary hrHPV-based cervical screening. Future research needs to

ddress triage strategies for self-collected specimens, as currently
omen tested HPV-positive on their self-samples are referred

o the general practitioner for cytology, because self-collected
pecimens generally yield insufficient amounts of cervical cells
or reliable cytology.43–46 Molecular markers such as promoter

ethylation analysis of tumour suppressor genes are interesting
lternatives and directly applicable to self-sampled specimens.47,48

his potentially leads to more compliance and less loss to follow-up.
uitability of Viba-brush-based self-collected specimens for molec-
lar triage needs further investigation.

In conclusion, this study shows that in combination with
P5+/6+-PCR EIA-based hrHPV testing, self-samples taken by the
iba-brush are highly representative to determine the risk for
nderlying CIN2+, and that its use is well acceptable to women. In
ddition, the data show that self-collected specimens are reliable
or type-specific hrHPV detection, which is useful for CIN2+ risk
ssessment and monitoring of HPV genotype persistence. There-
ore, this HPV self-sampling procedure might be used to re-attract
on-attendees in population-based screening, or even for primary
rHPV-based cervical screening.

onflict of interest

CJLMM,  PJFS, and DAMH are shareholders of Self-screen BV, a
ecent spin-off company of VU University Medical Center.

All other authors declare that they have no conflict of interest.

cknowledgements

We thank the technicians of the unit of Molecular Pathology of
he Department of Pathology at the VU University Medical Center
msterdam for their excellent technical assistance, especially, Fatih
opal and Marjolein Lettink.

This study has received approval (no. 2008/269) by the institu-
ional review board on human studies at the VU University Medical
entre (Amsterdam, the Netherlands).

eferences

1. Nobbenhuis MA,  Helmerhorst TJ, van den Brule AJ, et al. Primary screening for
high risk HPV by home obtained cervicovaginal lavage is an alternative screening
tool for unscreened women. J Clin Pathol 2002;55(June (6)):435–9.

2.  Bais AG, van Kemenade FJ, Berkhof J, et al. Human papillomavirus testing
on self-sampled cervicovaginal brushes: an effective alternative to protect
nonresponders in cervical screening programs. Int J Cancer 2007;120(April
(7)):1505–10.

3.  Gok M,  Heideman DA, van Kemenade FJ, et al. HPV testing on self collected
cervicovaginal lavage specimens as screening method for women  who do not
attend cervical screening: cohort study. BMJ  2010;340:c1040.

4.  Gok M, van Kemenade FJ, Heideman DA, et al. Experience with high-risk human

papillomavirus testing on vaginal brush-based self-samples of non-attendees of
the cervical screening program. Int J Cancer 2011;April.

5. Szarewski A, Cadman L, Mesher D, et al. HPV self-sampling as an alternative
strategy in non-attenders for cervical screening – a randomised controlled trial.
Br  J Cancer 2011;104(March (6)):915–20.

3

l Virology 54 (2012) 147– 151

6. Lindell M,  Sanner K, Wikstrom I, Wilander E. Self-sampling of vaginal fluid and
high-risk human papillomavirus testing in women aged 50 years or older not
attending Papanicolaou smear screening. BJOG 2011;October.

7.  Bos AB, Rebolj M,  Habbema JD, van Ballegooijen M.  Nonattendance is still the
main limitation for the effectiveness of screening for cervical cancer in the
Netherlands. Int J Cancer 2006;119(July (10)):2372–5.

8. Peto J, Gilham C, Fletcher O, Matthews FE. The cervical cancer epidemic
that  screening has prevented in the UK. Lancet 2004;364(July (9430)):
249–56.

9. Sasieni P, Adams J, Cuzick J. Benefit of cervical screening at different ages:
evidence from the UK audit of screening histories. Br J Cancer 2003;89(July
(1)):88–93.

0.  Lazcano-Ponce E, Lorincz AT, Cruz-Valdez A, et al. Self-collection of vaginal spec-
imens for human papillomavirus testing in cervical cancer prevention (MARCH):
a  community-based randomised controlled trial. Lancet 2011;November.

1. Holanda Jr F, Castelo A, Veras TM,  de Almeida FM,  Lins MZ,  Dores GB. Pri-
mary screening for cervical cancer through self sampling. Int J Gynaecol Obstet
2006;95(November (2)):179–84.

2. Qiao YL, Sellors JW,  Eder PS, et al. A new HPV-DNA test for cervical-cancer screen-
ing  in developing regions: a cross-sectional study of clinical accuracy in rural
China. Lancet Oncol 2008;9(October (10)):929–36.

3. Brink AA, Meijer CJ, Wiegerinck MA,  et al. High concordance of results of testing
for  human papillomavirus in cervicovaginal samples collected by two methods,
with comparison of a novel self-sampling device to a conventional endocervical
brush. J Clin Microbiol 2006;44(July (7)):2518–23.

4. Ogilvie GS, Patrick DM, Schulzer M,  et al. Diagnostic accuracy of self col-
lected vaginal specimens for human papillomavirus compared to clinician
collected human papillomavirus specimens: a meta-analysis. Sex Transm Infect
2005;81(June (3)):207–12.

5. Petignat P, Faltin DL, Bruchim I, Tramer MR,  Franco EL, Coutlee F. Are self-
collected samples comparable to physician-collected cervical specimens for
human papillomavirus DNA testing? A systematic review and meta-analysis.
Gynecol Oncol 2007;105(May (2)):530–5.

6. Stewart DE, Gagliardi A, Johnston M,  et al. Self-collected samples for testing of
oncogenic human papillomavirus: a systematic review. J Obstet Gynaecol Can
2007;29(October (10)):817–28.

7. Belinson JL, Du H, Yang B, et al. Improved sensitivity of vaginal self-collection
and  high-risk human papillomavirus testing. Int J Cancer 2011;May.

8. Gravitt PE, Belinson JL, Salmeron J, Shah KV. Looking ahead: a case for human
papillomavirus testing of self-sampled vaginal specimens as a cervical cancer
screening strategy. Int J Cancer 2011;129(August (3)):517–27.

9. Castle PE, Stoler MH,  Wright Jr TC, Sharma A, Wright TL, Behrens CM.  Per-
formance of carcinogenic human papillomavirus (HPV) testing and HPV16 or
HPV18 genotyping for cervical cancer screening of women aged 25 years and
older: a subanalysis of the ATHENA study. Lancet Oncol 2011;12(September
(9)):880–90.

0.  Meijer CJ, Berkhof H, Heideman DA, Hesselink AT, Snijders PJ. Validation of high-
risk HPV tests for primary cervical screening. J Clin Virol 2009;46(November
(Suppl. 3)):S1–4.

1. Oncoline I. International guideline cervical intraepithelial neoplasia; 2004.
2. Snijders PJ, van den Brule AJ, Jacobs MV,  Pol RP, Meijer CJ. HPV DNA detection

and typing in cervical scrapes. Method Mol  Med  2005;119:101–14.
3. van den Brule AJ, Snijders PJ, Raaphorst PM,  et al. General primer polymerase

chain reaction in combination with sequence analysis for identification of poten-
tially novel human papillomavirus genotypes in cervical lesions. J Clin Microbiol
1992;30(July (7)):1716–21.

4. Landis JR, Koch GG. Measurement of observer agreement for categorical data.
Biometrics 1977;33:1159–74.

5. Meijer CJ, Berkhof J, Castle PE, et al. Guidelines for human papillomavirus DNA
test  requirements for primary cervical cancer screening in women 30 years and
older. Int J Cancer 2009;124(February (3)):516–20.

6. Tamalet C, Richet H, Carcopino X, et al. Testing for human papillomavirus and
measurement of viral load of HPV 16 and 18 in self-collected vaginal swabs of
women who  do not undergo cervical cytological screening in Southern France.
J  Med Virol 2010;82(August (8)):1431–7.

7. Khanna N, Mishra SI, Tian G, et al. Human papillomavirus detection in
self-collected vaginal specimens and matched clinician-collected cervical spec-
imens. Int J Gynecol Cancer 2007;17(May (3)):615–22.

8. Bhatla N, Dar L, Patro AR, et al. Can human papillomavirus DNA testing of self-
collected vaginal samples compare with physician-collected cervical samples
and cytology for cervical cancer screening in developing countries? Cancer Epi-
demiol 2009;33(December (6)):446–50.

9. Belinson JL, Qiao YL, Pretorius RG, et al. Shanxi Province cervical cancer screen-
ing  study II: self-sampling for high-risk human papillomavirus compared to
direct sampling for human papillomavirus and liquid based cervical cytology.
Int  J Gynecol Cancer 2003;13(November (6)):819–26.

0. Belinson JL, Hu S, Niyazi M, et al. Prevalence of type-specific human papil-
lomavirus in endocervical, upper and lower vaginal, perineal and vaginal
self-collected specimens: implications for vaginal self-collection. Int J Cancer
2010;127(September (5)):1151–7.

1. Lorenzato FR, Singer A, Ho L, et al. Human papillomavirus detection for cervical

cancer prevention with polymerase chain reaction in self-collected samples. Am
J  Obstet Gynecol 2002;186(May (5)):962–8.

2. Wright Jr TC, Denny L, Kuhn L, Pollack A, Lorincz A. HPV DNA testing of self-
collected vaginal samples compared with cytologic screening to detect cervical
cancer. JAMA 2000;283(January (1)):81–6.



Clinica

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

M.G. Dijkstra et al. / Journal of 

3.  Castle PE, Schiffman M,  Burk RD, et al. Restricted cross-reactivity of hybrid
capture 2 with nononcogenic human papillomavirus types. Cancer Epidemiol
Biomarkers Prev 2002;11(November (11)):1394–9.

4. Kahn JA, Slap GB, Huang B, et al. Comparison of adolescent and young adult
self-collected and clinician-collected samples for human papillomavirus. Obstet
Gynecol 2004;103(May (5 Pt 1)):952–9.

5. Delere Y, Schuster M,  Vartazarowa E, et al. Cervico-vaginal self-sampling is a reli-
able  method to determine the prevalence of human papillomavirus genotypes
in  women aged 20–30 years. J Clin Microbiol 2011;August.

6. Huh W,  Einstein MH,  Herzog TJ, Franco EL. What is the role of HPV typing in the
United States now and in the next five years in a vaccinated population? Gynecol
Oncol 2010;117(June (3)):481–5.

7. Kjaer SK, Frederiksen K, Munk C, Iftner T. Long-term absolute risk of cervi-
cal  intraepithelial neoplasia grade 3 or worse following human papillomavirus
infection: role of persistence. J Natl Cancer Inst 2010;102(October (19)):1478–88.

8. Castle PE, Rodriguez AC, Burk RD, et al. Short term persistence of human papil-
lomavirus and risk of cervical precancer and cancer: population based cohort
study. BMJ 2009;339:b2569.

9. Bosch FX, Manos MM,  Munoz N, et al. Prevalence of human papillomavirus
in  cervical cancer: a worldwide perspective. International biological study on
cervical cancer (IBSCC) Study Group. J Natl Cancer Inst 1995;87(June (11)):

796–802.

0.  Bulkmans NW,  Bleeker MC,  Berkhof J, Voorhorst FJ, Snijders PJ, Meijer CJ. Preva-
lence of types 16 and 33 is increased in high-risk human papillomavirus positive
women  with cervical intraepithelial neoplasia grade 2 or worse. Int J Cancer
2005;117(May  (2)):177–81.

4

l Virology 54 (2012) 147– 151 151

1. Castle PE, Solomon D, Schiffman M,  Wheeler CM.  Human papillomavirus type
16 infections and 2-year absolute risk of cervical precancer in women  with
equivocal or mild cytologic abnormalities. J Natl Cancer Inst 2005;97(July
(14)):1066–71.

2.  Khan MJ, Castle PE, Lorincz AT, et al. The elevated 10-year risk of cervical pre-
cancer and cancer in women with human papillomavirus (HPV) type 16 or 18
and the possible utility of type-specific HPV testing in clinical practice. J Natl
Cancer Inst 2005;97(July (14)):1072–9.

3. Arata T, Sekiba K, Kato K. Appraisal of self-collected cervical specimens in cyto-
logic  screening of uterine cancer. Acta Cytol 1978;22(May (3)):150–2.

4. Garcia F, Barker B, Santos C, et al. Cross-sectional study of patient- and
physician-collected cervical cytology and human papillomavirus. Obstet Gynecol
2003;102(August (2)):266–72.

5. Bidus MA,  Zahn CM,  Maxwell GL, Rodriguez M,  Elkas JC, Rose GS. The role of
self-collection devices for cytology and human papillomavirus DNA  testing in
cervical cancer screening. Clin Obstet Gynecol 2005;48(March (1)):127–32.

6.  Bidus MA,  Maxwell GL, Kulasingam S, et al. Cost-effectiveness analysis of liquid-
based cytology and human papillomavirus testing in cervical cancer screening.
Obstet Gynecol 2006;107(May (5)):997–1005.

7. Hesselink AT, Heideman DA, Steenbergen RD, et al. Combined promoter methy-
lation analysis of CADM1 and MAL: an objective triage tool for high-risk

human papillomavirus DNA-positive women. Clin Cancer Res 2011;17(April
(8)):2459–65.

8. The Hague Health Council of the Netherlands 2. Health Council of the
Netherlands. Population screening for cervical cancer; 2011. Report No.: Publi-
cation no. 2011/07. ISBN 978-90-5549-841-3.


	Brush-based self-sampling in combination with GP5+/6+-PCR-based hrHPV testing: High concordance with physician-taken cervi...
	1 Background
	2 Objectives
	3 Study design
	3.1 Study population
	3.2 HPV detection
	3.3 Data and statistical analysis

	4 Results
	4.1 hrHPV DNA detection and histological diagnosis
	4.2 HPV genotyping
	4.3 Acceptability of self-sampling

	5 Discussion
	Conflict of interest
	Acknowledgements
	References


