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Accuracy of human papillomavirus testing on self-collected 
versus clinician-collected samples: a meta-analysis
Marc Arbyn, Freija Verdoodt, Peter J F Snijders, Viola M J Verhoef, Eero Suonio, Lena Dillner, Silvia Minozzi, Cristina Bellisario, Rita Banzi, 
Fang-Hui Zhao, Peter Hillemanns, Ahti Anttila

Summary
Background Screening for human papillomavirus (HPV) infection is more eff ective in reducing the incidence of 
cervical cancer than screening using Pap smears. Moreover, HPV testing can be done on a vaginal sample self-taken 
by a woman, which off ers an opportunity to improve screening coverage. However, the clinical accuracy of HPV 
testing on self-samples is not well-known. We assessed whether HPV testing on self-collected samples is equivalent 
to HPV testing on samples collected by clinicians.

Methods We identifi ed relevant studies through a search of PubMed, Embase, and CENTRAL. Studies were eligible 
for inclusion if they fulfi lled all of the following selection criteria: a cervical cell sample was self-collected by a woman 
followed by a sample taken by a clinician; a high-risk HPV test was done on the self-sample (index test) and HPV-
testing or cytological interpretation was done on the specimen collected by the clinician (comparator tests); and the 
presence or absence of cervical intraepithelial neoplasia grade 2 (CIN2) or worse was verifi ed by colposcopy and 
biopsy in all enrolled women or in women with one or more positive tests. The absolute accuracy for fi nding CIN2 or 
worse, or CIN grade 3 (CIN3) or worse of the index and comparator tests as well as the relative accuracy of the index 
versus the comparator tests were pooled using bivariate normal models and random eff ect models.

Findings We included data from 36 studies, which altogether enrolled 154 556 women. The absolute accuracy varied 
by clinical setting. In the context of screening, HPV testing on self-samples detected, on average, 76% (95% CI 69–82) 
of CIN2 or worse and 84% (72–92) of CIN3 or worse. The pooled absolute specifi city to exclude CIN2 or worse was 
86% (83–89) and 87% (84–90) to exclude CIN3 or worse. The variation of the relative accuracy of HPV testing on self-
samples compared with tests on clinician-taken samples was low across settings, enabling pooling of the relative 
accuracy over all studies. The pooled sensitivity of HPV testing on self-samples was lower than HPV testing on a 
clinician-taken sample (ratio 0·88 [95% CI 0·85–0·91] for CIN2 or worse and 0·89 [0·83–0·96] for CIN3 or worse). 
Also specifi city was lower in self-samples versus clinician-taken samples (ratio 0·96 [0·95–0·97] for CIN2 or worse 
and 0·96 [0·93–0·99] for CIN3 or worse). HPV testing with signal-based assays on self-samples was less sensitive and 
specifi c than testing on clinician-based samples. By contrast, some PCR-based HPV tests generally showed similar 
sensitivity on both self-samples and clinician-based samples.

Interpretation In screening programmes using signal-based assays, sampling by a clinician should be recommended. 
However, HPV testing on a self-sample can be suggested as an additional strategy to reach women not participating 
in the regular screening programme. Some PCR-based HPV tests could be considered for routine screening after 
careful piloting assessing feasibility, logistics, population compliance, and costs.

Funding The 7th Framework Programme of the European Commission, the Belgian Foundation against Cancer, the 
International Agency for Research on Cancer, and the German Guideline Program in Oncology. 

Introduction
In view of the strong aetiological link between persistent 
infection with high-risk types of the human 
papillomavirus (HPV) and the development of cervical 
cancer, assays have been developed to detect nucleic acid 
sequences of the virus.1,2 Meta-analyses have provided 
clinical evidence that has led to widely accepted 
recommendations to use HPV tests to triage women 
with equivocal cervical cytology and to predict recurrence 
after treatment of cervical precancer.3–6 Data from 
randomised trials have consistently shown that women 
with a prior negative HPV test have a lower risk of 
developing grade 3 cervical intraepithelial neoplasia 
(CIN) and invasive cervical cancer compared with women 

with a prior normal Pap smear.7 This new evidence 
underpins the recommendation to change the policy of 
secondary prevention of cervical cancer and to use an 
HPV assay as the primary screening test, used either 
alone instead of a Pap smear or together with a Pap test.8,9 
Moreover, HPV testing can be done on a vaginal sample 
taken by the women themselves, which might off er 
opportunities to reach those who are reluctant to undergo 
gynaecological examinations.10,11

Previous systematic reviews have summarised the 
performance of HPV testing on self-samples but these 
reviews were done 6–8 years ago and included mainly 
small studies, they assessed only virological outcomes, or 
they did not compare the accuracy for high-grade CIN 
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with tests on clinician-taken samples.12–14 A review drew 
attention to the need for a comprehensive updated meta-
analysis in view of the large amount of new data from 
large studies that have used a wide range of tests and 
collection devices.10

In this meta-analysis, we assessed the clinical 
accuracy of HPV testing on self-samples to detect 
underlying high-grade CIN or cancer. Moreover, we 
compared the accuracy of HPV testing in self-samples 
with that of HPV testing and cytology processing on 
samples taken by a clinician. We did not assess 
cytological processing of self-samples because it was 
previously shown to be poorly sensitive for picking up 
high-grade CIN lesions.10,15,16

We focused on primary screening for cervical cancer, 
because self-sampling is most often used in this type of 
setting and because the absolute accuracy might be 
diff erent in women who are followed up because of prior 
cervical abnormalities. However, the relative accuracy of 
HPV testing in a sample taken by a woman compared 
with a sample taken by a health professional could be 
similar across settings. Assessment of the relative 
accuracy allowed us to include more studies, incorporate 
randomised trials, and increase the power for explaining 
heterogeneity about, in particular, the eff ects of collection 
devices and HPV assays. We aimed to fi nd out whether 
an HPV test on a self-sample is as good as a test on a 
sample taken by a clinician in women attending cervical 
cancer screening.

Methods
Search strategy and selection criteria
We searched PubMed, Embase, and CENTRAL for 
eligible studies (see appendix for the clinical questions 
and search terms used). We searched for papers 
published between Jan 1, 1990, and June 3, 2013. We also 
used Scopus to investigate citations of previous 
systematic reviews on HPV testing of self-samples,10,12–14 
and the reference lists of selected references. Additionally, 
we searched for unpublished reports in the abstract 
books of the three most recent international conferences 
of the Papillomavirus Society (Montreal, July 3–8, 2010; 
Berlin, Sept 17–22, 2011, and San Juan, Nov 30–Dec 6, 
2012). We applied no language restrictions.

Studies were eligible for inclusion if the following 
criteria were fulfi lled: a vaginal sample was self-taken by 
a woman (self-sample) followed by a sample taken by a 
clinician (clinician-taken sample) or self-samples were 
taken in one arm and clinician-taken samples in the 
other arm of randomised trials; a high-risk HPV DNA or 
RNA test was done on both samples or the clinician-
taken sample was examined microscopically for presence 
of cytological epithelial lesions; and the presence or 
absence of CIN grade 2 (CIN2) or worse was verifi ed by 
colposcopy and biopsy in all enrolled women or in 
women with at least one positive test. Studies with 
cytological follow-up for women with negative colposcopy 

test results at baseline assessment were accepted as 
fulfi lling the third selection criterion but were indexed 
for sensitivity analyses.

We contacted authors to provide accuracy data 
separately for the outcome CIN2 or worse when only the 
outcome CIN grade 3 (CIN3) or worse was reported.

Clinical questions and data extraction
We aimed to answer two questions. The fi rst was to 
establish the absolute accuracy of HPV testing on a self-
sample (index test) and the accuracy of cytological 
processing or HPV testing on a cervical cell specimen 
taken by a clinician (comparator tests). The second was 
to establish the relative accuracy of HPV testing on a self-
sample compared with the comparator tests on a 
clinician-taken sample. Accuracy was determined for the 

 Figure 1: Study fl ow chart
CIN2 or worse=cervical intraepithelial neoplasia of grade 2 or worse. CIN3 or worse=cervical intraepithelial 
neoplasia of grade 3 or worse. HPV=human papillomavirus. PICOS=Population/Index/Comparator/Outcome/
Study. *One study48 included women in a follow-up setting and a post-treatment surveillance setting. †18 of 
20 studies included both cytology and HPV testing on the clinician-taken samples, whereas two trials47,50 included 
only cytology on the clinician-taken samples.

884 reports identified

752 excluded by screening title

35 excluded on the basis of abstract
 10 no primary data (letter, comment, review)
  4 double reporting
 19 no HPV testing data
  2 no self-sampling

132 relevant abstracts

97 studies involving HPV testing 
 on self-samples

36 HPV assay on self-samples 
 16 screening
 17 follow-up
  3 high risk
  1 post-treatment*

61 excluded because of non-compliance with PICOS
 47 no accuracy data for CIN2+ or CIN3+
 13 no comparison with testing on clinician-samples
  1 long time interval between clinician-sample and self-sample

36 studies included in meta-analysis

34 HPV on clinician samples  
 14 screening
    3 high-risk
  17 follow-up
          1 post-treatment*

20 cytology on clinician samples† 
       14 screening
          1 high-risk
          5 follow-up
          1 post-treatment*

See Online for appendix
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disease outcomes CIN2 or worse or CIN3 or worse. We 
analysed the following groups: those attending routine 
cervical cancer screening, high-risk women, and those 
referred to colposcopy because of previous positive 
screening results. We designed a protocol in accordance 
with PRISMA guidelines for reporting of meta-
analyses.17,18

Eligibility of studies for inclusion was checked 
independently by at least two investigators and, sub-
sequently, the numbers of the true and false positives 

and negatives for each combination of sampling, test, 
and disease outcome were extracted for all studies 
which had complete verifi cation of test results with a 
reference standard. For randomised trials comparing 
self-samples with clinician-taken samples in which 
verifi cation was restricted to patients being positive for 
one test, we extracted only the number of true-positives 
in those screened. Data from these trials was only used 
in the pooling of the relative sensitivity. Information 
about study participants, setting, tests, sampling 

Patient selection Index and 
comparator tests

Reference test Flow and timing Concerns of applicability: risk of bias

P1 P2 T1 T2 R1 R2 R3 F1 F2 F3 F4 F5 F6 Patient 
selection

Index and 
comparator test

Reference 
test

Morrison et al, 199230 U U U U Y U Y Y Y Y Y Y Y Moderate Moderate Low

Hillemanns et al, 199931 U U U U Y U Y U Y Y U N N Moderate Moderate Low

Sellors et al, 200032 Y Y Y Y Y Y Y Y Y Y Y Y Y Low Low Low

Wright et al, 200033 U U Y Y Y Y Y N N Y N N N Moderate Low Low

Belinson et al, 200134 Y U Y Y Y Y Y Y Y Y Y Y Y Low Low Low

Lorenzato et al, 200235 Y Y Y U Y U Y Y Y Y Y Y N Low Low Low

Nobbenhuis et al, 200216 Y U U U Y U Y Y Y Y Y Y Y Low Moderate Low

Garcia et al, 200315 Y U Y U Y Y Y Y Y Y N Y N Low Low Low

Salmeron et al, 200336 U U Y U Y N Y U N Y Y Y Y Moderate Low Moderate

Brink, 200637 U U Y Y Y Y Y Y N Y N Y N Moderate Low Low

Daponte et al, 200638 Y U U U Y U Y U Y Y U N N Low Moderate Low

Girianelli et al, 200639 U U Y Y Y Y Y Y Y Y Y Y Y Moderate Low Low

Holanda et al, 200640 U U Y U Y Y Y Y Y Y Y N N Moderate Low Low

Seo et al, 200641 U U Y U Y U Y Y Y Y N N N Moderate Low Low

Szarewski et al, 200742 Y U Y Y Y Y Y Y Y Y Y Y Y Low Low Low

Qiao et al, 200843 Y* U Y Y Y Y Y Y Y Y Y Y Y Low Low Low

Bhatla et al, 200944 Y U Y U Y U Y Y Y Y Y N Y Low Low Low

Balasubra et al, 201045 Y U Y U Y U Y Y Y Y Y Y Y Low Low Low

Gustavsson et al, 201146 U U U U Y Y Y Y Y Y Y N N Moderate Moderate Low

Lazcano-P, 201147 Y U Y U Y U Y U N Y Y N N Low Low Low

Taylor et al, 201148 Y U Y Y Y Y Y Y Y Y N N N Low Low Low

Twu et al, 201149 U U Y U Y U Y U N Y N Y Y Moderate Low Low

Wikstrom et al, 201150 Y U Y U Y U Y N N Y Y N N Low Low Low

Belinson et al, 201251 U U Y U Y U Y Y N Y Y N Y Moderate Low Low

Dijkstra et al, 201252 U U U Y Y U Y Y Y Y N N N Moderate Low Low

Longatto-F et al, 201253 Y U Y Y Y N Y U Y Y Y U U Low Low Moderate

van Baars et al, 201254 U U U U N† U U Y N U Y N N Moderate Moderate High

Zhao et al, 2012‡55 Y Y Y U Y U Y Y Y Y Y N N Low Low Low

Darlin et al, 201356 U U U U Y U Y Y Y Y Y Y N Moderate Moderate Low

Geraets et al, 201357 Y U U U Y U Y Y Y Y N N N Low Moderate Low

Guan et al, 201358 N U U U Y U Y Y Y Y N N N High Moderate Low

Jentschke et al, 2013a60 U U U U Y U Y U Y Y Y N N Moderate Moderate Low

Jentschke et al, 2013b59 U U Y U Y U Y U Y Y Y N N Moderate Low Low

Nieves et al, 201361 Y Y U Y Y N Y U Y Y Y Y Y Low Low Moderate

QUADAS items:19 P1=acceptable enrolment method, P2=inappropriate exclusions avoided, T1=prespecifi ed test cut-off , T2=results of the index test and the comparator are masked towards each other and both the index 
and comparator tests are masked towards the reference test, R1=acceptable reference test, R2=results of the reference test are masked towards the index and comparator tests, R3=incorporation bias avoided, 
F1=acceptable delay between triage tests and reference test, F2=partial verifi cation avoided, F3=diff erential verifi cation avoided, F4=withdrawals explained, F5=uninterpretable results reported for tests, 
F6=uninterpretable results reported for reference test. Each quality item is judged with the following: Y=fulfi lled, U=unclear, and N=not fulfi lled. *Participants recruited from randomly selected communes. †Only 
44/134 women were verifi ed histologically, the rest of the participants were verifi ed cytologically. ‡Only data for  SPOCCS III-1, III-2, and III-3 are included in this meta-analysis; data also reported jointly by Belinson et al.64 

 Table 1: Quality assessment of all included studies
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devices, and verifi cation by the reference standard was 
coded and compiled in a comprehensive table 
(appendix). We assessed the quality of the selected 
studies using the QUADAS-2 checklist.19 To defi ne test 
positivity of the HPV test, we accepted the cutoff  
proposed by the manufacturer, whereas for cytological 
tests we considered two cutoff s: atypical squamous cells 
of undetermined signifi cance (ASC-US) or worse and 
low-grade squamous intraepithelial lesions (LSIL) or 
worse.20

Statistical analysis
The pooled absolute sensitivity and specifi city of the 
tests were estimated jointly with metandi, a procedure 
in STATA, based on the bivariate normal model for the 
logit transforms of sensitivity and specifi city, taking the 
intrinsic correlation between true-positive and false-
positive rates and the variability between studies into 
account.21,22 We computed the relative sensitivity and 
specifi city of HPV testing on self-samples compared 
with cytology or HPV testing on clinician-taken samples 
using metadas, a SAS macro for meta-analysis of 
diagnostic accuracy studies that allows the inclusion of 
type of test as a covariate, making comparison of tests 
possible.18,23 We also applied this model to assess the 

eff ect of study characteristics on the absolute test 
accuracy. We assessed heterogeneity in the relative 
sensitivity and specifi city (testing on self-sample vs 
clinician-taken samples), in particular the eff ect of the 
HPV assays and sampling devices, separately with 
subgroup meta-analyses and sensitivity analyses.24,25 We 
identifi ed infl uential reports by repeating the meta-
analysis and consecutively omitting each individual 
study.26 We applied the eff ective sample-size funnel plot 
and associated regression test to assess publication bias 
or small study eff ects in the meta-analyses of the 
absolute accuracy.27 To verify small-sample eff ects in the 
relative sensitivity and specifi city of HPV testing in self-
samples versus clinician-taken samples, we checked 
asymmetry in funnel plots visually and subsequently 
tested them statistically by a linear regression based on 
the effi  cient score and its variance.28,29

Statistical tests were two-sided and statistical 
signifi cance was defi ned as p values of less than 0·05. We 
used STATA (version 10.1) and SAS (version 9.3) for 
statistical analyses.

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 

Test cutoff Number of studies 
(number of test-
device combinations)

Sensitivity (%; 95% CI) Specifi city (%; 95% CI)

CIN2 or 
worse

CIN3 or 
worse

CIN2 or worse CIN3 or worse CIN2 or worse CIN3 or worse

Primary screening

Self-sample

HPV As defi ned by manufacturer 14 (16) 6 (8) 76% (69–82) 84% (72–92) 86% (83–89) 87% (84–90)

Clinician-taken sample

HPV As defi ned by manufacturer 14 (16) 6 (8) 91% (87–94) 95% (91–97) 88% (85–91) 89% (87–92)

Cytology ASC-US or worse
LSIL or worse

12
8

6
5

83% (75–89)
71% (66–76)

91% (85–95)
78% (72–85)*

91% (87–94)
97% (97–98)

89% (86–91)
97% (96–97)*

Screening of high-risk group

Self-sample

HPV As defi ned by manufacturer 3 (4) 1 75% (58–87) 42% (27–57)† 86% (77–92) 81% (76–87)†

Clinician-taken sample

HPV As defi ned by manufacturer 3 (4) 1 88% (78–93) 80% (67–93)† 88% (81–93) 82% (77–88)†

Cytology ASC-US or worse
LSIL or worse

1
1

0
0

77% (64–91)†
70% (55–85)†

··
··

87% (84–90)†
95% (93–97)†

··
··

Follow-up

Self-sample

HPV As defi ned by manufacturer 17 (19) 5 (7) 84% (78–89) 85% (76–91) 56% (49–63) 45% (36–54)

Clinician-taken sample

HPV As defi ned by manufacturer 17 (19) 5 (7) 91% (86–94) 96% (92–1 00)* 58% (48–67) 46% (35–57)*

Cytology ASC-US or worse 5 0 85% (77–91) ·· 69% (57–80) ··

ASC-US=atypical squamous cells of undetermined signifi cance. CIN2=cervical intraepithelial neoplasia of grade 2. CIN3=cervical intraepithelial neoplasia of grade 3. HPV=assay that 
picks up high-risk types of the human papillomavirus. LSIL=low-grade squamous intraepithelial lesion . *Sensitivity and specifi city pooled separately because lack of fi t of the 
bivariate normal model. †No meta-analytical pooling because only one study.  

 Table 2: Absolute sensitivity and specifi city of human papillomavirus testing on self-samples, and human papillomavirus testing and cytology on 
clinician-taken samples, by clinical setting and grade of cervical intraepithelial neoplasia
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writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
We identifi ed 884 articles, of which 34 were papers 
assessing the clinical accuracy of HPV DNA or RNA 
testing in self-samples (fi gure 1, appendix).15,16,30–61 Because 
one paper contained three separate studies,55 data from 
36 studies were used in the meta-analysis, altogether 
including 154 556 women. In all but two selected studies,47,50 
the comparator test was HPV testing on a clinician-taken 
sample, whereas in 20 reports, the clinician-taken samples 
were examined cytologically.15,16,32–34,36,37,39,42–44,47,48,50,51,53,55,61 We 
requested and obtained unreported accuracy data for the 
disease threshold CIN2 or worse from three studies.51,55,61 
16 studies (from 14 papers) were in primary screening of 
generally healthy women,33,34,36,39,40,42,43,47,50,51,53,55,58,61 whereas 
three studies screened high-risk populations.35,44,45 In 
17 reports, women referred to colposcopy were 
enrolled.15,16,30–32,37,38,41,46,48,49,52,54,56,57,59,60 One study recruited 
women under follow-up and women who were treated for 
cervical precancer.48 An overview of design, population, 
and test characteristics and an overview of HPV assays and 
sampling devices used, which are grouped into fi ve 
categories (brush, lavage, spatula, swab, and tampon) are 
available in the appendix.

The methodological quality of the 36 included studies 
was, overall, moderate to good with average negative 
scores for the 13 QUADAS items varying between 0% 
and 31% (4/13), equivocal scores varying between 0% and 
58% (7/13), and positive scores varying between 17% 
(2/13) and 100% (table 1). Risk of bias regarding 
enrolment of patients was low in 19 (53%), moderate in 
16 (44%), and high in one (3%) of 36 studies. Reporting 
and execution of tests (description of cut-off  or blinding 
of the index test towards comparator and reference test) 
was adequate in 26 (72%) studies and unclear in ten 
(28%) studies, but the risk of bias was never assessed as 
high. The quality of the verifi cation with a reference 
standard (acceptable validity, blinding towards tests, 
avoidance of incorporating test results in fi nal conclusion 
of disease outcome) was good in 32 (89%), moderate in 
three (8%), and possibly problematic in one (3%) of the 
36 studies. The delay between self-sampling, clinician-
sampling, and verifi cation with the reference standard 
was short (6 months or less) in 25 (69%), unreported in 
nine (25%), and long in two (6%) studies. Partial 
verifi cation was avoided in 28 (78%) studies but clearly 
present in eight (22%), whereas diff erential verifi cation 
was absent in all but one study.54 Withdrawal of patients 
was explained appropriately in 25 (69%) but not in nine 
(25%) studies. In most studies, uninterpretable results 
were poorly reported (20 [56%] studies for the assessed 
tests and 22 [61%] studies for the reference standard).

Table 2 shows the pooled absolute sensitivity and 
specifi city of HPV DNA testing on self-samples and 
clinician-taken samples and of cytology at cutoff  ASC-US 
or worse and LSIL or worse on clinician-taken samples for 
detecting underlying CIN2 or worse and CIN3 or worse 
for each setting separately. Because of the substantial and 

 Figure 2: The accuracy in primary cervical cancer screening, by collection method and grade of cervical 
intraepithelial neoplasia
Hollow circles are individual studies, the full curved line is the summary ROC curve, solid circles are the pooled 
accuracy measures, surrounded by the 95% confi dence ellipse (dashed line). CIN2+=cervical intraepithelial 
neoplasia of grade 2 or worse. CIN3+=cervical intraepithelial neoplasia of grade 3 or worse. HPV=human 
papillomavirus. ASC-US+=atypical squamous cells of undetermined signifi cance or worse. 
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HPV on self-sample
Cyotology (ASC-US+) on clinician-sample

Number 
of studies

Relative sensitivity 
(95% CI)

Relative specifi city 
(95% CI)

HPV on self-samples vs cytology (ASC-US or worse) on clinician-taken samples

Outcome of CIN2 or worse 19 0·95 (0·91–0·99)* 0·92 (0·90–0·94)*

Outcome of CIN3 or worse 6 0·99 (0·94–1·06) 0·98 (0·97–0·99)*

HPV on self-samples vs cytology  (LSIL or worse) on clinician-taken samples

Outcome of CIN2 or worse 11 1·14 (1·07–1·21)* 0·88 (0·86–0·90)*

Outcome of CIN3 or worse 6 1·19 (1·09–1·29)* 0·90 (0·87–0·94)*

HPV on self-samples vs HPV on clinician-taken samples

Outcome of CIN2 or worse 34 0·88 (0·85–0·91)* 0·96 (0·95–0·97)*

Outcome of CIN3 or worse 12 0·89 (0·83–0·96)* 0·96 (0·93–0·99)*

ASC-US=atypical squamous cells of undetermined signifi cance. CIN2=cervical intraepithelial neoplasia of grade 2. 
CIN3=cervical intraepithelial neoplasia of grade 3. HPV=assay that picks up high-risk types of the human papillomavirus.  
*Statistically signifi cant (p<0·05).

 Table 3: Pooled relative sensitivity and specifi city of human papillomavirus testing on self-samples 
versus cytology or human papillomavirus testing on clinician-taken samples, by grade of cervical 
intraepithelial neoplasia
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signifi cant variation by setting (p<0·0001; data not 
shown), we computed no overall pooled accuracy values. 
In primary screening, the sensitivity of HPV testing on 
self-samples ranged between 51%61 and 93%51 for CIN2 or 
worse and between 63%61 and 94%51 for CIN3 or worse. 
The pooled sensitivity estimates were 76% (95% CI 69–82) 
for CIN2 or worse and 84% (72–92) for CIN3 or worse 
(fi gure 2, table 2). The specifi city for excluding CIN2 or 
worse ranged between 67%40 and 93%.55 HPV testing on 
clinician-taken samples showed high pooled sensitivity 
estimates for both CIN2 or worse and CIN3 or worse, and 
the pooled specifi city for excluding CIN2 or worse was 
88% (85–91). The sensitivity of cytological testing at cut-off  
ASC-US or worse on clinician-taken samples was between 
that of HPV testing in self-samples and clinician-taken 

samples (table 2). Cytology at the cutoff  LSIL or worse 
showed the lowest pooled sensitivity (for CIN2 or worse), 
but the highest pooled specifi city (for excluding CIN2 or 
worse; table 2).

The accuracy estimates for CIN2 or worse of HPV 
testing in self-samples and clinician-taken samples 
pooled from four studies that included high-risk women  
were similar to those in primary screening (table 2). 
However, the accuracy of cytology and of HPV testing for 
CIN3 or worse varied from the pooled estimates in 
primary screening, but data in the high-risk testing 
group were based on only one study.

The pooled sensitivities for CIN2 or worse derived 
from follow-up studies were not substantially diff erent 
from those seen in primary screening. HPV testing of 

 Figure 3: Relative sensitivity (A) and specifi city (B) of human papillomavirus on self-samples versus clinician-taken samples, by clinical setting, for outcome CIN2 or worse
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self-samples showed a higher pooled estimate (84% 
[78–89]), but the diff erence was not signifi cant (p=0·23). 
However, the pooled specifi city in follow-up settings was 
substantially and signifi cantly (p<0·0001) lower than the 
specifi city in screening (table 2).

Table 3 shows the pooled relative accuracy measures of 
HPV testing on self-samples versus the comparator tests 
on clinician-taken samples. From studies reporting results 
of multiple tests, we included the combination that yielded 
the highest relative sensitivity for CIN2 or worse in the 
meta-analysis under the condition that for a given study 
the HPV assay always had to be the same in self-samples 
and clinician-taken samples. The variation of the relative 
sensitivity and specifi city of HPV testing on self-samples 
versus clinician-taken samples for detection of CIN2 or 
worse of all the included studies, grouped by clinical 
setting, is shown in fi gure 3. We identifi ed substantial 
heterogeneity in all studies (p<0·001 for all studies). 
However, we detected no signifi cant heterogeneity in 
relative sensitivity by clinical setting (p=0·345; data not 
shown). The variation in relative specifi city by setting was 
also small but statistically signifi cant (p=0·001; data not 
shown) due to large numbers. Because of the restricted 

inter-setting variation in the relative accuracy, we did meta-
analytical pooling across all clinical settings combined.

HPV testing on self-samples was less sensitive and less 
specifi c than cytology with ASC-US or worse as a cut-off  
on clinician-taken samples with respect to detection of 
CIN2 or worse (table 3, appendix). However, for the 
detection of CIN3 or worse, HPV testing on self-samples 
was as sensitive as ASC-US or worse cytology on clinician 
specimen (table 3, appendix).

HPV testing on self-samples was more sensitive but 
less specifi c than cytology using LSIL or worse as a cut-off  
for CIN2 or worse and CIN3 or worse (table 3, appendix).

HPV testing on self-samples was, on average, less 
sensitive than HPV testing on clinician-taken samples, for 
both CIN2 or worse (ratio 0·88) and CIN3 or worse (ratio 
0·89; table 3, appendix). Additionally, on self-samples, 
HPV testing was less specifi c than on clinician-taken 
samples in excluding CIN2 or worse (table 3, fi gure 3).

The variation in the absolute sensitivity and specifi city 
of HPV testing on self-samples to detect CIN2 or worse in 
primary screening, according to study covariates is shown 
in the appendix. We saw a statistically signifi cantly higher 
sensitivity when PCR with MALDI-TOF was used to 
identify HPV in self-samples than when the Hybrid 
Capture 2 (HC2) assay (ratio sensitivity of HC2 in self-
samples/sensitivity of MALDI-TOF in self-samples for 
CIN2 or worse, 1·25 [95% CI 1·12–1·39]). The APTIMA 
test showed a signifi cantly higher specifi city than HC2  
(ratio 1·04 [1·02–1·07]). Issues of study design or quality 
of reporting did not alter the clinical accuracy at the 
exception of one QUADAS item: when the delay between 
tests was not clearly reported, the sensitivity was 
signifi cantly lower than when it was clearly reported. We 
detected no evidence of an eff ect of involvement of 
manufacturers of tests or sampling devices on the 
accuracy estimates.

HPV testing on self-samples was signifi cantly less 
sensitive and also less specifi c than such testing on 
clinician-taken samples to detect CIN2 or worse when 
HC2 or Cervista were used (table 4). APTIMA testing was 
less sensitive but not less specifi c in self-samples versus 
clinician-taken samples. The sensitivity was similar in both 
types of samples when testing with GP5+/6+ PCR, 
SPF10 PCR, Abbott Real Time hrHPV test, DNAchip, 
modifi ed GP5+/6+ PCR with Luminex reading, or MALDI-
TOF. HPV testing on self-samples was less specifi c than 
testing on clinician-taken samples when HC2, Cervista, or 
MALDI-TOF were used. Covariate analyses for sampling 
device, type of reference test, or completeness of verifi cation 
generally showed lower sensitivity of HPV testing on self-
samples versus such testing on clinician-taken samples 
(table 4). This fi nding can be explained by the use of HC2 
or other less sensitive HPV assays in most studies 
(table 5 for device, data not shown for other covariates).

Table 5 shows relative sensitivity and specifi city values 
for tests clinically validated for primary cervical cancer 
screening on clinician-collected cervical scrapes.7,62 When 

Number of 
studies 
(number of 
test-device 
combinations)

Relative 
sensitivity

Relative 
specifi city

Test

HC2 18 0·85 (0·81–0·90)* 0·96 (0·93–0·98)*

PCR GP5+/6+ 5 0·95 (0·89–1·01) 1·11 (0·95–1·29)

CareHPV (at RLU≥0.5) 1 0·90 (0·79–1·04) 0·98 (0·95–1·00)

CareHPV (at RLU≥1) 1 0·86 (0·73–1·03) 1·00 (0·98–1·02)

PCR-SPF10 2 0·96 (0·89–1·02) 1·10 (0·85–1·41)

Abbott Real Time hrHPV Test 1 1·00 (0·75–1·34) 1·07 (0·65–1·78)

Cervista 1 0·76 (0·70–0·83)* 0·95 (0·94–0·96)*

APTIMA 1 0·64 (0·46–0·90)* 0·99 (0·98–1·01)

DNAchip 1 1·03 (0·89–1·19) 0·88 (0·55–1·42)

Modifi ed GP5+/6+ PCR with Luminex reading 1 0·96 (0·75–1·24) 0·94 (0·67–1·33)

Linear Array 1 0·79 (0·54–1·16) 1·00 (0·89–1·12)

MALDI-TOF 1 1·00 (0·95–1·05) 0·98 (0·97–0·99)*

Other nonGP5+/6+ PCR 7 0·82 (0·66–1·01) 1·02 (0·97–1·07)

Collection device for self-sampling

Brush 18 (24) 0·89 (0·83–0·94)* 0·98 (0·97–0·99)*

Lavage 5 (6) 0·94 (0·85–1·03) 0·95 (0·68–1·34)

Swab 10 0·86 (0·80–0·92)* 0·95 (0·90–1·01)

Tampon 1 0·71 (0·62–0·83)* 1·01 (1·00–1·02)*

Income status of country

Low-income and middle-income countries 19 (23) 0·85 (0·79–0·91)* 0·97 (0·95–0·99)*

High-income countries 14 (17) 0·94 (0·90–0·97)* 0·99 (0·93–1·06)

RLU=relative light units. *Statistically signifi cantly diff erent from unity (1 excluded from 95% CI). 

  Table 4: Subgroup meta-analysis of the relative sensitivity and specifi city of human papillomavirus 
(self-sampled vs clinician sampled) testing for cervical intraepithelial neoplasia of grade 2 or worse, 
by covariate
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HC2 was used, self-sampling with any device showed 
lower sensitivity with diff erences being statistically 
signifi cant for brushes, swabs, and tampons. With 
GP5+/6+ PCR, the sensitivity of HPV testing on self-
samples collected with a brush or lavage device was 
similar to that seen with a clinician-collected brush sample 
(table 5). Also, in the only available study,59 where the 
Abbott RT HPV PCR, a GP5+/6+ derivative, was applied, 
no diff erence was seen between testing on a self-collected 
lavage sample and a clinician-collected brush sample.

No diff erences by country status (high-income vs low-
income or middle-income) could be discerned in the 
relative sensitivity. However, the relative specifi city was 
signifi cantly lower than unity in middle-income or low-
income countries but not in the only screening study 
done in a high-income country (table 4).42

The eff ective size funnel plot and associated regression 
test did not show statistically signifi cant small-study 
eff ects in the absolute accuracy of HPV testing on self-
samples, or in that of any of the comparator tests on 
clinician-taken samples (appendix).

We detected no statistically signifi cant asymmetry in 
the relative specifi city of HPV testing in self-sample 
versus comparator tests (p always >0·10; appendix). 
However, we detected a statistically signifi cant small-
study eff ect in the relative sensitivity of HPV testing on 
self-samples versus HPV testing (for CIN2 or worse and 
CIN3 or worse) or cytology at cut-off  ASC-US (for CIN3 or 
worse) on clinician-taken samples (appendix).

Discussion
Our fi ndings suggest that screening with an HPV test on 
self-sampled material can detect, on average, 76% of 
CIN2 or worse and 84% of CIN3 or worse. The pooled 
specifi city to exclude CIN2 or worse was estimated at 
86%. Because the absolute accuracy varied by clinical 
setting, these values include only primary screening 
studies. However, the variation of the relative sensitivity 
and specifi city of HPV testing on self-samples compared 
with tests on clinician-taken samples was low across 
settings. Such low variation enabled us to pool screening, 
testing in high-risk populations, and follow-up studies 
in the meta-analyses of the relative accuracy. The pooled 
sensitivity of HPV testing on self-samples was 
statistically signifi cantly lower than HPV testing on a 
clinician-taken sample. Furthermore, HPV testing on 
self-samples was also 4% less specifi c for exclusion of 
CIN2 or worse. Compared with cytological processing of 
a cervical cell specimen collected by a health professional 
and using ASC-US as a cutoff , HPV testing on self-
samples was slightly less sensitive and clearly less 
specifi c than testing on clinician-taken samples. 
However, when the threshold for positive cytology was 
LSIL, HPV testing on a self-sample was 14% more 
sensitive in detecting CIN2 or worse and 19% more 
sensitive in detecting CIN3 or worse, but was 12% less 
specifi c in excluding CIN2 or worse.

We could discern no obvious collection device eff ects 
in the relative sensitivity of HPV testing on self-samples 
versus clinician-taken samples. Because the included 
studies did not address comparisons between diff erent 
sampling devices, and because of the variability in study 
design and settings, we can draw no strong conclusions 
about the infl uence of devices for self-sampling on the 
accuracy estimates. However, our fi ndings did show 
obvious test eff ects. Sensitivity for HPV testing on self-
samples was lower than HPV testing on clinician-taken 
samples when HC2, APTIMA, or Cervista were used. 
For HC2, this lower sensitivity was consistent for all 
types of devices separately and could be pooled from 
18 studies, whereas fi ndings for Cervista and APTIMA 
were based on fi ndings from only single studies. 
Moreover, we saw lower specifi city on self-samples for 
HC2 and Cervista but not for APTIMA. PCR 
amplifi cation with the GP5+/6+ primers (in fi ve 
studies16,37,52,54,57) and the Abbott RT hrHPV Test (in one 
study59) showed similar sensitivity and specifi city on self-
samples versus clinician-taken samples. The MALDI-
TOF assay was used in only one study,51 but that study 
enrolled more than 8000 women attending cervical 
cancer screening among whom 141 women with CIN3 or 
worse and 233 women with CIN2 or worse were 
identifi ed. In this large study, the investigators could 
assess non-inferiority of MALDI-TOF testing on self-
tests versus MALDI-TOF testing on clinician samples, 
with high precision: relative sensitivity of 1·00 for 
CIN2 or worse and 1·01 for CIN3 or worse with a lower 
95% CI bound greater than 0·90 (p for non-inferiority of 
<0·0001). MALDI-TOF testing on self-samples showed a 
small but statistically signifi cant loss in specifi city (ratio 
of 0·98). Some other PCR-based HPV assays also 
showed a sensitivity which was not statistically 
signifi cantly lower in self-samples but the precision of 
equivalency was low (unity included in the 95% CI but 
lower bound <0·90).

Number of studies Relative sensitivity Relative specifi city

HC2

Brush31,39,40,44,55,61 8 0·89 (0·82–0·98)† 0·97 (0·96–0·99)†

Lavage59,60 2 0·82 (0·65–1·02) 0·68 (0·35–1·33)

Swab32-34,36,42,45,48 7 0·82 (0·86–0·90)† 0·95 (0·89–1·01)

Tampon53 1 0·71 (0·62–0·83)† 1·01 (1·00–1·02)†

GP5+/6+ PCR

Brush52,54,57 3 0·95 (0·86–1·04) 1·08 (0·93–1·25)

Lavage16,37 2 0·95 (0·85–1·06) 1·23 (0·74–2·05)

Abbott Real Time hrHPV Test

Lavage59 1 1·00 (0·75–1·34) 1·07 (0·65–1·78)

*Restricted to three tests clinically validated for primary cervical cancer screening using samples taken by a clinician.7 
†Statistically signifi cantly diff erent from unity (95% CI excludes 1).

Table 5: Subgroup meta-analyses of the relative sensitivity and specifi city of human papillomavirus 
(self-sampled vs clinician sampled) testing* for cervical intraepithelial neoplasia of grade 2 or worse, by 
self-collection device
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Overall, HPV testing on self-samples was equally 
sensitive compared with cytology at cutoff  ASC-US to 
detect CIN3 or worse but less sensitive for CIN2 or 
worse. However, this lower pooled sensitivity for CIN2 or 
worse was driven by one study with very low sensitivity of 
GPMY09/11 PCR amplifi cation (49%) on self-samples 
taken with an endocervical brush in three colposcopy 
clinics in the USA, Peru, and Mexico.15 Omission of these 
outlying fi ndings resulted in a relative sensitivity of 0·99 
(95% CI 0·96–1·03) and a relative specifi city of 0·97 
(0·94–1·00). When positive cytology on clinician-taken 
samples was defi ned as LSIL or worse, HPV testing on 
self-samples was more sensitive in the detection of 
CIN2 or worse and CIN3 or worse. However, this fi nding 
was aff ected by the outlying high relative sensitivity 
noted in a large community-based randomised trial,47 
done in Mexico, which compared HC2 on self-samples 
taken with a conical brush with a conventional Pap smear 
prepared by a health professional (relative sensitivity of 
3·41 for CIN2 or worse and 3·20 for CIN3 or worse).

Although we often judged study design and quality to 
be non-optimal or insuffi  ciently documented, QUADAS 
items did not explain the heterogeneity seen in the 
absolute or relative accuracy estimates (appendix).

In meta-analyses assessing test performance, the 
pooled parameters are sensitivity and specifi city rather 
than predictive values, which are strongly aff ected by the 
background prevalence of disease.63 However, for a given 
region or country, compared with sensitivity and 
specifi city values, predictive values are more informative 
for clinical practice and decision making. We have 
therefore applied the pooled absolute accuracy estimates 
of tests on three screening situations with low (0·25%), 
medium (0·5%), and high (2%; seen in some high-
income countries) prevalence of CIN3 or worse to 
compute post-test probabilities of disease (appendix), in 
which we regard a risk lower than 1% after a negative test 
as reassuring, whereas a risk greater than 10% after a 
positive test would indicate a referral as being appropriate. 
A negative screening test always yielded a low post-test 
risk (<1%) of underlying CIN3 or worse but the future 
risk, considered over a period of 5 years, exceeded 1% 
after a negative HC2 test on self-sample and after a 
negative cytology result on a clinician sample in high-risk 
populations. The cross-sectional positive predictive values 
on self-samples and clinician-taken samples were usually 
lower than 10% in low-risk and medium-risk populations, 
indicating the need for a triage test before referral to 
colposcopy for diagnostic work-up or treatment. In high-
risk populations, the post-test probability of CIN3 or 
worse was higher than 10% when using cytology or 
hrHPV testing on clinician samples on a self-sample and 
also for MALDI-TOF, but not for HC2, on a self-sample.

In terms of the biological plausibility of our fi ndings, 
the lower clinical sensitivity of HPV testing with HC2, 
Cervista, or APTIMA on self-samples can be explained by 
lower loads of high-risk HPV DNA from virus particles 

in the vagina that are beneath the detection threshold of 
respective assays, but which can be detected by more 
analytically sensitive PCR tests.51,64 Additionally, the lower 
specifi city of HC2, Cervista, and MALDI-TOF might be 
partly attributable to the increased presence of cross-
reacting low-risk HPV types in the vagina but also to 
presence of high-risk HPV particles in the vagina that 
have not caused CIN2 or worse.64

Our meta-analysis included 36 studies that, together, 
enrolled more than 150 000 women, potentially allowing 
for robust estimates with use of statistical procedures 
recommended by the Cochrane Collaboration. However, 
only 14 studies took place in a typical screening situation, 
where self-sampling is of interest. Nonetheless, the 
relative accuracy comparing testing in self-samples 
versus clinician-taken samples did not vary substantially 
by clinical setting, which justifi ed pooling all the studies, 
and which enabled analysis of the eff ect of multiple 
sources of heterogeneity. However, the assessment of the 
eff ect of covariates was restricted by paucity of detail in 
reported aggregated data and sometimes yielded fi ndings 
on categories based on few or only one study.

Our meta-analysis assessed test accuracies but did not 
assess the eff ect of self-sampling on the incidence of 
cervical cancer (or precancer) in a population. However, 
if HPV testing on a specimen collected by a woman is 
analysed with an assay showing similar accuracy on self-
samples and clinician samples, it would be likely to result 
also in reduced incidence of cervical cancer as already 
shown in randomised trials in which samples were taken 
by clinicians.7 The use of an imperfect gold standard 
based on colposcopy and colposcopy-targeted biopsies 
could have generated bias. Nonetheless, our main 
conclusion that HPV testing on self-samples samples 
was less sensitive than HPV testing on clinician-taken 
samples was seen for all types of reference testing, 
including taking random cervical biopsies.

Our fi ndings draw attention to the need for well-
designed studies to assess the accuracy of combinations 
of HPV assays and self-sampling devices. A colposcopy 
clinic where both a self-sample and clinician-taken 
sample are obtained, followed by verifi cation by 
colposcopy and biopsies, off ers a valid design in which 
the absolute sensitivity, as well as the relative sensitivity 
and specifi city, can be assessed without bias on a rather 
small study sample and which will be also relevant for a 
primary screening setting. The absolute specifi city 
assessed in a colposcopy clinic is irrelevant for primary 
screening. Population screening trials can address 
questions of screening coverage, follow-up compliance of 
screen-positive women, and positive predictive value for 
high-grade CIN, but might not enable assessment of 
absolute specifi city. However, the approximate absolute 
specifi city can be assessed without any bias and without 
need for verifying women with negative screening tests.65 
Particular attention should be given to the assessment of 
HPV testing on self-samples in low-income and middle 
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income countries that do not have the infrastructure for 
cytopathological assessment and have a substantial 
burden of cervical cancer—in such countries, self-
sampling could enable good screening coverage. 
Longitudinal follow-up studies are also needed. Experts 
and methodologists should work out well-designed 
protocols for further studies and defi ne minimal accuracy 
thresholds that have to be fulfi lled to accept a given 
combination of test and self-collection device in screening 
as done for screening tests on clinician-taken samples.62

Findings from randomised trials published over the 
past 6 years have shown that HPV screening followed by 
cytology triage results in a lower incidence of cancer than 
with cytology screening.7,66 Because cytology triage is not 
possible on self-samples, an adequate molecular refl ex 
test should be developed to triage women with HPV. 
Hyper-methylation of some viral or human genes 
involved in carcinogenesis have shown promising 
accuracy profi les and could be applicable on self-samples, 
but needs further validation.67,68

In a screening programme using an HPV assay based 
on signal-amplifi cation or RNA detection, samples taken 
by a medical professional rather than self-samples should 
be chosen, given the superior clinical sensitivity and 
specifi city on clinician-taken samples. In a cytology-
based or HPV-based screening pro gramme, HPV-testing 
on a self-sample can be sug gested as an additional 
strategy to reach women not participating in the regular 
screening programme. HPV testing on self-samples can 
also be considered in areas lacking high-quality 
cytopathology laboratories and where self-sampling 
could achieve good attendance. Before making a decision 
on whether to introduce strategies that use self-sampling, 
adequate transport of samples and communication—
with women with a positive self-test being referred to 
further management—should be assured. In the future, 
some HPV tests that amplify viral DNA sequences from 
self-samples might reach similar accuracy as from 
clinician samples. Such tests might be preferred if 
validated, available, aff ordable, and feasible. However, 
before deciding on HPV screening using self-samples 
instead of clinician-collected samples, a careful pilot 
study should assess the feasibility, the clinical accuracy of 
the combination of the proposed test and the self-
collection device, as well as the costs, logistics, and 
population compliance.
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