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Background: The rate of uptake of the Papanicolaou (Pap) smear is generally low.

Its causal relationship with human papillomavirus (HPV) DNA allows HPV DNA

self-sampling to be used as an alternative screening tool for cervical cancer.

Objectives: This study explored the acceptability of HPV DNA self-sampling and

its impact on the rate of compliance with cervical cancer screening. Methods: A

crossover randomized clinical trial was conducted in community-based clinics.

Participants were allocated to 1 of the following 2 arms: arm 1: self-sampling before

a Pap smear; and arm 2: a Pap smear before self-sampling. After completing the

2 screening methods, participants in each arm took part in face-to-face interviews using

standardized, structured questionnaire. Results: The participants accepted both

self-sampling (7.7/10) and a Pap smear (7.8/10) for cervical cancer screening.

However, participants without previous experience of Pap smears or who had more

than 2 sexual partners preferred self-sampling (P G .05). The participants expressed

overall positive feelings toward self-sampling, and there was good agreement in HPV

detection between the 2 screening methods (. = 0.65). We estimate that the

introduction of HPV DNA self-sampling could increase the future rate of uptake of

cervical cancer screening by 6.5% and would entail lower costs.
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Conclusion: Human papillomavirus DNA self-sampling could be an alternative

screening method to increase the coverage of cervical cancer screening.

Implications for Practice: Human papillomavirus DNA self-sampling could

overcome the barriers raised by Pap smears and enhance the coverage of cervical

cancer screening. Promotional publicity and education are essential.

C
ervical cancer is the sixth leading cause of death world-
wide and the second most common cancer in women.1

Cervical screening can detect cancer at an early stage
when the initiation of treatment has a high probability of re-
sulting in a cure. Thus, much of the mortality from cervical
cancer can be avoided if effective cervical screening programs are
implemented. The Papanicolaou (Pap) smear is the most com-
monly used screening method for cervical cancer, but its uptake
rate varies among countries, ranging from 2% to 20% in develop-
ing countries and 65% to 90% in developed countries.2Y4 In
Hong Kong, the government launched the Cervical Screening
Program for women on a voluntary basis in 2004 at a cost that
ranged from US $12.90 to US $128.50, depending on the ser-
vice provider.5 Since that time, a decreasing trend in the age-
standardized incidence of cervical cancer has been observed from
9.5 to 7.3 per 100 000 of the standard population in 2011.6

However, the uptake rate of the Pap smear for cervical cancer
screening is still low in Hong Kong.7 In 2012, 49.1% of women
refused to participate in regular cervical screening, of whom
75.9% had never been screened,7compared with some Western
countries, where around 70% to 80% eligible women have been
screened at least once in the past 5 years.8,9 A number of studies
have shown that women who have never been screened or have
not had regular screening have a higher risk of developing cer-
vical cancer.10,11 Some factors that may discourage women from
attending regular screening sessions that involve Pap smears in-
clude a lack of time, discomfort, embarrassment, pain, incon-
venience, cultural objections, transportation, and the high cost
of screening.12,13 Encouraging these women to participate would
save lives and reduce the costs of treatment for invasive cancer.

The causal relation between human papillomavirus (HPV)
DNA and cervical cancer enables the use of HPV DNA self-
sampling as an alternative method for cervical screening to over-
come the perceived barriers raised by the adoption of Pap smears.14

Overseas studies have shown that, by offering the option of self-
sampling to nonattendees, the rates of participation in cervical
cancer screening programs can be increased.15,16 Furthermore,
HPV DNA testing is more sensitive than liquid-based cytology
for the detection of cervical intraepithelial neoplasia grade 2 (CIN2+)
or higher, and its performance is not influenced by the age of the
woman being screened.17,18 European and North American data
have confirmed that HPV DNA testing is substantially more sen-
sitive in detecting CIN2+ than cytology.19 To enhance the cover-
age of cervical cancer screening and the sensitivity of the medical
device used, it is important to have further insights into the ac-
ceptability and accuracy of self-collected vaginal samples for HPV
DNA testing among women. Human papillomavirus DNA self-
sampling has been reported to be acceptable and manageable
among a group at high risk of cervical cancerYYfemale sexual

workersYYin our previous study (Wong et al, ‘‘Can HPV DNA
self-sampling be an alternative strategy for cervical cancer screening
in female sex workers? A randomized control trial,’’ 2010, unpub-
lished manuscript). To expand the study population, this research
aimed to explore the acceptability of HPV DNA self-sampling in
the general population, to compare the rates of HPV detection in
self-collected samples and Pap smears, to compare the costs of
self-sampling and Pap smears, and to predict the future uptake
rate of cervical cancer screening. The findings should provide a
basis for health policy makers to consider HPV DNA self-
sampling as an alternative option to Pap smears in government
cervical cancer screening programs.

n Methods

This study was a crossover randomized clinical trial to evaluate
the acceptability of HPV DNA self-sampling compared with that
of Pap smears and its impact on the rate of compliance with
cervical cancer screening. The crossover design was used to assess
the sequence effect of the 2 screening methods on the outcome.
Participants who met the eligibility criteria and provided written
consent were randomly allocated into either arm 1 (HPV DNA
self-sampling before a Pap smear) or arm 2 (a Pap smear before
HPV DNA self-sampling).

n Ethics Statement

The trial was approved by the Joint Chinese University of
Hong KongYNew Territories East Cluster Clinical Research Ethics
Committee in Hong Kong. All of the participants were informed
of the purpose of the study, the data collection procedures, the
rights of participation, and the confidentiality and anonymity of
the data, and all provided written informed consent. This trial was
registered with the Australian New Zealand Clinical Trials Registry
(http://www.anzctr.org.au) as ACTRN12613001003763.

n Participants

Participants aged 35 to 65 years were recruited when attending 1 of
3 local community-based clinics for routine Pap smear check-ups
between November 2011 and September 2012. Women who were
currently pregnant, had had cervical surgery, had had a total hys-
terectomy, had impaired immunity (eg, systemic lupus erythe-
matosus), had histologically confirmed CIN or cancer, were
currently receiving immunosuppressive therapy, or had never had
sex were excluded from the study. A minimum of 390 partic-
ipants in total were recruited based on a 50% acceptance of
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HPV sampling from our previous pilot study at a power of 95%
and a 5% level of statistical significance.

n Data Collection

Once the participants had been randomly allocated into either
arm 1 or 2 based on computer-generated tables, they underwent
both screening methods in different sequences on the same day
at 30- to 45-minute intervals between methods and were then
approached for individual face-to-face interviews conducted using
a standardized, structured questionnaire. The participants were
given supermarket coupons as a token of our appreciation of their
participation.

n Instrument

The structured questionnaire to capture the attitudes of the par-
ticipants on HPV DNA self-sampling and Pap smears comprised
3 sections including (1) acceptability, that is, confidence in their
skill, comfort of the procedure, trust in the test result, recommen-
dation of the tests to friends, and a score of their overall perceived
feelings about the 2 screening methods; (2) sociodemographics;
and (3) their intention to use HPV DNA self-sampling in the future.
The questionnaire took approximately 15 minutes to complete.
A 5-point Likert scale was used to gauge the response of accept-
ability and ranged from ‘‘completely disagree’’ (1) to ‘‘completely
agree’’ (5) for all items except for the score of overall perceived
feelings about the 2 screening methods, for which a scale range
of 0 to 10 was used.

The questionnaire was derived from a literature review and
our research experience in this topic.20Y23 A face validity test was
carried out with 10 middle- and older-aged women to ensure the
questionnaire was understandable and comprehensive. For the
structure of the questionnaire regarding attitudes toward 2 sam-
pling methods, internal consistency was determined using Cronbach’s
! coefficient, which checks whether items within the scale measure
the same concept or construct. The coefficient ranges from 0 to
1, where lower values of the coefficient indicate a poorer inter-
relatedness among the items or with the construct. A coefficient
of at least 0.7 generally indicates good reliability of the scale.24

The Cronbach’s ! coefficient of our tool was .87, indicating
that the tool had sufficient internal consistency.

n Screening Tests

Self-sampling for the HPV DNA Test

The participants were directed to a private, well-lit room. An HPV
DNA self-sampling kit with verbal explanations and written in-
structions with diagrams was given to each participant by our
researcher. The self-sampling kit comprised a long-handled, sterile
Dacron swab in a wrapper, a plastic vial, and a specimen bag with
the participant’s identification number. The participant was in-
structed to insert the swab into her vagina to a depth of at least
2 inches and to rotate the swab fully 5 times. The swab was then

placed in the plastic vial, which was in turn placed in a sealed specimen
bag that was passed to the research staff for HPV DNA testing.

Pap Smear

To ensure the consistency of the procedures and concordance of
the findings, Pap smears were performed by the assigned clini-
cians using a cytobrush. The cytobrush was then placed into a 20-mL
vial containing phosphate-buffered saline for cytology and HPV
DNA testing.

Laboratory Test for HPV Detection and Typing

The self-collected samples and Pap smear samples for HPV DNA
testing were transported to the laboratory. Cells were collected by
centrifugation at 750g for 10 minutes, resuspended in 200 2L of
phosphate-buffered saline and kept at j70-C before HPV detec-
tion and typing.

The presence of HPV DNA in the self-collected samples and
Pap smear samples was detected by polymerase chain reaction (PCR)
using the consensus primer PGMY09/11 that targets a 450-base-pair
region of the L1 gene. PGMY-positive specimens were typed using
the Linear Array HPV Genotyping Test (Roche Molecular Systems,
Inc, Pleasanton, California), which can differentiate between HPV
types 6, 11, 16, 18, 26, 31, 33, 34, 35, 39, 40, 42, 45, 51, 52, 53,
54, 44, 56, 58, 59, 61, 62, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82,
83, 84, and 89. The participants were regarded as HPV-positive
when the sample showed positive results in the PGMY PCR, and
the corresponding genotyping was also shown. For those samples
in which HPV DNA was present and the Linear Array HPV Genotyp-
ing Test gave negative results, the PGMY PCR product was then
subjected to DNA sequencing to determine the nucleotide sequence.
The sequence obtained was analyzed using the BLAST (Basic Local
Alignment Search Tool) program based on all HPV sequences avail-
able in GenBank. A sequence similarity of 95% or greater was re-
garded as identification of the type. Samples that showed a suspicious
band by PGMY PCR but subsequently tested negative in both the
Linear Array HPV Genotyping Test and sequencing were regarded
as HPV-negative.25

Statistical Analyses

The data were entered into the PASW 18.0 (formerly SPSS) data-
base using dual data entry, and greater than 10% of the database
was further audited to ensure accuracy and completeness. Statistical
significance was considered to have been achieved when P G .05.
The attitudes toward the screening methods and the detection
rate of HPV in the 2 arms were compared to determine a sequence
effect in the 2 arms. Once the sequence effect was confirmed to be
minimal, the data were managed as a whole data set for analysis.

For data analysis, the responses regarding the participants’ atti-
tudes toward self-sampling and the Pap smear were presented des-
criptively and compared by parametric and nonparametric tests.
The agreement of the results in percentages of discordant pairs
between self-sampling and Pap smear was calculated. The strength
of the agreement was categorized into 6 levels according to the .
statistic, where . G 0 was poor, 0 to 0.20 was slight, 0.21 to 0.40
was fair, 0.41 to 0.60 was moderate, 0.61 to 0.80 was substantial,
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and 0.81 to 1.00 was almost perfect.26 A binary variable of paired
results was created, where 0 indicated a variation in HPV detection
between self-sampling and the Pap smear, and 1 indicated no var-
iation. Logistic regression of the binary variable was performed
to assess whether the probabilities of achieving the same results
or different results were influenced by the sequence effects of the
2 screening methods. The types of HPV infection for the parti-
cipants with positive results were further analyzed by reporting
the percentage of high-risk types.

The direct screening costs of the Pap smear and HPV DNA
self-sampling per person were calculated from the initial screen-
ing to the point before referral for colposcopy and biopsy. The
costs of the staff (clinical and clerical), sampling kits, laboratory
tests, disposal materials, the women’s time off work, and transpor-
tation were all considered to estimate the cost, which was presented
in US dollars. For the ThinPrep liquid-based Pap smear screening
(Hologic, USA), it was assumed that the women would take half a
day (4 hours) off work to attend a clinic. For the HPV self-sampling,
it was assumed that the Evalyn Brush (Rovers Medical Devices

B.V., Oss, The Netherlands) would be delivered from the
women’s home to the laboratory at room temperature by post.27

The future uptake rate of cervical cancer screening was pre-
dicted from the preferences of the participants for future screening
methods. The percentages of nonattendees shifting to Pap smear
and self-sampling screening from a British study were adopted as
reference, in which 3.8% of nonattendees returned to the clinics for
Pap smear screening and 6.4% returned HPV self-collected samples
after receiving the self-sampling kits.15 The overall uptake rate of
cervical cancer screening was therefore calculated as the sum of the
uptake rates of using the Pap smear and HPV self-sampling methods.

n Results

A total of 392 participants were recruited, with a response rate of
78.1%, of whom 197 were assigned to arm 1 and 195 to arm 2. No
adverse event was reported during the study. A flow diagram of
the recruitment is shown in Figure 1.

Figure 1n Study Flowchart.
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Characteristics of the Subjects
In general, no significant difference in demographic character-
istics, acceptability of sampling, or detection rate of HPV was
observed between the 2 arms. Therefore, a homogeneous and mi-
nimal sequence effect of the 2 screening methods was assumed, and

thus the data were analyzed as a whole data set (Table 1). Overall,

the average age of the participants was 50.9 years; the majority

had completed a secondary education or higher (82.4%), were

married or cohabited (85.7%), and had at least 1 child (86.5%).

Approximately 44.6% of the participants had family members

Table 1 & Demographic Characteristic of Study Participants

Characteristics

Arm 1 Arm 2 All

P

n = 197 n = 195 n = 392

n (%) n (%) n (%)

Agea 50.6 (8.0) 51.1 (8.1) 50.9 (8.1) .575
Education level

Primary or below 31 (15.7) 38 (19.5) 69 (17.6) .420
SecondaryYpostsecondary 131 (66.5) 130 (66.7) 261 (66.6)
Tertiary education or above 35 (17.8) 27 (13.8) 62 (15.8)

Marital status
Single/divorced/widowed 25 (12.7) 31 (15.9) 56 (14.3) .446
Married/cohabited 172 ( 87.3) 164 (84.1) 336 (85.7)

No. of living children

None 30 (15.2) 23 (11.8) 53 (13.5) .609
1 39 (19.8) 40 (20.5) 79 (20.2)
Q2 128 (65.0) 132 (67.7) 260 (66.3)

Employment status
Housewife/retired 95 (48.2) 98 (50.3) 193 (49.2) .763
Employed (full time/part time) 102 (51.8) 97 (49.7) 199 (50.8)

Insurance coveredb

Yes 107 (54.3) 112 (57.4) 219 (55.9) .601
No 89 (45.2) 82 (42.1) 171 (43.6)
Unknown 1 (0.5) 1 (0.5) 2 (0.5)

Age at first sexual intercourse,b y
14Y17 14 (7.1) 13 (6.7) 27 (6.9) .633
18Y29 169 (85.8) 164 (84.1) 333 (84.9)

30Y40 13 (6.6) 18 (9.2) 31 (7.9)
Refused to answer 1 (0.5) 0 (0.0) 1 (0.3)

No. of sexual partners in the pastb

1 142 (72.1) 145 (74.4) 287 (73.2) .162
2Y3 39 (19.8) 42 (21.5) 81 (20.7)
Q4 16 (8.1) 7 (3.6) 23 (5.9)

Refused to answer 0 (0.0) 1 (0.5) 1 (0.3)
History of sexually transmitted disease

Yes 7 (3.6) 7 (3.6) 14 (3.6) 1.000
No 190 (96.4) 188 (96.4) 378 (96.4)

History of induced abortion
Yes 73 (37.1) 81 (41.5) 154 (39.3) .421
No 124 (62.9) 114 (58.5) 238 (60.7)

Currently having vaginal discharge
Yes 73 (37.1) 46 (23.6) 119 (30.4) .005
No 124 (62.9) 149 (76.4) 273 (69.6)

Currently using contraception methods
Yes 87 (44.2) 88 (45.1) 175 (44.6) .928
No 110 (55.8) 107 (54.9) 217 (55.4)

Ever had a Papanicolaou (Pap) test 189 (95.9) 186 (95.4) 375 (95.7) .810

Had Pap tests in the past 5 y 167 (84.8) 170 (87.2) 337 (86.0) .489
Ever had self-sampling 1 (0.5) 0 (0.0) 1 (0.3) 1.000
Family members with cancer history 79 (40.1) 86 (44.1) 175 (44.6) .084

There was a statistically significant difference if P G .05.
aReported mean (SD), t test was used for continuous variables; #2 tests were used for other variables.
bCases of unknown/refused to answer were excluded in statistical analysis.
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with a history of cancer, and 95.7% had had a Pap test previously,
of whom 86.0% had undergone a test in the previous 5 years. Only
1 woman had experience of HPV DNA self-sampling (Table 1).

Acceptability of HPV DNA Self-sampling

The participants found the self-sampling (7.7/10) and Pap smear
(7.8/10) to be equally acceptable for cervical cancer screening.
With regard to the comfort of the procedure of self-sampling,
the majority reported feeling no anxiety (88.0%), no discomfort
(93.4%), no unpleasantness (98.0%), no embarrassment (97.2%),

no pain (91.6%), and no invasion of privacy (98.2%) and were
relaxed (71.4%). Among all of the participants, 78.3% were con-
fident that the test would be carried out correctly with the self-
sampling, and 77.0% trusted its result; however, more participants
trusted and had more confidence in the Pap smear test (98.5% and
98.2%, respectively). Furthermore, the proportion of participants
who would recommend self-sampling (87.0%) to friends was
smaller than the proportion who would recommend the Pap smear
(92.9%) (Table 2).

After undergoing the 2 tests, all of the participants were asked
about their preferences for future screening methods and indi-
cated a distinct preference for self-sampling (56.9% [223/392])

Table 2 & Comparison of Perception and Attitudes Toward Their Experiences on Self-sampling Method and
Pap Smear

Self-sampling Pap Smear

P

n = 392 n = 392

n (%) n (%)

Trust
Trust the test result

Disagree/neutral 90 (23.0) 6 (1.5) G.0001

Agree 302 (77.0) 386 (98.5)
Confidence
Confident the test was done correctly

Disagree/neutral 85 (21.7) 7 (1.8) G.0001
Agree 307 (78.3) 385 (98.2)

Comfort

Felt anxious
Disagree/neutral 345 (88.0) 221 (56.4) G.0001
Agree 47 (12.0) 171 (43.6)

Felt uncomfortable
Disagree/neutral 366 (93.4) 261 (66.6) G.0001
Agree 26 (6.6) 131 (33.4)

Felt unpleasant

Disagree/neutral 384 (98.0) 347 (88.5) G.0001
Agree 8 (2.0) 45 (11.5)

Felt embarrasseda

Disagree/neutral 381 (97.2) 294 (75.0) G.0001
Agree 10 (2.6) 98 (25.0)

Refused to answer 1 (0.3) 0 (0.0)

Felt relaxeda

Disagree/neutral 111 (28.3) 218 (55.6) G.0001
Agree 280 (71.4) 174 (44.4)
Refused to answer 1 (0.3) 0 (0.0)

Felt painfula

Disagree/neutral 359 (91.6) 303 (77.3) G.0001
Agree 32 (8.2) 89 (22.7)

Refused to answer 1 (0.3) 0 (0.0)
Felt there was an invasion of my privacya

Disagree/neutral 385 (98.2) 347 (88.5) G.0001

Agree 6 (1.5) 45 (11.5)
Refused to answer 1 (0.3) 0 (0.0)
Would recommend testing to a frienda

Disagree/neutral 50 (12.8) 28 (7.1) .003
Agree 341 (87.0) 364 (92.9)
Refused to answer 1 (0.3) 0 (0.0)

McNemar test; there was a statistically significant difference if P G .05.
aCases of unknown and refused to answer were excluded from statistical analysis.
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compared with the Pap smear (37.8% [148/392]), with 5.4%
(21/392) expressing no preferences. Participants with no history
of Pap smears and more than 2 sexual partners stated a preference
for self-sampling (P G .05). No statistically significant differences
in the preference for self-sampling were observed for other demo-
graphic characteristics or settings, either at home or at a clinic.

Comparison of the HPV Detection of
Self-sampling and the Pap Smear

Among the 392 participants, 12 (3.1%) were diagnosed with
abnormal results from the Pap smear, of whom 10 had atypical
squamous cells of undetermined significance (ASCUS), and 2 had
a low-grade squamous intraepithelial lesion, one of which was
diagnosed as CIN1 by colposcopy.

The detection rate for HPV positivity was 7.7% (30/392)
with the Pap smear and 11.7 % (46/392) with self-sampling. There
were a total of 24 discordant pairs (6.1%) of HPV-positive results
between the Pap smear and self-sampling: 20 samples that were
negative in the Pap smear showed a positive result by self-sampling,
and four samples that were negative by self-sampling showed a

positive result in the Pap smear. The . measurement for the ag-
reement of HPV detection between the 2 sampling methods was
0.65, which was considered to represent a reasonable agreement
(Table 3).26 With adjustments for alcohol consumption and va-
ginal discharge, logistic regression of the paired test results showed
no significant difference in the proportion of HPV detection be-
tween the 2 arms (P = .981).

Multiple types of HPV infection occurred more frequently in
the self-sampling (45.7% [21/46 positive cases]) than with the
Pap smear (30.0% [9/30 positive cases]). Among the self-sampling
tests, 5.6% (22/392) had at least 1 probable or high-risk HPV
type, the most prevalent of which were HPV types 52 (1.8%),
58 (1.5%), and 18 (1%), whereas in the Pap smear tests, 3.6%
(14/392) had at least 1 probable or high-risk HPV type, the most
prevalent of which were HPV types 52 (1.3%), 58 (0.8%), and
39 (0.8%). Details are given in Figure 2. In terms of the char-
acteristics of the participants with an HPV infection, those who
had a history of sexually transmitted disease were more liable to
have an infection than those who did not (P = .027). Other de-
mographic and lifestyle characteristics did not show significant
results.

Costing of Self-sampling and Pap Smears

The total cost of each Pap smear was US $99.00; however, for
cases with abnormal cytology results with triage for repeated
cytology or HPV DNA, the cost ranged from US $99.00 to US
$297.00 before referral for colposcopy. For HPV DNA self-
sampling, the total cost of each HPV DNA self-sampling case was
US $16.30; however, for cases that were HPV DNA-positive,
the costs for typing were US $86.10. The cost of the Pap smear
involved more professional time, staff manpower, and time for
the women’s attendance than self-sampling. On the assumption
that self-sampling would be performed at home, the costs of
time away from work and transportation were not included in
the cost estimates of self-sampling. This analysis shows that time
and money (US $82.70) could be saved per case by implementing

Table 3 & Agreement of HPV DNA Results
Between Self-collected and Pap
Smear Samples

Self-collected
Samples

Overall

Total

Pap Smear
Samples

Positive Negative

n (%) n (%) n (%) .

Positive 26 (6.6) 20 (5.1) 46 (11.7) .652
Negative 4 (1.0) 342 (87.2) 346 (88.3)

Total 30 (7.7) 362 (92.3) 392 (100.0)

Abbreviation: HPV, human papillomavirus.

Figure 2n Proportions of HPV genotypes in HPV-positive cases. Abbreviation: HPV, human papillomavirus.
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HPV self-sampling at home compared with Pap smears for initial
cervical cancer screening. Comparing the triage repeated follow-up
for self-sampling HPV-positive cases with cases of abnormal of
Pap smears, US $210.90, US $170.50, and US $12.90 would be
saved for ASCUS with repeated cytology, ASCUS with repeated
HPV DNA typing, and low-grade squamous intraepithelial lesion
or more serious findings, respectively. The details are shown in
Table 4.

Predicted Future Uptake of Cervical Cancer
Screening

The proportion of participants who underwent Pap smears and
chose this method for future screening was 37.8% (148/392),
whereas 62.2% (244/392) of the participants chose HPV DNA
self-sampling or had no preference. By projecting our findings
to the general population, the acceptance rate for Pap smears and
HPV DNA self-sampling by those attending clinics would be
23.3% and 38.4%, respectively, which was achieved by the multi-
plication of 37.8% and 62.2% by the uptake rate for cervical
cancer screening of 61.7% (women with experience of Pap smears)
in Hong Kong in 2012.7 Among 38.3% of those not attending
clinics in Hong Kong, the estimations of the uptake rate for
Pap smears and HPV DNA self-sampling were 1.5% and 2.5%,
respectively, calculated by adopting the values of 3.8% (nonat-
tendees adopting the Pap smear) and 6.4% (nonattendees adopting
HPV DNA self-sampling) from a British study.15 Thus, the overall
uptake rate of cervical cancer screening was estimated to be 65.7%

by the summation of the uptake rates for Pap smears (24.8%,
including 23.3% attendees and 1.5% nonattendees) and HPV
DNA self-sampling (40.9%, including 38.4% attendees and 2.5%
nonattendees). An increase of 6.5%, from 61.7% to 65.7%, was
estimated. The details are shown in Figure 3.

n Discussion

This was the first randomized controlled trial to measure the ac-
ceptability of HPV DNA self-sampling and its impact on the rate
of compliance with cervical cancer screening in the general female
population of Hong Kong. In Hong Kong, where screening cov-
erage was achieved for only half of the female population (61.7%)
in 2012, alternative strategies should be adopted to overcome the
possible barriers raised by Pap smears to increase the coverage rate
of cervical cancer screening programs further. Our findings show
that HPV DNA self-sampling was well accepted and a feasible
alternative tool for cervical cancer screening. Furthermore, the
study shows that HPV DNA self-sampling would markedly im-
prove the rate of participation of women in cervical screening.

The participants generally accepted self-sampling in preference
to the Pap smear. Their experiences of pain, discomfort, unpleas-
antness, embarrassment, and lack of privacy were much better
with self-sampling than with Pap smears. Self-sampling enables
women to attend regular screening either in a clinic or at home
without encountering embarrassment and other cultural barriers.
In addition, it reduces the cost of screening and time of travelling
to clinics. These findings echo those from overseas studies.20,21,23,31,32

Figure 3n Predicted future cervical screening uptake rate.
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Consistent with our previous study on female sex workers, women
who had never had a Pap smear were more liable to choose self-
sampling (Wong et al, ‘‘Can HPV DNA self-sampling be an
alternative strategy for cervical cancer screening in female sex
workers? A randomized control trial’’ 2010, unpublished manuscript),
which adds value to the existing evidence that HPV DNA self-
sampling could be an important alternative strategy to increase
cervical screening rates. Although acceptance of and attitudes
toward self-sampling were more positive, the confidence in the
proper handling of procedures and trust in the results were more
positive for the Pap smear. Interestingly, the proportion of parti-
cipants who would recommend self-sampling (87.0%) to friends
was about 6% less than those who would recommend the Pap
smear, which may imply inadequate confidence in self-sampling
skills. Similar findings in a British study showed that women from
various ethnic groups also reported uncertainty about handling
the test properly.33 This could be explained by some women lack-
ing confidence in their self-sampling techniques or having more
confidence in clinician sampling for the Pap smears. The promo-
tion of self-sampling to the public by the government or family
physicians is needed, and educational campaigns to introduce and
explain the significance of self-sampling as an alternative tool for
cervical screening are crucial.

There was moderate to good agreement in HPV detection
between the self-sampling and Pap smear samples (.= 0.65).
Another study showed that the agreement between self-sampling
and Pap smear samples ranged from 0.24 to 0.96 using various
self-sampling devices, including vaginal swabs, vaginal brushes,
vulvar swabs, tampons, pads, cervicovaginal lavage, and urine spec-
imens. The majority used the vaginal swabs, which were adopted
for the self-sampling in our study, and showed a higher agreement
(. 9 0.6),34 which may imply that swabs would be easier for
women to handle during the self-sampling procedure.

Human papillomavirus infections are the primary cause of
precancerous cervical lesions. The detection of HPV infection was
greater after self-sampling than after the Pap smears, although this
difference was not statistically significant. This result is consistent
with those of other overseas studies31,32 and could be due to a
potentially larger proportion of HPV-infected cells being collected
from the vagina in self-sampling. Echoing these findings, a mode-
rately lower prevalence of HPV has been observed in women with
normal cytological findings in sub-Saharan African regions, Latin
America and the Caribbean, Eastern Europe, and Southeast Asia.35

However, the detection of high-risk HPV types in this study was
similar for the 2 screening methods.

The preference of the majority of participants shifted from
Pap smears to HPV DNA self-sampling, which may reflect that
HPV DNA self-sampling would be well accepted among Pap
smear users and could enhance the adherence of women to cervical
cancer screening. With regard to coverage, a 6.5% increase in the
rate of acceptance of cervical cancer screening was predicted if
HPV DNA self-sampling were to be adopted in future screening;
this prediction was made using a model constructed by applying
the British reference value because no related data were found for
Hong Kong. The difference in the costs of Pap smears and HPV
DNA self-sampling was estimated at US $82.7 per case for an initial
screening. The direct cost of adopting HPV DNA self-sampling was

lower than that of the Pap smear. Taking into consideration the
increased overall coverage and lower direct costs, HPV DNA self-
sampling could add value to cancer prevention programs, parti-
cularly in developing or low-income countries. If HPV DNA self-
sampling were to be implemented at home, certain costs would be
reduced by decreasing the amount of time spent dealing with
patients. In addition, the distance travelled from home to clinic is 1 of
the barriers that deter women from undergoing a Pap smear. Self-
sampling would not only further reduce the cost of screening, but
would also save the time and cost of travelling to clinics.

This study has 2 limitations. The study population was re-
cruited from women attending community-based clinics for
gynecological check-ups, and all 3 territories of Hong Kong and
various age groups were well covered, but the attitudes of the
participants toward HPV self-sampling may differ from those
who do not attend gynecological clinics. A prospective cohort
study is recommended to evaluate the feasibility of HPV self-
sampling in nonattendees of clinics. Another possible limitation
is the follow-up period. The study reported that HPV self-sampling
could result in the detection of more cases of CIN2+ than the
use of Pap smears.36 However, because of the small number of
cytological abnormalities and the short follow-up period, the
sensitivity and specificity of the self-collected samples could not
be estimated, which may limit the comparison of cancer detec-
tion by self-sampling and colposcopy.

n Conclusion and Implications

Coverage is an important factor in determining the benefit of
cervical cancer screening programs. The high rate of detection
and acceptance and the lower cost of HPV DNA self-sampling
suggest that it could be used as an alternative to conventional
screening. Our study shows that HPV DNA self-sampling was
well accepted and could therefore increase cervical screening cover-
age and further decrease mortality from cervical cancer, because
most cases of cervical cancer are associated with an absence of
screening. Our study findings should facilitate the implemen-
tation of policies and guidelines for new cervical screening prog-
rams. However, promotional publicity and education are crucial
steps to the success of such programs.
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