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Abstract

Background: Certain types of human papillomavirus (HPV) in cervical samples are
strongly associated with squamous intraepithelial lesions (SIL) and invasive cer-
vical carcinoma. We determined and compared the test characteristics of testing
for HPV with samples obtained by patients and with samples obtained by their
physicians.

Methods: In a consecutive series of women referred to a colposcopy clinic at a
teaching hospital because of abnormalities on cervical cytologic screening, 200
agreed to collect vulvar, vaginal and urine samples for HPV testing. The physi-
cian then collected cervical samples for HPV testing, and colposcopy, with
biopsy as indicated, was performed. Presence of HPV was evaluated using the
hybrid capture II assay (Digene Corp., Silver Spring, Md.) with a probe cocktail
for 13 carcinogenic types. Cervical specimens were also tested for HPV by poly-
merase chain reaction and hybridization with type-specific probes. Cervical
smears for cytologic examination were obtained from all women.

Results: High-grade lesions (high-grade squamous intraepithelial lesions [HSIL],
equivalent to cervical intraepithelial neoplasia [CIN] grade 2 or 3, and adeno-
carcinoma) were found in 58 (29.0%) of the 200 women. Carcinogenic types of
HPV were detected in the self-collected vaginal samples of 50 (86.2%) of these
58 women, in the self-collected vulvar samples of 36 (62.1%) and in the self-
collected urine samples of 26 (44.8%). Carcinogenic types of HPV were de-
tected in the cervical samples collected by physicians for 57 (98.3%) of these 58
women. The remaining 142 women (71.0%) had normal findings or low-grade
squamous intraepithelial lesions (LSIL, CIN grade 1). Test results were negative
or noncarcinogenic types of HPV were detected in the self-collected vaginal
samples of 76 (53.5%) of these 142 women, in the self-collected vulvar samples
of 89 (62.7%) and in the self-collected urine samples of 99 (69.7%). The sensi-
tivity for self-collected samples ranged from 44.8% to 86.2%, and the specificity
from 53.5% to 69.7%. For the samples collected by physicians, the sensitivity
was 98.3% and the specificity 52.1%. The self-sampling methods were gener-
ally acceptable to the women: 98.4% of respondents (126/128) deemed urine
sampling acceptable, 92.9% (118/127) found vulvar sampling acceptable, and
88.2% (112/127) found vaginal sampling acceptable.

Interpretation: Self-collection of samples for HPV testing was acceptable to
women attending a colposcopy clinic for investigation of suspected cervical le-
sions and shows sufficient sensitivity to warrant further evaluation as a screening
test for cervical cancer prevention programs.
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Detection of squamous intraepithelial lesions by cervi-
cal cytologic screening can result in prevention of
most cases of cervical cancer.1 It is agreed that high-

grade squamous intraepithelial lesions (HSIL; equivalent to
cervical intraepithelial neoplasia [CIN] grade 2 or 3) should
be treated, because these lesions have the greatest risk of pro-
gressing to invasive cervical carcinoma.2 Since the introduc-
tion in developed countries of programs for preventing cervi-
cal cancer, the incidence of this form of cancer has declined
appreciably; it now accounts for only 4.4% of new cancers in
females, and the lifetime risk is only 1.1% in these countries.3

In contrast, cancer of the uterine cervix is still common in the
developing world and is responsible for approximately 15%
of cancers in females and a lifetime risk of about 3%.3 Strate-
gies for preventing cervical cancer in these countries must
overcome barriers such as inadequate medical infrastructure
and poor rates of participation in screening programs.4

Certain human papillomavirus (HPV) genotypes are
carcinogenic. One or more of these carcinogenic types are
present in over 95% of cervical cancers and in the vast ma-
jority of cases of HSIL (CIN 2 or 3).5–7 Therefore, the clini-
cal application of molecular tests for HPV has been of in-
terest.8 A noninvasive method of sampling for carcinogenic
types of HPV, if it could be incorporated into cervical
screening strategies, has the potential advantage of increas-
ing population coverage. Several studies have explored the
use of self-collected material for HPV nucleic acid testing
with various methods.9–16 The sensitivity for high-grade le-
sions in these studies, which have used urine, vaginal swab
or tampon specimens, has ranged from 66% to 94%. Al-
though these findings appear promising, the studies have
had limitations because of test insensitivity, small sample
sizes and methodological flaws, such as verification bias.

The primary objective of the study reported here was to
determine the sensitivity and specificity of self-sampling for
HPV in detecting HSIL (CIN 2 or 3). The secondary ob-
jectives were to compare results obtained from samples col-
lected by women themselves with those obtained from
samples collected by physicians and to evaluate the feasibil-
ity of asking women to collect their own samples.

Methods

From October 1996 to March 1997, consecutive women who
were at least 18 years of age and who had been newly referred (be-
cause of abnormalities on cervical cytologic screening) to a col-
poscopy clinic at a teaching hospital in Hamilton, Ont., were in-
vited to participate in the study (Fig. 1). A nurse explained the
study, and written informed consent, as approved by the McMas-
ter University Research Ethics Board, was obtained from each
woman who agreed to participate.

After enrolment, the women were given written instructions
and a diagram showing how to obtain the vulvar, vaginal and urine
samples, in that order; self-sampling was performed in a clinic
lavatory. After the self-sampling, each woman underwent a pelvic
examination, which included sampling by cervical brush for HPV
testing, sampling for Papanicolaou (Pap) smear and colposcopic

examination. The results of the colposcopic examination and
biopsy (as required) were used as the reference standard for deter-
mining the sensitivity and specificity of the various test methods.

To obtain the vulvar sample, each woman was asked to grasp a
Dacron polyester swab (Medical Packaging Corp., Camarillo,
Calif.) about halfway up the plastic shaft, to separate the labia and
rub the swab tip across the introitus several times, and then to
place the swab in a tube containing sample transport medium (Di-
gene Corp., Silver Spring, Md.). To obtain the vaginal specimen,
each woman was asked to grasp the shaft of a second Dacron
polyester swab at its midpoint, to insert the tip of the swab into
her vagina until her fingers touched the introitus, to rotate the
swab by twirling it as she slowly removed it from the vagina and
then to place the swab in a separate tube of sample transport
medium. Finally, she was asked to collect a first-void urine speci-
men (the first 30 mL of urine voided) in a plastic bottle.

After self-sampling, a vaginal speculum was inserted, and the
colposcopist used a modified Ayre spatula and cervical canal
brush, as required, to obtain a cervical smear, which was immedi-
ately fixed. A modified soft, cone-shaped cervical brush (Cervical
Sampler, Digene Corp.) was used to obtain samples from the
transformation zone for the hybrid capture II HPV assay, and a
Dacron polyester swab (Harwood Products Co., Guilford, Minn.)
was used to obtain samples from this zone for polymerase chain
reaction (PCR) testing. The brush was placed in sample transport
medium and the swab in sterile phosphate-buffered saline. The
colposcopist (J.W.S. and P.R., among others) used 5% acetic acid
to wash the cervix before colposcopy. Directed biopsy and endo-
cervical curettage were performed as required, and the colpo-
scopic findings were recorded on a data form.

After the self-sampling and colposcopic examination, each par-
ticipant completed a self-administered questionnaire, which in-
cluded questions about sociodemographic characteristics and sex-
ual behaviour. The last 128 women who were enrolled were asked
to grade the acceptability of the sampling methods on a 5-point
Likert scale, with 1 indicating that a method was totally accept-
able, 3 indicating neutrality and 5 indicating that it was not at all
acceptable. They were also asked to rank the 4 methods (vaginal,
vulvar, urine and cervical) according to preference (from most
preferred to least preferred).

Cervical cytologic results from all the women and histologic
specimens from the 161 women who underwent cervical biopsy or
endometrial curettage were processed in the standard fashion and
reported by the hospital pathology department. A review of the
cervical histologic specimens by a blinded external gynecological
pathologist (W.C.) revealed excellent agreement (raw agreement
87.5%, kappa = 0.74) for the presence of high-grade lesions (HSIL
[CIN 2 or 3] or adenocarcinoma in situ). Disagreements were re-
solved by consensus between the 2 expert gynecologic pathologists
(W.C. and D.D.). For each woman, the highest-grade lesion diag-
nosed was used as the reference for assessing test performance.

HPV specimens were stored at 4°C and shipped at room tem-
perature within 2 weeks of collection. The cervical swab and 10
mL of the urine sample were sent to the McMaster University
Regional Virology and Chlamydiology Laboratory for PCR test-
ing. The cervical brush, vaginal swab, vulvar swab and the remain-
ing 20 mL of urine (mixed with 20 mL of urine preparation buffer
solution; Digene Corp.) were sent to the Digene Corp. laboratory
(Silver Spring, Md.) for the hybrid capture II assay. The laborato-
ries were blinded to the other data for each subject.

The hybrid capture II assay is a second-generation DNA probe
test based on signal amplification, which uses a chemiluminescent
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readout to indicate the presence of one or more carcinogenic HPV
types as a group (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
and 68). The assay procedure has been described previously.17,18

The test was considered positive if the light emitted by a specimen
was greater than the light emitted by the positive control.

Cervical swab samples (0.2 mL) and urine samples (0.5 mL)
were processed by digesting the specimens with proteinase K and
extracting DNA by means of the XTRAX kit (Gull Laboratories,
Salt Lake City, Utah). Subsequently, all processed specimens were
amplified using the consensus HPV L1 primers (highly conserved
region of the viral genome), as well as human β-globin primers to
assess specimen integrity. Specimens that were negative for β-glo-
bin were further processed by DNA extraction with phenol-chlo-
roform and retested by PCR, as previously described.14,18 PCR de-
tection and typing for carcinogenic HPV types (16, 18, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, and 68) and for HPV types with low
carcinogenic risk (6, 11, 42 and 53) were done according to proto-
cols described by Bauer and colleagues.19

The sensitivity, specificity, positive and negative predictive val-
ues, and positive likelihood ratios of the hybrid capture II results
for the 4 specimen types were calculated, with the results of col-
poscopic examination (with directed biopsy as required) as the ref-
erence standard. Women with HSIL (CIN 2 or 3) or adenocarci-
noma in situ on histologic examination were regarded as having a
“positive” result, and all others (i.e., those with normal cervix on
colposcopy or low-grade squamous intraepithelial lesion [LSIL;
CIN 1] on biopsy) were regarded as having a “negative” result.
Exact methods were used to calculate confidence intervals (95%
CI) for proportions and relative risks. Logistic regression was used
to test for associations between risk factors and the presence of
squamous intraepithelial lesions and HPV. The probability of a
type I error (α) was set at 0.05 (2-tailed).

Results

Of the 300 women approached in the colposcopy clinic,
279 (93.0%) were eligible, and 245 (87.8%) of these agreed
to participate. Complete specimen sets (cervical specimen
obtained by the colposcopist, and vaginal, vulvar and urine
specimens obtained by the woman) and completed question-
naires were available for 200 women, and the analysis was
based on data for these subjects. Biopsies were performed for
161 (80.5%) of these women. HSIL (CIN 2 or 3) was identi-
fied in 57 (28.5%) of them, LSIL (CIN 1) in 24 (12.0%) and
adenocarcinoma in 1 (0.5%); the adenocarcinoma was
grouped with HSIL (CIN 2 or 3) for the analyses. The find-
ings were normal in the remaining 79 women who under-
went biopsy. Fig. 1 shows the flow of participants through
the study and the reasons for ineligibility and refusal.

On cervical cytologic examination, HSIL (CIN 2 or 3)
was found in 71 (35.5%) of the 200 women, LSIL (CIN 1)
in 54 (27.0%), atypical squamous cells of undetermined sig-
nificance in 74 (37.0%) and adenocarcinoma in 1 (0.5%).

The mean age of the 200 women was 31.5 (standard de-
viation [SD] 9.4) years, the mean age at first intercourse
17.2 (SD 2.6) years and the median number of lifetime
partners 5.0 (interquartile range 5.0). Most respondents
(151/191 [79.0%]) had completed high school, and slightly
more than half (106/195 [54.4%]) were living with a part-

ner. Approximately one-third of respondents (70/191
[36.6%]) reported current use of oral contraceptives, and
134 of 192 respondents (70.0%) had previously been preg-
nant. Approximately half (88/191 [46.1%]) were current
smokers and about one-fifth (40/191 [20.9%]) were past
smokers. A history of a sexually transmitted infection was
reported by 62 (36.9%) of 168 respondents.

The prevalence of HPV in the cervical samples obtained
by the physician was 62.5% (125/200). The accuracy of the
various methods of specimen collection for detecting HSIL
(CIN 2 or 3) is shown in Table 1. The sensitivity of cervi-
cal and vaginal specimens was 98.3% (57/58) and 86.2%
(50/58) respectively, and the specificity was 52.1% (74/142)
and 53.5% (76/142) respectively. The sensitivity of testing
for HSIL (CIN 2 or 3) was progressively lower and the
specificity progressively higher with increasing distance
from the cervix (vagina, vulva and urine in that order). The
likelihood ratios for a positive result with the hybrid cap-
ture II test for the cervical, vaginal, vulvar and urine sam-
ples were 2.1, 1.9, 1.7 and 1.5 respectively. Agreement
(kappa statistic) between the cervical specimens and the
vaginal, vulvar and urine specimens for the presence of
HPV was 0.76, 0.55 and 0.41 respectively.

Examination of associations between common risk fac-
tors and the presence of squamous intraepithelial lesions
and HPV, after adjustment for age (less than 30 years and
30 years or older), revealed a significant association be-
tween current cigarette smoking and a histologic diagnosis
of any grade of CIN (p = 0.04); there was also a significant
association between positive HPV test result and current
smoking (p < 0.01) and age at first intercourse (p = 0.03).

The distribution of each HPV type at the cervix, catego-
rized by histologic results, is shown in Table 2. Women
with HPV types 16 (relative risk [RR] 3.47, 95% CI
2.02–6.33) and 31 (RR 2.08, 95% CI 1.23–3.12) were signif-
icantly more likely to have HSIL (CIN 2 or 3) than women
who did not have either of these 2 HPV types. At least 1 of
6 carcinogenic types of HPV (16, 18, 31, 33, 35 or 58) was
detected in the cervical or urine specimen of 138 (69.0%) of
the 200 women; 103 (51.5% of the entire sample) had posi-
tive results for both specimens, 31 (15.5%) had a positive re-
sult only for the cervical specimen and 4 (2.0%) had a posi-
tive result only for the urine specimen. Multiple HPV types
were present in 16 (27.6%) of the 58 women with HSIL
(CIN 2 or 3), 4 (16.7%) of the 24 women with LSIL (CIN
1) and 11 (28.2) of the 39 women whose result was negative.

The sensitivity, specificity, and positive and negative pre-
dictive values of cervical cytologic examination for detecting
HSIL (CIN 2 or 3) were 77.6% (45/58), 81.0% (115/142),
62.5% (45/72) and 89.8% (115/128) respectively.

The prevalence of HPV was 90.3% (65/72) in women
with HSIL (CIN 2 or 3) on cervical cytology, 77.8% (42/54)
in women with LSIL (CIN 1) and 37.8% (28/74) in women
with atypical squamous cells of undetermined significance.

The self-sampling methods were generally more accept-
able: 126 (98.4%) of 128 women found the urine sampling
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acceptable, 118 (92.9%) of 127 found the vulvar sampling
acceptable, and 112 (88.2%) of 127 found the vaginal sam-
pling acceptable, whereas only 98 (79.0%) of 124 women
found cervical sampling by the physician acceptable. The
preference rankings indicated that the urine sampling
method was the most preferred (ranked first by 105
[89.7%] of 117 women), followed by the vulvar (ranked
second by 89 [76.7%] of 116 women), vaginal (ranked third
by 89 [77.4%] of 115 women) and cervical (ranked fourth
by 88 [77.2%] of 114 women) sampling methods.

Interpretation

In this survey of 200 women referred to a colposcopy
clinic, a positive HPV test result on vaginal swabs obtained

by the women themselves had 86.2% sensitivity for HSIL
(CIN 2 or 3), whereas the sensitivity of cervical brush sam-
ples obtained by physicians was 98.3%. Although the sensi-
tivity declined for specimens obtained progressively further
from the cervix, women’s perceptions of acceptability of the
method increased. A recent study using a previously un-
screened population of South African women 35 years of
age and older demonstrated the feasibility of clinic-based
self-sampling for vaginal HPV tests to predict high-grade
cervical lesions.16 The sensitivity and specificity for high-
grade lesions were 66.1% and 82.9% respectively. These
test indices may be misleading because of verification bias,
since women who had negative HPV test results were not
followed up for colposcopic assessment with the same in-
tensity as those who had positive HPV test results.

Sellors et al

516 JAMC • 5 SEPT. 2000; 163 (5)

Fig. 1: Flow of 200 women through recruitment and screening. The following values were used as the “gold standard” in calcu-
lating sensitivity and specificity: 58 women with high-grade lesions (high-grade squamous intraepithelial lesion [HSIL; cervical
intraepithelial neoplasia or CIN grade 2 or 3] or adenocarcinoma), 142 women without high-grade lesions (low-grade squa-
mous intraepithelial lesion [LSIL; cervical intraepithelial neoplasia or CIN grade 1], normal findings, no biopsy performed).

Women approached
n = 300   

Eligible to participate
n = 279

Agreed to participate
n = 245

21 excluded (8 did not speak English, 7 had
had a hysterectomy, 1 had been referred for a
vulvar lesion, 5 were pregnant)

Complete sample set
(vaginal, vulvar, urine,

cervical) available
n = 200

No biopsy (cervix normal
on colposcopy)

n = 39

Results
57 with HSIL (CIN grade 2 or 3)
1 with adenocarcinoma in situ

24 with LSIL (CIN grade 1)
79 with normal findings

45 samples were incomplete

34 refused to participate (13 were anxious or uncomfortable
about the study, 2 were unable to collect the samples because
of arthritis, 1 had no time, 18 gave no reason)

Biopsy or  endocervical
curettage
n = 161



High sensitivity for HSIL (CIN 2 or 3) is only one of the
requirements of a putative screening tool such as HPV test-
ing of self-obtained vaginal swabs. To use colposcopy ser-
vices efficiently, the positive predictive value must also be
adequate. Positive predictive value depends greatly on the
specificity of the screening test and the prevalences of HPV
and HSIL (CIN 2 or 3). The prevalence of HPV at the
cervix (62.5% by the hybrid capture II assay) was much
higher in our sample than in the general population, where

HPV is detected in 20% to 25% of younger women (35
years of age or younger) and 5% to 10% of older
women.18,20–22 HSIL (CIN 2 or 3) is estimated to be present
in about 1% of women in the general population,23 a much
lower prevalence than that of our sample (29.0%). Given
the high prevalence of HPV in our cohort, the specificity of
HPV testing was poor and the test generated at least one
false-positive result for each true positive in all types of
specimens. Research is required on the predictive values of

HPV testing of self-collected samples
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Table 1: Results of testing for human papillomavirus (HPV) by hybrid capture II assay for various types of specimens, relative
to colposcopic results (58 women with biopsy-proven high-grade lesion* and 142 women without a high-grade lesion†)

Type of lesion; no. positive
for HPV Test indices; value, % (and 95% confidence interval)‡

Specimen
HSIL LSIL Other§ Total Sensitivity for HSIL

Specificity for
HSIL

Positive
predictive value

Negative
predictive value

Cervical brush
  sample, collected
  by physician

57 18 50  125 98.3 (90.8–100.0) 52.1 (43.6–60.6) 45.6 (36.7–54.8) 98.7 (92.8–100.0)

Self-collected
  vaginal swab

50 19 47  116  86.2 (74.6–93.9) 53.5 (45.0–61.9) 43.1 (33.9–52.6)  90.5 (82.1–95.8)

Self-collected vulvar
  swab

36 17 36    89  62.1 (48.4–74.5) 62.7 (54.2–70.6) 40.4 (30.2–51.4)  80.2 (71.5–87.1)

Self-collected urine
  specimen

26 13 30    69  44.8 (31.7–58.5) 69.7 (61.5–77.1) 37.7 (26.3–50.2)  75.6 (67.3–82.7)

*Women in whom high-grade squamous intraepithelial lesion (HSIL; equivalent to cervical intraepithelial neoplasia grade 2 or 3) was diagnosed by cervical biopsy (n = 57) or
adenocarcinoma in situ was diagnosed by histologic examination (n = 1).
†Women in whom cervical biopsy did not lead to diagnosis of HSIL and women who did not undergo biopsy.
‡Example calculation of test indices for the physician-collected cervical brush samples: total number positive for HPV = 125; total number negative for HPV = 200 – 125 = 75. Sensitivity: Of
the 58 women with HSIL, 57 were positive for HPV; sensitivity = 57/58 = 98.3%. Specificity: Of the 142 women without HSIL, 68 were positive for HPV (column 5 – column 2) and 74 (142 –
68) were negative for HPV; specificity = 74/142 = 52.1%. Positive predictive value: Of the 125 women who were positive for HPV, 57 had HSIL; positive predictive value = 57/125 = 45.6%.
Negative predictive value: Of the 75 women who were negative for HPV, 74 did not have HSIL = 74/75= 98.7%. Likelihood ratio (positive) is calculated as (sensitivity/(1 – specificity)
(98.3/(100 – 52.1) = 2.1
§Women (n = 118) in whom biopsy indicated no squamous intraepithelial lesion and women with a normal cervix on colposcopy.

Table 2: Frequency of HPV genotypes detected in cervical specimens,* according to
results of cervical biopsy

Biopsy result; no. (and %) of participants

HPV type
HSIL†
n = 58

LSIL
 n = 24

Negative result
on biopsy‡

n = 79

Biopsy not
done

n = 39

Moderate to high risk

16      44 (76)       9 (38)       28 (35)        14 (36)
18        5   (9)       6 (25)       11 (14)          5 (13)
31      16 (28)       3 (12)         5   (6)          7 (18)
33        3   (5)       1   (4)         3   (4)          0
35        0       0         2   (2)          0
58        0       1   (4)         0          0
39, 45, 51, 52, 56, 59, 68        0       0         0          0
Low risk
6      10 (17)       1   (4)         8 (10)          8 (20)
11        1   (2)       2   (8)         2   (2)          0
42        0       0         0          8 (20)
53        2   (3)       0         0          0

*Several cervical samples had more than one HPV type detectable by polymerase chain reaction; thus, the sum of the number of
positive cases for each type of HPV exceeds the total number of lesions.
†Includes one woman with adenocarcinoma in situ.
‡Negative for squamous intraepithelial lesion or cancer.



HPV testing for self-obtained specimens in a general popu-
lation if conclusions are to be drawn about the value of
HPV testing of self-obtained or physician-obtained speci-
mens for screening. The accuracy of repeat cervical cyto-
logic examination at colposcopy was higher than would be
expected in a screening situation24 and was probably a reflec-
tion of selection bias, since all of the women in the study
had been referred because of abnormal cytologic results.

In our sample, HPV types 16 and 31 were the most
prevalent and conferred the highest risk for HSIL (CIN 2
or 3). This result is consistent with the results of other stud-
ies showing that these types are associated with high risk for
HSIL (CIN 2 or 3).25 Koutsky and colleagues26 found that
the relative risk for HPV type 16 or 18 (compared with
women who had no HPV) was 11.

A global effort to improve prevention of cervical cancer,
especially in developing countries, is worthwhile because a
large proportion of deaths and disability occur during the
most productive years of life and these adverse consequences
are associated with substantial personal, social and economic
losses.4 Given that the accuracy of the Pap smear is far from
perfect24 and that a cytology screening program is not feasi-
ble in many developing countries, there is a need to rigor-
ously evaluate promising alternatives to cytologic screening.
For example, a comparison of HPV testing of self-collected
specimens with visual inspection of the cervix after applica-
tion of acetic acid4 could be expected to reveal potential ad-
vantages and disadvantages to both approaches, such as test
cost, predictive values, accessibility, acceptability, need for
equipment and need for highly trained personnel. In our
study, self-sampling for HPV testing detected most cases of
HSIL (CIN 2 or 3), but it was impossible to make any infer-
ences about predictive values in a screening population. Fur-
ther research is needed on whether HPV testing of self-ob-
tained specimens could form the basis of cervical cancer
prevention programs in developing countries and in other
locations where access to cervical cytology services is limited.
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