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Background: Detection of HPV DNA using a self-collection kit in the home setting could provide a
simple, less-invasive method for cervical cancer screening. In this feasibility study, we examined the rates of
HPV DNA detection with tampons collected at home as compared to clinician obtained cervical swabs.
Methods: A total of 120 participants were recruited by street outreach and letters and randomly assigned to
either a Self-collection Arm or a Clinic Arm. Participants in the Self-collection Arm collected the sample at
home using a tampon, followed by a clinic visit for Pap testing with clinician-sampling via cervical swab and
pelvic examination. Participants in the Clinic Arm had a clinic visit for Pap testing with clinician-sampling
via cervical swab and pelvic examination. Both home samples and clinician obtained cervical samples were
tested for HPV DNA and the sensitivity and specificity of HPV testing via tampon with samples collected in
the home were calculated.

Results: The percentage of tampon samples returned was 80.0% (48/60), which was significantly higher
than attending of clinic visits (56.7%, 34/60). A valid HPV test was seen more often in clinician-obtained
samples (34/34, 100%) as compared to self-collected samples (35/48, 72.9%). Logistic regression showed that
invalid HPV testing may be related to longer interval between sample collection to sample receipt (P=0.08)
but this did not reach statistical significance. However, there was no difference in the detection rates between
the two Arms (58.3% wvs. 56.7%) if only adequately collected samples were compared. Only 23 subjects
in the Self-collection Arm had both the tampon sample and clinic sample collected, and HPV testing from
the self-collected samples showed high sensitivity (100%) and specificity (94.1%) as compared to any HPV
positive results with clinic sample as the reference test.

Conclusions: When collected and transported properly, self-collection with a tampon compared favorably
to a clinical-obtained cervical swab for HPV testing. While home sampling for HPV could be an alternative
to clinic-based testing for hard to reach women, more research is needed to improve the validity of HPV

testing with the self-collected tampon sample.
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Introduction

Cervical cancer is a highly preventable disease with regular
screening and detection and removal of precancerous
lesions. The Pap test was developed in the 1920’ for
detection of precancerous and cancerous cells of the cervix,
but did not begin becoming widely used as the first cancer
screening test until the 1960’. Prior to widespread use of
the Pap test, cervical cancer was the leading cancer cause of
death of women in the U.S; cervical cancer is now reduced
to not even being in the top ten (1).

The Pap test is known to have a high specificity for
detection of high-grade cervical intraepithelial neoplasia
and cancer at around 96%, but a much lower sensitivity at
around 50%, potentially leaving many lesions undetected.
However, a comparison of multiple studies in North
American and Europe have demonstrated the high
variability in sensitivity, with lower sensitivity increasing the
proportion of cancers occurring in women assumed to be
adequately screened (2).

The HPV DNA test looks for oncogenic types of
human papillomavirus (HPV) that cause almost all cases
of cervical cancer. The HPV test has been shown to have
better efficacy to find early and advanced cervical cancers
as compared to Pap testing in several studies (3,4). In 2012,
HPV testing was incorporated in addition to the Pap test in
the new screening guidelines for the prevention and early
detection of cervical cancer in the United States. Among
women at average risk (no HIV infection, organ transplant,
DES exposure, etc.), the American Cancer Society
recommends screening with Pap test alone every 3 years for
women 21 to 29 years of age, and the preferred screening
method for women 30 to 65 is HPV and Pap “co-testing”
every 5 years (5).

Studies have demonstrated that HPV testing is
slightly less specific than Pap testing (90.75), but its high
reproducibly and ease of monitoring reduces the variability
in its high sensitivity (96.1%) in detecting CIN2+. This
high sensitivity suggests that the HPV test could be used as
the primary test with Pap testing reserved as follow-up for
those who are positive (2).

In 2014, the Food and Drug Administration (FDA)
approved the use of one HPV DNA test (Cobas HPV test,
Roche Molecular Systems, Inc.) as a first-line primary
screening test for use alone for women age 25 and older (6).
In the study that led to this approval, Pap and HPV testing
were undertaken on 42,209 eligible women, and women
with a positive finding in either test were referred for

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Williams et al. HPV Self-collection

colposcopic evaluation. Results showed HPV primary
screening in women >25 years was as effective as a hybrid
screening strategy that uses Pap testing if 25-29 years and
co-testing if >30 years (7). HPV testing alone could replace
Pap testing for cervical cancer screening among women
>25 years, reducing the overall numbers of tests and cost of
testing.

However, there are still many potential barriers to
adherence to cervical cancer screening under current
guidelines or using HPV DNA detection alone. Both of
these methods require a clinic visit. While adherence to
cervical cancer screening guidelines are generally high
in the U.S. (83%), this percentage decreases for lower-
income women (8). Further, a recent study indicates that
the majority of women in the U.S. 45-64 years of age do
not obtain care from a gynecologist which could further
decrease adherence to screening guidelines that would
require a clinic visit (9). Reasons such as lost time from
work, lack of transportation or childcare, lack of health care
coverage, lack of knowledge, or embarrassment are barriers
to clinic-based testing and therefore adherence to cervical
cancer screening guidelines (10-12). Self-sampling at home
may be an ideal way to overcome the above barriers to
cervical cancer screening, and several studies have shown
self-sampling to be preferred by more women which could
increase the screening rate (13-15).

In this prospective randomized study, accuracy and
validity of HPV testing with a sample self-collected with a
tampon were observed. To our knowledge, this is the first
study to explore the performance of HPV testing with self-
collecting at home with a tampon in randomized controlled
trial. Home testing via methods such as this can assist with
overcoming barriers seen in clinic-based testing.

Methods
Participants and recruitment

A total of 120 subjects were randomly assigned to the Self-
collection Arm or Clinic Arm equally, from October 2012
to May 2015. The participants were recruited from three
medically underserved neighborhoods in New Orleans
(Treme, Central City, and Hollygrove) and from the
Louisiana Breast and Cervical Cancer Health Program
(LBCHP), which provides screening for low-income,
uninsured women. Eligible participants were women living
in the identified areas or who were previous participants in
LBCHP, who were 21 years of age and over, had not had

Tirans! Cancer Res 2016;5(Suppl 5):S993-S999



Translational Cancer Research, Vol 5, Suppl 5 October 2016

a hysterectomy, were English speaking, and were at least
1 year past their last Pap test. At the time this study was
proposed, annual screening was still considered appropriate
and given the self-report of last Pap test and lack of medical
history on participants, was continued throughout the study.
Potential participants who had a history of gynecologic
cancer or toxic shock syndrome, or were currently pregnant
were not eligible. The study was approved by the LSU
Health-New Orleans institutional review board and
informed consent was obtained from all participants.

Procedures in the Self-collection Arm

Participants in the Self-collection Arm were given a kit
which contained two tampons, a small pouch of personal
lubricant, one plastic tube, one absorbent paper, one piece
of bubble wrap, one biologics bag, an instruction sheet, a
patient identification card, and a pre-addressed stamped
postal service approved mailer, and instructions were
reviewed with the participant by the Outreach Worker.
Instructions for the self-collecting were as follows: the
participants should abstain from vaginal intercourse for
24 h prior to performing the test; participants should
not complete the testing if they were experiencing their
menses, but postpone testing until 3 days after menses have
ceased; tampon should be inserted and left in place for
2 h. After removing by only touching the string, the tampon
should be placed in the plastic tube which is then wrapped
in the absorbent paper and bubble wrap and placed in the
biologics bag following postal regulations. The participant
was instructed to complete the identification card, which
was prepopulated with the study identification number, to
indicate date of collection. The participant was instructed to
place the bag and the patient identification card in the pre-
stamped and addressed fiberboard mailer and to mail back
to the investigators within 24 h of removing the tampon.
Participants who did not return the tampon were contacted
up to two times to remind before being categorized as non-
adherent.

To process the tampons, the tampon was placed in the
barrel of 60 mL syringe, 10 mL of PreservCyt (Cytyc) were
added to the tampon, and the fluid extracted by passing
through the syringe. The fluid was then tested for HPV
types 16 and 18 and high-risk HPV (31, 33, 35, 39, 45,
51, 52, 56, 58, 59, and 68) using the Roche Cobas system
using similar mechanisms as for routine reflex Pap testing
at the pathology laboratory of the Interim LSU Hospital.
Standard laboratory practices were used to insure accuracy
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of measures.

After the sample was received, participants in this arm
were contacted to complete a satisfaction survey and to
arrange a clinic visit for a Pap test, HPV test, and pelvic
exam in the gynecology clinic. Participants were offered
$25 gas cards to assist with transportation. Participants with
abnormal results on any of the clinic tests were contacted to
arrange for follow-up testing and subsequent treatment if
needed.

Procedures in the Clinic Arm

Participants in the Clinic Arm were assisted by Community
Health Workers in obtaining an appointment for a Pap
test, HPV test, and pelvic exam in the gynecology clinic.
Participants were offered $25 gas cards to assist with
transportation. After completion of clinic testing, the
participants were administered a brief satisfaction survey.
Participants who did not attend the scheduled clinic visit
were contacted up to two times to reschedule before being
categorized as non-adherent. Participants with abnormal
results on any of the clinic tests were contacted to arrange
for follow-up testing and treatment if needed.

Statistical analysis

Z-test was used to compare compliance as well as detection
rate in the two arms. Sensitivity and specificity of self-
collected samples were calculated with HPV testing from
clinic samples as the reference test. Logistic regression was
conducted to analyze the association between test validity
and age, tampon use history, days between sample collection
and sample receipt (ColtoRec), and days between sample
receipt and sample test (RectoTest). Fisher’s exact test was
employed for comparing the ColtoRec between the valid
and invalid sample groups. Analyses were performed using
SAS 9.4.

Results

From October 2012 to May 2015, 120 subjects were
randomly assigned to the Self-collection Arm or Clinic
Arm, 60 each. As shown in Table 1, overall participants
were primarily African American (82.8%), unemployed or
employed only part-time (64.2%), and with incomes less
than $25,000 (62.5%). The two arms were comparable in
age, tampon use history, last Pap test, abnormal Pap history,
ethnicity, employment, education level, and household
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Table 1 Participant demographics

Characteristic

Self-collection Clinic Arm
Arm (n=60) (%) (n=60) (%)

Age

21-29 years

30-49 years

50-64 years
Race

African American

White

Refused to answer
Tampon use

No

Yes

Refused to answer
Last pap test

>12 months to <3 years

3 to <5 years

5years +

Refused to answer
Abnormal pap

No

Yes

Don’t know/refused to answer
Employment

No employment

Full time

Part-time

Disabled, student, retired, other

Refused to answer
Education level

Less than high school

Completed high school or
vocational school

Some college

Completed college or above

Refused to answer
Household income

<$5,000

$5,000-14,999

$15,000-24,999

$25,000+

Refused to answer

Don’t know

8(13.3) 9 (15.0)
18 (30.0) 18 (30.0)
34 (56.7) 33 (55.0)
48 (80.0) 48 (80.0)
7 (11.7) 9 (15.0)
5 (8.3) 3(5.0)
7(11.7) 13 (21.7)
51 (85.0) 45 (75.0)
2(3.3) 2(3.9)
50 (83.3) 49 (81.7)
3 (5.0) 46.7)
5(8.3) 5(8.3)
2(3.3) 2(3.3)
38 (63.3) 39 (65.0)
18 (30.0) 18 (30.0)
46.7) 3(5.0)
23 (38.3) 30 (50.0)
14 (23.3) 15 (25.0)
15 (25.0) 9 (15.0)
5 (8.3) 4(6.7)
3(5.0) 2(3.3)
12 (20.0) 13 (21.7)
13 (21.7) 16 (26.7)
21 (35.0) 20 (33.3)
12 (20.0) 8(13.3)
2(3.3) 3 (5/0)
16 (26.7) 23 (38.3)
10 (16.7) 7 (11.7)
11 (18.3) 8(13.3)
46.7) 10 (16.7)
15 (25.0) 8 (13.3)
46.7) 4(6.7)
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Table 2 Comparison of compliance by group

Compliance Non-compliance

A Total (9
rm (%) %) otal (%)
Self-collection 48 (80.0)* 12(20.0) 60 (100.0)
Clinic 34 (56.7) 26 (43.3) 60 (100.0)
*, P<0.01.
income.

The analysis of test compliance was performed and
results are shown in 7able 2. Forty-eight (80.0%) out of 60
subjects in the Self-collection Arm returned tampons in
the proper packaging with identification card, while only
34 (56.7%) out of 60 subjects in the Clinic Arm presented
at the clinic for testing. Z-test showed that self-collection
compliance is significantly higher than clinic compliance
(P<0.01).

Detection rate with self-collection samples

In this study, 35 out of 48 subjects who returned tampons
were positive for beta-globin (detection of human DNA,
an indication that the tampon contacted human tissue).
Thirteen tests from the self-collected samples were reported
as “invalid” by the lab for lack of beta-globin and were
therefore inadequate samples. Based on the beta-globin test,
the rate of adequate samples with self-collecting was 72.9%
(35/48). The total adequate sample rate for all participants
in the Self-collection Arm was 58.3% (35/60), which was no
different from the number of adequate samples in the Clinic
Arm (56.7%, 34/60) (1able 3). Therefore, although there
was a significantly increased compliance for self-collection
compared to clinic testing, when the ability to detect DNA
on the received samples is considered, the adequate sample
rate is not different.

The association of an invalid result from self-collected
samples with other factors was analyzed. As shown in
Table 4, age, race, tampon use history, and the season in
which the sample was collected were not related to an
adequate sample being collected. However, when the
samples were stratified by the number of days from the
date of collection indicated on the identification card to the
date received by the lab (<5 days—short interval, >5 days—
long interval), the adequate sample rate in the short interval
group was 85.71% versus 56.52% in the long interval
group. This difference approaches significance using Fishers
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Arm Adequate sample received (%) No adequate sample received* (%) Total (%)
Self-collection 35 (58.3) 25 (41.7) 60 (100.0)
Clinic 34 (56.7) 26 (43.3) 60 (100.0)
*P=0.086, includes no sample received and sample received but not adequate for testing.
Table 4 Comparison of subject characteristics in adequate and inadequate samples in the self-collection arm
Characteristics HPV invalid (N=13) HPV valid (N=35) P value
Age (years) 48.2+11.2 46.3+12.9 0.65
Tampon use history (%) 1.00
No 1(25.00) 3 (75.00)
Yes 12 (28.57) 30 (71.43)
Race (%) 0.66
AA 12 (30.00) 28 (70.00)
Other 1(16.67) 5(83.33)
Collection to reception (%) 0.08
<5 days 2 (14.29) 12(85.71)
>5 days 10 (43.48) 13 (66.52)
Months (%) 0.67
Jan-Mar 6 (37.50) 10 (62.50)
Apr-Jun 3 (42.86) 4 (57.14)
Jul-Sep 2 (25.00) 6 (75.00)
Oct-Dec 1(14.29) 6 (85.71)

exact test (P=0.08).

When the number of days from the date of collection
as indicated on the identification card to receipt of test was
further analyzed with logistic regression, it showed that the
inadequate sample result was close to being significantly
associated with the long interval (P=0.08) based on a
significance level of 0.05. The odds of having an inadequate
sample in the long interval group was 4.62 times of the
odds in the short interval group, odds ratio 4.62 (95% CI,
0.84-25.49).

Sensitivity and specificity of HPV test with self-collected
samples

In our study, of the 48 women returning the self-collected
sample, 34 attended the clinic visit. Only one participant
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that did not return the self-collected sample attended the
clinic visit. Of the 35 women returning tampons that had
valid HPV results, 23 participants completed the clinic visit
as well and therefore had paired HPV results from both
self-collected and clinic samples. As shown is Table 5, with
the HPV result from clinic sample as the reference test,
the sensitivity of HPV in self-collected sampling was 100%
(6/6), specificity was 94.1% (16/17), positive predictive
value was 85.7% (6/7), and negative predictive value is
100% (16/16). Kappa test shows there is a strong agreement
in test results between self-collected and clinical sample
(Kappa=0.89 with 95% CI, 0.69-1.00).

Conclusions

Self-collection for cervical cancer screening has been
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Table 5 Sensitivity and specificity of self-collected HPV tests

Clinical HPV
Tampon HPV

Positive Negative Total
Positive 6 1 7
Negative 0 16 16
Total 6 17 23

shown to be highly acceptable among women (16). The
procedure for self-collection is very easy: a kit for self-
collection and return to a testing laboratory. Women may
prefer this test because it is less painful, less embarrassing,
and less stressful (17). Self-collection especially benefits
those who are at high-risk of cervical cancer and non-
adherent to regular office-based screening (18).

Self-collected samples in our study had very good
sensitivity and specificity, when compared to a clinic sample.
While the compliance with returning the self-collected
samples was significantly higher than compliance with
attending clinic visits, the percentage of inadequate samples
was 27% in the Self-collection Arm and 0% in the Clinic
Arm. This resulted in an overall adequate sample rate that
was not different between the two arms (58.3% vs. 56.7%).
We analyzed the possible reasons for the inadequate HPV
tests in self-collected samples. Age or tampon use history
were not related. The relationship between adequate
samples and less than 5 days between sample collection
and receipt of sample by the lab approached significance
(P=0.08). Analysis of the time of year that the sample
was mailed revealed no association between average
temperatures and inadequate samples. If exposure to heat
had been a factor in DNA degradation, one would have
expected more inadequate samples in the summer months,
which was not the case.

While the exact reason for the association between
length of time from collection to receipt of specimen is not
clear, only 37 of the 48 self-collected samples received had
indicated collection date on the ID card. A larger sample
size could help answer this question. The negative beta
globin tests would support the hypothesis that the tampons
were not inserted at all or for very long, but how this would
be related to the longer interval between self-collection and
receipt by lab is unclear.

While the study is limited by a relatively small sample
size, it showed that self-collected samples had similar test
results as clinic samples, and the accuracy of the result from
self-collected samples was very good. Around 27% of self-
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collected samples were inadequate for testing, which was
shown to possibly be related to longer intervals between the
time reported for sample collection and the time the sample
was received by the lab. The reason for this association is
unclear, but could be related to a failure to follow instructions.

Home-sampling for HPV has potential to overcome
many of the barriers to clinic testing in high risk women
who are unable to adhere to screening recommendations.
This approach would also allow health care providers to
focus limited resources on the hard to reach women with
positive test results rather than on the entire population.
The tampon is an inexpensive method and is widely
recognized by women. However, further study is needed
to determine the reason for the high number of inadequate
samples with self-collection.
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