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Abstract

Background: We compared women’s acceptability of urine and cervico-vaginal sample self-collection for high-
risk (oncogenic) human papillomavirus (hrHPV) testing and assessed whether acceptability varied across
racial/ethnic groups.
Methods: As part of a test accuracy study of urine-based hrHPV testing, we recruited a convenience sample of
women 25–65 years of age at two colposcopy clinics in North Carolina between November 2016 and January
2019. After self-collection of urine and cervico-vaginal samples, women completed a questionnaire on the
acceptability of the sample collection methods. We coded open-ended questions inductively. All results are
presented stratified by racial/ethnic group.
Results: We included 410 women (119 Hispanic, 115 non-Hispanic Black, 154 non-Hispanic White, and 22
women with other racial identities). Most women (79%, 95% confidence interval [CI] = 76%–83%) had positive
feelings about urine-based hrHPV testing. Women generally preferred urine (78%, 95% CI = 74%–82%) over
cervico-vaginal self-collection (18%, 95% CI = 14%–22%), but the degree differed by racial/ethnic group,
increasing from 75% in non-Hispanic Black to 82% in Hispanic women ( p = 0.011). Most women reported at
least one positive aspect of urine (89%) and cervico-vaginal self-collection (85%) for hrHPV testing with the
most common positive aspect being easy sample collection, although 16% of women were concerned about
performing the cervico-vaginal self-collection correctly.
Conclusions: Self-collection for hrHPV-based cervical cancer screening is highly acceptable to women across
different racial/ethnic groups in the United States, and most women in our study would be more likely to attend
future cervical cancer screening appointments if screening were urine based. Urine-based hrHPV testing is a
promising approach to improve cervical cancer screening coverage.
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Introduction

Invasive cervical cancer (ICC) is among the most
common cancers in women worldwide,1 although regular

screening allows for detection and treatment of cervical

lesions before malignant transformation occurs. In recent
years, testing for high-risk (oncogenic) human papilloma-
virus (hrHPV) infection has emerged as a new cervical
cancer screening method. The US Preventive Services Task
Force (USPSTF) now endorses primary hrHPV testing or
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a combination of Pap and hrHPV testing (co-testing) every
5 years for cervical cancer screening of women at age
30–65 years.2

Not all population groups, however, benefit equally from
cervical cancer screening programs. Within the United
States, ICC incidence and mortality rates are higher among
racial and ethnic minority women compared with White
women.3 The vast majority of women who develop ICC
have been underscreened.4–6 Lower socioeconomic status is
associated with lower cervical cancer screening rates, partly
because of resource-related barriers, including the cost of
screening, inadequate transportation, and inflexible working
hours.7,8 Other barriers to cervical cancer screening com-
monly experienced by racial and ethnic minority women
include linguistic barriers, low health literacy, and lack of
knowledge.9,10 Culturally tailored interventions led by
community health workers have been used to improve cer-
vical cancer screening rates among racial and ethnic mi-
nority women.11,12 However, some women remain reluctant
to undergo a gynecological examination to obtain the cer-
vical specimen required for Pap or hrHPV testing owing to
fear of pain and embarrassment.8,13 High-risk HPV testing
on self-collected specimens such as cervico-vaginal brushes
or swabs and urine could be an attractive alternative for
these women, given that urine and cervico-vaginal sample
self-collection can reliably be done by women themselves in
clinical settings or at home.14,15

It is increasingly recognized that self-collected samples are
a feasible and accurate option to test for hrHPV or other
sexually transmitted infections such as Chlamydia tracho-
matis or Neisseria gonorrhea.16–19 A recent meta-analysis
found self-collected cervico-vaginal sampling for PCR-based
hrHPV testing to be as sensitive as on provider-collected
sampling for the detection of cervical intraepithelial neo-
plasia grade 2 or higher (CIN2+).20 Data on the accuracy of
urine-based hrHPV testing are more limited, but several
studies have found a reasonable sensitivity for detection of
CIN2+.14,17,21–24 In comparison studies, women generally
prefer self-collection to sample collection by a health care
provider.25–29 Most acceptability studies to date have focused
on self-collected cervico-vaginal brushes or swabs for hrHPV
testing.26,30–32 The few studies that have compared accept-
ability of self-collection of urine and cervico-vaginal samples
for hrHPV testing suggest that women might prefer urine-
based hrHPV testing to self-collected cervico-vaginal bru-
shes or swabs.28,29,33 However, none of these studies assessed
whether preference for urine-based testing varied by racial
and ethnic groups. As part of a study on test accuracy of
urine-based hrHPV testing,34 we compared the acceptability
of self-collection of urine and cervico-vaginal samples for
hrHPV testing and assessed whether women’s reactions to the
sample collection methods differed across racial and ethnic
groups.

Methods

Study population

Between November 2016 and January 2019, we recruited
a convenience sample of women 25–65 years of age who
attended colposcopy clinics at the University of North
Carolina (UNC) Women’s Hospital or Duke University
Hospital. Women were eligible for participation in the study

if they underwent colposcopy because of abnormal cytology
results, infection with HPV subtypes 16 or 18, had a per-
sistent infection with other hrHPV subtypes, or were treated
for CIN2+. We also invited women to participate in the
study who were both negative for intraepithelial lesion or
malignancy (NILM) on cytology and positive for hrHPV
subtypes other than 16 or 18. In this group, colposcopy was
performed for study purposes and not as part of routine
clinical care because current guidelines of the American
Society for Colposcopy and Cervical Pathology (ASCCP)
do not recommend immediate referral for colposcopy for
these women.35

We identified potentially eligible women by reviewing
electronic medical records and inviting them through phone
or during a clinic visit to participate in the study. Women
without a cervix and pregnant women were excluded; in
addition, women who were referred to colposcopy for study
purposes were excluded if they were taking anticoagulants.
Written informed consent was obtained from all participants
(including ‘‘research only’’ participants who underwent a
nonindicated colposcopy), and the study was approved by the
Institutional Review Boards of UNC and Duke University.

Study procedures

Participating women received comprehensive verbal and
written information concerning the study procedures (in-
cluding sample self-collection) in English or Spanish, based
upon their preference. Women provided two urine samples,
one sample from the initial stream (*20 mL) and a second
from the midstream (up to 100 mL), and they self-collected a
cervico-vaginal swab using a Viba brush (Rovers Medical
Devices BV, The Netherlands). Women inserted the brush to
the top of the vaginal canal and rotated it five times before
they removed the brush and released the brush head into a
preservative liquid-based cytology media (ThinPrep; Holo-
gic, Inc., Bedford, MA). After self-collection of samples,
women were handed a questionnaire capturing information
on the acceptability of the different sample collection
methods as well as demographics and medical history. Wo-
men then underwent a gynecological examination during
which a health care provider collected a cervical scrapping
for hrHPV testing using a brush-like device (Wallach Pap-
ette; Wallach Surgical Devices, Trumbull, CT) and per-
formed colposcopy. Loop electrosurgical excision procedure
was performed when clinically indicated. At the end of the
visit, women received a gift card for their study participation.

Acceptability questionnaire

The acceptability questionnaire collected data on socio-
demographics and medical history. Furthermore, it contained
both closed-ended and open-ended questions concerning
women’s attitudes toward urine self-collection, cervico-
vaginal self-collection, and provider collection of cervical
samples, and concerns and suggestions for improvements.
Overall, the questionnaire contained 36 items and required
*15 minutes for completion. To assess overall attitude to-
ward urine and cervico-vaginal self-collection methods, we
asked whether women’s feelings were ‘‘mostly positive,’’
‘‘neutral,’’ or ‘‘mostly negative.’’ We also asked women
which of the two self-collection methods they preferred. In
open-ended questions, we asked what women liked and did
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not like about the two self-collection methods, what concerns
they had about self-collection, and what suggestions they had
to improve these methods. Furthermore, we made a post hoc
addition to ask the last 333 women which type of sample
collection they would choose for future hrHPV testing, and
whether they were more or less likely to attend their next
recommended cervical cancer screening appointment if the
hrHPV test was based on urine self-collection.

Statistical analyses

Women who participated in a study on test accuracy of
urine-based hrHPV testing34 were eligible for inclusion in
this analysis of the acceptability of sample self-collection for
hrHPV-based cervical cancer screening. Women who com-
pleted the acceptability questionnaire and provided both ur-
ine and self-collected cervico-vaginal samples were
included. We used descriptive statistics to assess socio-
demographic and medical characteristics of included women.
We coded responses to open-ended questions inductively and
summarized emerging likes, dislikes, concerns, and sugges-
tions regarding self-collection using descriptive statistics.
For acceptability results, we report percentages of women
giving a specific answer with 95% confidence intervals (CIs).
All results were stratified by racial/ethnic group. We used
Fisher’s exact test to examine whether acceptability of self-
sampling significantly differed by racial/ethnic group. Sta-
tistical significance was set at a level of p < 0.05. We used
McNemar’s test to assess whether the percentage of women
having positive feelings about urine self-collection differed
from the percentage of women having positive feelings about
cervico-vaginal self-collection.

Results

Study population

Of 413 women eligible for the diagnostic test accuracy
analysis,34 410 women completed the acceptability ques-
tionnaire and provided both urine and self-collected
cervico-vaginal sample. The study population consisted of
119 Hispanic, 115 non-Hispanic Black, 154 non-Hispanic
White, and 22 women with other racial identities. The me-
dian age was 37 years (interquartile range [IQR] = 31–46
years) and similar across racial/ethnic groups (Table 1). The
majority of Hispanic women (n = 60, 53%) and non-
Hispanic White women (n = 68, 45%) were married or lived
with a partner, whereas most non-Hispanic Black women
were single (n = 61, 56%). Overall, 25% of participants were
college graduates (n = 98), but this percentage increased
from 7% in Hispanic women to 39% in non-Hispanic White
women. Among Hispanic women, 77% were without health
insurance coverage, whereas only 21% of non-Hispanic
Black and 25% of non-Hispanic White women were unin-
sured. The vast majority of non-Hispanic White (82%) and
Black (61%) women were comfortable using tampons,
compared with 26% of Hispanic women.

Acceptability of urine and cervico-vaginal
sample self-collection

Most women (79%, 95% CI = 76%–83%) had positive
feelings about urine self-collection for hrHPV testing
(Table 2). The feelings toward urine self-collection did not

significantly differ across racial/ethnic groups ( p = 0.169)
with 81% (95% CI = 74%–88%) of Hispanic women, 81%
(95% CI = 74%–89%) of non-Hispanic Black women, 78%
(95% CI = 72%–85%) of non-Hispanic White women, and 70%
(95% CI = 50%–90%) of women with other racial identities
reporting positive feelings. The percentage of women having
positive feelings about cervico-vaginal brush self-collection
(68%, 95% CI = 64%–73%) was significantly lower than for
urine self-collection (79%, p < 0.001). Feelings about cervico-
vaginal brush self-collection did not vary across racial/ethnic
groups with 71% (95% CI = 63%–79%) of Hispanic women,
69% (95% CI = 60%–77%) of non-Hispanic Black women,
69% (95% CI = 61%–76%) of non-Hispanic White women, and
45% (95% CI = 25%–66%) of women with other racial identi-
ties reporting positive feelings ( p = 0.213). Overall, most wo-
men preferred urine (78%, 95% CI = 74%–82%) over cervico-
vaginal brush self-collection (18%, 95% CI = 14%–22%), but
the degree to which women preferred urine self-collection
differed by racial/ethnic group ( p = 0.011). The preference for
urine-based hrHPV testing ranged from 75% (95% CI = 67%–
83%) among non-Hispanic Black and 77% (95% CI = 70%–
83%) among non-Hispanic White to 82% in both Hispanic
women (95% CI = 75%–89%) and women with other racial
identities (95% CI = 66%–98%; Fig. 1).

Among the 333 women asked, 70% (95% CI = 64%–
75%) preferred urine self-collection for future hrHPV
testing over brush self-collection (20%, 95% CI = 15%–
25%) and provider-based sample collection (10%, 95%
CI = 7%–14%). Across all racial/ethnic groups, urine self-
collection was strongly preferred for future hrHPV testing,
but the percentage of women favoring urine self-collection
varied, ranging from 63% (95% CI = 39%–82%) among
women with other racial identities to 73% (95% CI = 63%–
80%) among non-Hispanic White women ( p = 0.029).
Among Hispanic and non-Hispanic Black women brush
self-collection and provider-based sample collection were
similarly popular for future hrHPV testing. In contrast,
among non-Hispanic White women, brush self-collection
(25%, 95% CI = 17%–34%) was clearly preferred over
provider-based sample collection (3%, 95% CI = 1%–9%).
The majority of Hispanic (85%, 95% CI = 77%–93%), non-
Hispanic Black (85%, 95% CI = 78%–93%), and non-
Hispanic White women (73%, 95% CI = 65%–81%) stated
that they were more likely to attend the next cervical cancer
screening appointment if it was based on urine self-
collection. Only 2% of women reported that they would be
less likely to attend cervical cancer screening if it was based
on urine self-collection (Table 2).

The vast majority of women reported at least one positive
aspect of urine (89%) and cervico-vaginal self-collection
(85%) for hrHPV testing. Overall, the most frequently re-
ported positive aspects were that urine and cervico-vaginal
self-collection were easy to conduct (Table 3). However,
whereas 64% of non-Hispanic White women stated that
urine and cervico-vaginal self-collection were easy to do,
this was less common among Hispanic women (37% for
urine, 24% for cervico-vaginal self-collection). About half
of participants reported no dislikes of the urine (54%) and
the cervico-vaginal self-collection (47%) for hrHPV testing,
with non-Hispanic Black women being the most likely to
report no dislikes of the urine (63%) and the cervico-vaginal
self-collection (57%). The most frequently reported dislikes
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of the urine self-collection were urine cup-related issues
(18%) and the test being unhygienic (8%). Participant dis-
likes related to urine cups included ‘‘having to coordinate
peeing in a small cup’’ and ‘‘trying to get it to the right
[measurement] line.’’ More non-Hispanic White (15%) than
Hispanic (3%) and non-Hispanic Black women (3%) felt

that urine collection was unhygienic. The most frequently
reported dislikes of the cervico-vaginal self-collection were
that the sample collection was difficult to perform (19%)
and uncomfortable (17%). Participants reported difficulties
as ‘‘taking [the] brush off the stick’ and being ‘‘unsure if
[the brush] was far enough inside.’’

Table 1. Baseline Characteristics of 410 Participating Women

Total (N = 410) Hispanic (n = 119)
Non-Hispanic
black (n = 115)

Non-Hispanic
white (n = 154) Other* (n = 22)

Patient group
Colposcopy clinic 341 (83) 116 (97) 82 (71) 125 (81) 18 (82)
Research only 69 (17) 3 (3) 33 (29) 29 (19) 4 (18)

Age (years),
median (IQR)

37 (31–46) 37 (32–43) 36 (31–50) 36 (29–47) 39 (34–44)

Marital status
Married/living

with partner
160 (40) 60 (53) 21 (19) 68 (45) 11 (50)

Divorced/separated/
widowed

98 (25) 22 (25) 27 (25) 35 (26) 3 (14)

Single 138 (35) 25 (22) 61 (56) 44 (29) 8 (36)
Missing 14 6 6 2 0

Education
Some high school

or less
68 (17) 53 (47) 8 (7) 6 (4) 1 (5)

High school
graduate

90 (23) 28 (25) 27 (25) 29 (19) 6 (27)

Some college 139 (35) 24 (21) 51 (46) 57 (38) 7 (32)
College graduate 98 (25) 8 (7) 24 (22) 58 (39) 8 (36)
Missing 15 6 5 4 0

Monthly income
(USD), median
(IQR)

2080 (1400–4000) 1500 (1200–2000) 2092 (1530–3458) 3000 (1833–7167) 3750 (1760–8000)

Unemployed 13 3 7 2 1
Missing 64 27 20 15 2
Health insurance

Private 153 (38) 20 (17) 45 (39) 79 (52) 9 (41)
Medicaid/Medicare/

TRICARE
95 (23) 7 (6) 45 (40) 35 (23) 8 (36)

None 160 (39) 92 (77) 24 (21) 39 (25) 5 (23)
Missing 2 0 1 1 0

Number of live births,
median (IQR)

2 (1–3) 3 (2–4) 2 (1–3) 1 (0–2) 2 (0–3)

Missing 8 3 3 2 0
Median number of

sexual partners
in past 3 months
(range)

1 (0–5) 1 (0–2) 1 (0–5) 1 (0–3) 1 (0–2)

Missing 5 4 1 0 0
Feelings toward using tampons

Comfortable 93 (60) 10 (26) 27 (61) 51 (82) 5 (42)
Neutral 15 (10) 5 (13) 4 (9) 3 (5) 3 (25)
Uncomfortable 21 (13) 4 (11) 8 (18) 7 (11) 2 (17)
Never used tampons 27 (17) 19 (50) 5 (11) 1 (2) 2 (17)
Missing/question

not present
on survey

254 81 71 92 10

Current smoker 92 (23) 8 (7) 31 (27) 46 (30) 7 (32)
Missing 6 4 1 1 0

Results are presented as n (%) if not otherwise stated.
*Includes Asian (10), American Indian/Alaskan Native (5), Native Hawaiian/Other Pacific (1), Black/Indian (1), Irish (1), Mediterranean

(1), and not further specified (3).
IQR, interquartile range; USD, US Dollars.
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Table 2. Reported Acceptability of Sample Self-Collection for Human

Papillomavirus-Based Cervical Cancer Screening

Total (N = 410)
Hispanic
(n = 119)

Non-Hispanic
black (n = 115)

Non-Hispanic
white (n = 154) Other* (n = 22) p-value{

Overall feeling about
urine self-collection

0.169

Mostly positive 79 (76%–83%) 81 (74%–88%) 81 (74%–89%) 78 (72%–85%) 70 (50%–90%)
Neutral 19 (15%–23%) 16 (9%–23%) 18 (11%–25%) 22 (15%–28%) 30 (10%–50%)
Mostly negative 1 (0%–2%) 4 (0%–7%) 1 (0%–3%) 0 (0%–2%) 0 (0%–15%)
Missing (N) 11 5 3 1 2

Overall feeling about
brush self-collection

0.212

Mostly positive 68 (64%–73%) 71 (63%–79%) 69 (60%–77%) 69 (61%–76%) 45 (25%–66%)
Neutral 29 (25%–34%) 26 (18%–34%) 30 (21%–38%) 29 (22%–37%) 45 (25%–66%)
Mostly negative 2 (1%–4%) 3 (0%–5%) 2 (0%–4%) 2 (0%–4%) 9 (0%–21%)
Missing (n) 2 1 0 1 0

n = 333 n = 108 n = 90 n = 115 n = 20
Preferred sampling

method for future
HPV testing

0.029

Urine self-collection 70 (64%–75%) 70 (58%–79%) 69 (58%–79%) 73 (63%–80%) 63 (39%–82%)
Brush self-collection 20 (15%–25%) 14 (7%–24%) 17 (10%–28%) 25 (17%–34%) 26 (11%–52%)
Provider-based

sampling
10 (7%–14%) 16 (9%–27%) 13 (7%–23%) 3 (1%–9%) 11 (2%–36%)

Missing (n) 64 35 15 13 1

Likelihood of attending
next cervical cancer
screening, if test
is urine based

0.001

More likely 78 (74%–83%) 85 (77%–93%) 85 (78%–93%) 73 (65%–81%) 55 (33%–77%)
Neutral 20 (15%–24%) 13 (5%–20%) 13 (6%–21%) 27 (19%–35%) 35 (14%–56%)
Less likely 2 (0%–3%) 3 (0%–6%) 1 (0%–3%) 0 (0%–3%) 10 (0%–23%)
Missing (n) 31 29 1 1 0

Numbers are percentages and 95% confidence intervals if not otherwise stated.
*Includes Asian (10), American Indian/Alaskan Native (5), Native Hawaiian/Other Pacific (1), Black/Indian (1), Irish (1), Mediterranean

(1), and not further specified (3).
{p-value for difference in responses across racial/ethnic groups based on Fisher’s exact test.

FIG. 1. Percentage of women with 95% confidence intervals preferring a certain self-collection method for high-risk
human papillomavirus testing among 394 women with nonmissing responses, stratified by racial/ethnic group.
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Table 3. Reported Likes, Dislikes, Concerns, and Suggestions Concerning Sample Self-Collection

for Human Papillomavirus-Based Cervical Cancer Screening

Total (N = 410),
n (%)

Hispanic (n = 119),
n (%)

Non-Hispanic black
(n = 115), n (%)

Non-Hispanic white
(n = 154), n (%)

Other (n = 22),
n (%)

Likes1

Urine collection
Easy to do 215 (52) 44 (37) 62 (54) 98 (64) 11 (50)
Good sampling materials2 108 (26) 34 (29) 28 (25) 39 (25) 7 (32)
Quickly done 44 (11) 11 (9) 13 (11) 18 (12) 2 (9)
General positive experience 38 (9) 17 (14) 10 (9) 9 (6) 2 (9)
Nothing 26 (6) 1 (1) 15 (13) 10 (6) 0 (0)
No response 20 (5) 4 (3) 2 (2) 13 (8) 1 (5)

Brush self collection
Easy to do 186 (45) 28 (24) 51 (44) 98 (64) 9 (41)
Comfort 63 (15) 28 (24) 19 (17) 15 (10) 1 (5)
Good sampling materials3 63 (15) 11 (9) 21 (18) 27 (18) 4 (18)
Privacy (Do it yourself) 60 (15) 19 (16) 17 (15) 19 (12) 5 (23)
General positive experience 32 (8) 18 (15) 7 (6) 5 (3) 2 (9)
Quickly done 27 (7) 6 (5) 7 (6) 13 (8) 1 (5)
Nothing 41 (10) 14 (12) 14 (12) 10 (6) 3 (14)
No response 20 (5) 10 (8) 1 (1) 8 (5) 1 (5)

Dislikes1

Urine collection
Cup-related issues4 74 (18) 4 (3) 23 (20) 42 (27) 5 (23)
Unhygienic/messy 33 (8) 3 (3) 3 (3) 23 (15) 4 (18)
Urination-related issues5 20 (5) 3 (3) 6 (5) 9 (6) 2 (9)
Nothing 222 (54) 66 (55) 73 (63) 72 (47) 11 (50)
No response 69 (17) 45 (38) 9 (8) 13 (8) 2 (9)

Brush self collection
Test difficult to perform 77 (19) 18 (15) 22 (19) 30 (19) 7 (32)
Discomfort 68 (17) 24 (20) 19 (17) 21 (14) 4 (18)
Poor sampling materials6 54 (13) 9 (8) 13 (11) 25 (16) 7 (32)
Nothing 192 (47) 42 (35) 66 (57) 77 (50) 7 (32)
No response 64 (16) 37 (31) 7 (6) 17 (11) 3 (14)

Concerns7

Urine collection
Test result-related concerns8 22 (5) 11 (9) 3 (3) 7 (5) 1 (5)
Urination-related concerns5 10 (2) 0 (0) 5 (4) 4 (3) 1 (5)
Other concerns9 12 (3) 5 (4) 4 (3) 3 (2) 0 (0)
No concerns 350 (85) 93 (78) 106 (92) 134 (87) 17 (77)
No response 21 (5) 12 (10) 0 (0) 6 (4) 3 (14)

Brush self collection
Performing sampling correctly 64 (16) 19 (16) 15 (13) 27 (18) 3 (14)
Sampling material-related concerns10 26 (6) 5 (4) 5 (4) 13 (8) 3 (14)
Test result-related concerns11 15 (4) 5 (4) 4 (3) 6 (4) 0 (0)
Discomfort 11 (3) 5 (4) 2 (2) 2 (1) 2 (9)
No concerns 277 (68) 70 (59) 91 (79) 103 (67) 13 (59)
No response 33 (8) 17 (14) 2 (2) 12 (8) 2 (9)

Suggestions7

Urine collection
Improve urine collection process12 46 (11) 3 (3) 18 (16) 23 (15) 2 (9)
Improve urine cups13 20 (5) 1 (1) 5 (4) 13 (8) 1 (5)
Provide additional materials14 11 (3) 2 (2) 3 (3) 5 (3) 1 (5)
No suggestions 268 (65) 74 (62) 85 (74) 96 (62) 13 (59)
No response 63 (15) 36 (30) 5 (4) 17 (11) 5 (23)

Brush collection
Improve the brush15 56 (14) 12 (10) 24 (21) 18 (12) 2 (9)
Improve instructions for use 17 (4) 7 (6) 2 (2) 7 (5) 1 (5)
Improve liquid container16 15 (4) 2 (2) 2 (2) 10 (6) 1 (5)
No suggestions 241 (59) 66 (55) 70 (61) 94 (61) 11 (50)
No response 65 (16) 28 (24) 10 (9) 21 (14) 6 (27)

1All responses given by more than 5% of all participating women are shown.
2Good sampling materials captures general positive responses about the aspects of the urine self-test, including the urine self-test being noninvasive and hygienic, being better

than a regular pap smear, having clear directions for use, and requiring a small amount of urine to complete the test.
3Good sampling materials captures the general positive responses about aspects of the brush self-test, including the brush self-test being noninvasive and hygienic, being better

than a regular pap smear, and having clear directions for use.
4Cup-related issues included: difficulty getting urine into the sample collection cup, difficulty measuring urine in the cup, dislike of using multiple sample collection cups,

feeling that the sample collection cup was too small, and having issues switching between the two sample collection cups while giving a urine sample.
5Urination-related issues and concerns included: difficulty producing the amount of urine required for the test and having to drink lots of water before giving the urine sample.
6Poor sampling materials captures the general negative responses about aspects of the brush self-test, including the patients disliking sampling materials such as the gloves, the

brush and the sample collection cup and believing the brush self-test was unhygienic.
7All responses given by >2% of all participating women are shown.
8For the urine self-test, test result-related concerns included: accuracy of the test results, privacy of test results, and fear of testing positive for HPV.
9Other concerns included: hygiene of the urine test, safety of the urine test, wait times to take the test, and not having their name on sample collection materials.

10Sampling material-related concerns included: accidentally dropping the test materials, accidental contamination of the sample, separating the brush from the sample collection
stick, safety of the brush, hygiene of the brush, and the brush coming off the stick upon insertion into the vagina.

11For the brush self-test, test result-related concerns included: accuracy of the test results, fear of testing positive for HPV, and delayed test results.
12Suggestions to improve the urine collection process included: clearer instructions for using the test, reminding patients to not urinate before the test, requiring less urine, and

taking off lids before giving the urine collection materials to patients.
13Suggestions to improve the urine cups included: having clearer measurement lines on the cups and using a larger cup.
14Suggestions to provide additional materials included: gloves, drinking water, urine funnel, and a tray cart or table in the bathroom.
15Suggestions to improve the brush included: having a softer brush, making it easier to detach the brush head from the stick, having a shorter brush and insertion stick, placing a

measurement marker on the stick, having a brush that does not need to be detached from the stick, and requiring less brush rotations.
16Suggestions to improve the liquid container included: having a larger/wider liquid container, getting rid of the liquid container altogether, and using a different liquid.
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Most participants reported no concerns related to the urine
(85%) and the cervico-vaginal self-collection (68%), with
non-Hispanic Black women being the most likely to report no
concerns for both collection methods (Table 3). The most
common concern about the cervico-vaginal self-collection
was performing the test correctly (16%). Participant concerns
about performing the test correctly included ‘‘ensuring brush
tip does not get contaminated’’ and being unsure ‘‘if you
collected enough specimen.’’ For the urine self-collection,
some participants (11%) would like improvements to be
made to the urine collection process, including using a
‘‘bigger collection cup’’ and having a ‘‘message prior to
appointment [informing patients] to not urinate.’’ For the
cervico-vaginal self-collection, some participants (14%)
would like improvements made to the brush, including
making the ‘‘brush a little softer’’ and having ‘‘a better way to
remove the brush from the stick.’’

Discussion

Among a racially and ethnically diverse group of 410
women recruited through colposcopy clinics in North Car-
olina, both urine and cervico-vaginal brush self-collection
for hrHPV testing were found to be highly acceptable.
However, more women had positive feelings about urine
self-collection than about cervico-vaginal self-collection.
Accordingly, when asked directly, most women preferred
urine over cervico-vaginal self-collection, although the
degree of preference varied by racial/ethnic group. Al-
though three quarters of non-Hispanic Black and White
women favored urine self-collection, this was true for more
than four of five Hispanic women.

Our findings are in line with a recent systematic review and
meta-analysis of 37 studies from 24 countries, which found a
very high acceptability of sample self-collection for hrHPV
testing—notably, urine-based hrHPV testing was not covered
in this meta-analysis.32 As in our study, common reasons for
preferring self-collection were ease of use, reduced embar-
rassment, privacy, and comfort. Both in the meta-analysis and
in our study, people’s uncertainty about performing the self-
collection correctly was the most commonly reported reason
for disliking self-collection of cervico-vaginal samples using a
brush. Few studies to date have compared acceptability of
urine self-collection to cervico-vaginal brush self-collection
for hrHPV testing, but none of them compared results across
racial/ethnic groups.14,28,29,33 A study on young screening
nonattenders in Scotland receiving a self-collection kit in the
postal mail found that women were slightly more likely to
return urine samples than self-collected vaginal samples (odds
ratio = 1.18, 95% CI = 1.00–1.38).33 However, in this study no
questionnaires or interviews were used to further investigate
acceptability of sample self-collection. Among colposcopy
patients in Ontario, Canada, and North Carolina, urine and
cervico-vaginal sample self-collection for hrHPV testing was
highly acceptable, and as in our study, most women (>78%)
preferred urine over other self-collection methods.14,28 The
preference for urine-based hrHPV testing is further corrobo-
rated by a recent study among colposcopy patients from
England.29 Nearly all women included in that study felt con-
fident providing a urine sample for hrHPV testing, and the
majority of them would be happy to provide only urine sam-
ples for hrHPV testing in the future.

To our knowledge, this is the first study to compare ac-
ceptability of different self-collection strategies for hrHPV-
based cervical cancer screening across racial/ethnic groups.
We found that among all racial/ethnic groups both urine and
cervico-vaginal brush self-collection were highly acceptable;
however, for future cervical cancer screening, significantly
more Hispanic women (16%) than non-Hispanic White wo-
men (3%) still preferred provider-based sample collection
( p = 0.029). This is in line with findings from a previous US
study showing that non-Hispanic women were more likely to
prefer self-collection over provider collection than Hispanic
women.36 The same study also found higher education to be
positively associated with preference for sample self-
collection.36 In our study population, only 7% of Hispanic
women, but 22% of non-Hispanic Black and 39% of non-
Hispanic White women were college graduates. Thus, edu-
cation level could partly explain why more Hispanic than
non-Hispanic White women preferred provider-based sample
collection for future hrHPV testing. When asked to choose a
self-collection method, more Hispanic women (82%) favored
urine self-collection compared with 75% of non-Hispanic
Black and 77% of non-Hispanic White women. This might be
related to the finding that 50% of Hispanic women in our
study had never used tampons, whereas 89% of non-Hispanic
Black and nearly all non-Hispanic White women had used
tampons in the past. Women who have never used a tampon
may be more nervous and reluctant to use a device to self-
collect a cervico-vaginal sample than women who are used to
inserting tampons and may therefore favor urine self-
collection. A study among female adolescents found that
tampon use in the past was positively associated with per-
ceived comfort of cervico-vaginal sample self-collection.26

A main strength of our study is that we included a racially
and ethnically diverse study population and compared ac-
ceptability of sample self-collection for hrHPV-based cer-
vical cancer screening across different racial/ethnic groups.
Furthermore, selection bias was reduced as almost all women
who were otherwise eligible for inclusion in this study filled
the acceptability questionnaire (only one woman did not and
was excluded for that reason). A limitation of our study is that
women’s written responses tended to be brief and simple.
Individual interviews or focus groups will be necessary to
gain more in-depth insights into women’s likes, dislikes, and
concerns regarding urine-based hrHPV testing, and to further
explore preferences for specific self-collection methods
across racial/ethnic groups. Our study population consisted of
a convenience sample of women at increased risk for cervical
disease who either were scheduled for a colposcopy ap-
pointment owing to abnormal screening results or were
willing to undergo colposcopy for study purposes. Thus, the
attitudes toward sample self-collection observed in our study
population might not be generalizable to a primary screening
population. Future studies should assess acceptability of
sample self-collection across different racial/ethnic groups
among primary screening populations.

Recent studies have found urine-based hrHPV testing to be
reasonably sensitive for the detection of high-grade cervical
intraepithelial neoplasia.14,17,21–24 However, for a screening
method to be effective, it has to be both diagnostically ac-
curate and acceptable to the target population. Cervical
cancer incidence rates in the United States are higher among
ethnic and racial minorities compared with White women.3
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We found sample self-collection for hrHPV testing to be
highly acceptable among all racial/ethnic groups included in
our study, and most women preferred urine to cervico-vaginal
self-collection, although the degree of preference varied
across racial/ethnic groups. Understanding acceptability of
sample self-collection across different racial/ethnic and so-
ciodemographic groups is important to be able to offer tar-
geted screening approaches that are highly effective within a
specific group, with the ultimate goal of reducing cervical
cancer-related health disparities.

Conclusions

Urine-based hrHPV testing for cervical cancer screening is
highly acceptable to women across different racial and ethnic
groups in the United States, and most women included in our
study stated that they would be more likely to attend future
cervical cancer screening appointments if screening were
urine based. Urine-based hrHPV testing is a promising ap-
proach to improve cervical cancer screening coverage among
underscreened women.
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