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Abstract

Women living with human immunodeficiency virus (HIV) have up to 6 times the
risk of cervical cancer compared with HIV-negative women, with more than 60%
of cervical cancer cases in Southern Africa occurring among HIV-positive women.
Human papillomavirus (HPV) DNA self-sampling is a World Health Organization-
recommended, cost-effective screening approach suitable for low-resource
settings, particularly where healthcare worker availability and client mobility
are constrained. With support from the Swedish Embassy, Population Services
International Zimbabwe evaluated the feasibility and acceptability of HPV DNA self-
sample collection among women of reproductive age, and assessed whether self-
collected vaginal swabs yielded results comparable to provider-collected cervical
samples. A quantitative cross-sectional crossover trial was conducted from May
2020 to December 2022 across three high-volume healthcare facilities. Women
aged 30-65 were randomized into two arms: Arm 1 (self-collection followed by
provider collection) and Arm 2 (provider collection followed by self-collection).
Data were collected electronically using SurveyToGo and analyzed in STATA 13.
Randomization checks assessed demographic comparability between arms. HPV
positivity rates and 95% confidence intervals (Cls) were also computed. Among
609 self-collected samples, 26.9% were HPV-positive (95% Cl: 23.5-30.6), compared
with 29.3% positivity (95% Cl: 25.8-33.0) among 611 provider-collected samples,
showing statistically similar outcomes. Findings were consistent across study sites
and participant age groups. Self-sample collection was widely acceptable among
participants and deemed feasible by service providers. The results demonstrate that
women can reliably self-collect samples for HPV DNA testing. This strategy offers
a scalable, resource-efficient approach to expanding cervical cancer screening
coverage in high-HIV-burden, low-resource settings, such as Zimbabwe, while
reducing provider workload and facilitating earlier detection.

Keywords: Self-sample collection; Human papillomavirus DNA; Cancer screening;
Feasibility and acceptability; Low-resource setting

Volume 7 Issue 4 (2025)

47 doi: 10.36922/CP025110016


https://dx.doi.org/10.36922/CP025110016
https://orcid.org/0000-0003-2232-4690
https://orcid.org/0009-0009-0043-3176
https://orcid.org/0009-0009-6792-0526
https://orcid.org/0009-0000-2523-0273
https://orcid.org/0009-0003-4300-7229
https://orcid.org/0000-0002-3225-9928
https://orcid.org/0009-0008-1302-4112
https://orcid.org/0009-0007-2359-8948
https://orcid.org/0000-0001-6522-7167
https://dx.doi.org/10.36922/CP025110016
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Cancer Plus

HPV DNA self-sampling in a low-resource setting

1. Introduction
1.1. Background

Between 1990 and 2013, cancer rose from the third leading
cause of death to the second, after cardiovascular diseases.
While breast cancer was responsible for the highest cancer
mortality in females globally, cervical cancer was the most
frequently diagnosed cancer among women in developing
countries.! Of the 6.9 million disability-adjusted life
years caused by cervical cancer in 2013, 85% occurred
in developing countries. According to the Global Cancer
Observatory statistics for 2018, cervical cancer is the fourth
most commonly diagnosed cancer in women globally and
remains the leading cause of cancer deaths among women
in countries with low human development indices.** Global
trends show that most countries at high risk for cervical
cancer are in Africa—Malawi, Mozambique, Zambia,
and Zimbabwe are among the highest-risk countries.* In
Zimbabwe, cervical cancer has the highest incidence rate
among women of all ages and races, accounting for an
estimated 19% of all cancers in women.

High-risk human papillomavirus (hr-HPV) causes
virtually all cervical cancers.”” There are 14 types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) of hr-HPV
associated with the development of cervical cancer.>® Of
these, HPV types 16 and 18 account for approximately
70% of all cases. Notably, cervical cancer can be prevented
in 8 out of 10 cases if early diagnosis and treatment are
provided. However, many women do not undergo
cervical cancer screening due to fear, shame, and cultural
or religious considerations, among other reasons. Limited
access to healthcare services, especially in developing
countries where poverty is widespread, is also a significant
barrier to cervical cancer screening.®

The World Health Organization (WHO) recommends
three procedures to screen women for cervical cancer.’
Cervical cytology, also known as the Pap smear, examines
cervical cells to check for the presence of abnormal cells.
It is not frequently employed in developing countries as it
is a costly procedure, requiring considerable management
and effort from the many agencies involved.'®!' Visual
inspection with acetic acid (VIA) and HPV testing for
hr-HPV types, such as HPV 16 and 18, are other WHO-
recommended alternatives. Women who test positive
for hr-HPV should follow-up with a Pap smear and/
or VIA, along with cryotherapy, and additional tests can
be performed to determine the exact type of HPV.!*'8 A
negative test indicates that the risk of developing cervical
cancer in the next few years is minimal.'®!>2°

The HPV DNA testing method uses sample collection
from the cervix or vagina for the identification of

14 high-risk types of HPV, including HPV 16 and 18.
Sample collection, which can be performed by the
individual herself, takes only a few minutes, after which
a laboratory examination is performed to check for the
presence of DNA of hr-HPV that causes cancer. For women
who are human immunodeficiency virus (HIV)-negative
and HPV DNA test-negative, the screening interval given
is 5 years, while for women who are HIV-positive and HPV
DNA test-negative, the screening interval is 3 years.

In resource-limited countries, HPV DNA testing
involving self-sample collection by the client is a pertinent
intervention, as itis cost-effective and reduces the burden on
the healthcare delivery system. Although cytology requires
the services of trained medical professionals, including
smear takers, cytotechnologists, cytopathologists, and
colposcopists, the HPV DNA test has the potential for
close to complete automation, allows for self-sample
collection, and has in-built quality control procedures. In
a study conducted in Thailand, hr-HPV testing was shown
to increase the detection rate of cervical intraepithelial
neoplasia grade 2 and to reduce costs by nearly USD 1.4
million/100,000 women screened compared to HPV 16
and 18 genotyping.” In another cost-effectiveness study in
China,” HPV DNA testing, which costs USD 16.30, was
also shown to be cheaper than the Pap test, which costs
USD 99.00 in total.

Acceptability studies have revealed that many women
are more receptive to the HPV test than to the Pap
smear.” Reasons given for preference were mainly related
to issues of privacy and accessibility. Some women,
however, expressed reservations due to fear of incorrect
diagnosis and lack of self-confidence in following the
correct procedures (in the case of self-sample collection).
Studies in several countries have compared the accuracy
of HPV self-collection samples with samples obtained by
a physician and have assessed the acceptability of self-
collection in different populations.”® The results revealed
that most healthcare providers were willing to recommend
self-sample collection for HPV testing but reported that
this was conditional on factors, such as patients’ ability to
collect adequate samples and test characteristics, including
sensitivity, specificity, and cost-effectiveness. Another
concern was that women performing HPV self-sample
collection at home might miss the opportunity to address
other health concerns during a screening visit.

1.2. Cervical cancer in Zimbabwe

In Zimbabwe, cervical cancer accounts for about one-third
of all cancer cases, and it is the leading cause of all cancer-
related deaths in the country. In 2014 alone, 2,200 women
were diagnosed with cervical cancer, with a mortality rate
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of 63.9%.2 This high disease burden is closely related to
the HIV epidemic that has affected the country since the
late 1990s.

The 2016 Zimbabwe Demographic Health Survey
reports that 97% of women have at least heard about
cervical cancer, while only 13% have had a cervical
examination.” Furthermore, among those reporting
having a cervical cancer examination, 90% reported having
the examination done within 3 years preceding the survey,
and 66% had it within the 12 months before the study. This
clearly indicates that the uptake of cervical cancer services
in the country has been increasing.

An HPV vaccine program was also introduced in the
country in 2014 through a collaboration between the
Vaccine Alliance, the United Nations Children’s Fund, the
United Nations Population Fund, WHO, and the Zimbabwe
Expanded Programme of Immunization. The program was
piloted in Marondera and Beitbridge using a school- and
community-based strategy to reach 10-year-old girls in and
out of school.* To date, the HPV vaccine program has been
successfully rolled out in all 10 provinces of Zimbabwe.
HPV DNA testing in Zimbabwe was explored in 2017;
however, it was noted that the method had low specificity,
thereby prompting the need for co-screening using other
methods, such as visual inspection with acetic acid and
camera (VIAC) and Pap smear.* The option of co-testing
is expensive for the average Zimbabwean woman. Table 1
summarizes the average costs of cervical cancer screening
methods per person in public and private hospitals in
Zimbabwe.

1.3. Study rationale

Before 2010, cervical cancer screening in Zimbabwe
was mainly based on Pap smears; however, the test was
relatively expensive and had a long turnaround time due
to shortages of cytologists. As such, the national Pap
smear screening program offered in public hospitals was
discontinued due to these limitations, while the National
Family Planning Council still offers the test, subject to
the availability of resources. Private gynecologists offer

Table 1. Costs of cervical cancer preventive and screening/
early detection methods in the public and private hospitals
in Zimbabwe

Stage Method Cost in public Cost in private
hospital (USD) hospital (USD)
Prevention ~HPV vaccine Data not available 180-300
Screening ~ Pap smear 20 150
VIAC Free 10-20

Abbreviations: HPV: Human papillomavirus; VIAC: Visual inspection
with acetic acid and camera.

the same service at a cost that is approximately sevenfold
higher.* While the main challenges faced in preventing,
screening, and treating cervical cancer revolve around
human and material resources, the centralization of
facilities to vaccinate, screen, and treat cancer also presents
a barrier to access. Decentralization of these services is
limited by the lack of diagnostic and treatment equipment,
which is often expensive to acquire and maintain.

Thus, HPV DNA testing provides an innovative and
cheaper screening alternative for women who do not
participate in traditional cytological screening, with the
goal of reducing health disparities and preventing cervical
cancer. Furthermore, incorporating self-sampling strategies
into cervical cancer screening programs will reduce costs
and potentially increase the number of women reached
by these programs.”® The possibility of community-based
self-sampling will reduce the clients’ cost of accessing
services, further increasing the number of women that can
be screened. This innovation is necessary considering the
prevailing economic conditions in the country that have,
in the past, caused delays in treatment, and given that
patient knowledge plays a major role in the high morbidity
and mortality of cervical cancer in Zimbabwe.

In Zimbabwe, HPV testing is offered at Lancet
laboratories and is not accessible to all individuals due to
the high cost.* Free HPV DNA testing and liquid-based
thin prep cytology were launched at Parirenyatwa Group
of Hospitals’ pathology laboratories in February 2018,
and screening is in progress, albeit with low uptake due
to reagent procurement challenges faced by the healthcare
sector. A feasibility and acceptability study is therefore
necessary to equip the cervical cancer screening program
implemented in collaboration with the Ministry of Health
with empirical evidence to support the program to
effectively offer HPV DNA screening in an affordable and
sustainable context.

1.4. Goal and objectives of the study

Population Services International (PSI) Zimbabwe, with
support from the Swedish International Development
Cooperation Agency (SIDA), sought to test the feasibility
and acceptability of HPV DNA screening in the New Start
Centre health service delivery network. The acceptability
of HPV DNA testing will result in an increased number
of women screened at a lower cost, and an improvement
in the quality of health service delivery due to the reduced
burden on service providers. The study findings will be
used as evidence to inform decision-making on whether:
(i) There is a perceived service provision burden
reduction among PSI service providers.
(i) HPV DNA screening is acceptable and feasible among
women of reproductive age.
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1.5. Study objectives

There are several objectives of this study, including:

(i) Tocompare the rates of HPV detection in self-collected
vaginal and provider-collected cervical swabs.

(ii) To assess provider perceptions of clients ability
to provide reliable samples and site personnel’s
preparedness to offer HPV DNA testing.

(iii) To develop a user-friendly instructional manual for
HPV DNA self-sample collection.

While some studies have shown that the sensitivity of
self-collected vaginal swabs for the detection of HPV is
similar to that of provider-collected cervical swabs,”* this
study aims to validate these findings in the Zimbabwean
context among clients served within the PSI New Start
Centre network. Furthermore, this study aims to measure
the difference in sensitivity between the two screening
methods in the PST New Start Centre Network and to tailor
user instructions to suit the local context.

1.6. Research questions

There are several research questions in this study, including:

(i) What are the specificity and sensitivity of self-collected
vaginal samples compared to the provider-collected
cervical swabs?

(ii) Isthere confidence, comfortin the procedure, and trust
in the test result of clients in sample self-collection for
HPV DNA screening?

(iii) What proportion of women intend to use the HPV
DNA screening method in the future?

(iv) Whatare the attitudes toward and perceived benefits or
disadvantages of HPV DNA among service providers
(registered general nurses [RGNs] administering the
sample collection)?

2. Methods
2.1. Study design
2.1.1. Quantitative study design

A randomized crossover controlled trial was conducted
with the New Start Center clients. In a crossover design,
each participant receives all treatments under investigation
but at different time points. The order in which
participants receive the treatments is randomized. This
design was selected to increase statistical power because
each patient served as their own control, thereby reducing
between-subject variability and enabling the detection of
smaller effect sizes with a smaller sample size. The HPV
detection rates in the two study arms were compared to
assess potential sequence effects. Sequence effects are
confounding influences that arise in experiments where
subjects are exposed to multiple conditions; they reflect

interactions among conditions that may occur depending
on the order in which treatments are administered.

Participants were randomly allocated to one of the
following two study groups:

(i) Arm 1: HPV DNA self-sampling before a provider-
collected cervical swab.

(ii) Arm 2: Provider-collected cervical swab before a self-
collected vaginal swab.

After completing the two screening methods,
participants in each arm took part in face-to-face
interviews using a standardized, structured questionnaire.
This was a client-exit interview.

2.1.2. Qualitative study design

Two sets of qualitative data were collected in this study. The
first consisted of in-depth interviews with service providers
(RGNs) at the New Start Center using a semi-structured
interview guide to gain insights into attitudes, ease of
use, and perceived benefits of the HPV DNA screening
method. The second involved cognitive interviews with
clients who had visited the New Start Center for cervical
cancer screening and had collected vaginal cell samples
themselves. A semi-structured questionnaire was used to
determine whether clients understood the step-by-step
HPV DNA self-sample collection instructions. This tool
was used for self-sample collection among women in the
study.

2.2, Study setting and recruitment

Interviews for both the qualitative and quantitative data
collection were conducted at three New Start Centre sites
providing cervical cancer screening services. These were
New Africa House in Harare, Bambanani in Bulawayo,
and the Chitungwiza New Start Center. In all interviews,
women aged 30 and above were enrolled in the study. At
present, the total PSI New Start Center network screens
between 1,000 and 1,500 women/month, and among these,
70-75% are above the age of 30.

The participants were directed to a private, well-
lit room. An HPV DNA self-sampling kit with written
instructions and illustrative diagrams was given to each
participant by the research assistant.

The participant followed the instructions independently
for self-sample collection. The swab was placed in the
plastic vial, which was then placed in a sealed specimen
bag with the help of a service provider and sent to the
New Start Molecular Laboratory at the Chitungwiza New
Start Center for examination. The careHPV test, which
can detect 14 high-risk HPV genotypes (16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), was used for
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the HPV DNA testing. Clients were only asked to pay an
administrative fee of 9 Zimbabwean dollars (equivalent to
0.25 as of November, 2025) to access this test and other
services offered at the New Start Center, as these services
were funded by SIDA.

2.3. Sampling strategy

Recruitment of study participants was conducted over a
period of 2 months across the three sites. Client volume for
one quarter was estimated for each site, and recruitment
was performed using systematic random sampling with
the following sampling interval:

Average number of
Samplinginterval — clients persite per day
foreachsite perday Average sample size M

required per site per day

For example, if the client volume at the Bambanani
site per day was 25 and the required sample size per day
was 5, then the sampling interval was on average 5, that
is, every fifth client was selected to participate. Sampling
was done without replacement, that is, if the n-th person
refused to participate in the study, the (n+1)-th person
who consented was enrolled in their place.

2.3.1. Inclusion criteria

Inclusion criteria were:

(i) Walk-in New Start Center clients.

(ii) Women aged between 30 and 59 years.

(iii) Willingness of participants to perform self-sample
collection for HPV DNA screening.

(iv) Willingness of participants to allow a service provider
to collect a cervical swab.

(v) Participants provided consent to participate in the
study.

2.4. Sample size calculation
2.4.1. Quantitative study sample size calculation

The following parameters were used to calculate the

minimum sample size for a crossover study design:

(i) Power of 90%.

(ii) 5% level of significance.

(iii) Two-sided test.

(iv) Standard deviation of the difference in the response
variables = 1.

(v) Minimal detectable difference in means = 0.2.%

The above parameters yielded a minimum required
sample size of 528 study participants, calculated using an
online tool (http://hedwig.mgh.harvard.edu/sample_size/
js/js_crossover_quant.html). Assuming a response rate of

78%,* the total sample size required was 678. This means
each arm would recruit 339 participants.

Figure 1 shows the recruitment process and the
distribution of the sample sizes by arm. Probability
proportional to size, based on site volume, was used to
allocate the required sample sizes by site. Recruitment of
clients was conducted over a 2-month period. The total
number of clients who consented and participated in the
study was 628. However, only 614 records were used in the
data analysis after data cleaning. A total of 308 participants
were randomly allocated to Arm 1, and all collected swabs
were used. In contrast, for Arm 2, 303 swabs were collected,
but only 301 were used.

2.4.2. Qualitative study sample size

As noted earlier, two sets of qualitative components were
conducted in this study: in-depth interviews with service
providers and cognitive interviews with prospective clients
for HPV DNA screening. A total of six in-depth interviews
were conducted across the three study sites, with two
service providers at each site. A service provider was
defined as a site-based clinician (RGN) providing cervical
cancer screening services.

For the cognitive interviews, a minimum of three
cognitive interview rounds with clients were conducted
in the process of developing a user-friendly instructional
manual. In each round, three exit interviews per site
were conducted with a different set of clients selected
randomly. These data were used to improve the
instruction manual.

2.5. Data management and data analysis
2.5.1. Quantitative data

Data were collected using SurveyToGo, an Android
data collection application. Data quality in terms of
completeness and consistency was ensured by pre-coding
questionnaire skip instructions in the software and
making sure that all questions were mandatory, unless skip
instructions applied.

Data were exported into STATA version 13
(StataCorp LLC, United States) for cleaning and analysis.
First, descriptive analysis was conducted to profile
study participants with regard to their demographic
characteristics, such as age, occupation, marital status,
current method of contraception, and parity. HPV-related
factors, such as age at sexual debut, sexually transmitted
infection (STI) history, abortion history, and family
history of cancer-related illnesses, among others, were also
described. Furthermore, a descriptive comparison of the
rates of HPV detection in self-collected vaginal samples
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Total number of clients who consented
and participated (n = 628)

l

Total number of clients in the study
after data cleaning (n =614)

l

l

Arm 1: HPV DNA self-sampling vaginal
swab (n =308)

Arm 2: Provider collected cervical
swab (n =303)

Arm 1: Provider collected cervical
swab (n=308)

Arm 2: HPV DNA self-sampling vaginal
swab (n=301)

Figure 1. Recruitment process and distribution of the sample sizes by arm
Note: The dashlines illustrates the cross over design.

Abbreviation: HPV: Human papillomavirus.

and provider-collected cervical swabs was conducted and
cross-tabulated with these demographics.

In addition, the detection rate of HPV in the two study
arms was compared to determine a sequence effect. Once
the sequence effect was confirmed to be minimal, data
from the two arms were managed as a single dataset.
Concordance of HPV DNA detection between sampling
modalities was assessed using an unweighted Kappa (k)
statistic to determine the percentage agreement beyond
that expected by chance. The strength of the agreement
was categorized into six levels according to the x statistic:
K < 0 = poor agreement, 0-0.20 = slight, 0.21-0.40 = fair,
0.41-0.60 = moderate, 0.61-0.80 = substantial, and 0.81-
1.00 = almost perfect.

Furthermore, McNemar’s tests® were performed for
comparison of the HPV DNA tests. An adjusted McNemar
test™ was used to compare the proportions of HPV DNA-
positive results between samples while accounting for the
correlation of multiple samples within subjects.”’ This
analytic approach has been used previously in several
studies on hr-HPV research assessing concordance of
self- and provider-collected swabs.** All variables that were
potential confounders were investigated, and statistical
techniques were applied to adjust for known confounders,
such as HIV status, during analysis. Several studies have
shown that the detection rate of all hr-HPV types, including
HPV 16, is higher among HIV-positive women compared
to those who are negative.® As such, women enrolled in
this study were offered a voluntary HIV test (as per the

procedure of the current New Start Center-integrated
service provision). Those who decided not to get an HIV
test but were willing to participate in the study were still
eligible.

2.5.2. Qualitative data

Qualitative data from service providers were collected
using audio recorders. All audio-recorded qualitative
data were transcribed and translated verbatim from
the Shona language into English, where necessary. Any
relevant non-verbal communications were included in
the transcripts.

Content analysis was used to identify primary themes.
In content analysis, researchers first conducted open coding
to label emergent themes. Two researchers independently
coded each transcript. Discrepancies were resolved, after
which axial coding was performed to link related codes
together and identify patterns in coding relationships.
Finally, summary coding was used to identify the primary
and secondary codes and patterns from the data. Codes
were grouped, and emerging themes were identified.
Themes and sub-themes were illustrated with verbatim
quotes.

For the iterative cognitive interviews with clients, a
series of questions on the comprehension of the step-by-
step user guide for HPV DNA self-sample collection was
administered. This process was performed iteratively in
three rounds, incorporating suggested changes into the
user guide.
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2.6. Ethical considerations
2.6.1. Informed consent

This study was approved by the local institutional review
board of the Medical Research Council of Zimbabwe
(MRCZ/A/2490). Written informed consent was obtained
from all study participants, in line with recommendations
from the Medical Research Council of Zimbabwe.
Participants were provided with a copy of their informed
consent form.

2.6.2. Risks

The risks of participating in this study were minimal.
Participants who felt uncomfortable with any of the
questions were given the option to skip them. Participants
may have experienced minor discomfort during the
collection of cervical and/or vaginal specimens, while
others may have had privacy concerns regarding provider-
collected cervical specimens. In any case, participants
could opt out or withdraw from the study at any point
without any repercussions.

2.6.3. Benefits

There were no direct benefits to participants in this study.

2.6.4. Confidentiality

All study-related information was stored securely at the
project office. All participants’ information was stored
in locked file cabinets in areas with restricted access
to study staff. Records with names or other personal
identifiers, such as informed consent forms, were stored
separately from study records and identified by participant
identification numbers (PTID). All data were collected
and analyzed anonymously; there was no way of linking
identifying information to PTID. All transcriptions from
audio-recorded interviews and discussions were stored
on password-protected computers with limited access.
The cervical specimens collected were placed in careHPV
collection medium and stored for 30 days from the date of
collection at 2-8°C in an access-restricted laboratory. Only
authorized laboratory personnel at the New Start Center
and study investigators had access to the specimens. After
a period of viability, the specimens were destroyed.

3. Results
3.1. Demographics

Table 2 presents demographic characteristics of
respondents by study arm, where Arm 1 corresponds
to HPV DNA self-sampling before a provider-collected
cervical swab, and Arm 2 corresponds to a provider-
collected cervical swab before a self-collected vaginal swab.
There were no differences in frequency distribution across

all demographics, indicating no randomization bias across
the study arms.

3.2. Sample description: Risk assessment

Known cancer risk factors were compared between
the two study arms, and the results are presented in
Table 3. The frequency distributions of risk factors were
comparable between the study arms, indicating a balanced
randomization.

3.3.Test results

The findings revealed that HPV positivity was 29.4% in
Arm 1 compared to 26.8% in Arm 2, with overlapping
95% confidence intervals (Cls), indicating no statistically
significant difference in point estimates between the two
study arms, as shown in Table 4.

Table 5 presents the test results of self- and provider-
collected samples. Self-collected samples yielded a 26.9%
HPV positivity compared to 29.3% positivity in provider-
collected samples, and these point estimates were also
statistically similar, as indicated by overlapping 95% ClIs.
A McNemar’s test for the difference between the paired
proportions for the provider-collected and self-collected
samples confirmed this result, with a p<0.1060.

Table 6 presents HPV positivity results across different
participant demographics. The purpose of this analysis
was to identify factors associated with HPV positivity and
assess whether these factors differed between provider-
collected and client-collected samples.

The findings revealed no significant differences in HPV
positivity proportions across all demographics, indicating
that there were no factors associated with the outcome at
5% level of significance. This result was consistent across
provider-collected cervical swabs and client-collected
vaginal swabs.

Table 7 presents the results of similar analyses comparing
HPV positivity outcomes across known cancer risk factors.
Participants with a history of alcohol consumption had a
significantly higher HPV positivity of 46.2% (95% CI:
34.5-58.3) compared to participants who reported no
alcohol consumption, who had a positivity of 27.3%
(95% CI: 23.8-31.2) in the provider-collected samples,
and 34.8% (95% CI: 24.4-47.0) among participants who
reported alcohol consumption in the client-collected
samples, compared to 26.0% (95% CI: 22.5-29.9) among
participants who reported no alcohol consumption.

Moreover, HIV-positive participants had a significantly
higher HPV positivity in the provider-collected samples
at 41.2% (95% CI: 34-48.7) compared to 24.7% (95% CI:
20.9-29.0) among HIV-negative participants. A significant
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Table 2. Demographic characteristics of women screened for HPV DNA, by study arm

Variable Categories Arm 1 (% [min-max]) Arm 2 (% [min-max]) Total (n [%])
Age Min-max (mean) 30-65 (39) 30-77 (40) 30-77 (40)
Education None 1.0 (0.3-3.0) 2.0 (0.9-4.3) 9(1.5)
level Incomplete primary 3.2 (1.7-5.9) 3.3 (1.8-6.0) 20 (3.3)
Completed primary 7.1 (4.7-10.6) 8.5(5.9-12.3) 48 (7.7)
Incomplete secondary 19.3 (15.3-24.2) 25.3 (20.7-30.6) 137 (22.3)
Completed secondary 52.6 (47.0-58.1) 48.3 (42.8-54.0) 310 (50.5)
Any tertiary 8.1 (5.5-11.7) 6.3 (4.0-9.6) 44 (7.2)
Completed tertiary 8.7 (6.0-12.4) 6.3 (4.0-9.6) 46 (7.5)
Marital Married/cohabiting 68.4 (63.0-3.3) 70.0 (64.6-75.0) 425 (69.2)
status Never married 5.8 (3.7-9.0) 4.6(2.7-7.6) 32(5.2)
Widowed 8.4 (5.8-12.1) 9.9 (7.0-13.8) 56 (9.1)
Divorced 9.3 (6.6-13.2) 5.6 (3.5-8.8) 46 (7.5)
Separated 8.1 (5.5-11.7) 9.9 (7.0-13.8) 55 (9.0)
Sector Rural 3.5(2.0-6.3) 2.6 (1.3-5.2) 19 (3.1)
Urban 91.0 (87.2-93.7) 95.1 (92.0-97.0) 571 (93.0)
Peri-urban 4.5 (2.7-7.5) 1.6 (0.7-3.9) 19 (3.1)
Farming/resettlement 1.0 (0.3-3.0) 0.7 (0.2-2.6) 5(0.8)
Religion Christianity 78.4 (73.4-82.6) 79.0 (75.0-84.1) 486 (79.2)
Apostolic 17.7 (13.8-22.4) 16.1 (12.4-20.7) 104 (16.9)
Muslim 1.0 (0.3-3.0) 2.7 (0.7-3.9) 8(1.3)
Traditional 0.2 (0.04-2.3) 1(0.2)
None 2.9 (1.5-5.5) 2.0 (0.9-4.3) 15 (2.4)

difference was also observed

in the client-collected

Figure 2 shows the reported level of difficulty with self-

samples, where 39.1% (95% CI 32.0-46.6) of participants
tested HPV-positive compared to 22.3% (95% CI 18.6-
26.4) among HIV-negative participants, as indicated
by non-overlapping Cls. No statistical differences were
observed across the other known cancer risk factors, as
shown in Table 7.

3.4. User experiences on HPV DNA sample collection

Experiences with self-sample collection were documented
to better understand women’s experiences, as shown in
Table 8. Among participants, 37% expressed concern
about injuring themselves, while 39.6% were concerned
about not obtaining a good sample. A small proportion
(9.8%) reported feeling embarrassed during self-sample
collection, and a similar proportion (10.3%) reported
experiencing some pain during collection.

Over half of the respondents (54.4%) reported
preferring self-sample collection. Nonetheless, 97.6% of
respondents indicated they would recommend HPV DNA
sample collection overall, 90.6% intended to undergo
cancer screening using this method, and 88.8% trusted the
HPV DNA test results.

sample collection. The modal score was 2 on a scale of
1-10, indicating relative ease of sample collection among
most women.

3.5. Service provider perceptions

The study additionally assessed service provider
perceptions of clients’ ability to provide reliable samples
and the preparedness of site personnel to offer HPV DNA
testing. Common themes emerging from the thematic
analysis indicated a high preference for HPV DNA self-
sample collection with minimal supervision by skilled
and semi-skilled professionals. Providers described HPV
DNA self-sample collection as more suitable for younger
and more literate women, who could read and follow
instructions better.

Some providers preferred provider collection,
stating that there were reduced chances of specimen
contamination. Furthermore, provider collection offered
an additional opportunity for the identification of other
pathological changes and a chance for syndromic STI
screening. In addition, women would have the opportunity
to receive counseling and ask questions directly to the
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Table 3. Risk assessment of women screened for HPV DNA, by study arm

Variable Categories Arm 1 (% [min-max]) Arm 2 (% [min-max]) Total (n [%])

History of alcohol Always 1.6 (0.7-3.8) 1.6 (0.7-3.9) 10 (1.6)

consumption Sometimes 11.9 (8.8-16.1) 6.3 (4.0-9.6) 56 (9.0)
Rarely 1.9 (0.9-4.3) 1.3 (0.5-3.5) 10 (1.5)
Never 84.3 (79.7-87.9) 90.8 (87.0-93.6) 537 (87.4)
Missing 0.3 (0.04-2.3) - 1(0.5)

HIV results Positive 25.2 (20.6-30.3) 30.2 (25.3-35.7) 170 (27.7)
Negative 74.8 (69.7-79.4) 69.7 (64.3-74.7) 444 (72.3)

Family history of cervical Yes 9.4 (6.6-13.2) 9.9 (7.0-13.8) 59 (9.6)

cancer No 84.2 (79.7-87.9) 87.2 (82.9-90.5) 526 (85.7)
Uncertain 6.1(3.9-9.4) 2.6 (1.3-5.2) 27 (4.4)
Missing 0.3 (0.04-2.3) 0.3 (0.04-2.3) 2(0.3)

Age at sexual debut <15 4.5(2.7-7.5) 4.6 (2.7-7.6) 28 (4.6)
16-17 15.8 (12.1-20.3) 14.1 (10.6-18.6) 92 (15.0)
18-19 29.0 (24.2-34.4) 32.2(27.2-37.7) 188 (30.6)
20-24 41.3 (35.9-46.9) 43.8 (38.2-49.4) 261 (42.5)
>25 9.4 (6.6-13.2) 5.3(3.2-8.4) 45(7.3)

Number of lifetime sexual 1-2 63.2 (57.7-68.4) 64.5 (58.9-69.7) 392 (63.8)

partners 3-4 20.4 (16.2-25.2) 19.1 (15.0-23.9) 121 (19.7)
5-6 8.7 (6.0-12.4) 6.6 (4.3-10.0) 47(7.7)
>7 7.7 (5.2-11.3) 9.8 (7.0-13.8) 54 (8.8)

Ever had an STI Yes 14.2 (10.7-18.6) 19.7 (15.6-24.6) 104 (16.9)
No 85.8 (81.4-89.3) 80.3 (75.4-84.4) 510 (83.1)

Abbreviations: HIV: Human immunodeficiency virus; STI: Sexually transmitted infection.

Table 4. Test results for provider-collected samples, by study arm 300

Samples  Total Number of Percentage of  95% Cls

tests HPV-positive HPV-positive

Arm 1 616 181 29.4 25.8-33.2 g

Arm 2 604 162 26.8 23.3-30.5 E‘;

Abbreviations: CI: Confidence interval; HPV: Human papillomavirus. N

Table 5. Test results for self-collected and provider-collected

samples 1 2 3 4 5 ooy 6 7 8 9 10

Difficult

Samples Total Numberof Percentageof 95% Cls
tests HPV-positive HPV-positive

Client-collected 609 164 26.9 23.5-30.6

Provider-collected 611 179 29.3 25.8-33.0

Abbreviations: CI: Confidence interval; HPV: Human papillomavirus.

service provider about cervical cancer or HPV, among
other sexual and reproductive health issues. There were
also concerns among a few service providers that some
clients may struggle to understand instructions, which
could lead to inaccurate results.

Figure 2. Level of difficulty of self-sample collection

Opverall, there was a preference for HPV DNA testing
over VIAC, as the latter may show results that are
misleading and not indicative of precancerous conditions,
whereas HPV DNA testing focuses solely on cancer.
Furthermore, most service providers preferred self-sample
collection over provider-collected samples due to the non-
involvement of the speculum, which was described as
“too invasive.” Self-sample collection was also viewed as a
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Table 6. Results of HPV positivity by sample demographics

Variable Categories Provider-collected sample result (n=611) Client-collected sample result (1=609)
HPV-positive (%) 95% CIs HPV-positive (%) 95% CIs
Age 30-39 30.7 25.9-35.8 27.6 14.4-46.3
40-49 27.7 22-34.2 23.6 18-30.4
>50 27.5 18.3-39.2 27.3 22.6-32.5
Education level None 27.9 23.8-324 27.6 14.4-46.3
Primary 41.9 26.1-59.6 23.6 18-30.4
Secondary 28.6 18.3-41.7 27.3 22.6-32.5
Tertiary 30.4 18.9-45.1 32.2 23.4-42.5
Marital status Married/cohabiting 27.9 23.8-324 249 21-29.2
Never married 41.9 26.1-59.6 40.6 25.2-58.1
Widowed 28.6 18.3-41.7 25.0 15.4-37.9
Divorced 30.4 18.9-45.1 37.8 24.9-52.6
Separated 32.7 21.7-46.1 27.8 17.5-41.1
Sector Rural 21.1 8.1-44.6 21.1 8.1-44.6
Urban 29.6 26-33.5 27.9 24.4-31.8
Peri-urban 21.1 8.1-44.6 5.3 0.7-29.5
Farming/resettlement 60.0 20-90 20.0 2.7-69.2
Religion Christianity 28.9 26.7-34.9 33.1 25-33.1
Apostolic 18.3 16-32.1 26.9 12-26.9
Muslim 25.0 12.5-71.6 62.4 6.3-62.4
None 20.0 10.4-53.4 47.0 6.6-47

Abbreviations: CI: Confidence interval; HPV: Human papillomavirus.

Table 7. Results of HPV positivity by risk factor

Variable Categories Provider-collected sample result (n=611) Client-collected sample result (n=609)
HPV-positive (%) 95% Cls HPV-positive (%) 95% Cls
History of alcohol consumption ~ No/rarely 27.3 23.8-31.2 26.0 22.5-29.9
Yes 46.2 34.5-58.3 34.8 24.4-47.0
HIV results Positive 41.2 34.0-48.7 39.1 32.0-46.6
Negative 24.7 20.9-29.0 22.3 18.6-26.4
Family history of cervical Yes 23.7 14.6-36.2 22.0 13.2-34.4
cancer No 30.0 26.2-34.0 27.6 24.0-31.6
Uncertain 23.1 10.7-42.8 22.2 10.3-41.5
Age at sexual debut <18 26.7 19.5-35.3 21.8 15.3-30.2
18-24 29.5 25.5-33.9 27.6 23.7-32.0
225 34.1 21.7-49.1 333 21.2-48.2
Number of lifetime sexual 1-2 27.3 23.1-31.9 244 20.3-28.9
partners 3-4 33.3 25.5-42.2 317 24.0-40.5
5-6 26.1 15.4-40.6 32.6 20.7-47.3
>7 37.7 25.8-51.4 30.2 19.4-43.8
Ever had an STI Yes 31.7 23.5-41.3 28.8 21.0-38.3
No 28.8 25.0-32.9 26.5 22.9-30.6

Abbreviations: CI: Confidence interval; HPV: Human papillomavirus; STI: Sexually transmitted infection.
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Table 8. User experiences on HPV DNA sample collection

Indicator Yes (%) 95% CI
Concerned about hurting oneself 37.0 33.2-40.9
Concerned about not obtaining a good sample ~ 39.6 35.8-43.5
Concerned about dropping the sampling 19.7 16.7-23.1
equipment

Felt anxious during self-sample collection 33.1 29.4-36.9
Felt embarrassed during self-sample collection 9.8 7.7-12.4
Felt pain during sample collection 10.3 8.1-12.9
Would recommend this method 97.6 96.0-98.5
Preference for self-sample collection versus 54.4 50.4-58.3
provider collection

Intention to get tested for cancer using HPV 90.6 88.0-92.6
DNA in the future

Trusted the results of the test 88.8 86.0-91.0

Abbreviations: CI: Confidence interval; HPV: Human papillomavirus.

panacea for reducing healthcare worker burden, especially
in high-volume sites, since the kit could be issued to several
women simultaneously, thereby reducing waiting time and
allowing the provider to attend to other recipients of care.

4, Discussion

The study compared HPV DNA results between two
study arms defined and differentiated by the sequence of
sample collection. In the first study arm, a self-collected
vaginal swab was obtained, followed by a provider-
collected cervical swab, while in the second study arm, the
sequence was swapped—the provider-collected cervical
swab preceded the self-collected vaginal swab. First,
randomization checks were conducted to evaluate possible
sampling bias across the study arms. The results showed a
similar distribution across all participants’ demographics
and potential cancer covariates, indicating that the two
study arms were comparable.

HPV positivity was comparable between the two study
arms, indicating that the sequence of collecting samples
did not affect the outcome. Results were comparable
regardless of which sample was collected first. These
results are consistent with findings from a crossover trial
by Wong et al.,”> which compared HPV DNA and Pap
smear. Furthermore, comparisons between provider- and
self-collected vaginal samples were performed. The results
showed no statistically significant differences in HPV
positivity, confirming that self-collected samples were
comparable to provider-collected samples. Although
Kuguyo et al.* noted that HPV DNA screening has low
specificity, these results suggest that HPV DNA screening
is a feasible method that can be used with a follow-up
VIAC test following a positive HPV screen.

Further analyses were conducted to evaluate whether
comparisons between provider- and self-collected vaginal
samples differed by specific demographic variables.
Across age, level of education, marital status, religion, and
type of residence, no statistically significant differences
were observed, indicating that the risk factors were not
associated with HPV positivity results in provider- and
self-collected samples. Cancer risk factors, such as history
of alcohol consumption, HIV status, family history of
cancer, age at sexual debut, number of sexual partners, and
STI infection history were also included to compare the
outcomes. The findings reveal that there were no factors
associated with inconsistent results between self- and
provider-collected samples.

In the same analyses, investigators also assessed factors
associated with HPV positivity. The findings reveal that
there were no demographic factors associated with HPV
positivity. However, further investigations on risk factors
showed that both provider- and self-collected samples were
more likely to show positive results among participants
with a history of alcohol consumption compared to those
without. HIV-positive women were also more likely to
have a positive result compared to HIV-negative women in
both provider- and client-collected samples.

In terms of user experiences on HPV DNA sample
collection, participants responded positively, with most of
them reporting that they trusted the results from the test,
would recommend this method to other women, and would
get tested again in the future using HPV DNA. While the
results indicated that women reported relative ease in self-
sample collection, some women were concerned about not
getting a good sample or hurting themselves, or felt anxious,
embarrassed, or experienced some pain. Sensitization
campaigns and tailored instructions may be instrumental
in equipping women with sufficient knowledge to improve
their technique and increase their confidence.

The qualitative results showed a high preference for HPV
DNA among women and service providers relative to other
methods, such as VIAC. This finding is consistent with that
of Senkomago and Saraiya.”® HPV self-sample collection
also offers the convenience of reducing healthcare worker
burden at the service delivery point. However, women may
miss an opportunity to get screened for other infections or
conditions and access other available health services.

HPV DNA screening is known to be less expensive than
other screening methods, as noted by Nelson et al.** The
high preference for HPV DNA self-sampling in a low- and
middle-income country, such as Zimbabwe becomes
an important finding. Braz et al.® stated that inadequate
resourced service delivery systems are a major contributor
to low cervical cancer screening coverage. Self-sample
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collection goes a long way in reducing healthcare worker
burden in such settings.

However, several limitations remain in this study. First,
all HPV-positive results should have been followed up
with a VIAC test to determine eligibility for cryotherapy,
thermal ablation treatment, or a loop electrosurgical
excision procedure. This is the standard routine for
cancer management. In addition, a full cancer screening
and treatment cascade—from screening by method to
treatment and tracking of treatment outcomes—could have
also provided a more complete comparison of provider-
collected and client-collected samples. Moreover, the study
sample was largely skewed toward the urban population,
which affected the generalizability of the results to the
rural setting, where women are generally less educated and
have less access to cancer screening and treatment services.
The cost-effectiveness of provider-delivered sample
collection compared to self-sample collection could have
also added further insights in providing more context to
the acceptability and feasibility of self-sample collection.
However, evaluating cost-effectiveness was beyond the
scope of this study.

5. Conclusion

In conclusion, self-sample collection is just as effective
as provider collection in detecting HPV. HPV detection
rates were not affected by the sequence used to collect the
samples—regardless of whether the provider-collected
sample or the self-collected sample was taken first. This
demonstrates that women can collect a reliable sample
for HPV testing. Furthermore, most service providers
and participants viewed the screening method as highly
acceptable, and both groups agreed that sample collection
was easy. A few participants reported experiencing pain
during sample collection, suggesting the need for further
training and supervision by trained providers to ensure
correct adherence to instructions. HPV DNA self-
sample collection has not yet been widely implemented
in Zimbabwe. The findings of this study provide insights
to support the expansion of HPV DNA testing and
increase cervical cancer screening coverage in the
country. The scale-up process should be supported by
clear communication strategies, along with a step-by-step
manual for self-sample collection, translated into local
languages to improve accessibility.
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