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Abstract
Objective—This study utilized a combination of HPV self-sampling, iFTA elute specimen cards,
and long distance transport for centralized processing of specimens to determine the feasibility of
large-scale screening in remote and transient populations.

Methods—This study was performed in two locations in Peru (Manchay and Iquitos). The “just
for me” cervico-vaginal brush and iFTA elute cards were used for collection and transport of
specimens. Samples were shipped via FedEx to China and tested for 14 types of high-risk HPV
using PCR based MALDI-TOF. HPV positive women were treated with cryotherapy after VIA
triage, and followed-up with colposcopy, biopsy, ECC, and repeat HPV testing at 6 months.

Results—Six hundred and forty three women registered, and 632 returned a sample over a 10
day period. Within 2 weeks, specimens were shipped, samples tested, and results received by
study staff. Sixty-eight women (10.8%) tested positive, and these results were delivered over 4
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days. Fifty-nine HPV positive women (87%) returned for evaluation and treatment, and 2 had
large lesions not suitable for cryotherapy. At 6 months, 42 women (74%) returned for follow-up,
and 3 had CIN 2 (all positive samples from the endocervical canal). Ninety eight percent of
participants reported that they would participate in this type of program again.

Conclusions—Utilizing HPV self-sampling, solid media specimen cards for long distance
transport, and centralized high throughput processing, we achieved rapid delivery of results, high
satisfaction levels, and low loss to follow-up for cervical cancer screening in remote and transient
populations.

I. INTRO
World-wide, cervical cancer is the third most common cancer in women, accounting for
13% of women’s cancers in the developing world. There were 275,000 deaths from cervical
cancer in 2008, and more than 85% of these deaths occurred in developing countries [1]. In
Peru, the incidence of cervical cancer is in GLOBOCAN’s highest category (34.5/100,000),
and the disease has an extremely high mortality rate (16.3/100,000) [2].

Cervical cancer is the only human cancer for which we know the necessary cause [3] and
which can be prevented; however, in the developing world women often do not have access
to life-saving screening techniques to prevent advanced stage disease. The public health
application of some newer technologies can improve our ability to reach remote populations
most in need of screening, and leads to far superior prevention strategies when compared to
simpler forms of screening. Denny et al. in South Africa showed that high-risk human
papillomavirus (HR-HPV) testing followed by cryotherapy proved to be a highly effective
screen-and-treat strategy, with significant reduction of cervical intraepithelial neoplasia
grade 2 or worse (CIN2+) when compared to visual inspection with ascetic acid (VIA) [4,5].
In addition, this study showed that the addition of colposcopy actually decreased the
effectiveness of the algorithm. The negative predictive value of HR-HPV testing affords the
advantage of a longer safe screening interval [6, 7, 8], and combined with self-sampling
eliminates some critical obstacles, such as the need for medical facilities and personnel, as
well as providing convenience and acceptability for women [9, 10, 11].

Over the past 2 decades, there have been significant advances related to self-sampling
technology. One of the greatest advances is the demonstration that by utilizing PCR
technology, a self-collected sample tested for the presence of HR-HPV can acheive a
sensitivity equal to that of a physician-collected direct endocervical sample (94+ %) [5, 12].
Additionally, the processing of samples with high through-put (4500/day) allows for more
rapid delivery of results at a cost per case applicable to public health programs [12];
furthermore, the development of, solid media specimen cards (iFTA elute, GE Healthcare
Piscataway, N.J.) have demonstrated reliability for transportation of HPV specimens for
PCR analysis, eliminating the need for careful handling of liquid-based specimens [13].
Combining all of these technologies may achieve transport over long distances with rapid
return of results, which can facilitate effective cervical cancer screening of isolated
populations.

We studied this combination of technologies in 2 sequential screening protocols in Peru,
where cervical cancer screening has not reached a significant percentage of the population.
One site was a shantytown outside of Lima called Manchay, and the other, Iquitos, is a city
with several surrounding remote villages in the Amazonian rainforest. Both studies were
conducted as mother-child screen, treat, and vaccinate prevention studies grounded in
Community Based Participatory Research (CBPR). The results of the CBPR strategies and
our progressive development of a preventive healthcare model are reported individually for
Manchay and Iquitos in 2 separate manuscripts. The present manuscript focuses specifically
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on the medical interventions applied in these studies. To our knowledge this is the first
clinical example using a combination of HPV self-collection and solid media specimen
transport cards to achieve real-time long distance transport of specimens in difficult to reach
populations.

II. METHODS
International Review Board approval for the studies was achieved through the Instituto
Nacional de Enfermedades Neoplásticas (INEN) 1, the Peruvian NIH, and the Cleveland
Clinic. The projects were registered with the US National Institutes of Health as number
NCT01338051. Funding for the projects was obtained through the Merck Inc. “Investigator
Initiated Studies Program”, Preventive Oncology International, and the NIH Fogarty
Fellowship Program.

CBPR concepts were used to determine strategies for advertising, recruitment, distribution
and collection of specimens as well as reporting of results. The ultimate goal of the model
was to allow the community to manage the screening program and identify the individuals at
risk involving the healthcare system for those who screened positive for HPV. The inclusion
and exclusion criteria for participants can be seen in Figure 1.

Screening: HPV Self-Sampling, Solid Media, and Long Distance Transport
The self-sampling technology used for these studies included a simple nylon brush
specifically designed for self-collecting a cervico-vaginal sample (“Just for Me” Preventive
Oncology International Inc., Cleveland Heights, Ohio, USA), and a specimen card (iFTA-
Elute, GE Healthcare, Piscataway N.J.) to transport the specimen. The brush, specimen card
and simple illustrated instructions were delivered to all of the participants by the community
health workers (CHW). Each filter paper card was labeled with an identification number
unique to each subject (Figure 2). In addition to the illustrated instruction sheet, the CHWs
also contained written instructions for collecting the sample. The brushes were discarded
after sampling, and filter-paper cards were either collected by the CHWs or delivered by
participants to the CHWs at a central location. Each sample was recorded on a de-identified
Excel spreadsheet, which was printed out and shipped by air with all the samples in a group
to Hong Kong then to BGI2 Shenzhen, in Shenzhen China. There, samples were tested for
14 types of high-risk HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) with a PCR
based multiplex high-risk HPV assay developed by BGI, integrated with the mass
spectrometry system MALDI-TOF (Mass Array Matrix-Assisted Laser Desorption/
Ionization Time-Of-Flight)3 [14, 15]. Results were sent to the POI epidemiology and bio-
statistical center in Chicago and then forwarded to a research team member in Peru, who
matched results to participants and created written documents for the CHWs to deliver to the
women.

Treatment and Follow-up
Women testing HR- HPV positive were evaluated and treated at health clinics in each region
a few days after HPV results were distributed. The women were triaged by unaided visual
inspection with acetic acid (VIA) to rule out large pre-cancerous lesions (unable to be
covered by the 1.9cm cryotherapy probe) or cancer. Women who qualified for immediate
treatment were treated with cryotherapy using a Medi-Gyn cryotherapy unit with a 1.9cm/

1English Translation : National Institute of Neoplastic Diseases
2Originally named The Beijing Genomic Institute, BGI is the largest sequencing center in the world
3This assay uses a method of mass spectrometry for multiple polymerase chain reaction (PCR), with several primers of HPV (GPR5+/
6+), targeting specific bp to the L1 region of the viral genome of 14 HPV types, followed by amplification with specific primer for
each genotype.
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3mm nipple tip. The treatment protocol was 3 minute freeze – 5 minute thaw – 3 minute
freeze. Patients received verbal and written post treatment instructions from the research
team. Follow-up for all women treated with cryotherapy was planned at 6 months, at which
time the women underwent colposcopy, biopsy, endocervical curettage, and repeat HPV
testing (in this case a direct endocervical sample assayed using the PCR based MALDI-
TOF).

Analyses
While much of the analysis for this study is descriptive in nature, all quantitative analysis
was performed using STATA 10.0 software (College Station, TX). Pearson chi-square
analysis and Fisher exact tests were performed for goodness of fit and association amongst
HR-HPV groups.

III. RESULTS
A total of 643 women were registered. The average age of all participants was 37 in
Manchay and 36 in Iquitos, and the average parity was 3. Neither of these demographics
differed significantly between HR-HPV+ and − groups or between the two sites.
Approximately 58% of participants from Manchay had a Pap smear in the past 5 years and
had received a report of the results, compared with only 29% in Iquitos. While there was no
statistically significant difference between HR-HPV+ and HR-HPV − groups, there was a
trend towards higher likelihood of recent Pap smear among HR-HPV − participants (60%
vs. 46% in Manchay). In Iquitos, there was also a non- statistically significant trend towards
higher likelihood of recent Pap smear among HR-HPV −, percentages were 46 and 37
percent respectively [Table 1].

Screening Technology: HPV Self-Sampling, Solid Media, Long Distance Transport
Six-hundred and thirty two (98.3%) of the women who registered for the study returned a
self-sample to the CHW. Five-hundred and eighty-six (92.7%) of these women were
subsequently interviewed, and 68 (11.6%) reported some discomfort or pain with insertion.
Five patients (less than 1%) reported difficulty obtaining the sample, and 1 patient reported
nausea. Four-hundred and seventy-seven patients (81.4%) reported that they would prefer to
do a self-sample than have an examination performed in the clinic, 36 (6.1%) reported that
they did not have a preference, and 107 (16.9%) preferred to have a sample taken in the
clinic setting. Of those women who did not return a sample, reasons included: 4 were unable
to be located after registering, 6 subsequently refused to participate, and 1 became pregnant
and received a Pap smear from her obstetrician (Figure 3).

In Manchay, specimen cards with self-collection specimens were collected quickly, over a
2-day period, while in Iquitos, samples were collected over a 10-day period due to more
difficult geographic limitations. CHWs transported these cards to the research team and all
samples were immediately mailed via FedEx to China for PCR analysis in accordance with
the study protocol. Within 2 weeks in Iquitos and 1 week in Manchay, the results were
received by study staff in Peru and subsequently delivered to participants over a 4 day
period. Therefore, the time span between screening for HR-HPV and delivery of results was
no more than 3 weeks in either location. Actual laboratory processing for each site’s cases
took only one day but depended on the queue of research projects at the BGI laboratory.

Significantly, upon receipt of results, it became apparent that eight of the filter-paper cards
did not have sufficient DNA to test the sample for HR-HPV (these cases were all in
Manchay). Therefore these samples were all repeated. Upon repeat, 7 out of the 8 specimens
had sufficient DNA while 1 again required repeat testing. The third sample from the
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participant was obtained in the presence of a member of the research staff and this sample
resulted in sufficient DNA for HPV testing.

During the study evaluation, both HPV positive and HPV negative participants reported high
levels of study satisfaction, with 574 out of 585 women who were interviewed (98.0%)
reporting that they would participate in this type of program in the future.

HPV results and management
Out of the 632 specimens collected, 68 (10.8%) tested positive for HR-HPV [Figure 1]. A
total of 19 (27.9%) women had either HPV 16 (14 women) or HPV 18 (5 women). HPV 16
was the most prevalent type in both communities.

Fifty-nine (86.8%) of 68 women who tested positive for HR-HPV returned for evaluation
and treatment. Upon VIA triage (utilized for the purpose of excluding large lesions), 2
women were believed to have a large pre-cancerous or cancerous lesion not suitable for
cryotherapy, and were referred to INEN. One was diagnosed with invasive cervical cancer
and completed radiation, chemotherapy and brachytherapy at INEN. After some difficulty
re-locating the other patient, she was found to have CIN3 on cone biopsy. Fifty-seven
(57/59) women therefore underwent treatment with immediate cryotherapy.

Approximately 6 months after the initial treatment, all participants who received
cryotherapy were re-contacted, and 42 women (73.7%) returned for further evaluation
(samples were obtained for 41 women as 1 woman was pregnant). Twenty-six out of 41
women (63.4%) who had repeat HPV testing at 6 months were found to be negative for HR-
HPV, 5 women (12.2%) were found to have a different HPV type on follow-up, and 10
(24.4%) women had the same type of HPV that was initially detected. Three of these women
(7.1%) were also found to have CIN2+; all 3 of these cases were in the endocervical canal
(found on ECC), had type specific persistence, and all were p16 positive on immune histo-
chemistry.

DISCUSSION
Despite our knowledge of the pathogenesis of cervical cancer and techniques for managing
pre-cursor lesions, cervical cancer continues to cause significant morbidity and mortality in
the developing world. While advances in screening technologies continue to improve our
ability to detect precursor lesions, we are just beginning to see efforts to implement these
technologies in the populations most in need, a necessary step for reducing cervical cancer
prevalence in large populations [16]. To help reach this goal, we have studied the
effectiveness of a screening protocol that combines self-sampling for HR-HPV, solid media
specimen transport cards, and centralized high through-put processing that can achieve high
sensitivity with good quality control. Our findings suggest that by instituting this protocol,
we can rapidly screen remote populations of women at high risk for cervical cancer.

HPV testing has been shown to provide superior sensitivity and negative predictive value
compared to VIA and cytology based screening. Self-sampling is convenient and highly
accepted by most women with minimal disruption to their daily lives [9, 17, 18, 19, 20]. The
use of iFTA-elute cards provides several key advantages for self-screening; 1) The cards
indicate to both the women and to the laboratory that the sample is on the paper by a color
change; 2) The cells are lysed and the DNA is stabilized creating a non-infectious sample; 3)
A punch of the card, heated in water, allows elution of the DNA which eliminates the need
for extraction prior to PCR; and 4) The absence of liquids (other transport media are often
alcohol based) is a safety factor for the women who are unlikely to be familiar with the
proper handling of such solutions. International transport of DNA samples on iFTA-elute
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cards has been safely done for years with specimens transferred to centralized testing
facilities [21]. Our samples were integrated into the daily research work of the MALDI-TOF
technology at BGI. Once the specimens arrived in the laboratory from Peru (3 days), BGI
was easily able to meet whatever time requirement we requested. Results were, therefore,
able to be delivered to women quickly, which is a critical element of screening in at risk
populations. Quick turnaround allows the screening event to be fresh in the participants’
minds when results are available; because at-risk populations are often transient, rapid
delivery of results is vital to both high rates of satisfaction and low loss to follow-up.

Our study shows that by integrating self-sampling for HPV, iFTA elute for specimen
transport (long distance if needed) and centralized testing, we can effectively achieve
comprehensive screening for cervical cancer with rapid delivery of results. However, there
are limitations to consider. First, the sample sizes for each study site were small
(approximately 330 women each in Manchay and Iquitos), which does not accurately reflect
the goals of large-scale screening. However, all aspects of this protocol can easily be scaled
up. This includes the community based screening events as well as the assay technology,
which allows one machine to process up to 4500 samples per day. These studies represent
considerable progress towards the final design of a community based screening model for
large populations, with the major rate limiting factor being the ability of the healthcare
system to effectively manage the positives.

While CBPR also played a critical role in the study’s success, the documentation of the
feasibility of combining the technologies with long distance transport is independently
significant. We fully recognize the need to combine this protocol with effective community
based delivery of the screening technologies, as well as having an evaluation and treatment
plan capable of managing the HR-HPV positive women in a manner appropriate for a public
health program. While each element of a public health strategy is critical, it is the
combination of these elements that can lead to successful cervical cancer control.

Although this manuscript focuses on screening technology, treatment is a critical aspect of
any prevention program and therefore must be considered in program evaluation. While the
efficacy of treatment with cryotherapy is well-established in the literature [8], few studies
have focused on the clearance of HPV by cryotherapy. In one study by Davidov et al, 62%
of patients who underwent cryotherapy were found to be HPV negative following treatment
[22]. Similarly, Aerssens et al. examined HPV detected by polymerase chain reaction (PCR)
(as used in our study) after cryotherapy, and found that 65.4% of patients cleared the HPV.
Both of these results are consistent with our finding of 63.4% clearance. Of those who were
HPV positive, more women in our studies were found to have the same type of HPV (24.4%
vs. 11% in the Aerssens study) rather than a different type of HPV (12.2% vs. 23.6% in the
Aerssens study). While the cause for these differences is unclear, persistence and/or
reinfection were consistent overall. Importantly, Aerssens et al. also demonstrated, via
extended follow-up, that HPV infection continues to decline even 2 years after cryotherapy
treatment [23]. While there were 3 women in our studies who were found to have CIN2+
after cryotherapy, all 3 cases were in the endocervical canal, where cryotherapy cannot
reach. Therefore, the findings from our study support previously published data that show
the efficacy of this treatment strategy. Of note, it is unclear how the assay for HPV impacts
the findings of persistent infection since PCR based methods have a much lower threshold
for detection and therefore may detect clinically irrelevant presence of the virus [24].

To our knowledge, this is the first study that combines a community-based model with
highly efficacious technology, long distance transport, and rapid delivery of results. These
elements allowed for high levels of satisfaction and minimal loss to follow-up. We continue
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to work to refine our community-based model and its training work-shop, as well as to study
treatment alternatives easily applied in the local community settings (often quite rural).
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Highlights

• Combining HPV self-sampling, FTA cards, transport, and central processing is
useful

• This combination allows for efficient screening in remote and transient
populations

• Rapid result delivery, high satisfaction, and low loss to follow-up were achieved
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Figure 1.
Exclusion and Inclusion criteria for the study
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Figure 2.
HPV Self-Sampling Instruction Sheet
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Figure 3.
Overall participation flowsheet for both Manchay and Iquitos
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Table 1

Demographics

MANCHAY IQUITOS MANCHAY AND IQUITOS

Average Age 37 36 36

Average Parity 3 3 3

Pap smear in past 5 years

HR-HPV + 46% 28% 37%

HR-HPV − 60% 29% 46%

Total 58% 29% 44%
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