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Abstract

Background

Cervical cancer is among the most common preventable cancers with the highest morbidity

and mortality. The World Health Organization (WHO) recommends visual inspection of the

cervix with acetic acid (VIA) as cervical cancer screening strategy in resource-poor settings.

However, there are barriers to the sustainability of VIA programs including declining provid-

ers’ VIA competence without mentorship and quality assurances and challenges of integra-

tion into primary healthcare. This study seeks to evaluate the impact of smartphone-based

strategies in improving reliability, reproducibility, and quality of VIA in humanitarian settings.

Methods and findings

We implemented smartphone-based VIA that included standard VIA training, adapted

refresher, and 6-month mHealth mentorship, sequentially, in the rural Shiselweni region of

Eswatini. A remote expert reviewer provided diagnostic and management feedback on

patients’ cervical images, which were reviewed weekly by nurses. Program’s outcomes, VIA

image agreement rates, and Kappa statistic were compared before, during, and after train-

ing. From September 1, 2016 to December 31, 2018, 4,247 patients underwent screening;

247 were reviewed weekly by a VIA diagnostic expert. Of the 247, 128 (49%) were HIV–pos-

itive; mean age was 30.80 years (standard deviation [SD]: 7.74 years). Initial VIA positivity

of 16% (436/2,637) after standard training gradually increased to 25.1% (293/1,168),

dropped to an average of 9.7% (143/1,469) with a lowest of 7% (20/284) after refresher in

2017 (p = 0.001), increased again to an average of 9.6% (240/2,488) with a highest of 17%

(17/100) before the start of mentorship, and dropped to an average of 8.3% (134/1,610) in

2018 with an average of 6.3% (37/591) after the start of mentorship (p = 0.019). Overall,

88% were eligible for and 68% received cryotherapy the same day: 10 cases were clinically
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suspicious for cancer; however, only 5 of those cases were confirmed using punch biopsy.

Agreement rates with the expert reviewer for positive and negative cases were 100% (95%

confidence interval [CI]: 79.4% to 100%) and 95.7% (95% CI: 92.2% to 97.9%), respectively,

with negative predictive value (NPV) (100%), positive predictive value (PPV) (63.5%), and

area under the curve of receiver operating characteristics (AUC ROC) (0.978). Kappa statis-

tic was 0.74 (95% CI; 0.58 to 0.89); 0.64 and 0.79 at 3 and 6 months, respectively. In logistic

regression, HIV and age were associated with VIA positivity (adjusted Odds Ratio [aOR]:

3.53, 95% CI: 1.10 to 11.29; p = 0.033 and aOR: 1.06, 95% CI: 1.0004 to 1.13; p = 0.048,

respectively). We were unable to incorporate a control arm due to logistical constraints in

routine humanitarian settings.

Conclusions

Our findings suggest that smartphone mentorship provided experiential learning to improve

nurses’ competencies and VIA reliability and reproducibility, reduced false positive, and

introduced peer-to-peer education and quality control services. Local collaboration; extend-

ing services to remote populations; decreasing unnecessary burden to screened women,

providers, and tertiary centers; and capacity building through low-tech high-yield screening

are promising strategies for scale-up of VIA programs.

Author summary

Why was this study done?

• Visual inspection of the cervix with acetic acid (VIA)-based cervical cancer screening is the

World Health Organization (WHO)-recommended screening method for resource-poor

settings, and new advanced human papillomavirus (HPV) testing also requires a reliable,

good-quality, and functioning VIA or cytology program.

• Initial VIA training programs for cervical cancer screening are often short term with variable

quality, and opportunities for retraining are limited due to cost and logistics, which contrib-

ute to a decline in diagnostic skills of screening providers with high false-positive and nega-

tive results over time.

• Cervical imaging, cervicography, as a proven adjunct to VIA, improves screening results and

competencies of providers but requires a digital camera and television screen, which poses

scalability and sustainability issues.

• Smartphone-based VIA strategies provide a low-tech option to improve training of nurses in

VIA, but their large-scale implementation and the impact on quality in routine program set-

tings have not yet been evaluated.

What did the researchers do and find?

• We developed and implemented an integrated mentorship training of VIA screening and

digital cervicography using smartphones through a telemedicine platform to improve pro-

vider nurses’ diagnostic and management competencies and skill retention to ensure repro-

ducibility, reliability, and quality of VIA screening services in routine humanitarian settings.
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• Our findings indicate that provider nurses significantly improved in VIA performance and

maintained diagnostic competencies with high agreement rates with the expert mentor over

time after smartphone-based mentorship training compared to the standard and refresher

VIA screening trainings.

• In resource-poor settings, these achievements could help reduce the unnecessary burden of

underdiagnosis or overdiagnosis and treatment and their psychosocial impact to women,

providers, and health systems.

What do these findings mean?

• The strategy of using inexpensive and ubiquitous smartphones presents a unique opportu-

nity for task shifting of high-quality cervical cancer screening at the primary care level in

many resource-poor or humanitarian settings.

• Effective collaborations with local entities, local capacity building, maintenance of quality

services, decreased burden on health systems, and direct affordable VIA screening services

for women in remote areas and in familiar and sustainable settings could lead to important

policy implications for VIA screening interventions in humanitarian settings.

Introduction

Worldwide, more than half a million women develop cervical cancer every year, and more

than half of these cases are fatal [1]. In resource-poor settings, cervical cancer is the leading

cause of cancer-related deaths among women. This is mainly related to inadequate screening

and HIV infection [2,3]. Extensive study of visual inspection of the cervix with acetic acid

(VIA) indicates acceptable test characteristics and performance, [4–7] comparable with Pap

testing, which is unavailable in most developing regions [8]. However, despite the availability

of VIA, the screening rate is unacceptably low in many low-resource or humanitarian settings

[9–11]. Barriers to cervical cancer screening include lack of a nonphysician health workforce

and infrastructure for follow-up [9,12].

Task shifting by training nurses in VIA has been effective in low-resource settings [13–18],

but there are major barriers including lack of comprehensive training of nonphysician health

workers and opportunities for repeated training [18–21]. This contributes to a decline in diag-

nostic and management accuracy over time [19,20]. Cervicography, a well-proven adjunct to

VIA, allows mid-level health professionals to review and discuss cervical images with mentors

to assure long-term screening accuracy [13,14,18]. However, it requires a digital camera and

television screen [13,14,18], which poses scalability and sustainability issues. Smartphone cam-

eras provide a reliable alternative option. Although some pilot research projects have tested

this approach [15,16,22], it has not yet been evaluated in routine settings.

The incidence of cervical cancer in Eswatini, at 69.4 to 75.3 per 100,000, is among the high-

est in the world [11,23]. Eswatini’s first national policy on cervical cancer prevention, devel-

oped in 2013, recommended VIA screening with cryotherapy of precancerous lesions for

women aged 25 to 49 years. However, most women in Eswatini have never been screened [11].

The rural Shiselweni region in Eswatini has a 31% HIV prevalence (ages 18 to 49 years), which

likely increases the risk for early and accelerated progression of disease and greater severity at

presentation. We developed and implemented an integrated mentorship training of
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VIA/digital cervicography via telemedicine using smartphones to improve nurses’ diagnostic

and management competencies and skill retention. This paper aims to describe the develop-

ment, implementation, and assessment of this training program and its effect on reproducibil-

ity, reliability, and program-level VIA quality.

Methods

Setting, study sites, and participants

Beginning in September 2016, in collaboration with the Ministry of Health (MoH) of Eswatini,

Medecins Sans Frontieres (MSF) implemented a VIA screening program under routine condi-

tions for women aged 25 to 49 years in primary and secondary facilities in the rural Shiselweni

region, with a population of 204,000. This region is among the most remote and underserved

areas in Eswatini, where there is limited access to healthcare, especially for women, high rates

of HIV, and relatively inaccessible terrain with large distances between health facilities. Nurses

and midwives (n = 3; 2 female) were recruited, trained, implemented VIA, provided cryother-

apy for precancerous lesions, and referred advanced or not cryotherapy-eligible cases. MSF

provided supplies and logistical support to perform VIA, cryotherapy, and treatment of infec-

tions detected during vaginal exams free of charge.

Nurses performed VIA in HIV/tuberculosis (TB) care integrated outpatient primary (n = 9)

and secondary care facilities (n = 1) and performed VIAs on all eligible women (25 to 49 years

of age) between September 2016 and December 2018. All women <25 years or>49 years who

requested were also screened with VIA or Pap testing, respectively, following national proto-

col. For sustainability and scalability of the intervention’s effect, toward the end of the project

and upon handover to MoH in 2019, the nurses trained in this program were recognized as

trainers and continued to provide mentorship to MoH nurses in a total of 30 facilities. Pelvic

exams and VIA screenings took place in MoH facilities where patients provided usual consent

to care. Patients diagnosed with precancerous lesions were offered same-day or follow-up

cryotherapy by nurses in the same facility. Patients who did not meet criteria for cryotherapy,

which included lesions covering more than 75% of the cervical surface and/or lesions extend-

ing beyond 2 mm inside the os or to the vaginal wall, were referred to the central regional hos-

pital. In accordance with MoH’s plan, all cancer cases were referred to national gynecologists

or included in a waiting list for transfer of care to a dedicated hospital in South Africa for

radiotherapy or surgery. All VIA and subsequent care were provided free of charge. As part of

program evaluation, team meetings were frequently held to discuss challenges and elicit feed-

back from VIA providers, MoH managers, local and national health policy makers, patients,

and other stakeholders such as community informants and leaders. We incorporated feedback

in our ongoing program evaluation to adjust to logistical, sociocultural, and systems chal-

lenges. At the end of the intervention, based upon an original agreement with the MoH, a

detailed instruction manual of the mHealth mentorship was developed for the MoH for possi-

ble replication of the program.

This research was exempted from the MSF Ethics Review Board for a full review and was

approved as a posteriori analysis of routinely collected clinical data by MSF Switzerland Medi-

cal Department and approved by the MoH and the Social Welfare Scientific Ethics Committee

of Eswatini. Cervical images were obtained after verbal consent and submitted for review with-

out any identifiable information or protected health information (PHI). These images were

not recorded in patients’ file as there were no such capabilities in the health facilities. All

patients who were seen and cared for during the program implementation as part of services

provided by MSF and in the health facilities supported by Eswatini’s MoH provided verbal

consent to usual care and that their cervical images will be obtained for better diagnostic of
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their condition and improving their medical care, quality control purposes and monitoring

and evaluation, and for teaching of other providers. This study is reported as per the Strength-

ening the Reporting of Observational Studies in Epidemiology (STROBE) guideline (S1

STROBE Checklist).

Description of program and training curriculum

All nurses participated in an initial 1-week on-site training and received a refresher after 1

year. We then introduced a 6-month smartphone-based cervicography mentorship. The

hypothesis was that remote mentorship using smartphone-based imaging with feedback from

an expert mentor would improve the quality of screening, reliability and reproducibility of

VIA diagnostic and management abilities of nurses, treatment of positive cases, and reduce

false-positive and negative cases. This, in return, would reduce the unnecessary diagnosis and

treatment of false-positive women, burden on treating providers, psychological impact of false

precancerous diagnosis, and patient-level burden of false-negative diagnosis.

Curriculum structure

The VIA training included 2 distinct components: (1) a 1-week initial standard VIA training,

which was offered by Eswatini’s MoH, modeled after the standard internationally recognized

Johns Hopkins Program for International Education in Gynecology and Obstetrics

(JHPIEGO) [24] and included didactic and practical sessions; and (2) a mentorship plan that

included 2 sections: (a) an adapted refresher training; followed by (b) 6 months of smart-

phone-based remote mentorship via telemedicine. The telemedicine platform is a secure

closed loop system operated directly by MSF that connects clinical experts and specialists

directly to providers in the field.

a. The on-site refresher training was offered in Shiselweni in July 2017. The expert/mentor

first observed all nurses in their clinics, assessed competencies in GYN exams and VIA pro-

cedure, cervical cancer screening counseling, infection control procedures, and treatment

and follow-up processes. The mentor obtained cervical images during these VIA exams and

provided practical training for smartphone imaging of the cervix. These observations

informed the development of a refresher module focused around practice gaps and chal-

lenges. A PowerPoint presentation was developed that included a description of each case,

cervical images before and after acetic acid application and after cryotherapy, review of

diagnostic features and diagnoses made by the nurses, rationale for final diagnoses, and

therapeutic approaches. First, a 4-session classroom training included review of female gen-

ital anatomy, discussion of human papillomavirus (HPV), cervical cancer, characteristics of

cervical cancer in HIV–positive patients, an approach to common mistakes or VIA diag-

nostic challenges, effective cancer screening, population- and individual-level consider-

ations, the World Health Organization (WHO) screening recommendations, treatment

approaches, and cervical photography. Second, during 4 additional sessions, the Power-

Point was reviewed along with a review of technical difficulties in VIA performance. Slides

and flash cards from JHPEIGO were also reviewed. One expert reviewer/mentor performed

all trainings. WHO, JHPIEGO, additional articles, and personal database were used to

develop this training [2,24].

b. Around 1 year after the refresher training, due to a rising positivity rate, a targeted strategy

was implemented. Different smartphone cameras were tested, and Samsung Duo was

selected and purchased locally specifically for screening purposes. All nurses were trained

in cervical photography and given written instructions. SIM cards were removed from the
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phones, which were password protected. The smartphones were used only for their capabil-

ity to take digital photos through the camera application, and no specific applications for

transmission of the images was used. The smartphones were collected at the end of the day

and were connected to a password-protected laptop. Then, a secure, online telemedicine-

supported platform was used to transfer images and diagnoses to the expert reviewer and

back to the nurses. This platform was introduced for a 6-month period during which nurses

would (a) capture cervical images before and after acetic acid application; (b) record

patients’ demographic, clinical, and contact information; (c) document diagnoses and man-

agement recommendations; and (d) de-identify, codify, and submit images to the reviewer

who was overseas (S1 CaseTemplate). Nurses uploaded images daily from their password-

protected phones to a password-protected computer. One nurse then submitted the images

weekly to the reviewer. Still, VIA images were captured/transferred in JPEG format,

3024 × 4032.

Based on Adult Learning Theory and in a trainee-centered approach, nurses had the liberty

to prioritize challenging positive and negative cases first. They were also required to select a

random sample of 1 to 2 cases from each day in the clinic depending on the number of patients

seen (1 case if less than 10 patients seen, 2 cases if more than 10 patients seen). Only 1 expert

reviewer/mentor, a cancer prevention specialist with extensive experience in VIA diagnostic

and performance, training, implementation, and assessment in low-resource settings, reviewed

all images, hence no interobserver variability. The expert reviewer reviewed images weekly;

provided diagnoses, management recommendations, and rationale; annotated images for clar-

ification; and submitted the results to the field team. Since the primary purpose of image

review was to provide tailored mentorship and training, observe individual’s weakness and

strengths, and provide individual level feedback and education modeled after Adult Learning

Theory, the expert reviewer was not blind to nurses’ diagnosis; however, images were first

reviewed, and then the provider identity was observed. The field team convened weekly or

biweekly to review and discuss all cases. They also shared lessons regarding improving cervical

photography and other logistical barriers.

Nurses were trained in quality photography, and a cheat sheet was developed to help with

better techniques in quality photography (S1 Text). The expert trainer/reviewer also provided

regular support and feedback to address potential quality issues with cervical images.

Study design, evaluation, and analysis plan

In this single-arm experimental cohort study, nurses documented patients’ demographics and

VIA and cryotherapy outcomes using the routine national cervical cancer registry for all

patients seen for VIA. The evaluation included an assessment of training efficacy and a retro-

spective cohort analysis of VIA diagnoses of women aged 25 to 49 years. The primary out-

comes included agreement rates of VIA image interpretation between the nurses and the

expert reviewer during the 6-month mentorship as a subsample of the total patient population

receiving VIA. The secondary outcomes included VIA positivity and cancer suspect rates at

the program level, which were compared before, during, and after the refresher training and

before, during, and after the 6-month mentorship. “Cancer suspect” refers to cases that were

clinically suspicious for cancer but not yet confirmed with biopsy. The expected positivity rate

of cervical precancerous lesions in the adult female population of Eswatini during the imple-

mentation period was also estimated. Additionally, stakeholders’ input and feedback during

the implementation phase were explored.

The categories of diagnostic interpretation were defined as (1) VIA/cervicography–negative

—no atypical acetowhite changes in the transformation zone; (2) VIA–positive—lesions need
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cryotherapy or referral for further intervention; (3) suspicious for cancer—need biopsy for

confirmation. In addition to simple agreement rates, and to account for random error, Cohen

Kappa statistic was used to measure the reproducibility of screening test diagnoses, which was

considered none to slight, fair, moderate, substantial, and almost perfect for�0.20, 0.21 to

0.40, 0.41 to 0.60, 0.60 to 0.80, and 0.80 to 1.00, respectively. Statistical significance was defined

as p< 0.05. Frequency statistics, proportions, medians, means and interquartile ranges were

used to describe percentage of patients needing and receiving cryotherapy, number of cancer

suspects, and baseline characteristics of the screened population, when available. Bivariate

analyses with 1 predictor at a time as well as multivariable logistic regression analyses with age

and HIV status as predictors in the model were used to better characterize sociodemographic

and patient-level indicators in relation to VIA outcomes. The changes in the rates of the VIA

outcomes were compared over the study period using linear regression models as there are no

sufficient data to suggest that the relationship between VIA outcomes and age differs in differ-

ent age categories of women eligible for VIA. The odds ratios (ORs) for VIA positivity were

measured by comparing the number of VIA–positive cases between different timeframes from

the pre-refresher to post-mentorship periods. STATA (StataCorp, V 14, College Station,

Texas, United States of America) was used for data analysis.

To estimate the expected/ideal rate of VIA positivity and precancerous lesions in Eswatini,

we considered multiple factors, each with some level of uncertainty due to data scarcity,

including the cervical cancer incidence estimation in Eswatini (70 per 100,000) [11,23], the

progression rate of precancerous lesions (40% over 5 to 10 years, depending on HIV status),

the natural history of cervical cancer (4 years on average), and the number of Eswatini’s

national cervical cancer diagnoses. We concluded that the precancerous VIA–positive lesions

and cancer suspect cases should roughly be 2% to 4%.

Results

Training evaluation

From September 1, 2016 to December 31, 2018, 4,247 patients underwent screening. Overall,

images from 247 of both negative and positive cases (6% of total VIA screened patients) were

reviewed by the expert reviewer. Twenty-four of all submitted images were of low quality,

which were not included in 247 cases.

Table 1 presents sociodemographic of women who underwent VIA. Table 2 presents socio-

demographic and clinical indicators of women who underwent smartphone-based VIA.

Table 3 presents agreement rates data for all nurses, collectively. There were no significant dif-

ferences between average agreement rates for the first 3-month and 6-month periods. How-

ever, a Kappa of 0.64 (substantial) after the first 3 months improved to 0.79 at the end of the

6-month period. A very high average negative predictive value (NPV) and a modest positive

predictive value (PPV) were achieved. Area under the curve of receiver operating characteris-

tics (AUC ROC) was estimated at 0.97.

Among 247 patients who underwent smartphone-based VIA screening in 2018, 128 (49%)

were HIV–positive; the mean age was 30.80 years (standard deviation [SD]: 7.74 years); 25/247

(10%) had previous VIA, of which 7/25 (28%) were positive, but only 3 received cryotherapy

or loop electrosurgical excision procedure (LEEP); mean parity was 2.56 (SD: 1.2; range 0 to

9); and a history of sexually transmitted infections (STIs) was reported by 8/247 (3�2%) of

women. There was a significant difference between VIA positivity in HIV–negative (4/129;

3.1%) versus HIV–positive (12/128; 10.2%) cases (p = 0.024). There was no significant differ-

ence between median age for HIV–negative (29 years old; interquartile range [IQR] 25 to 36)

versus HIV–positive (34 years old; IQR 28 to 41) cases (p = 0�082). Logistic regression with age
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and HIV status in the model revealed that HIV–positive status (adjusted Odds Ratio [aOR]:

3.53, 95% confidence interval [CI]: 1.10 to 11.29; p = 0.033) and age (aOR: 1.06, 95% CI:

1.0004 to 1.13; p = 0.048) were conditionally associated with VIA positivity.

Program-level VIA outcomes

Overall, 4,247 patients underwent VIA screening and were included in this analysis. In 2016,

after the initial VIA training, VIA positivity rate was 16%, which peaked at 40% right before

the refresher training in July 2017. During the first half of 2017, before the refresher training,

the average positivity rate was 25.1% (with a low of 14% in January 2017), which dropped to an

average of 9.7% after the refresher training in the second half of 2017 (OR: 0.322; 95% CI:

0.259 to 0.400; p = 0.001). The positivity rate for second half of 2017 and first half of 2018

(after refresher) further dropped from 9.6% to 6.3% (OR: 0.976; 95% CI: 0.743 to 1.280;

p = 0.959). Mentorship started in the second half of 2018 and helped maintain the low positiv-

ity rate around 6.3% on average. Overall positivity rate dropped from 16.5% in 2017 (which

included post-refresher training phase) to 8.3% in 2018 (OR: 0.458; 95% CI: 0.374 to 0.562;

Table 1. Sociodemographic of women screened by VIA, Shiselweni, Eswatini, September 2016 to February 2018.

Total Number (%) Number of VIA Negative

(row %)

Number of VIA Positive

(row %) p-value

Age group <25 125 (11.8) 95 (77.2) 28 (22.8) 0.40

25-49 542 (51.3) 401 (75.7) 129 (24.3)

>49 41 (3.9) 34 (85) 6 (15)

Missing 349 (33.0) 327 (94.0) 21 (6.0) 0.001

Mean (SD) 33.9 (9.4) 34.1 (9.79) 33 (8.08) 0.32

Parity1 Nulliparous 53 (5) 47 (88.7) 6 (11.3) 0.65

1 187 (17.8) 153 (82.3) 33 (17.7)

2 254 (24.1) 207 (82.1) 45 (17.9)

3+ 559 (53.1) 446 (81.7) 100 (18.3)

Mean (SD) 3.04 (2.1) 3.04 (2.14) 2.96 (1.88) 0.67

HIV status2 Positive 500 (47.9) 406 (82.5) 86 (17.5) 0.86

Negative 544 (52.1) 440 (82.1) 96 (17.9)

ART (among 500 HIV+) On ART 473 (95) 381 (81.9) 84 (18.1) 0.18

Not on ART 26 (5) 24 (92.2) 2 (7.7)

Screening status First 968 (91.8) 772 (81.1) 180 (18.9) 0.001

Second 97 (8.3) 83 (95.4) 4 (4.6)

� Total number 1,057 with 1,041 known VIA status.

�� 16 patients with VIA result unknown or missing1; Parity is unknown for n=4 2; 13 patients with HIV status unknown (11 VIA negative, 2 VIA positive); 1 patient

with unknown ART status

���Due to changes in cervical cancer registry from Ministry of Health and other logistical challenges some sociodemographic data of the patients were not recorded

consistently at the program level and outside reviewed cases.

https://doi.org/10.1371/journal.pmed.1003378.t001

Table 2. Sociodemographic and clinical indicators of women undergoing smartphone VIA, Shiselweni, Eswatini,

2016–2018.

Mean (SD) Number (%)

Age 30�80 years (SD:7�74 years) HIV status 128/247 (49%)

Parity 2.56 (SD: 1.72) History of STIs 8/247 (3.2%)

Previous VIA 25/247 (10%)

https://doi.org/10.1371/journal.pmed.1003378.t002
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p = 0.019), which was much closer to the expected level. Table 4 presents data and statistical

analysis on positivity rates before and after the refresher training and the mentorship. Fig 1

presents a graph of VIA positivity during the study period.

Nurses performed different numbers of VIAs, and there were individual differences over

the 24-month period due to vacations, sick leaves, and other logistical constraints (Fig 2).

Changes in positivity rates over the 24-month period were statistically significant with

0.0076 percentage point decrease per month (Adj R2: 0.27, coefficient: −0.0076; standard error

[SE]: 0.0024; CI: −0.0128 to −0.0025; p = 0.005).

VIA treatment and cancer suspect

Treatment data for cryotherapy are only available for the year 2018. Among all patients receiv-

ing VIA in 2018 (n = 1,610), 135 (8.3%) were VIA–positive, of whom 119 (88%) were eligible

for cryotherapy and 81 (68%) received cryotherapy the same day. The main reasons for non-

eligibility were large and/or extending lesions inside the os or to the vaginal wall. These

patients (n = 12) were referred to physicians. The main reasons for patients not receiving

same-day cryotherapy were need for partner’s consent and temporary logistical problems with

cryotherapy device (e.g., broken or needing maintenance), which were addressed. Due to

unforeseeable logistical challenges in data collection methods and the MoH registry, data on

Table 3. Nurses’ training evaluation for VIA competencies during telemedicine mentorship using smartphone, Shiselweni, Eswatini, 2016–2018.

Overall 6 months

[95% CI]�
Smartphone-based Telemedicine Mentorship (1st 3

months) [95% CI]

Smartphone-based Telemedicine Mentorship (2nd

3 months) [95%CI]

Agreement on Positive Cases

(Sensitivity)

100% [79�4%–100%] 100% [47�8%–100%] 100% [71�5%–100%]

Agreement on Negative Cases

(Specificity)

95�7% [92�2%–97�9%] 95�9% [90�8%–98�7%] 95�4% [89�5%–98�5%]

AUC ROC� 0�978 [0�965 – 0�992] 0�98 [0�962–0�997] 0�977 [0�957 – 0�997]

PPV� 63�5% [48�7%–76�1%] 64�9% [44%–81�4%] 61�9% [40�9%–79�3%]

NPV� 100% [�%–�%] 100% [�%–�%] 100% [�%–�%]

Cohen Kappa 0�74 [0�58 – 0�89] 0�64 [0�36 – 0�93] 0�79 [0�61 – 0�96]

https://doi.org/10.1371/journal.pmed.1003378.t003

Table 4. VIA positivity rates before and after refresher training (Pre- and Post-RefTrain) and before and after telemedicine smartphone-based VIA mentorship

(Pre- and Post-Mentor), Shiselweni, Eswatini, 2016–2018.

Variable Total

n

VIA positive

N (average %)

P value Odds Ratio 95% Confidence interval

Year 2017

vs.�

Year 2018

2637

1610

436 (16�5)

134 (8�3)

0�019 0�458 [0�374-0�562]

1ST half 2017 (Pre-RefTrain)�

vs.

2nd half 2017 (Post-RefTrain)�

1168

1469

293 (25�1)

143 (9�7)

0�001 0�322 [0�259–0�400]

2nd half 2017 (Post-RefTrain)
vs.

1st half 2018 (Post-RefTrain)

1469

1019

143 (9�7)

97(9�5)

0�959 0�976 [0�743-1�280]

2nd half 2017 (Post-RefTrain)
vs.

2nd half 2018 (Post-Mentor)�

1469

591

143 (9�7)

37 (6�3)

0�520 0�619 [0�426-0�901]

2nd half 2017 + 1st half 2018

(Post-RefTrain)
vs.

2nd half 2018 (Post-Mentor)

2488

591

240(9�6)

37 (6�3)

0�517 0�625 [0�437-0�895]

https://doi.org/10.1371/journal.pmed.1003378.t004
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cancer suspect cases are only available from September 2016 to February 2017 (n = 6; median

age: 36 years) and from February 2018 to December 2018 (n = 4; median age: 45 years). Of 10

total cancer suspect cases, 5 (50%) were HIV–positive, and 5 (50%) were confirmed cancer by

biopsy, of which 4 (80%) were HIV–positive.

As part of program evaluation, team meetings were frequently and consistently held to dis-

cuss program challenges and opportunities and elicited feedback from VIA providers, MoH

Fig 1. VIA positivity among patients undergoing VIA testing, Shiselweni, Eswatini, 2016–2018. �Refresher training. VIA, visual inspection of

the cervix with acetic acid.

https://doi.org/10.1371/journal.pmed.1003378.g001

Fig 2. VIA positivity among patients undergoing VIA testing for individual nurses, Shiselweni, Eswatini, 2016–2018. �Refresher training. VIA,

visual inspection of the cervix with acetic acid.

https://doi.org/10.1371/journal.pmed.1003378.g002
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managers, local and national health policy makers, patient population, and other stakeholders

such as community informants and leaders. We incorporated feedback to adjust to logistical,

sociocultural, and systems challenges.

Discussion

Implementing VIA programs is recommended by WHO for cervical cancer screening in

resource-limited settings as countless studies over the past 20 years have demonstrated acceptable

test characteristics of VIA compared with cytology and colposcopy [2,4–8,14,15]. We developed

and implemented an integrated mentorship training of VIA/digital cervicography via telemedi-

cine using smartphones to improve VIA providers’ diagnostic and management competencies

and skills retention. Our findings indicate that nurses significantly improved in VIA performance

and maintained diagnostic competencies with acceptable agreement rates and Kappa statistic

over time after the start of the mentorship. Gradual improvement in Cohen Kappa numbers with

a substantial Kappa of 0.79 at the end of the 6-month mentorship are good indicators of the suc-

cess of the training with reducing false VIA results. A Kappa of 0.64 at the end of the 3-month

mentorship may suggest that mentorship duration could be shortened to accommodate logistical

constraints if needed. We documented high agreement rates on positive and negative cases, high

NPV, and high AUC, which provides more confidence in the VIA screening program in a screen-

ing-naïve population compared with other studies [14,15]. A modest PPV indicates the need for

further improvement in decreasing false-positive cases. In such resource-poor settings, these are

important findings as they ideally reduce the unnecessary treatment burden and the psychological

impact and patient-level burden of false-positive and negative diagnoses.

As high false-positive rate was an important challenge, the program-level VIA positivity

rate of 6.3%, much closer to expected level compared to that of the period before the training

and mentorship, demonstrates the improved reliability and reproducibility of VIA screening

in real-world settings. It is possible that there was a backlog of cases at the start of the program

in the screening naïve population; however, the trend of increasing positivity rates over time

and dramatic declines post-refresher and smartphone mentorship likely indicate the impact of

training. Considering the actual burden of cervical cancer in Eswatini [11,23], the original VIA

positivity rate of 16% immediately after the initial on-site training was high, an indication that

short-exposure trainings are often inadequate in real-world settings. Even this relatively high

positivity rate increased gradually after the initial training, consistent with the experience of

attrition of VIA diagnostic competencies without more comprehensive or frequent training.

In our program, the positivity rate improved significantly with the first refresher training;

however, the impact of short-term refresher training also decreased over time evidenced by

subsequent increasing positivity rates. This is likely due to the short intervention period during

1-time trainings that often lack adequate one-on-one teaching and provide an inadequate

learning environment for adults [25,26]. After the start of the 6-month mentorship, the pro-

gram-level data indicate improved diagnostic consistency and more realistic VIA positivity

rates over time. These findings are especially important in the humanitarian and real-world

setting of this project in contrast with other studies that have produced data in controlled set-

tings [14,15]. We hypothesize that untreated HIV–positive status, selection bias in referral cen-

ters, providers’ inadequate competencies, lack of population level data, or lack of quality

assurance processes may have contributed to higher positivity rates in other studies [11,14].

The success and impact of our intervention, we hypothesize, is related to the use of smart-

phones to facilitate VIA training and provide additional quality assurance. Our intervention

applied components of Adult Learning Theory [25,26], including direct one-on-one feedback

on nurses’ actual patients, explanation of reasoning, integration in the context of common
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tasks, self-direction to discover solutions, and experiential learning. We developed and imple-

mented a process in which nurses learned from their peers during routine discussions of diffi-

cult cases and shared learning to address logistical barriers. Equally important, we hypothesize,

the program functioned as quality assurance, thereby reinforcing adherence to diagnostic cri-

teria. We were also able to provide direct, same-day, and on-site cryotherapy for more than

two-thirds of eligible patients. Patients received their follow-up care immediately in a comfort-

able setting with a familiar provider. This approach decreased the burden on tertiary centers.

Some patients could not receive treatment the same day, largely due to sociocultural issues.

However, because the providers resided in the same communities, the likelihood of appropri-

ate follow-up significantly improved, and most patients received cryotherapy within 3 to 6

months, which highlights the importance of decentralized approach and system strengthening

at the primary care level.

Our data from HIV status and VIA positivity rates are consistent with other studies

[11,15,27,29]. Data regarding cancer suspect cases are consistent across HIV status and age

group and indicates that 50% of clinically cancer suspect cases are biopsy-proven cases. How-

ever, it may still be high and not generalizable as the screening was started in a screening-naïve

population.

Policy implications

There are important potential policy implications for smartphone-based VIA screening. Such

successful program-level data could provide the impetus for large-scale task shifting with

good-quality VIA. This is important because even with new advances with HPV testing, a reli-

able, good-quality, and functioning VIA or cytology program is required [2]. Many sub-Saha-

ran countries have already implemented a healthcare system in which community health

workers and nurses deliver primary care. With inexpensive smartphones equipped with qual-

ity digital cameras, cervicography no longer requires complex and expensive equipment [15–

17,22]. To improve the sustainability, transportability, and scalability of the intervention effect,

the program nurses served as trainers and provided mentorship to MoH nurses in a total of 30

facilities. The fact that the Shiselweni region is among the most remote and underserved areas

in Eswatini, where there is limited access to healthcare and relatively inaccessible terrain,

makes the scalability and transportability of this intervention to other similar settings more

feasible.

This strategy is well suited for poor-resource settings and presents a unique opportunity for

task shifting if training can be strengthened with innovative long-term strategies.

Strengths and limitations

Our smartphone-based intervention was innovative for several reasons. First, trained nurses,

who already had rapport with their communities and patients, delivered the intervention, pos-

sibly improving the acceptability, generalizability, and sustainability of the program, in con-

trast with episodic mass screening campaigns that often are not adequately adjusted to

sociocultural contexts or health expectations and literacy. Mass campaigns also frequently do

not provide repeat screening, which reduces the impact on incidence and mortality at the pop-

ulation level. Second, the implementation was in partnership with the MoH and its policy of

VIA screening at the primary healthcare level, which may enhance sustainability and scalabil-

ity. Third, the program relied on mobile phones that are ubiquitous in most African countries

[28] and are used in health settings [29,30]. We did not observe any significant logistical issues

regarding malfunctioning of the phones, internet, cellphone plans, electricity, or other related

information technology (IT)-related challenges. Additionally, smartphone-based training and
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mentorship is less costly and more accessible than traditional quality assurance approaches or

refreshers.

We did not use any cytology or colposcopy to assess diagnostic validity of VIA images; how-

ever, extensive studies over the past decades have demonstrated comparable VIA test charac-

teristics with those of cytology and colposcopy, and other studies have also demonstrated

validity of expert agreement for assessing quality of VIA diagnosis. During the project imple-

mentation, we faced some logistical challenges regarding the resources needed to collect all rel-

evant program-level data, documentation of patient-level indicators, logistics of cryotherapy

device maintenance, consistent gas supplies, and infection control materials. However, these

challenges did not impede the overall implementation of the program. The most important

data related to outcomes were consistently and accurately collected. Conducting a program

evaluation in a real-world and humanitarian context, we were not able to implement any con-

trol group. Therefore, there are potential biases in our single-arm quasi-experimental design

in this setting. However, we hypothesize that our different training interventions and temporal

relationship with trends in program-level data over time provide an acceptable level of

evidence.

Conclusions

Our findings suggest overall efficacy, feasibility, and potential effectiveness of VIA training

and mentorship using smartphone imaging for cervical cancer screening. They also provide

important information on approaches to improve reliability and reproducibility of VIA diag-

nostics outside study settings. The VIA training and mentorship were built based on the ele-

ments of Adult Learning Theory to provide an experiential learning environment and foster

intellectual contribution. The use of smartphone imaging provided additional benefits such as

peer-to-peer education, remote quality services to hard-to-reach populations, and increased

adherence to quality control services. Effective collaborations, manageable logistical chal-

lenges, decreased burden on tertiary centers, VIA services in familiar and sustainable settings,

improved local capacity building, and quality and affordable services were important achieve-

ments. Overall, the program shows promise for improving the effectiveness of VIA screening

and the reliability, reproducibility, scalability, and quality of VIA programs to address the cer-

vical cancer burden in resource-poor settings.

Supporting information

S1 STROBE Checklist. Strengthening the Reporting of Observational Studies in Epidemi-

ology (STROBE) guideline.

(DOCX)

S1 CaseTemplate. Template to submit case information to reviewer.

(DOCX)

S1 Text. Instruction to perform quality cervical imaging.

(DOCX)

Author Contributions

Conceptualization: Ramin Asgary, Nelly Staderini, Simangele Mthethwa-Hleta, Barbara

Rusch.

Data curation: Ramin Asgary, Paola Andrea Lopez Saavedra, Linda Garcia Abrego, Tombo

Marie Luce.

PLOS MEDICINE cervical cancer screening by VIA and smartphone

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003378 November 19, 2020 13 / 16

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003378.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003378.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003378.s003
https://doi.org/10.1371/journal.pmed.1003378


Formal analysis: Ramin Asgary, Lorraine Rusike Pasipamire, Elena Beideck, Bernhard

Kerschberger.

Investigation: Ramin Asgary, Tombo Marie Luce, Lorraine Rusike Pasipamire, Mgcineni

Ndlangamandla.

Methodology: Ramin Asgary, Paola Andrea Lopez Saavedra, Linda Garcia Abrego.

Project administration: Ramin Asgary, Nelly Staderini, Simangele Mthethwa-Hleta, Paola

Andrea Lopez Saavedra, Linda Garcia Abrego, Barbara Rusch, Tombo Marie Luce, Mgci-

neni Ndlangamandla.

Resources: Ramin Asgary, Nelly Staderini, Simangele Mthethwa-Hleta, Paola Andrea Lopez

Saavedra, Linda Garcia Abrego, Barbara Rusch, Lorraine Rusike Pasipamire, Mgcineni

Ndlangamandla.

Supervision: Ramin Asgary, Simangele Mthethwa-Hleta, Paola Andrea Lopez Saavedra, Bar-

bara Rusch.

Validation: Ramin Asgary, Nelly Staderini, Simangele Mthethwa-Hleta, Linda Garcia Abrego,

Barbara Rusch, Elena Beideck, Bernhard Kerschberger.

Visualization: Ramin Asgary, Bernhard Kerschberger.

Writing – original draft: Ramin Asgary, Elena Beideck, Bernhard Kerschberger.

Writing – review & editing: Ramin Asgary, Nelly Staderini, Simangele Mthethwa-Hleta,

Paola Andrea Lopez Saavedra, Linda Garcia Abrego, Barbara Rusch, Tombo Marie Luce,

Lorraine Rusike Pasipamire, Mgcineni Ndlangamandla, Elena Beideck, Bernhard

Kerschberger.

References
1. Ginsburg O, Bray F, Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The global burden of wom-

en’s cancers: a grand challenge in global health. Lancet. 2017; 389(10071):847–860. https://doi.org/10.

1016/S0140-6736(16)31392-7 PMID: 27814965

2. World Health Organization. WHO guidelines for screening and treatment of precancerous lesions for

cervical cancer prevention. WHO Library Cataloguing-in-Publication Data. 2013. Geneva, Switzerland:

World Health Organization.

3. Gakidou E, Nordhagen S, Obermeyer Z. Coverage of cervical cancer screening in 57 countries: low

average levels and large inequalities. PLoS Med. 2008; 5(6):e132. https://doi.org/10.1371/journal.

pmed.0050132 PMID: 18563963

4. Fokom-Domgue J, Combescure C, Fokom-Defo V, Tebeu PM, Vassilakos P, Kengnee AP, et al. Perfor-

mance of alternative strategies for primary cervical cancer screening in sub-Saharan Africa: systematic

review and meta-analysis of diagnostic test accuracy studies. BMJ. 2015; 351:h3084. https://doi.org/

10.1136/bmj.h3084 PMID: 26142020

5. Huchko MJ, Sneden J, Zakaras JM, Smith-McCune K, Sawaya G, Maloba M, et al. A randomized trial

comparing the diagnostic accuracy of visual inspection with acetic acid with visual inspection with

Lugol’s iodine for cervical cancer screening in HIV-infected women. PLoS ONE. 2015; 10(4):e0118568.

https://doi.org/10.1371/journal.pone.0118568 PMID: 25849627

6. Huchko MJ, Sneden J, Sawaya G, Smith-McCune K, Maloba M, Abdulrahim N, et al. Accuracy of visual

inspection with acetic acid to detect cervical cancer precursors among HIV-infected women in Kenya.

Int J Cancer. 2015; 136(2):392–398. https://doi.org/10.1002/ijc.28996 PMID: 24889387

7. Mustafa RA, Santesso N, Khatib R, Mustafa AA, Wiercioch W, Kehar R, et al. Systematic reviews and

meta-analyses of the accuracy of HPV tests, visual inspection with acetic acid, cytology, and colpos-

copy. Int J Gynaecol Obstet. 2016; 132(3):259–265. https://doi.org/10.1016/j.ijgo.2015.07.024 PMID:

26851054

PLOS MEDICINE cervical cancer screening by VIA and smartphone

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003378 November 19, 2020 14 / 16

https://doi.org/10.1016/S0140-6736(16)31392-7
https://doi.org/10.1016/S0140-6736(16)31392-7
http://www.ncbi.nlm.nih.gov/pubmed/27814965
https://doi.org/10.1371/journal.pmed.0050132
https://doi.org/10.1371/journal.pmed.0050132
http://www.ncbi.nlm.nih.gov/pubmed/18563963
https://doi.org/10.1136/bmj.h3084
https://doi.org/10.1136/bmj.h3084
http://www.ncbi.nlm.nih.gov/pubmed/26142020
https://doi.org/10.1371/journal.pone.0118568
http://www.ncbi.nlm.nih.gov/pubmed/25849627
https://doi.org/10.1002/ijc.28996
http://www.ncbi.nlm.nih.gov/pubmed/24889387
https://doi.org/10.1016/j.ijgo.2015.07.024
http://www.ncbi.nlm.nih.gov/pubmed/26851054
https://doi.org/10.1371/journal.pmed.1003378


8. Miller AB, Sankaranarayan R, Bosch FX, Sepulveda C. Can cancer screening for cervical cancer be

improved especially in developing countries? Int J Cancer. 2003; 107(3):337–340. https://doi.org/10.

1002/ijc.11388 PMID: 14506730

9. Ghana Ministry of Health. National Strategy for Cancer Control in Ghana: 2012–2016. 2011 [cited 2019

Apr]. Available from: http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%

202012-2016.pdf.

10. Msyamboza KP, Phiri T, Sichali W, Kwenda W, Kachale F. Cervical cancer screening uptake and chal-

lenges in Malawi from 2011 to 2015: retrospective cohort study. BMC Public Health. 2016; 16(1):806.

https://doi.org/10.1186/s12889-016-3530-y PMID: 27535359

11. Jolly PE, Mthethwa-Hleta S, Padilla LA, Pettis J, Winston S, Akinyemiju TF, et al. Screening, preva-

lence, and risk factors for cervical lesions among HIV positive and HIV negative women in Swaziland.

BMC Public Health. 2017; 17(1):218. https://doi.org/10.1186/s12889-017-4120-3 PMID: 28222714

12. Handlogten KS, Molitor RJ, Roeker LE, Narla NP, Bachman MJ, Quayson S, et al. Cervical cancer

screening in Ghana, West Africa: prevalence of abnormal cytology and challenges for expanding

screening. Int J Gynecol Pathol. 2014; 33(2):197–202. https://doi.org/10.1097/PGP.

0b013e318298a9e6 PMID: 24487476

13. Firnhaber C, Mao L, Levin S, Faesen M, Lewis DA, Goeieman BJ, et al. Evaluation of a cervicography-

based program to ensure quality of visual inspection of the cervix in HIV-infected women in Johannes-

burg, South Africa. J Low Genit Tract Dis. 2015; 19(1):7–11. https://doi.org/10.1097/LGT.

0000000000000040 PMID: 24914887

14. Bateman AC, Parham GP, Sahasrabuddhe VV, Mwanahamuntu MH, Kapambwe S, Katundu K, et al.

Clinical performance of digital cervicography and cytology for cervical cancer screening in HIV-infected

women in Lusaka, Zambia. J Acquir Immune Defic Syndr. 2014; 67(2):212–215. https://doi.org/10.

1097/QAI.0000000000000270 PMID: 24977474

15. Yeates KE, Sleeth J, Hopman W, Ginsburg O, Heus K, Andrews L, et al. Evaluation of a smartphone-

based training strategy among health care workers screening for cervical cancer in Northern Tanzania:

The Kilimanjaro Method. J Glob Oncol. 2016; 2(6):356–364. https://doi.org/10.1200/JGO.2015.001768

PMID: 28717721

16. Asgary R, Adongo PB, Nwameme A, Cole HVS, Maya E, Liu M, et al. mHealth to train community health

nurses in visual inspection with acetic acid for cervical cancer screening in Ghana. J Low Genit Tract

Dis. 2016; 20(3):239–242. https://doi.org/10.1097/LGT.0000000000000207 PMID: 27030884

17. Asgary R, Cole H, Adongo P, Nwameme A, Maya E, Adu-Amankwah A, et al. Acceptability and imple-

mentation challenges of smartphone-based of community health n users for visual inspection with ace-

tic acid in Ghana: mHealth and cervical cancer screening. BMJ Open. 2019; 9(7):e030528. https://doi.

org/10.1136/bmjopen-2019-030528 PMID: 31315879

18. Mwanahamuntu MH, Sahasrabuddhe VV, Blevins M, Kapambwe A, Shepherd BE, Chibwesha C, et al.

Utilization of cervical cancer screening services and trends in screening positivity rates in a ‘screen-

and-treat’ program integrated with HIV/AIDS care in Zambia. PLoS ONE. 2013; 8(9):e74607. https://

doi.org/10.1371/journal.pone.0074607 PMID: 24058599

19. Sherigar B, Dalal A, Durdi G, Pujar Y, Dhumale H. Cervical cancer screening by visual inspection with

acetic acid—interobserver variability between nurse and physician. Asian Pac J Cancer Prev. 2010; 11

(3):619–622. PMID: 21039026

20. Mwanahamuntu MH, Sahasrabuddhe VV, Kapambwe S, Pfaendler KS, Chibwesha C, Mkumba G,

et al. Advancing cervical cancer prevention initiatives in resource-constrained settings: insights from the

Cervical Cancer Prevention Program in Zambia. PLoS Med. 2011; 8(5):e1001032. https://doi.org/10.

1371/journal.pmed.1001032 PMID: 21610859

21. Moon TD, Silva-Matos C, Cordoso A, Baptista A, Sidat M, Vermund AH. Implementation of cervical can-

cer screening using visual inspection with acetic acid in rural Mozambique: successes and challenges

using HIV care and treatment programme investments in Zambezia Province. J Int AIDS Soc. 2012; 15

(2):17406. https://doi.org/10.7448/IAS.15.2.17406 PMID: 22713260

22. Sharma D, Rohilla L, Bagga R, Srinivasan R, Jindal HA, Sharma N, et al. Feasibility of implementing

cervical cancer screening program using smartphone imaging as a training aid for nurses in rural India.

Public Health Nurs. 2018; 35(6):526–533. https://doi.org/10.1111/phn.12517 PMID: 29806745

23. Ginindza TG, Sartorius B. Projected cervical cancer incidence in Swaziland using three methods and

local survey estimates. BMC Cancer. 2018; 18(1):639. https://doi.org/10.1186/s12885-018-4540-1

PMID: 29879943

24. Gaffikin L, Blumenthal PD, Emerson M, Royal Thai College of Obstetricians and Gynaecologists

(RTCOG)/JHPIEGO Corporation Cervical Cancer Prevention Group. Safety, acceptability, and feasibil-

ity of a single-visit approach to cervical-cancer prevention in rural Thailand: a demonstration project.

Lancet. 2003; 361(9360):814–820. https://doi.org/10.1016/s0140-6736(03)12707-9 PMID: 12642047

PLOS MEDICINE cervical cancer screening by VIA and smartphone

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003378 November 19, 2020 15 / 16

https://doi.org/10.1002/ijc.11388
https://doi.org/10.1002/ijc.11388
http://www.ncbi.nlm.nih.gov/pubmed/14506730
http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%202012-2016.pdf
http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%202012-2016.pdf
https://doi.org/10.1186/s12889-016-3530-y
http://www.ncbi.nlm.nih.gov/pubmed/27535359
https://doi.org/10.1186/s12889-017-4120-3
http://www.ncbi.nlm.nih.gov/pubmed/28222714
https://doi.org/10.1097/PGP.0b013e318298a9e6
https://doi.org/10.1097/PGP.0b013e318298a9e6
http://www.ncbi.nlm.nih.gov/pubmed/24487476
https://doi.org/10.1097/LGT.0000000000000040
https://doi.org/10.1097/LGT.0000000000000040
http://www.ncbi.nlm.nih.gov/pubmed/24914887
https://doi.org/10.1097/QAI.0000000000000270
https://doi.org/10.1097/QAI.0000000000000270
http://www.ncbi.nlm.nih.gov/pubmed/24977474
https://doi.org/10.1200/JGO.2015.001768
http://www.ncbi.nlm.nih.gov/pubmed/28717721
https://doi.org/10.1097/LGT.0000000000000207
http://www.ncbi.nlm.nih.gov/pubmed/27030884
https://doi.org/10.1136/bmjopen-2019-030528
https://doi.org/10.1136/bmjopen-2019-030528
http://www.ncbi.nlm.nih.gov/pubmed/31315879
https://doi.org/10.1371/journal.pone.0074607
https://doi.org/10.1371/journal.pone.0074607
http://www.ncbi.nlm.nih.gov/pubmed/24058599
http://www.ncbi.nlm.nih.gov/pubmed/21039026
https://doi.org/10.1371/journal.pmed.1001032
https://doi.org/10.1371/journal.pmed.1001032
http://www.ncbi.nlm.nih.gov/pubmed/21610859
https://doi.org/10.7448/IAS.15.2.17406
http://www.ncbi.nlm.nih.gov/pubmed/22713260
https://doi.org/10.1111/phn.12517
http://www.ncbi.nlm.nih.gov/pubmed/29806745
https://doi.org/10.1186/s12885-018-4540-1
http://www.ncbi.nlm.nih.gov/pubmed/29879943
https://doi.org/10.1016/s0140-6736(03)12707-9
http://www.ncbi.nlm.nih.gov/pubmed/12642047
https://doi.org/10.1371/journal.pmed.1003378


25. Kaufman DM. Applying educational theory in practice. BMJ. 2003; 326(7382):213–216. https://doi.org/

10.1136/bmj.326.7382.213 PMID: 12543841

26. Taylor DC, Hamdy H. Adult learning theories: implications for learning and teaching in medical educa-

tion: AMEE Guide No. 83. Med Teach. 2013; 35(11):e1561–e1572. https://doi.org/10.3109/0142159X.

2013.828153 PMID: 24004029

27. Anderson J, Wysong M, Estep D, Besana G, Kibwana S, Varallo J, et al. Evaluation of cervical cancer

screening programs in Cote d’Ivoire, Guyana, and Tanzania: Effect of HIV status. PLoS ONE. 2015; 10

(9):e0139242. https://doi.org/10.1371/journal.pone.0139242 PMID: 26405784

28. The United Nations Broadband Commission for Sustainable Development. The State of Broadband

2013: Universalizing Broadband. [cited 2019 Feb 4]. Available from: http://www.broadbandcommission.

org/documents/bb-annualreport2013.pdf.

29. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth interventions in low- and

middle-income countries—what has been shown to work? Glob Health Action. 2014; 7:25606. https://

doi.org/10.3402/gha.v7.25606 PMID: 25361730

30. Holeman I, Evans J, Kane D, Grant L, Pagliari C, Weller D. Mobile health for cancer in low to middle

income countries: priorities for research and development. Eur J Cancer Care. 2014; 23(6):750–756.

https://doi.org/10.1111/ecc.12250 PMID: 25324023

PLOS MEDICINE cervical cancer screening by VIA and smartphone

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003378 November 19, 2020 16 / 16

https://doi.org/10.1136/bmj.326.7382.213
https://doi.org/10.1136/bmj.326.7382.213
http://www.ncbi.nlm.nih.gov/pubmed/12543841
https://doi.org/10.3109/0142159X.2013.828153
https://doi.org/10.3109/0142159X.2013.828153
http://www.ncbi.nlm.nih.gov/pubmed/24004029
https://doi.org/10.1371/journal.pone.0139242
http://www.ncbi.nlm.nih.gov/pubmed/26405784
http://www.broadbandcommission.org/documents/bb-annualreport2013.pdf
http://www.broadbandcommission.org/documents/bb-annualreport2013.pdf
https://doi.org/10.3402/gha.v7.25606
https://doi.org/10.3402/gha.v7.25606
http://www.ncbi.nlm.nih.gov/pubmed/25361730
https://doi.org/10.1111/ecc.12250
http://www.ncbi.nlm.nih.gov/pubmed/25324023
https://doi.org/10.1371/journal.pmed.1003378

