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Abstract
Background: Precise measurements of HIV incidences at community level can help mount a more effective public health
response, but the most reliable methods currently require labor-intensive population surveys. Novel mobile phone technologies
are being tested for adherence to medical appointments and antiretroviral therapy, but using them to track HIV test results with
automatically generated geospatial coordinates has not been widely tested.
Objective: We customized a portable reader for interpreting the results of HIV lateral flow tests and developed a mobile phone
app to track HIV test results in urban and rural locations in Rwanda. The objective was to assess the feasibility of this technology
to collect front line HIV test results in real time and with geospatial context to help measure HIV incidences and improve
epidemiological surveillance.
Methods: Twenty health care workers used the technology to track the test results of 2190 patients across 3 hospital sites (2
urban sites in Kigali and a rural site in the Western Province of Rwanda). Mobile phones for less than US $70 each were used.
The mobile phone app to record HIV test results could take place without internet connectivity with uploading of results to the
cloud taking place later with internet.
Results: A total of 91.51% (2004/2190) of HIV test results could be tracked in real time on an online dashboard with geographical
resolution down to street level. Out of the 20 health care workers, 14 (70%) would recommend the lateral flow reader, and 100%
would recommend the mobile phone app.
Conclusions: Smartphones have the potential to simplify the input of HIV test results with geospatial context and in real time
to improve public health surveillance of HIV.
(JMIR Public Health Surveill 2018;4(3):e11203) doi: 10.2196/11203
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Introduction

an effective global response [1], but the most reliable methods
currently require labor-intensive population surveys.

For the HIV/AIDS epidemic to be curtailed in a sustainable
fashion, it will be critical to increase diagnosis, awareness, and
tracking of HIV infections among the hardest hit,
resource-constrained countries. Precise measurements of HIV
incidences at a subnational level are instrumental in mounting

For HIV diagnostics, HIV rapid tests (which use lateral flow
test technology) are widely used for primary screening. These
tests are low cost, readily available, and can be performed in
field settings, but they have shown lower specificity and
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sensitivity during field conditions as compared to laboratory
evaluations, suggesting that there may be user variability in
performing and reading the test results. Furthermore, test results
are currently first entered by hand into a book and later
transcribed into a computer. This process can introduce data
entry errors and slows availability of the data for use by health
care providers and officials. There exists an opportunity, using
the latest technologies in mobile devices, to accurately record
HIV test results to improve efficiency in clinic operations,
improve surveillance and management of the disease at a
systems level, and ultimately reduce turnaround time to
commencement of antiretroviral therapy (ART). For example,
the availability of real-time HIV testing data could allow public
officials to rapidly identify local outbreaks of the disease and
implement a timely and effective public health response.
Africa accounts for 70% of the world’s population living with
HIV and close to two-thirds of newly infected individuals [2].
Currently, the region experiences uneven access to HIV tests,
long turnaround time of HIV testing, delayed time initiation of
ART, and poor retention and adherence with therapy [3]. The
high HIV incidences across sub-Saharan Africa mount pressure
on decentralized services, which have been underutilized [4,5],
in allowing infected individuals to know their status with
subsequent linkage to care. Increasing the capability of
decentralized testing will be critical in an effort to allocate
resources to people and places of greatest need [6,7] to achieve
an HIV-free generation (a goal of United Nations sustainable
development plans by 2030 [8]).
In Rwanda, detailed household surveys have indicated higher
HIV incidences than previously estimated [9] and point to the
need for more rapid and detailed characterization of incident
infections in planning for an effective national strategy for
at-risk populations. HIV incidence in Rwanda seemed to decline
after the 1990s with the provision of ART [9,10]. While 160,000
people in Rwanda receive treatment with ART [11], a recent
study highlighted the need to understand HIV incidence at a
more granular level than currently available in order to reduce
HIV infections in the country [9]. More specifically, the study
highlights the need for understanding HIV incidence
subnationally and within different populations [12], in contrast
to using uniform national models for planning HIV programs
at local levels that could present many biases [13]. In Rwanda,
a relatively low national HIV incidence (compared to other
sub-Saharan Africa countries) masks wide variations across
groups and demographics [14].
Novel mobile phone technologies are being developed and tested
to expand HIV care to decentralized settings [8,15-17]. While
some examples include mobile devices and diagnostics to
increase adherence to medical appointments [18-21] and to ART
therapy [22-28], most mobile health technologies for HIV [29]
focus on short message service (SMS) texting. While potentially
useful for different aspects of HIV management, these studies
did not focus on tracking of HIV test results, let alone doing so
with geospatial coordinates provided by mobile phones.
Technologies associated with smartphones (ie, mobile phones
with enhanced computing power that can run native software
programs and can connect to the internet) and mobile phone
apps have only been tested recently [30]. Despite the potential
http://publichealth.jmir.org/2018/3/e11203/
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of geospatial data on mobile phones, there are few studies on
leveraging this information to track HIV incident infections in
real time. If such geospatial data could be collected, they could
enable HIV test results to be linked to geospatial coordinates.
Studies in South Africa and Lesotho found that visualization of
georeferenced data (collected by analyzing existing sources of
information or by field surveys equipped with Global
Positioning System [GPS] receivers, respectively) has the
potential to efficiently guide HIV program operations [31,32].
In neither study were the objectives to link geospatial
information to HIV test results or to obtain the GPS coordinates
using mobile phones.
In this study, we paired a portable reader for interpreting the
results of HIV lateral flow tests with a mobile phone app to
track HIV test results in urban and rural locations in Rwanda.
In a point-of-care setting, a health care worker performs an HIV
rapid test. The technology tested in this study first enables the
health care worker to use a customized lateral flow reader (LFR)
to read the results of the HIV rapid test as positive or negative.
Second, the health care worker can instantly record within a
mobile app the HIV test result, and the result can be sent
instantly or at the next point of internet connection to the cloud.
After integration to a relational database stored on the cloud,
the results are immediately viewable with geospatial context
and in real time by health officials who can allocate resources
to local clinic workers efficiently in order to stop HIV outbreaks
at their onset. The results from the study aim to lay the
foundation for a scalable method to improve the efficiency and
quality of identifying HIV incidences quickly in developing
countries.

Methods
Development and Customization of Lateral Flow
Reader Hardware
We purchased 4 ESEQuant LFR readers (Qiagen Inc) for digital
interpretation of band intensities in lateral flow tests. The LFR
machines consist of 2 parts: main body and drawer. On the main
body, the screen and 5 buttons control the program that runs
the tests and displays the test results. For the drawer, we
designed and manufactured (via a 3D printer) a custom white
holder to fit the exact size of an Alere Ab/Ag combo test strip
(Abbott) for analysis. The customized LFR can read the
control/Ab/Ag lines shown on an Alere Ab/Ag combo test strip
and display the results.
The LFR can either work separately or remotely when connected
to a personal computer. In remote mode, several important
parameters such as incubation time, scanning positions, detecting
range, and detection limitation can be controlled by the software
and programmed into the reader. Using lateral flow tests with
HIV-positive and HIV-negative samples for calibration, we
customized the spatial positions of the 3 stripes of the
Ab/Ag/control lines. A built-in peak detection function of the
software would determine within the designated spatial positions
whether a line would be classified as present. We calibrated all
the LFRs with our customized method and provided the readers
to the testing sites for use (Figure 1 A-C).
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Figure 1. Step-by-step illustration of clinical testing. (A) App instructs user to perform an Alere HIV rapid test. (B) User performs a finger prick and
places a drop of blood on the lateral flow strip. (C) The HIV test is placed in a lateral flow test reader, which scans the test and produces a reading.
Here, the test result is negative, and the control line is present to indicate a valid test. (D) App displays the HIV rapid test model to be selected. (E) The
patient ID and test results are entered into the app. (F) Results are uploaded to the cloud either at the time of test or later when internet is available.

Design and Coding of Mobile Software
To develop a mobile app to electronically record and transmit
test results (Figure 1 D-F), we coded the app by using a
cross-platform development tool called React Native. React
Native allowed us to port the application, written in Javascript,
to both iOS and Android devices (although all mobile phones
http://publichealth.jmir.org/2018/3/e11203/
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used in this study were Android) while using platform-specific,
native implementations of features such as GPS location and
networking.
The mobile app used local storage drivers to save HIV test
results to the device in the absence of internet connection. Once
a connection was established, test results could be uploaded to
our internal PostgreSQL database running on Google’s Cloud
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Compute platform. PostgreSQL is an open-source relational
database with an emphasis on extensibility and standards
compliance. As a database server, its primary functions are to
store data securely and return that data in response to requests
from other software applications. We also added an intermediary
Node.js webserver running on Heroku to mediate the
communication between the mobile device and database. A
single HIV test result contained the following information:
patient ID, test ID, result (positive, negative, or invalid), time,
latitude, and longitude.
We used Knowi, an online data visualization tool, to view HIV
test results and create geographic heatmaps of patient test results.
Knowi connected directly to our internal database using
read-only database credentials. Knowi enables visualization,
warehousing, and reporting automation from PostgreSQL along
with other unstructured and structured data sources.

Ethics Review Approval
The study protocol was approved by the Rwanda National Ethics
Committee. Documents on patient consent, health care worker
consent, data confidentiality, patient questionnaire, and health
care worker questionnaire were approved by the committee.
The questionnaire for health care workers collected information
on the usability of the technology, while the questionnaire for
patients queried the demographics of the patients. In addition,
the consent form and questionnaire for patients were translated
into Kinyarwanda to facilitate interactions with patients who
were not fluent in English.

Study Setting
The study took place at 3 sites in Rwanda over 4 weeks in
February and March 2018. The 2 urban sites in Kigali were
Masaka District Hospital (DH) and Kibagabaga DH. One rural
site was Kabaya DH in the Ngororero District of the Western
Province of Rwanda. Kabaya DH has a capacity of 144 beds
and serves 188,902 inhabitants and is geographically difficult
to access due to the lack of reliable roads and bridges, especially
in the rainy season.

Recruitment and Training of Health Care Worker
Participants
At the 2 urban sites, we invited clinical and laboratory staff to
participate in the study. For the 2 sites in Kigali, 4 health care
workers in each facility (8 total) participated. In Masaka DH,
3 nurses and 1 lab technician participated (2 male, 2 female).
In Kibagabaga DH, 2 nurses, 1 lab scientist, and 1 midwife
participated (4 females). At Kabaya, we invited clinical and
laboratory staff to participate in the study, and 12 health care
workers at Kabaya participated: 5 A1 nurses, 2 A2 nurses, 4 lab
technicians, and 1 midwife (8 male, 4 female). (A1 refers to
completion of 3 years of postsecondary school, while A2 refers
to completion of only secondary school.)
Health care worker participants were trained in the following
modules: overview of project (background, aims, and
procedure), review of health care worker consent form and data
confidentiality agreements, demonstration of LFR,
demonstration of mobile app, review of patient consent form
(translated) and questionnaires for patients (translated) and
http://publichealth.jmir.org/2018/3/e11203/
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health care worker, and review of study plan. At the conclusion
of the trial, laboratory and clinical staff were interviewed using
the health care provider questionnaire.

Recruitment of Patients
Patients for the 3 sites came through maternity/gynecology and
outpatient departments and were scheduled to be tested for HIV
(Alere Determine HIV Combo+ Stat Pak, Abbott Laboratories)
through provider-initiated testing. All such adult patients (aged
21 years and older) during the study period were invited by
health care workers to enroll. Individual interviews were held
in a private space provided by the health facility to protect
subject confidentiality. After the study was introduced to the
patient, potential participants were informed in their mother
tongue about the objectives of the study and the fact that their
participation was voluntary. They were informed that they are
free to choose not to participate in the study or withdraw at any
time with no explanation required, and they will not suffer any
negative consequences for their decision. With guidance from
health care workers, those who agreed to participate reviewed
and signed an informed consent form in Kinyarwanda, their
mother tongue, and were provided 1000 RWF (US $1.15) as
compensation for their time. Completed consent forms were
stored separately from study documents, and names were not
recorded on any data documents reviewed in the study.

Operation of Technology
Health care workers performed the Alere Determine HIV-1/2
combo tests with a finger-pricked patient blood sample. The
completed test strip was placed into the customized and
precalibrated LFR, and the LFR digitally displayed
(unambiguously, as opposed to visual interpretation) a positive
or negative result. Results of the HIV tests as visually interpreted
were also recorded with pen and paper, and discrepancies
relative to the LFR result noted.
Next, the provider input a deidentified patient ID and test result
(positive, negative, or invalid) into the mobile app. We
purchased locally available mobile phones for the study. The
mobile phones were from Impress (Vertex; 60,000 RWF [US
$69]). As described previously, the mobile app assists in the
registration of patient test results alongside the location of testing
down to the street level. The data input by the health care
worker, alongside the GPS information, were saved into the
phone’s memory. The health care worker either uploaded this
information to the cloud database immediately (if internet
connectivity was available) or later (when internet connection
became available). Internet connectivity, which can be
intermittent, was not required for the test results to be recorded.
After each testing procedure, patients were interviewed by the
health care worker using the patient questionnaire in
Kinyarwanda.

Results
User Statistics
After approval of the study protocol by the Rwanda National
Ethics Review Committee, we worked with the Directors
General of the 3 sites to conduct the trial. Four health care
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workers at each urban site and 12 at the rural site were trained
in the objectives of the trial and the details of the protocol,
including issues related to patient consent and confidentiality.
From these sites, we enrolled 513 patients at Masaka DH and
596 patients in Kibagabaga DH, for a total of 1109 patients
across the 2 sites. For our rural site, we enrolled 1081 patients
at Kabaya DH. Remarkably, 100% of eligible patients who were
approached agreed to participate at Kabaya DH (similar to the
2 urban sites).
The trial took place over a 4-week period in spring 2018 Table
1. Of the patients whose HIV results were tracked, 91.51%
(2004/2190) of the results came with a phone-generated GPS
location. (We were also able to manually add the GPS location

for the remaining patients since we knew the location of the
testing.) The results that did not come with automatic GPS
coordinates came primarily earlier in the trial, when the location
settings on the phone were not set properly. The problems were
mostly resolved after switching “Turn on Location” to on and
restarting the phone. Also, a reading of result showed “invalid”
if the Alere test was untested, or more likely, if the drawer of
the reader was empty. The few invalid results came early in the
trial when 3 health care workers did not place the HIV test into
the reader or sufficiently firmly press the test down into the
housing; after a quick reminder of the procedure during the first
2 weeks, there were no more invalid results. Of the valid tests,
the LFR produced the same readings as visual interpretation in
100% of the cases (2166/2166), with 0 discrepancies.

Table 1. Summary of the trial data.

a

Sites

Participants, n

Recordings without GPSa, Recordings with GPS, n (%)
n (%)

Invalid recordings, n (%) Recordings showing
positive HIV, n (%)

Masaka

513

62 (12.1)

451 (87.9)

4 (0.8)

39 (6.5)

Kibagabaga

596

32 (5.4)

564 (94.6)

0 (0.0)

9 (1.5)

Kabaya

1081

92 (8.5)

989 (91.5)

20 (1.9)

23 (2.1)

Total

2190

186 (8.5)

2004 (91.5)

24 (1.1)

71 (3.2)

GPS: Global Positioning System.
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Table 2. Demographics of patients at each site. Questionnaires that did not record a gender or report the testing of HIV were excluded from the analysis.
Characteristics

Masaka DHa

Kibagabaga DH

Kabaya DH

Subjects, n

513

596

1081

Questionnaires analyzed (correctly filled out), n

507

593

1057

Female, n (%)

459 (90.5)

593 (84.5)

668 (63.2)

Own mobile phone, n (%)

345 (68.0)

506 (85.3)

755 (71.4)

Own smartphone or internet-enabled phone, n (%)

40 (7.9)

123 (20.7)

78 (7.4)

Motorcycle

233 (46.0)

161 (27.2)

29 (2.7)

Public transportation

93 (18.3)

291 (49.1)

120 (11.4)

Walk

147 (29.0)

66 (11.1)

889 (84.1)

Time to travel to hospital: less than 2 hours, n (%)

443 (87.4)

551 (92.9)

888 (84.0)

Employed (yes), n (%)

125 (24.7)

178 (30.0)

467 (44.2)

1st quartile

333,000 (383)

500,000 (575)

60,000 (69)

Median

400,000 (460)

900,000 (1035)

255,000 (296)

3rd quartile

765,000 (879)

1,200,000 (1379)

716,250 (823)

Tertiary (A1/A0/Bachelor), n (%)

23 (4.5)

35 (5.9)

58 (5.5)

Secondary (S1-S6), n (%)

186 (36.7)

256 (43.2)

249 (23.6)

Primary (P1-P8), n (%)

265 (52.3)

264 (44.5)

311 (29.4)

Informal (none), n (%)

33 (6.5)

38 (6.4)

439 (41.5)

Means of transportation to hospital, n (%)

Annual income, RWFb (USD)

Literacy level

a

DH: District Hospital.

b

RWF: Rwandan franc.

From analysis of a survey (Table 2), across the 2 urban sites,
the patients at Kibagabaga DH are higher in median income
(χ21=39.2, P<.001, by the Mood median test), literacy (χ23=7.86,
P=.49), and ownership of mobile phones (χ21=45.4, P<.001)
and smartphones (χ21=32.0, P<.001). At the rural site, the
patients at Kabaya DH consisted of more males than at the urban
sites (there was a campaign for male circumcision at the time
of the trial). In general, the rural patients were less likely to own
mobile phones (χ21=11.2, P=.001) and smartphones (χ21=31.7,
P<.001), walk to the hospital, and while they were more likely
to be employed (χ21=62.1, P<.001), they had lower median
income (χ21=35.0, P<.001, by the Mood median test) and
literacy (χ23=376.9, P<.001) than those at the 2 urban sites
(chi-squared tests comparing the rural site to both of the urban
sites combined). For example, 41.53% (439/1057) of patients
at Kabaya DH had no formal literacy.
Across all 3 sites, the percentage of patients who own mobile
phones was high (at least 68% at each site), but only a smaller
percentage (at most 20%) owned mobile phones that could surf
the internet.
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Real-Time Geographical Dashboard to Street
Resolution
The mobile app registered each HIV test result. As shown in
the map of Rwanda (Figure 2), the results were viewable on the
dashboard immediately.
As shown in the map, 1087 results were recorded in Kigali and
1122 results in Northwest Rwanda. When zooming into Kigali,
one can focus on the 2 sites of Masaka and Kibagabaga
separately. First, with Masaka (Figure 3), one can see the HIV
test results, including multiple subsites (as performed by
different health care workers) at the site, down to street-level
resolution. Clicking on 1 of the numbers revealed each of the
HIV test results. Similar geographical resolution was achieved
with Kibagabaga (Figure 3), showing several test locations as
performed by health care workers. In addition, zooming in on
the map of Northwest Rwanda showed test results at Kabaya
DH to street-level resolution as performed by the 12 health care
workers (Figure 3).

Survey of Health Care Workers
At the end of the trial, we performed surveys of the patients and
health care workers. A summary of the results of the survey of
health care workers is shown in Table 3.
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Figure 2. Real-time dashboard of HIV tests tracked in Rwanda. On the map to the left, tests done in Kigali and northwest Rwanda are shown. The right
shows the log of the tests as they are recorded.
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Figure 3. Real-time dashboard of the 3 sites to street resolution. (A) Masaka District Hospital: HIV test results at Masaka District Hospital (left);
zoomed region of the red box in left image (middle); clicking on the number 40 showed each of the test results (right). (B) Kibagabaga District Hospital:
HIV test results at the site (left) and zoomed image on the red box on the left, showing fine distinction of test locations to street resolution (right). (C)
Kabaya District Hospital: HIV test results at the site(left) and xoomed image on the red box on the left, showing fine distinction of test locations to
street resolution (right). Colors of each cluster indicate the number of samples (green=1 to 10; yellow=11 to 99; red=100 or above).
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Table 3. Results of survey of health care workers.
Topics

Responses answering yes, n (%)

Rapid HIV testing
Were you trained in HIV rapid testing?

20 (100)

Do you find it difficult to interpret the results of rapid tests?

2 (10)

Experience with lateral flow reader
Have you used the Junco LFRa?

8 (40)

How many patients with the Junco LFR?

103

Do you feel the LFR made HIV testing easier?

15 (75)

Do you feel the LFR made HIV testing faster?

17 (85)

Do you feel the LFR made HIV testing more difficult?

3 (15)

Do you feel the LFR made HIV testing slower?

3 (15)

Would you like to use the LFR again during HIV testing?

16 (80)

Would you recommend the LFR to others?

14 (70)

Mobile app
Did you find the mobile app easy to use?

19 (95)

Would you prefer to use the mobile app over paper records?

19 (95)

Would you use the mobile app again during HIV testing?

20 (100)

Would you recommend the app to others?

20 (100)

Mobile phone

a

Do you own a mobile phone?

20 (100)

Do you own a smartphone?

19 (95)

LFR: lateral flow reader.

The 20 health care workers were highly satisfied with the
technology. They were most favorable toward the mobile app,
finding it easy to use and preferable over paper records. No
internet was needed at the time of performing the test
(connectivity was required to upload the results, either
immediately or later). All of respondents would use the mobile
app again during HIV testing and recommend the app to others.
While they were provided mobile phones for the trial, 100% of
the health care workers owned phones, with 95% (19/20) owning
smartphones and using the phones for internet surfing.
The health care workers were slightly less enthusiastic about
the LFR. Overall, 80% (16/20) would like to use the LFR again
during HIV testing, and 70% (14/20) would recommend it to
others. The health care workers at Kabaya were more
enthusiastic about the LFR: 83% (10/12) would like to use the
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LFR again during HIV testing, and 83% (10/12) would
recommend it to others.

Survey of Patients
We also conducted and tabulated the results of a survey of the
patients across the 3 sites. Results were recorded by pen and
paper and later transcribed into a computer. A summary of the
results is shown in Table 4.
Across the 3 sites, 42.7% (253/593) to 71.0% (360/507) of
patients received their test results within 30 minutes, with a
sizeable percentage (lowest of 26.6% [135/507] at Masaka DH
to highest of 48.2% [286/593] at Kibabaga DH) waiting past
30 minutes. At the 2 urban sites, 68.0% (345/507) to 85.3%
(506/593) of patients owned cell phones (with most using them
for calling, texting, and listening to music). At the rural site,
71.43% (755/1057) of patients owned cell phones (with most
using them for calling and texting).
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Table 4. Results of survey of patients.
Variable/question

Masaka DHa

Kibagabaga DH

Kabaya DH

Subjects, n

513

596

1081

Questionnaires analyzed (correctly filled out), n

507

593

1057

Female

459 (91.5)

501 (84.5)

668 (63.2)

Male

48 (9.5)

02 (15.5)

389 (36.8)

507 (100)

593 (100)

1054 (99.7)

507 (100)

592 (99.8)

1042 (98.6)

Less than 30 minutes

360 (71.0)

253 (42.7)

681 (64.4)

30 minutes to 1 hour

70 (13.8)

193 (32.5)

225 (21.3)

1 to 2 hours

58 (11.4)

63 (10.6)

101 (9.6)

Over 2 hours

7 (1.4)

30 (5.1)

37 (3.5)

Not stated

12 (2.4)

54 (9.1)

13 (1.2)

345 (68.0)

506 (85.3)

755 (71.4)

Basic phone (text, calling, no internet)

293 (57.8)

408 (68.8)

662 (62.6)

Smartphone (can download apps) or internet-enabled phone (check email, browse
internet)

40 (7.9)

97 (16.4)

69 (6.5)

Model not specified

12 (2.4)

1 (0.2)

24 (2.3)

Study subject sex, n (%)

Have you had a laboratory examination on your blood today? (yes), n (%)
For which laboratory examinations was your blood drawn today? n (%)
HIV
How long did it take you to get the laboratory results? n (%)

Do you own a mobile phone? n (%)
If yes, what type? n (%)

a

DH: District Hospital.

Discussion
Principal Findings
We have demonstrated a technology that successfully recorded
HIV test results. We paired a portable reader for interpreting
the results of HIV lateral flow tests with a mobile phone app to
track over 2000 HIV test results in urban and rural locations in
Rwanda and could immediately view the HIV test results with
geospatial context and in real time. While most health care
workers felt the LFR was effective and would use it again for
HIV tests, some workers felt it slowed the process. Also, the
LFR experienced some operational issues that were resolved
within a week. All were satisfied with the mobile app.
The use of mobile phones for HIV diagnostics has so far been
limited, with most of the work focused on the outdated SMS
messaging technique. There may be a perception that apps
require constant internet connectivity and expensive
smartphones and are not amenable to aiding HIV diagnostics
in developing countries. Our technology does not require
constant internet connectivity and makes use of the full power
of apps on low-cost (less than $70 USD) smartphones, which
over 90% of the health care workers personally own (depending
on the demographics). The technique was judged to have high
user acceptability, with 100% of the health care workers
recommending the app.
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While this study was not designed to accurately measure
prevalence, we note that the Kigali sites reported 4.3%
prevalence, compared to 5.6% in urban population (and 6.1%
in Kigali) as previously reported [9]. (The lower apparent
prevalence in Kibagabaga DH, being located in Gasabo district,
may reflect more patients visiting from rural areas than Masaka
DH, located in Kicukiro district.) In our study, the rural site of
Kabaya DH reported 2.1% compared to 2.6% as previously
reported for rural population [9].

Limitations
The technology was effective. Overall, 92% of the HIV test
results had autogenerated GPS coordinates (with a much higher
percentage in the last 3 weeks after the phones were set
correctly). The results suggest that this technology can
effectively scale (especially if use of an LFR is not required) to
the whole country compared to expensive and labor-intensive
community cohort–based questionnaires by leveraging the power
of mobile phones. However, pointing to the limitations of this
study, several important steps still need to be addressed before
significant public health impact can be achieved: patient records
will need to be integrated with existing electronic health record
systems before such a technology can replace (rather than
complement) current patient records, and replacement of the
functions of the LFR with the app could streamline workflow
and increase usability. Also, the reliance on manual entry of the
data could still introduce errors, although currently the LFR
keeps a backup log of the results (so the results can be
JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e11203 | p. 10
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cross-checked using the time stamp), and in the future, a picture
of the rapid test will be taken and kept on record for
cross-validation of results. Finally, to increase the success rate
of using the technology, including among users of different
levels of education and technical proficiencies, we could ask
for a successful skills demonstration after the training and before
starting the trial.

Conclusions
Toward the Joint United Nations Programme on HIV/AIDS
90-90-90 targets for HIV patients and diagnostics, we tested a
mobile phone–based technology for tracking HIV incidences
in Western Rwanda and at rural locations, where unexpected
incidences emerged [9]. In rural settings, the LFR was perceived
to work faster compared to the existing workflow (100% in
rural sites to 63% urban sites) and was recommended more
highly (83% rural sites to 50% urban sites). The app was

Nsabimana et al
uniformly praised for its speed of use and effectiveness,
garnering 100% recommendation.
For the way forward, we are buoyed by the effectiveness of our
technique and the uniform enthusiasm especially for the app
(100% enthusiasm from all 20 health care workers). We plan
to expand a version of the app that would obviate the need for
an LFR, which could improve the scalability of the method to
improve public health surveillance of HIV and other infectious
diseases. The results from the study aim to lay the foundation
for a scalable method to improve the efficiency and quality of
identifying HIV incidences quickly in developing countries. In
the future, this technology could also be applied to HIV home
testing, with 10% of our surveyed patients already owning
compatible mobile phones. We will work to scale this
technology in Rwanda and beyond, which, at low marginal cost,
leverages the power of mobile phones to track HIV incidences
in real time and with proper spatial context.

Acknowledgments
We thank Sabrina Hawkins for identifying the lateral flow readers and their procurement. We acknowledge a Development
Innovation Ventures award from the United States Agency for International Development to Junco Labs.

Conflicts of Interest
SKS has financial interest in Junco Labs. APN, BU, DMK, JN, QF, AE, and JH are employees or contractors of Junco Labs.

References
1.
2.
3.

4.

5.
6.
7.

8.

9.

10.
11.

12.

Justman JE, Mugurungi O, El-Sadr WM. HIV population surveys—bringing precision to the global response. N Engl J
Med 2018 May 17;378(20):1859-1861. [doi: 10.1056/NEJMp1801934] [Medline: 29768142]
WHO HIV/AIDS Fact sheet. 2017 Nov. URL: http://www.who.int/en/news-room/fact-sheets/detail/hiv-aids [accessed
2018-05-30] [WebCite Cache ID 6zoE8k51H]
Peter T, Zeh C, Katz Z, Elbireer A, Alemayehu B, Vojnov L, et al. Scaling up HIV viral load—lessons from the large-scale
implementation of HIV early infant diagnosis and CD4 testing. J Int AIDS Soc 2017 Dec;20 Suppl 7:e25008. [doi:
10.1002/jia2.25008] [Medline: 29130601]
Habiyambere V, Ford N, Low-Beer D, Nkengasong J, Sands A, Pérez GM, et al. Availability and use of HIV monitoring
and early infant diagnosis technologies in WHO member states in 2011-2013: analysis of annual surveys at the facility
level. PLoS Med 2016 Aug;13(8):e1002088 [FREE Full text] [doi: 10.1371/journal.pmed.1002088] [Medline: 27551917]
Clinton Health Access Initiative. Barriers and opportunities to scaling up HIV viral load testing. 2016 Presented at: 21st
International AIDS Conference; 2016; Durban.
Buthelezi UE, Davidson CL, Kharsany AB. Strengthening HIV surveillance: measurements to track the epidemic in real
time. Afr J AIDS Res 2016 Jul;15(2):89-98 [FREE Full text] [doi: 10.2989/16085906.2016.1196223] [Medline: 27399039]
Anderson S, Cherutich P, Kilonzo N, Cremin I, Fecht D, Kimanga D, et al. Maximising the effect of combination HIV
prevention through prioritisation of the people and places in greatest need: a modelling study. Lancet 2014 Jul
19;384(9939):249-256. [doi: 10.1016/S0140-6736(14)61053-9] [Medline: 25042235]
Joint United Nations Programme on HIV/AIDS. 2015. On the fast-track to end AIDS: 2016 to 2021 strategy URL: http:/
/www.unaids.org/sites/default/files/media_asset/20151027_UNAIDS_PCB37_15_18_EN_rev1.pdf [accessed 2018-07-30]
[WebCite Cache ID 71JLDpV25]
Nsanzimana S, Remera E, Kanters S, Mulindabigwi A, Suthar AB, Uwizihiwe JP, et al. Household survey of HIV incidence
in Rwanda: a national observational cohort study. Lancet HIV 2017 Dec;4(10):e457-e464. [doi:
10.1016/S2352-3018(17)30124-8] [Medline: 28801191]
Binagwaho A, Farmer PE, Nsanzimana S, Karema C, Gasana M, Ngabo F, et al. Rwanda 20 years on: investing in life.
Lancet 2014 Jul 26;384(9940):371-375 [FREE Full text] [doi: 10.1016/S0140-6736(14)60574-2] [Medline: 24703831]
Nsanzimana S, Kanters S, Remera E, Forrest JI, Binagwaho A, Condo J, et al. HIV care continuum in Rwanda: a
cross-sectional analysis of the national programme. Lancet HIV 2015 May;2(5):e208-e215. [doi:
10.1016/S2352-3018(15)00024-7] [Medline: 26423003]
World Health Organization. 2011. When and how to use assays for recent infection to estimate HIV incidence at a population
level URL: http://www.who.int/diagnostics_laboratory/hiv_incidence_may13_final.pdf [accessed 2018-07-21] [WebCite
Cache ID 715b7fUyV]

http://publichealth.jmir.org/2018/3/e11203/

XSL• FO
RenderX

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e11203 | p. 11
(page number not for citation purposes)

JMIR PUBLIC HEALTH AND SURVEILLANCE
13.

14.
15.
16.

17.
18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Stover J, Andreev K, Slaymaker E, Gopalappa C, Sabin K, Velasquez C, et al. Updates to the spectrum model to estimate
key HIV indicators for adults and children. AIDS 2014 Nov;28 Suppl 4:S427-S434 [FREE Full text] [doi:
10.1097/QAD.0000000000000483] [Medline: 25406748]
Nsanzimana S. HIV control in Rwanda: Lessons and challenges. 2015. URL: http://www.iapac.org/tasp_prep/presentations/
TPSparis15-Panel-Nsanzimana.pdf [accessed 2018-07-30] [WebCite Cache ID 71JLZqD0k]
Drain PK, Rousseau C. Point-of-care diagnostics: extending the laboratory network to reach the last mile. Curr Opin HIV
AIDS 2017 Mar;12(2):175-181 [FREE Full text] [doi: 10.1097/COH.0000000000000351] [Medline: 28079591]
Joint United Nations Programme on HIV/AIDS. 2015. On the fast-track to end AIDS by 2030: focus on location and
population URL: http://www.unaids.org/sites/default/files/media_asset/WAD2015_report_en_part01.pdf [accessed
2018-07-21] [WebCite Cache ID 715bIMFf2]
Brdar S, Gavrić K, Ćulibrk D, Crnojević V. Unveiling spatial epidemiology of HIV with mobile phone data. Sci Rep 2016
Jan 13;6:19342 [FREE Full text] [doi: 10.1038/srep19342] [Medline: 26758042]
Cornelius JB, Cato M, Lawrence JS, Boyer CB, Lightfoot M. Development and pretesting multimedia HIV-prevention text
messages for mobile cell phone delivery. J Assoc Nurses AIDS Care 2011;22(5):407-413 [FREE Full text] [doi:
10.1016/j.jana.2010.11.007] [Medline: 21256053]
Cornelius JB, Cato MG, Toth JL, Bard PM, Moore MW, White A. Following the trail of an HIV-prevention Web site
enhanced for mobile cell phone text messaging delivery. J Assoc Nurses AIDS Care 2012;23(3):255-259 [FREE Full text]
[doi: 10.1016/j.jana.2011.03.002] [Medline: 21550826]
Cornelius JB, Howard JC, Shah D, Poka A, McDonald D, White AC. Adolescents' perceptions of a mobile cell phone text
messaging-enhanced intervention and development of a mobile cell phone-based HIV prevention intervention. J Spec
Pediatr Nurs 2012 Jan;17(1):61-69 [FREE Full text] [doi: 10.1111/j.1744-6155.2011.00308.x] [Medline: 22188273]
Juzang I, Fortune T, Black S, Wright E, Bull S. A pilot programme using mobile phones for HIV prevention. J Telemed
Telecare 2011;17(3):150-153. [doi: 10.1258/jtt.2010.091107] [Medline: 21270049]
Skinner D, Donald S, Rivette U, Ulrike R, Bloomberg C, Charissa B. Evaluation of use of cellphones to aid compliance
with drug therapy for HIV patients. AIDS Care 2007 May;19(5):605-607. [doi: 10.1080/09540120701203378] [Medline:
17505920]
Dowshen N, Kuhns LM, Johnson A, Holoyda BJ, Garofalo R. Improving adherence to antiretroviral therapy for youth
living with HIV/AIDS: a pilot study using personalized, interactive, daily text message reminders. J Med Internet Res
2012;14(2):e51 [FREE Full text] [doi: 10.2196/jmir.2015] [Medline: 22481246]
Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, Goldstein MP, MacKeen L, et al. Mobile phone technologies
improve adherence to antiretroviral treatment in a resource-limited setting: a randomized controlled trial of text message
reminders. AIDS 2011 Mar 27;25(6):825-834 [FREE Full text] [doi: 10.1097/QAD.0b013e32834380c1] [Medline: 21252632]
Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text messaging for promoting adherence to antiretroviral
therapy in patients with HIV infection. Cochrane Database Syst Rev 2012;3:CD009756. [doi: 10.1002/14651858.CD009756]
[Medline: 22419345]
da Costa TM, Barbosa BJP, Gomes ECDA, Sigulem D, Filho AC, Pisa IT. Results of a randomized controlled trial to assess
the effects of a mobile SMS-based intervention on treatment adherence in HIV/AIDS-infected Brazilian women and
impressions and satisfaction with respect to incoming messages. Int J Med Inform 2012 Apr;81(4):257-269 [FREE Full
text] [doi: 10.1016/j.ijmedinf.2011.10.002] [Medline: 22296762]
Hardy H, Kumar V, Doros G, Farmer E, Drainoni M, Rybin D, et al. Randomized controlled trial of a personalized cellular
phone reminder system to enhance adherence to antiretroviral therapy. AIDS Patient Care STDS 2011 Mar;25(3):153-161
[FREE Full text] [doi: 10.1089/apc.2010.0006] [Medline: 21323532]
Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, et al. Effects of a mobile phone short message service on
antiretroviral treatment adherence in Kenya (WelTel Kenya1): a randomised trial. Lancet 2010 Nov 27;376(9755):1838-1845.
[doi: 10.1016/S0140-6736(10)61997-6] [Medline: 21071074]
Goldenberg T, McDougal SJ, Sullivan PS, Stekler JD, Stephenson R. Building a mobile HIV prevention app for men who
have sex with men: an iterative and community-driven process. JMIR Public Health Surveill 2015;1(2):e18 [FREE Full
text] [doi: 10.2196/publichealth.4449] [Medline: 27227136]
Muessig KE, Pike EC, Legrand S, Hightow-Weidman LB. Mobile phone applications for the care and prevention of HIV
and other sexually transmitted diseases: a review. J Med Internet Res 2013;15(1):e1 [FREE Full text] [doi: 10.2196/jmir.2301]
[Medline: 23291245]
Lilian RR, Grobbelaar CJ, Hurter T, McIntyre JA, Struthers HE, Peters RPH. Application opportunities of geographic
information systems analysis to support achievement of the UNAIDS 90-90-90 targets in South Africa. S Afr Med J 2017
Nov 27;107(12):1065-1071 [FREE Full text] [Medline: 29262957]
Coburn BJ, Okano JT, Blower S. Using geospatial mapping to design HIV elimination strategies for sub-Saharan Africa.
Sci Transl Med 2017 Dec 29;9(383) [FREE Full text] [doi: 10.1126/scitranslmed.aag0019] [Medline: 28356504]

http://publichealth.jmir.org/2018/3/e11203/

XSL• FO
RenderX

Nsabimana et al

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e11203 | p. 12
(page number not for citation purposes)

JMIR PUBLIC HEALTH AND SURVEILLANCE

Nsabimana et al

Abbreviations
ART: antiretroviral therapy
DH: District Hospital
GPS: Global Positioning System
LFR: lateral flow reader
SMS: short message service

Edited by G Eysenbach; submitted 31.05.18; peer-reviewed by C Beh, T Phairatana, T Ingviya; comments to author 19.06.18; revised
version received 01.07.18; accepted 17.07.18; published 07.08.18
Please cite as:
Nsabimana AP, Uzabakiriho B, Kagabo DM, Nduwayo J, Fu Q, Eng A, Hughes J, Sia SK
Bringing Real-Time Geospatial Precision to HIV Surveillance Through Smartphones: Feasibility Study
JMIR Public Health Surveill 2018;4(3):e11203
URL: http://publichealth.jmir.org/2018/3/e11203/
doi: 10.2196/11203
PMID: 30087088

©Alain Placide Nsabimana, Bernard Uzabakiriho, Daniel M Kagabo, Jerome Nduwayo, Qinyouen Fu, Allison Eng, Joshua
Hughes, Samuel K Sia. Originally published in JMIR Public Health and Surveillance (http://publichealth.jmir.org), 07.08.2018.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

http://publichealth.jmir.org/2018/3/e11203/

XSL• FO
RenderX

JMIR Public Health Surveill 2018 | vol. 4 | iss. 3 | e11203 | p. 13
(page number not for citation purposes)

