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Abstract

Background: Diagnosticsin many low- and middle-income countries are conducted through centralized laboratory networks.
Samples are collected from patients at remote point-of-care health facilities, and diagnostic tests are performed at centralized
laboratories. Sample transportation systems that deliver diagnostic samples and test results are crucial for timely diagnosis and
treatment in such diagnostic networks. However, they often lack the timely and accurate data (eg, the quantity and location of
samples prepared for collection) required for efficient operation.

Objective: This study aims to demonstrate the feasibility, adoption, and accuracy of a distributed data collection system that
leverages basic mobile phone technol ogy to gather reports on the quantity and location of patient samples and test results prepared
for delivery in the diagnostic network of Malawi.

Methods: We designed a system that leverages unstructured supplementary service data (USSD) technology to enable health
workers to submit daily reports describing the quantity of transportation-ready diagnostic samples and test results at specific
health care facilities, free of charge with any mobile phone, and aggregate these data for sample transportation administrators.
We then conducted a year-long field tria of this system in 51 health facilities serving 3 districts in Ma awi. Between July 2019
and July 2020, the participants submitted daily reports containing the number of patient samples or test results designated for
viral load, early infant diagnosis, and tuberculosis testing at each facility. We monitored daily participation and compared the
submitted USSD reports with program data to assess system feasibility, adoption, and accuracy.

Results:  The participating facilities submitted 37,771 reports over the duration of the field trial. Daily facility participation
increased from an average of 50% (26/51) in the first 2 weeks of the trial to approximately 80% (41/51) by the midpoint of the
trial and remained at or above 80% (41/51) until the conclusion of thetrial. On average, more than 80% of the reports submitted
by afacility for a specific type of sample matched the actual number of patient samples collected from that facility by a courier.

Conclusions:  Our findings suggest that a USSD-based system is a feasible, adoptable, and accurate solution to the challenges
of untimely, inaccurate, or incomplete data in diagnostic networks. Certain design characteristics of our system, such as the use
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of USSD, and implementation characteristics, such as the supportive role of the field team, were necessary to ensure high
participation and accuracy rates without any explicit financial incentives.

(J Med Internet Res 2021;23(7):€26582) doi: 10.2196/26582
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Introduction

Background

Most populations in sub-Saharan Africa rely on rural health
clinics that have poor infrastructure as their primary point of
entry to a broader health care system. These health clinics are
often not equipped to conduct diagnostic testing, but they refer
patient samples to a relatively small number of centralized
|aboratories capable of diagnostic anaysis[1]. The effectiveness
of programs targeting active diseases in the region, such as
HIV/AIDS, tuberculosis (TB), and malaria, istherefore closely
related to the performance of sampletransportation (ST) systems
put in place to transport patient samples and test results across
the difficult terrain separating health facilities and molecular
laboratories (MLs) [2].

ST systems in many sub-Saharan African countries operate
without accurate information regarding the quantity and location
of patient samples and test results requiring transportation [3].
Consequently, these ST systems operate in push mode, where
couriers visit facilities on fixed weekly or biweekly schedules
[3,4]. A common result of this operating mode is empty trips:
courier visits to facilities where nothing was delivered to, or
transported from, the facility. For example, an analysis of
archival 2017-2018 courier datain Malawi revealed that 30.08%
(24,256/80,648) of the courier visitsto clinicswere empty trips.
This not only resultsin inefficient use of limited resources but
also contributes to delays in receiving critical test results [5],
which in turn leads to poor health-seeking behavior among the
population [6] and can contribute to increased mortality rates
[7].

An alternativeto these ST push systemswould be a pull system
in which couriers only visit facilities when patient samples or
test resultsare ready for transport to, or from, that facility. Such
a pull system would limit empty trips but would require a
reliable system to track the number of patient samples and test
results requiring transportation across the diagnostic network.
We hypothesize that these logistics data—specificaly, the
location and quantity of patient samplesor test resultsready for
transport—can be collected with alow-cost information-sharing
system and can be used to create an ST system that isresponsive
to real-time needs.

In this study, we investigated the feasibility, adoption, and
accuracy of a system that leverages a communication protocol
that is standard on all mobile phones, known as unstructured
supplementary service data (USSD) technology [8], to gather
more timely and accurate information. To conduct this
investigation, we designed and developed a USSD collection
system (hereafter, the USSD system) to enable hedlth care
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facilitiesin adiagnostic network to report daily sample volume
data. We conducted a year-long field trial of the USSD system
in Maawi from July 2019 to July 2020 to determine whether
our system would enable the timely collection of information.

I ntervention Development and Design

The 2 critical design questions we faced when developing our
system were as follows:

1. What technology would health workers use to submit
sample volume reports?
2. How would these reports be structured?

Given the positive findings regarding the feasibility of mobile
health (mHealth) initiativesin low- and middle-income countries
[9] and the rapid growth in mobile network coverage in
sub-Saharan Africa over the past decade [10,11], we designed
our system so that health workers could submit reports with a
mobile phone. As less than half of the mobile phones in the
region are smartphones[11], we based our sample volume data
collection system on USSD technology—a mobile
communication protocol accessible to both smartphones and
less technologically advanced feature phones.

InaUSSD system, users are provided a unique numeric access
code that they can dial to access a structured menu of options.
With an appropriate series of key presses using the mobile
phone's keypad, users can navigate through the options menu
and submit information, similar to the method that an SM S text
messaging system usesto convey information through text. One
advantage of USSD over SM Stext messaging, especialy inthe
context of data collection, is that the USSD’s built-in menu
system allows for structured responses, leading to built-in data
validation [8]. This also reduces the amount of effort required
to leverage the data systematically, which is crucia for
managing the growing volume of health care data received
through mobile phones[12].

Inour USSD system, aspecific USSD reporting codeisassigned
to every health facility operating within a diagnostic network,
and each diagnostic test offered in the network is assigned a
unique numeric designator. To report the number of patient
samples for a specific test, a designated health worker at a
designated facility can use any mobile phone to dial that
facility’s USSD reporting code and the numeric designator for
the diagnostic test to connect to the USSD system. Once
connected, they can report the number of patient samples
through a text-based interface. Upon entering al the required
information, the user receives a confirmation text message
containing asummary of the submitted report. Refer to Figure
1 for further details.
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Figure 1. Unstructured supplementary service data system reporting instructions. (1) A health worker counts the number of samples, by sample type,
that are prepared for transport. (2) The health worker dialsaUSSD code specifically assigned for the health worker's clinic and the type of sample (EID,
VL, TB, and other), which has been saved on the health worker's phone and is displayed on a poster in the health facility. (3) The health worker enters
the number of samples currently awaiting transportation at the facility. (4) The health worker views a confirmation screen, which summarizes how many
samples of each type have been reported for the facility. EID: early infant diagnosis, R4H: Riders for Health; TB: tuberculosis; USSD: unstructured

supplementary service data; VL: viral load.
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Methods

Study Setting

As of 2018, an estimated 9.75% (790,000/8,100,000) of the
adults (aged 15-49 years) in Maawi wereliving with HIV [13],
and the country’s TB incidence rate was 181 per 100,000 people
[14]. The Maawi Ministry of Health (MOH) operates a
diagnostic network of approximately 700 widely distributed
community health clinics, 27 centrally located district health
offices, and 10 regionally aligned MLs. The structure of the
Malawi diagnostic network is representative of the diagnostic
networks of many other countriesin the region [2].

Since 2016, the Malawi branch of the nonprofit organization
Riders for Health International (R4H) has managed the
transportation of viral load (VL) samples, early infant diagnosis
(EID) tests, and TB samples from health clinics and district
health offices to the MLs. R4H maintains ateam of more than
70 motorcycle couriers who visit heath facilities and
laboratories according to fixed weekly schedules.

In collaboration with MOH and R4H, we identified 3 districts
in Malawi to test the USSD system: Salimain the central region,
Rumphi in the northern region, and Phalombe in the southern
region. The diagnostic networks in these rural and semirural
districts each contained between 15 and 18 facilities and relied
upon one ML to conduct the diagnostic testing for that
diagnostic network, making these districts a representative
sample of R4H’s typical ST operations in rural and semirural
aress.

This field trial was approved by Malawi’s National Health
Sciences Research Council. An evaluation by the M assachusetts
Ingtitute of Technology Committee on the use of humans as
experimental subjects determined that thetrial did not constitute
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human subjects research, as defined in Federal Regulations
45CFR46.

System I mplementation

In early 2019, we contracted with alocal vendor in Malawi to
develop the user interface and information technology
infrastructure. The vendor also managed the daily operation of
the system, which included storing incoming data, sending
reminder messages when appropriate, and contracting with the
cellular network providersto enable free provision of the USSD
service to health workers.

In May 2019, we asked the facility in-charge from each of the
participating health facilities to nominate 1 or 2 staff members
with personal mobile phones to enter the data. In June 2019,
we conducted three 2-hour training sessions (1 per study district)
to train 150 health workersto use the USSD system. During the
training sessions, we introduced the USSD system to the
participants, taught the study participants how to access the
system and submit reports using their personal mobile device,
and provided reference posters and flyers that reminded the
participants how to access the system for them to display at
their facilities. A field team, consisting of alocal field manager
and 3 local research assistants, monitored the implementation
and addressed technical and logistical challengesthrough regular
communication with health workers, district laboratory
technicians, and R4H couriers through phone calls and text
messages.

The USSD system was officially launched in the study districts
in July 2019. Health workers were asked to report the number
of patient samples waiting to be transported at the end of each
day. Facilities were expected to submit areport every day, even
if they had not collected any samples or prepared any new
samples for transportation. Health workers and field team
members were sent a series of automated daily reminder
messages to increase participation (Textbox 1).
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Textbox 1. The daily schedule of reminder notifications.

Daily Reminder Notifications: Notification Delivery Time and Content

8 AM: Health workers at each facility are sent a message notifying them whether or not a courier will visit their facility later that day aswell as
areminder to report sample volumes.

Noon: Health workers at each facility are sent a second reminder to report sample volumes.
1:30 PM: Members of the field team are sent a summary of the facilities for which areport has or has not been submitted.
2:15 PM: Health workers at facilities missing all or part of acomplete daily report are reminded to report sample volumes.

3 PM: Members of the field team are sent an updated summary of the facilities for which a report has or has not been submitted as well as a
comparison of each facility’s current report with its previous report (because an unusual increase or decrease from the previous report may indicate
that the facility is reporting incorrectly).

4:15 PM: Members of the field team are sent a notification informing them whether couriers have submitted reports to the courier database.
Reports submitted to the courier database are summarized by facility, compared with that facility’s most recent unstructured supplementary
service data (USSD) report, and sent to members of the field team to assess facility reporting accuracy.

7 PM: Members of the field team are sent an updated list of the couriers who have or have not submitted reports to the courier database. A
summary of reports submitted to the courier database by the facility are recompiled to capture any updates, recompared with that facility’s most

recent USSD report, and sent to members of the field team to assess facility reporting accuracy.

On the basis of the notifications received from the health
facilities, the field team sought out any unusual participation
patterns such asintermittent, erratic, or extended periods of no
participation. Upon detection of unusual participation patterns,
the field team was authorized to directly address these patterns
with the participant. In situations where an ordinarily reliable
participant simply forgot to report or health workersin the same
facility failed to properly delegate reporting responsibilities,
thefield team could directly contact the designated staff member
at the facility. Thefield team could then remind the designated
staff member to submit their daily report or to del egate reporting
responsibilities to a different health worker when the primary
contact was not at the facility. If the field team identified
intermittent network coverage as the cause of a missed report,
thefield team could delegate reporting responsibility to someone
with a network connection. In addition, the field team could
also ask the courier to hand-deliver amessageto the responsible
health worker, to identify someone else at the facility to accept
reporting responsibilities, or to request escalation to a higher
authority at the nonreporting facility in email notifications
regarding their facility’s participation.

The field team aso monitored the accuracy of reports and
intervened directly with the participants if they observed a
pattern of low-accuracy reports. As in the case of poor
participation, the field team could use a combination of phone
calls, text messages, and hand-delivered messages to identify
the root causes of data inaccuracies and address them. The
preferred approach for improving reporting accuracy was to
provide additional instructionsto the noncompliant participant.
If atraining update failed to address the situation, more drastic
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measures (eg, requesting transfer of reporting to another staff
member) could be adopted.

Evaluation Framework

As part of the USSD system implementation plan, we elected
to evaluate the feasibility, adoption, and accuracy of the USSD
system using relevant descriptive statistics. Feasibility and
adoption are common evaluation domains in the intervention
assessment literature[15,16]. Accuracy, although not acommon
evaluation domain regarding health interventions, is relevant
in the context of mobile device—based data collection systems
[17]. Textbox 2 lists the guiding questions and associated
metrics for assessing the system’s performance within the 3
domains. The feasibility of the USSD system depended on
whether each facility had access to the technology required to
engagewith it. Therefore, weidentified the number of facilities
employing someone with a mobile device who was willing to
participate in the study and the number of facilitiesin thefield
trial districtsreceiving service from awirel ess network provider.

To assess the adoption of the USSD system, we monitored
specific participation-related metrics: percentage of facilities
reporting by day, individual facility participation over the course
of the field trial, and the longest period that each facility went
without participating.

We determined the accuracy of the USSD system by comparing
the submitted USSD reports with program data. A data report
was deemed accurateif the reported number of patient samples
of a given type ready for delivery and the actua number of
patient samplesready for delivery, asdetermined by the couriers,
wereidentical.
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Textbox 2. Evaluation framework.

Domains, Guiding Questions, and Metrics of the Evaluation Framework
Feasibility
« Do facilities have access to mobile devices?

«  Thefraction of facilities for which a personal mobile phone was registered.

« Do facilities receive amobile network signal ?
«  Thefraction of facilities where insufficient network connection never prevented that facility from submitting a report.

«  Thefraction of facilities where staff members at that facility submitted adaily report for at least 7 consecutive days.

Adoption

« Arefacilities participating?

«  Which operational factors influenced facility participation?

health workers prevented USSD participation.

Accuracy

«  How accurate are the data reported by participating facilities?

«  Thefraction of facilities that reported or failed to report each day by sample type.
«  Thefraction of total reporting days over the trial period when each facility reported or failed to report.
«  Thelargest number of consecutive days that a facility failed to report.

«  Thefraction of facilities where an insufficient understanding of the unstructured supplementary service data (USSD) system on the part of

«  Thefraction of facilities where hardware limitations prevented USSD participation.
«  Thefraction of facilities where health worker workload prevented USSD participation.
«  Thefraction of facilities where health worker absences prevented USSD participation.

«  Thefraction of facilities where health worker forgetfulness prevented USSD participation.

«  Theaverage and variance of the difference between reported and actual sample volumes.

Data

We used data from 4 distinct sources to calculate the metrics
listed in Textbox 2: the USSD system database, the courier
database, a survey administered to members of the field team,
and the attendance roster from the USSD system training
sessions.

Every data report submitted through the USSD system during
the field trial was archived in the USSD system database. This
database included the facility name, date and time, the user’'s
mobile number, sample type, and number of patient samples
reported by the user for every data report.

The courier database contained sample-specific information
submitted by the couriers upon completion of the couriers’ daily
routesto adatacollection system operated by R4H. The sample

https://www.jmir.org/2021/7/e26582

data captured in the courier database consisted of the sample's
identification code, the name of thefacility the sampleoriginated
from, the date of sample collection, and the date of sample
pick-up from the originating facility.

Upon completion of the study, we administered a survey to the
research assi stants to assess the barriersto system participation.
For each of the 51 facilitiesincluded in thefield trial, the local
research assistants were asked the questions presented in
Textbox 3.

We compiled a master attendance roster by combining the
individual attendance rosters recorded at each of the 3 USSD
system training sessions. These rosters included the name of
each training participant, the facility the participant represented,
the participant’s staff position, and the participant’s contact
information.
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Survey Questions Answered by Each Research Assistant

«  For each facility in your district, estimate the number of times poor network reception prevented the facility from reporting.

« Ratethe effectiveness of the following techniques on participation by facilitiesin your district:

«  SMStext messages

o Individual messages viaa popular internet messaging platform
« Phonecdls

o  Asking acourier to deliver a message

« In-person facility visits

«  Group messages viaa popular internet messaging platform

Analysis

To calculate the percentage of facilities for which a personal
mobile phone was registered, we reviewed the master training
attendanceroster. Attendance at atraining event by an employee
from agiven facility indicated that the empl oyee owned amobile
phone and waswilling to use their device to submit datareports
to the USSD system. To calculate the percentage of facilities
with a sufficient network connection, we summarized the survey
responses regarding the frequency with which poor network
connectivity prevented each facility from participating.

To determine the number of facilities for which aUSSD report
was submitted for at least 7 consecutive days, we analyzed the
facility name and date of every report submitted to the USSD
system database. Aggregation and summarization of datain the
USSD system database also alowed usto measure all 3 metrics
associated with thefirst guiding question in the adoption domain
(Textbox 2).

We calculated the accuracy of the reported data by comparing
thereported datain the USSD system database with the courier
reports in the courier database, which captured the number of
patient samples collected from the health care facilities.

All data analyses were conducted using the R (v 4.0.0; R
Foundation for Statistical Computing) language and RStudio
Desktop (v 1.2.5042). Reported P values were cal culated using
1-sided nonparametric Mann-Whitney tests (unless otherwise
noted).

Results

Descriptive Statistics

Over the study period (July 2019 to July 2020), the participating
facilities submitted 37,771 reports to the USSD system,
accounting for 48,852 patient samples. Most of these patient
samples (40,952/48,852, 83.83%) were VL samples, whereas
6.1% (2979/48,852) were EID samples, 5.85% (2859/48,852)
were TB samples, and 4.21% (2056/48,852) were classified as
Other. Of the samples reported, 43.71% (21,355/48,852)
originated in Phalombe, 35.12% (17,155/48,852) originated in
Salima, and 21.17% (10,342/48,852) originated in Rumphi. The

https://www.jmir.org/2021/7/e26582

table included in Multimedia Appendix 1 contains sample
volume statistics by district.

Feasibility

All participating facilities employed at least one individual
willing to submit reports to the USSD system with a personal
mobile device. The research assistants reported that an
insufficient network connection never prevented 47% (24/51)
of the participating facilities from submitting a report to the
USSD system, caused occasional submission problemsin 24%
(12/51) of the facilities, and caused frequent problemsin 29%
(15/51) of thefacilities. Our analysis of the USSD database data
also revealed that each facility had at least one 7-day period
during which the facility submitted a report every day.

Adoption

Figure 2 illustrates the daily sample reporting rates and the
7-day moving average of daily sample reporting rates for the 3
patient sample types between July 2019 and July 2020. At the
beginning of the study, only 10% (5/51)-20% (10/51) of the
facilities participated each day. However, after 3 weeks, the
daily participation rates increased and remained between 53%
(27/51) and 98% (50/51) for VL samples, between 51% (26/51)
and 98% (50/51) for EID samples, and between 43% (22/51)
and 96% (49/51) for TB samples. Between August 2019 and
January 2020, the 7-day moving average participation rate
increased gradually for VL (from 63% to 87%), EID (from 60%
to 85%), and TB (from 54% to 79%) samples, with notable but
temporary declines during the second halves of November and
December. For the final 5 months of the trial (February 2020
to July 2020), the average participation rate remained at or above
75% (38/51) for al 3 sample types.

The distribution of the facility participation rates across all
districts and by individua districts, where the facility
participation rate is calcul ated as the percentage of days out of
the total possible reporting days for which a facility reported,
isshownin Figure 3. On average, thefacilities provided areport
78.9% (198/251 possible reporting days) of the time (6=32.6
days). The median number of daysafacility reported was 81.3%
(204/251) days, with a range from 48.2% (121/251) days to
97.6% (245/251) days. Thefacilitiesin Phalombe reported less
frequently than those in Salima (P=.003) and Rumphi (P=.01)
on average.
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Figure 2. Facility participation by sample type, shown as daily participation percentages and as a 7-day moving average. EID: early infant diagnosis;

TB: tuberculosis; VL: viral load.
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Of the 51 health facilities, 45% (23/51) never went more than
1 business week (5 days) without submitting a report, and the
longest any facility went without providing a report was 30
days. On average, thelongest afacility went without submitting
areport was 8.65 days (0=6.33 days).

Table 1 shows the frequency of participation challenges faced
by health facilities according to the 3 local research assistants.
Each cell showsthe number and percentage of facilities reported
to experience a specific concern to the given extent. Recurring
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compliance issues were most often due to poor network
reception, whereas the occasional noncompliance issue was
most likely dueto forgetfulness on the part of the health worker.
Staff absence at the participating facilities al so caused reporting
issues at most (31/51, 61% facilities) of the participating
facilities. These research assistant survey results also suggest
that health workers had an adequate understanding of the system;
poor staff training did not cause any reporting problemsin more
than 80% (41/51) of the facilities.
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Table 1. Results regarding the causes of reporting issues at each of the 51 participating facilities (according to the 3 research assistants; n=51).

Reason for no report

Facilities, n (%)

No problems Occasional problems Frequent problems

Insufficient mobile network reception 24 (47) 12 (24) 15 (29)

Phone issues (eg, low battery or broken phone) 29 (57) 18 (35) 4(8)

Staff are absent 20 (39) 21 (41) 10 (20)

Staff are too busy 26 (59) 15 (29) 6 (12)

Staff do not understand how to use the system 43 (84) 8 (16) 0(0)

Staff forgot to report 4(8) 39 (76) 8(16)

Accuracy Levene test). On average, 81% of the daily VL reports, 89.2%

Figure 4 illustrates the daily percentage accuracy of reportsfor
each sample type and its 7-day moving average. The daily
accuracy of VL reportsslowly improved over thefirst 2 months
of the field trial and settled at approximately 80% for the
remainder of thetrial. Unlike the daily accuracy of VL reports,
that of EID and TB reports did not change substantially
throughout the trial, with the daily accuracy of VL reports
exhibiting greater variance (0=7.23) than both EID daily
reporting accuracy (0=5.25; P<.001 according to Levene test)
and TB daily reporting accuracy (0=5.38; P<.001 according to

of thedaily EID reports, and 88.2% of thedaily TB reportswere
accurate.

Thedistribution of dataaccuracy by sampletype acrossfacilities
isshown in Figure 5. The accuracy of EID reports exhibited the
least variation (0=0.01), followed by VL reports (0=0.11) and
TB reports (0=0.14). The median facility reporting accuracy
for VL was 82%, which was lower than that for EID (91%;
P=.001 according to apaired Mann-Whitney test) and TB (91%;
P=.001; paired Mann-Whitney test). For each sampletype, more
than half of the facilities submitted accurate reports on more
than 80% of the daysin thefield trial.

Figure 4. The number of accurate reports by sample type, shown as daily accuracy percentages and as a 7-day moving average. EID: early infant

diagnosis; TB: tuberculosis; VL: viral load.
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Discussion

Principal Findings

General Findings

We designed asystem whereby staff membersin geographically
dispersed health carefacilities could report, through any mobile
device, the number of patient samples prepared for delivery to
adiagnostic test facility. Between July 2019 and July 2020, we
conducted afield trial of the system in 3 districtsin Malawi to
assess the system’s feasibility, adoption, and accuracy. The
results from our field trial suggest that the USSD system is a
feasible, adoptable, and accurate tool for assembling accurate
daily reportson the quantity and location of transportation-ready
patient samples and diagnostic test results.

Feasibility

The feasibility of the USSD system is driven by the ease with
which facilities can accessit for report submission with amobile
network connection and a mobile device. Although mobile
network coverage varies by country, our findings with respect
to the number of facilities able to submit a report through the
system illustrate the potential of using mHealth systemsto link
rural health facilities to central operations managers in
sub-Saharan Africa, especialy as mobile network coverage
continues to improve across the region [11]. We also found at
least one person at each facility with a mobile phone—a
significant result because less than half of the populationin the
region owns a mobile phone [18]. Although prior work in the
region regarding mHealth initiatives among the general
population has, at times, found poor eligibility rates among
potential participants driven by low mobile phone ownership
[19,20], our findings suggest that mHealth efforts requiring
ownership among health workers may be more feasible than
those requiring ownership among the general population [21].
In addition, it is likely that the use of USSD in aregion where
smartphones constitute lessthan 40% of all maobile phoneswith
lower-tier connections (ie, 1G/2G as against 4G/5G) aso
contributed to system feasibility [11]. The use of health workers
personal phones avoided the additional cost of deploying new
devices in the field and leveraged their familiarity with their
devices to enhance system usability and transfer maintenance
responsibilities to them [22].

Adoption

The adoption of the USSD system improved consistently over
the course of the study and peaked near 90% toward the
conclusion of the study, with the exception of small and
temporary declines coinciding with personnel transitions (ie,
staff reallocations and annual training sessions) and holiday
seasons. Thesefindings are comparable with resultsfrom similar
mHealth studies conducted in the region [21,22], despite our
study requiring more frequent reporting than other studies and
doing so without monetary compensation for the participants.
Onthe basis of the cal culated descriptive statistics, we attribute
the wide adoption of the USSD system to close collaboration
with MOH representatives. This collaboration secured the
support of senior government officials who encouraged
participation by health workers at the facilities. In addition, this
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collaboration improved the chances of the system’'s design
complementing health workers’' existing responsibilities rather
than adding to them, which is known to increase the likelihood
of system adoption [19,21,23]. The efforts of the field team
members in their role as real-time participation monitors and
problem solverslikely also influenced the observed participation
rate.

Accuracy

The existence of the courier database and our ability to access
that data played a significant role in ensuring the high accuracy
of therecords (>80%). In contrast with prior mHealth initiatives
[22,24], the courier database allowed us to assess the accuracy
of every report submitted through our system with minimal
delay and to provide feedback, via the field team, to correct
improper reporting behavior daily. Providing timely and relevant
feedback to a health worker regarding their reporting behavior
likely contributed to the overall reporting accuracy achieved in
thefield tria [25].

Strengthsand Limitations

The scope of our study islimited to establishing the feasibility,
adoption, and accuracy of a USSD system for collecting
information on the quantity and location of patient samplesand
test results prepared for delivery in the diagnostic network.
Therefore, the impact of making these data available on
subsequent operational decisions or on patient care remains
undetermined. This information is expected to be useful for
avoiding unnecessary health facility visits, but there are many
ways to incorporate the information provided by the USSD
system into an operational courier routing system aimed at
reducing empty trips and delays. Therigorous quantification of
the effect of the USSD system on ST operationsis beyond the
scope of this study. However, a recent report by Gibson et al
[26] indicated that this information, along with a sophisticated
routing system, can reduce empty trips by at least 55%.

In addition, the results presented in Table 1 regarding the
operational factors affecting facility participation are based on
data collected indirectly through a survey administered to the
3research assistantsin thefield. Ideally, these data should have
been collected directly from each facility because this would
have provided more granular information about the operational
drivers for participation. However, collecting operational data
on a daily basis was beyond the scope of this effort, and the
constant rotation of health workersinto and out of the facilities
over the course of the study made it infeasible to conduct an
end-of-study survey at each facility. We believe that surveying
thelocal research assistants was the next best solution because
they were in regular contact with multiple health workers from
each facility and were aware of their experienceswith the USSD
system. Regardless of thislimitation, the main objective of this
study was to assess the feasibility, adoption, and accuracy of
collecting information using the USSD system, all of which can
be evaluated using primary data sources.

A notable strength of our study is that it demonstrates a novel
use of mHealth technology to significantly improveinformation
sharing in diagnostic networks, which have a similar structure
in many low- and middle-income countries. Previous mHealth
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studies have investigated how mHealth technology canimprove
health care delivery through the wide dissemination of
health-related information [9], providing patient-specific
reminders and/or results to patients [27,28], connecting health
care providers at different levels in the health care network
[4,29], and monitoring medical supply stock levels[21,22,29],
among other applications [19,30]. To the best of the authors
knowledge, this study representsthefirst application of mHealth
technology to track the location of samples and results in a
large-scale diagnostic network. Additional strengths of this
study include the fact that field implementation was sustained
for an entire year, and that the structure of the system allowed
us to determine the accuracy of every submitted report.

Scalability

The USSD system is extremely scalable from a technological
perspective because there is no requirement to purchase a
specific mobile phone, mobile phone airtime, or any other
system-specific technology. Expanding the system to operate
with new facilities and/or new diagnostic tests simply requires
assigning USSD identification codes and training new users,
which itself is not very onerous because of the familiarity of
mobile usersin the region with USSD technol ogy through other
apps[8]. The scalahility of the USSD system isfurther enhanced
because it does not require the purchase of new hardware or
software. The system operates with a mobile network signal
that isincreasingly available across most of theregion and uses
technology universally embedded in all mobile devices.
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As explained earlier, the USSD system was designed to
minimize impact on health workers' workload, which should
positively affect adoption in other health facilities without
disrupting their routines [31,32]. Furthermore, health workers
who currently usethe USSD system can sharetheir experiences
in training sessions for new facilities, thereby further speeding
up adoption. However, scalability may be adversely affected
by continued reliance on field teams for data monitoring and
supervision. As we work on developing scale-up plans in
collaboration with R4H and MOH, we believe that incorporating
these tasks into the roles of senior personnel within the ST
systems, such astheregional ST coordinators who oversee ST
operations within the districts, can help overcome this problem
and facilitate scalability.

Conclusions

Malawi’s diagnostic network, both in terms of the network’s
structure and challenges, is representative of many diagnostic
networks being operated in sub-Saharan Africa [2]. The
descriptive results of our study suggest that a USSD-based
system is a feasible, adoptable, and accurate solution to the
challenges of untimely, inaccurate, or incomplete data present
in these diagnostic networks. The scalability of the USSD
system, along with the promising results of our study, suggests
that system implementation at the national level in many
sub-Saharan nations is feasible and worthwhile.
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