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Abstract

Background: HIV/AIDSremainsone of the major global human health challenges, especially in resource-limited environments.
By 2017, over 77.3 million people were infected with the disease, and approximately 35.4 million individuals had aready died
from AIDS-related illnesses. Approximately 21.7 million peoplewere accessing ART with significant clinical outcomes. However,
numerous challenges are experienced in the delivery and accurate interpretation of data on patients with HIV data by various
health care providers at different carelevels. Mobile health (mHealth) technology is progressively making inroads into the health
sector aswell asmedical research. Different mobile devices have become common in health care settings, leading to rapid growth
in the development of downloadable software specifically designed to fulfill particular health-related purposes.

Objective:  We developed a mobile-based app called ARVPredictor and demonstrated that it can accurately define HIV-1
drug-resistance mutationsin the HIV pol gene for use at the point of care.

Methods: ARV Predictor was designed using Android Studio with Java as the programming language and is compatible with
both Android and iOS. The app system is hosted on Nginx Server, and network calls are built on PHP's Laravel framework
handled by the Retrofit Library. The Digital Ocean offers a high-performance and stable cloud computing platform for ARV Predictor.
Thismobile app isenlisted in the Google Play Store asan “ARV Predictor” and the source codeis available under MIT permissive
license at a GitHub repository. To test for agreement between the ARV Predictor and Stanford HIV Database in detecting HIV
subtype and NNRT and NRTI mutations, atotal of 100 known HIV sequences were evaluated.

Results: The mobile-based app (ARV Predictor) takes in a set of sequences or known mutations (protease, reverse transcriptase
and integrase). It then returnsinferred levels of resistance to selected nucleoside, nonnucl eoside protease, and integrase inhibitors
for accurate HIV/AIDS management at the point of care. The ARV Predictor identified similar HIV subtypesin 98/100 sequences
compared with the Stanford HIV Database (k=0.98, indicating near perfect agreement). There were 89/100 major NNRTI and
NRTI mutations identified by ARV Predictor, similar to the Stanford HIV Database (k=0.89, indicating near perfect agreement).
Eight mutations classified as major by the Stanford HIV Database were classified as others by ARV Predictor.

Conclusions: The ARV Predictor largely agrees with the Stanford HIV Database in identifying both major and minor proteases,
reverse transcriptase, and integrase mutations. The app can be conveniently used robustly at the point of care by HIV/AIDS care
providers to improve the management of HIV infection.
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Introduction

The dynamic and exponential growth of economical mobile
phones with sufficient built-in resources has been experienced
worldwide today [1]. Business systems can currently leverage
the strength of smartphonesto affect long-distance transactions
and undertake business consultations off-site robustly and
accurately at low operating costs [2]. Mobile technology has
progressively found vital utility in various health care platforms
globally [3]. After the introduction of the first cellular phone
by Motorola in the 1990s [4], faster processors, improved
storage spaces, smaller longer life batteries, and superefficient
mobile operating systems have been invented, paving avenues
for wide useful application developments [5]. Mobile phones
have become acommon devicein health care settings. Thishas
in effect led to the proliferation of small self-contained pieces
of downloadable software. Numerous medical software apps
are now available to assist different health care professionals
with many tasks, such as health record maintenance, time
management, patient management and monitoring, clinical
decision making, medical education and training, and online
diagnosis [6]. In the recent past, mobile health (mHealth) has
been used instrumentally to address various mental conditions
[7], such as substance abuse disorders [8], depression [9],
psychosis [10], and suicide. This and other related
mHealth-based systematic reviews give an indication of the
very positive future of human health care via smartphones
[11,12].

Globally, by 2017, HIV/AIDS had infected over 77.3 million
people, among which 35.4 million people or more have so far
died from AIDS-related illness [13]. Kenyais among the worst
hit countries, recording high prevalence and mortality rates
alongside Mozambique and Uganda [14]. The advent of
antiretroviral (ARV) therapy has led to a significant reduction
in morbidity and mortality among different populations [15].
By 2017, over 21.7 million people were accessing antiretroviral
therapy with significant clinical outcomes. Unfortunately, the
development of HIV drug-resistance (HIVDR) mutations is
currently jeopardizing these clinical benefits [16]. The United
Nations Programme on HIV/AIDS (UNAIDS) 90-90-90
initiative [17] is also likely to be affected by increased HIV
drug-resistant mutations, especially in developing countries.
Therefore, drug-resistance testing is vital for accurate patient
management [18]. Additionally, with the rolling out of “Treat
al” in the HIV world, the occurrence of drug-resistant HIV is
likely to become the key public health threat, thereby hindering
treatment options availableto peoplewith HIV/AIDS[14]. The
global prevalence of HIVDR isrising, mainly dueto resistance
to non-nucleoside reverse transcriptase inhibitor (NNRTI) drugs,
which make up the backbone of World Health Organization’s
(WHO) first-line antiretroviral treatment procedures[14]. Hence,
thereisan increase in the need for available and easy-to-access
viral load testing avenues and other patient monitoring methods
to aleviatetherisein HIVDR at the point of care [19].

https://formative.jmir.org/2022/2/e26891

ARV Predictor, which was designed and devel oped in this studly,
is a mobile app that bridges the glaring gap by providing
point-of-care results to clinicians, most of whom in Kenya are
now trained on HIVDR result interpretation. It comes with the
advantages of mobile telephony and the capability to serialize
evolutionary and drug-rel ated sequence variationin HIV reverse
transcriptase and protease, which are targeted by different
antiretroviral drugs. It is enlisted in the Google Play Store as
“ARVPredictor” [20]. The app isdesigned using Android Studio
with Java as the programming language and is compatible for
both Android and iOS with user-friendly graphical interfaces.
Thisapp accurately predicts HIVDR mutationsin the pol region
similar to those obtained from the web-based Stanford HIV
Drug Resistance Database (HIVdb) [21,22].

Methods

Design and Setting

We obtained a replicated worksheet for developing
ARVPredictor from different drug-resistance databases. The
list included mutations existing in the ANRS (the French
National Agency for Research on AIDS), HIVdb, IAS-USA
(International Antiviral Society—USA), Los Alamos, and Rega
algorithm lists[23]. We summarized the final register to atotal
of 19 normalized core tables, 10 lookup tables, and up to 20
derived tables. Thiswasin line with other simulated databases
mostly implemented using MySQL on Linux platforms. We
ended up with ordered rel ationships linking main entitieswithin,
including  antiretroviral  therapy  history, isolated
drug-susceptibility outcome, and patient plasma HIV-1 RNA
levels. The final database allows users to retrieve and analyze
different sets of sequencesthat meet particular criteria. Common
gueries envisioned included retrieval of sequences of HIV-1
isolates containing mutations at specific positions, patients
receiving a specific drug regimen, and drug-susceptibility data
on HIV-1 isolates contai ning combinations of mutations. Every
designed query provided the following category of data
hyperlinks to MEDLINE and GenBank records, a list of
mutations in the sequence, a classification of the sequence,
drug-susceptibility results, and sometechnical data. We availed
options for downloading or viewing raw sequence data at the
back end; each predesigned table returned 8 or more columns
of data.

Participants

Totest the app’s usability, arandom popul ation comprising 100
health practitionersactively involved in HIV/AIDS management,
app developers, and information and communications
technology (ICT) studentswasrecruited. The health practitioners
enrolled in the usability survey included 10 HIV experts from
the KenyaHIVDR Technical Working Group on drug-resistance
approval and regimen guidance, 25 HIV scientists based at the
Kenya Medical Research Institute and various universities in
Kenya. Othersincluded 20 medical and pharmacy studentsfrom
the University of Nairobi, Kenya, 20 graduates of the National
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Advanced HIV Clinical Course (NAHCC) class of 2015, 10
app developers, and 15 ICT students from Jomo Kenyatta
University of Agriculture and Technology, Kenya. All the
enrolled health practitionerswere required to own or have access
to Android-based smartphones; those who needed intensive
hands-on training on downloading and using their smartphones
were automatically excluded in the survey. The heath
practitioners were invited to participate in this survey using
open invites through email to selected human health research
ingtitutions, universities (especially ICT and virology
departments), and HIV comprehensive care centers. The survey
also invited other participants directly via phone cals.
Participantswilling to be engaged recorded their interest through
replying to our email by filling out a short acceptance/consenting
online form and were enrolled on a first-come-first-enrolled

Figure1l. The ARVPredictor rapid application development model.
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basis. Those selected received alink on how to download and
use our ARV Predictor Android app for test purposes.

App Development Process

We designed and developed ARV Predictor from models of a
combination of software development life cycle methodology
[24] and rapid application development (RAD) [25]. RAD is
an agile strategy for devel oping software that has proven to be
fast and helps compl ete a project within a shorter timeframe. It
achieves this by reducing the time spent in planning and
maximizing prototyping devel opment. The RAD enablesfaster
communication between a developer and the end user; hence,
its high efficiency is achieved by following 4 main phases at a
reasonably lower cost [26]. The initia working prototype is
developed and isimproved gradually through discussions until
a satisfying output is reached (Figure 1).

Test Prototype

Requirement
Planning

Refine

Testing

Implementation

Gap |l dentification and Requirements Gathering

A combination of 3 main activitieswas carried out at theinitial
stages of the development to meet both functional and
nonfunctional requirements of the app. A brief questionnaire
was randomly administered to consented selected HIV/AIDS
doctors/clinicians and hedlth care providers to determine and
understand the current treatment process. Thiswasfollowed by
a face-to-face chat with a few health care providers who were
very keen in using their smartphones to support their daily
servicesto their patients. By performing aquick analysis of the
results and with reference to relevant literature, a glaring gap
was identified in the turnaround time and availability of
point-of-care resourcesfor interpreting the genetically modified
HIV strains for appropriate antiretroviral drug choices. It was
also understood that with the current mobile telephony systems,
different forms of data can now be shared easily among various
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devices[27]. To createtheinitia prototype of the app, the output
identified during this stage wastrand ated into modul esfor better
understanding and ownership of the whole app [28].

Use Case Modeling

Use case diagrams show the interaction between users and the
system [29]. In this app, we first identified the main actors and
their respective interactions with the app. Each identified role
was assigned relevant access rights and hence classified as
patient, health care givers, and administrators of the system
(Figure 2). Administrators have the capability to manage the
critical functions of the app, whereas a normal user has very
limited accessto the back end functionality. By signinginusing
an existing email address and an active phone number, anormal
user can query the database using mutations/sequences. A
willing patient also hasthe capability to view the analysis output
with predefined limitations.
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Figure2. ARVPredictor use case diagram illustrating graphical interaction between users and the app. ARV: antiretroviral .
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Operational Process of the App

A simple plain text prototypeidentified several app components,
including mobile clients, web application clients, rea-time
servers, and databases. Following that, the development
environment was set up for full development of the mobile app
based on the various hardware and software specificationslisted
in the following subsections.

Android Studio 4.1 and Java 10

Theteam devel oped this Android app using Android Studio 4.1
[30] and Java version 10 [31] as the programming language.
Android Studio is the official Integrated Development
Environment (IDE) for Android development and usually
includes several aspects required for building various Android
apps. It is based on IntelliJ IDEA [32] with powerful code
editors and other devel oper-preferred tools. Integrated aspects
of IntelliJ IDEA are essential in maximizing productivity with
intelligent coding support. This aspect of the tool proved very

https://formative.jmir.org/2022/2/e26891

RenderX

handy in code management and provided coding hints during
the development of ARV Predictor.

The Java programming language used in this app was devel oped
in early 1910 by Sun Microsystems [33]. It is simple and
efficient and can be used for various programming purposes.
The combined and ultimate strength of these tools provided a
suitable development platform for this app.

Nginx Server Version 1.17.0

The development of thisapp involved Nginx Server [34] written
in C programming language. This is an open source and a
high-performance development platform. It is characterized by
reasonable resource consumption, ease of configuration,
stability, and acomprehensive feature set. Nginx supports both
ahigh-performance HTTP server and areverse proxy together
with POP3/IMAP proxy servers. The developed app
(ARV Predictor) ishosted on the Nginx server with DigitalOcean
Droplets [35] offering the cloud hosting platform.
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MySQL

We projected massive growth of datain ARV Predictor and used
MySQL [36], which is an open source document database
written in C++. It is capable of creating and deploying ahighly
scalable database with high performance capability. It was
selected due to its ability to work across platforms, high
querying capability, availability, and predictable online

Ongadi et a

professional support. The MySQL database management system
has the capability to store data from a single record to a large
amount of information. User datain ARV Predictor are stored
in the MySQL database hosted on the same Nginx Server
version 1.17.0[34]. The actua arrangement of the development
heap comprising mobile phones, servers, and databases is
presented in Figure 3.

Figure 3. App development stack: back end arrangement of numerous connecting devices, main server, and active connection between the app

(ARVPredictor) and Stanford HIVVdb [21,22].
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> app

Same code — Hybrid |, Nginx Server
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| Hybrid
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The ARV Predictor app was devel oped to connect to the Stanford
Database [21] query language (GraphQL) through the Apollo
Android library [37]. This platform converts and transfers data

between theHIV Stanford Database and the ARV Predictor user
interface.

Retrofit Android Library

Thisisarest client library [38]; in thisapp, retrofitting was used
to handle al network calls from the app’s back end built on
PHP's Laravel framework.

Mobile Client Environment

To ensure proper functionality and accurate returning of results,
the app requires phone-free space of not lessthan 50 MB, touch
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screen display of 3.0 inches or higher, Android OS version 3.2
or later, and adequate data bundles.

App System Design

The design of the system was created and subjected to asimple
objective versus output evaluation to ensure that all aspects of
the app requirement were captured (Figure 4). The health care
provider signsup using avalid and authenticated email address
and uses a phone number and a password to access the app. A
real-time server is set to build and send sequence or mutation
files to the Stanford Database and return the expected analysis
outcome. Different variables are captured immediately into an
Excel sheet (Microsoft) and available for statistical analysis of

the app.
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Figure 4. Application system design and preliminary testing procedure: Model indicating al probable activities by the user of ARV Predictor and
predictable respective responses by both real-time server and Stanford HIVdb.
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ARVPredictor Deployment and Testing

ARV Predictor is hosted on the Nginx server with Digital Ocean
Linux Droplets offering the cloud hosting platform. For security,
public access rights were set to be limited for the MySQL
database. The Android app isfreely distributed through Google
Pay (Google Play Store). To use ARV Predictor, usersfirst need
to create an account with very limited personal details(eg, valid
email addresses, passwords, and preferred active phone numbers;
see Multimedia Appendix 1). We deemed data gathered during
the sign-in process asimportant for future growth of the project
and would be kept under controlled access. Thefully devel oped
mobile app was then subjected to 2 levels of evaluation and
testing, first through random entry of data to ensure system
component interactivity and proper functionality. The second
is to guarantee accurate analysis and result output. Black-box
testing was used where the functionality of each simple app was
subjected to testing without minding its internal structures or
workings. This preliminary testing helped to reduce the cost
and time spent in thefinal testing stages of the app development.

https://formative.jmir.org/2022/2/e26891
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ARVPredictor Maintenance

Regular and administrative monitoring steps were set up to
assist in the continuous review of the app’s system logs. We
considered this information useful in understanding and
maintaining the app’s service health status. The output of this
process informs maintenance-rel ated needs such as any faults,
downtimes, and any unauthorized activities. It helps in
debugging and resolving any issuesthat arise aswell as provides
aplatform for future upgrades.

Input of Actual Data for Analysis

Two types of data, namely, sequences and point mutations, are
usable for analysis in ARV Predictor. The said sequences can
be keyed in or pasted directly onto the screen of the phone or
aternatively uploaded from aseparatefile. HIV point mutations
are preconfigured and are selectable based on the WHO 2009
listing [23]; both can be analyzed and confirmed according to
the latest available version of the Stanford Database [21].

Test Performance

The test performance of ARVPredictor against the Stanford
HIV Database to determine HIV subtypes and both major and
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minor proteases, reverse transcriptase, and integrase mutations
was determined using kappa statistics [39]. Accuracy of the
ARVPredictor was then determined. A set of 100 sequences
was blasted using both platforms, and the similarity was
identified (Multimedia Appendix 2). The subtypes and minor
and major mutations were noted for both platforms. To test for
method accuracy, each sequence was blasted 3 times, and in
each case, any variation (if any) in the subtype, base pairs, and
mutations was recorded.

Results

Overview

The mobile app ARV Predictor was designed to take in data on
protease, reverse transcriptase, and integrase mutations or

Textbox 1. Test sequence data.

Ongadi et a

seguences. It returns inferred levels of resistance to selected
proteases, nucleosides, non-nucleosides, and integraseinhibitors
for accurate HIV/AIDS management at the point of care.

Sequence Analysis

We demonstrate the value and usability of ARV Predictor by
analyzing different sets of reference sequencesfromthe National
Center for Biotechnology Information (NCBI) and other related
studies. From numerous test results, we diagrammatically
present sampled comparison results for the ARV Predictor
against the gold-standard Stanford HIV Database[21]. Thetest
sequence data set is presented in Textbox 1.

Accession No: KX505361.1: HIV-1 isolate 5873 from Kenya pol protein (pol)gene, partial cds [40].
AATGGCCATTGACRGAAGAAAAAATAAAGGCATTGATAGAAATTTGTACAGAGATGGAAAAGGAAGGAAA
AATTTCAAGAATTGGGCCTGAGAATCCATACAATACTCCAGTATTTGCCATAAAAARGAAAGACAGTACT
AAGTGGAGAAAATTAGTAGATTTCAGGGAACTCAATAAAAGAACCCAAGACTTTTGGGAAGTTCAATTAG
GRATACCACACCCAGCAGGGTTAAAARAGAAAAAATCAGY GACAGTACTAGATGTGGGGGATGCRTATTT
TTCAGTWCCTTTAGATGAAAGCTTCAGGAAATATACTGCATTYACCATACCRAGTRTAAACAATGAGACA
CCAGGAATCAGRTATCAGTACAATGTGCTTCCACAAGGATGGAAAGGATCACCRGCAATATTCCAAGCTA
GCATGACAAAAATYCTGGAACCTTTTAGGAAACAAAATCCAGAAATGATTATCTATCAATACATGGATGA
TTTGTATGTAGGATCTGACTTAGAAATAGGGCAACATAGAGCAAAAATAGAGRAATTAAGGGAACACCTG
TTAAAGTGGGGGTTTACTACACCAGACAAAAAGCATCAGAAAGAACCTCCAYTCCTTTGGATTGGTTAT

Sequence Compar ative Output

Figure 5 shows comparable sequence analysis results for both
the Stanford Database [21] and ARV Predictor.

Figure 5. Seguence analysis results: Demonstrating similarity between sequence analysis results output for both (a) ARV Predictor and (b) Stanford

HIV Database.
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.| Drugresistanes interpretation: RT HIVDB 9.0 (2021-02-22)

NRTI Resistance Mutations: Mone
NNRTIResistance Mutations: K103
Other Mutations: K32E, V35T, T39L, V601, D121, K122E, D177E, R205RK, Q207E, R2L1K

Nucleoside Reverse Transcriptase Inhibitors

abacavir (ABE)
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rilpivirine (RPV)
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High-Level Resistance
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* K103N is a non-polymorphic mutation that causes high-level reductions in NVP and EFV susceptibility.
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Mutation Analysis

From the WHO Major HIV-1 Drug Resistance Mutations list
[23], we tabulated the analysis results of the predefined HIV
mutation M 184V. The most common resi stance mutations occur
in nucleoside reverse transcriptase inhibitors (NRTIS) in vitro

Ongadi et a

for both the ARV Predictor and Stanford Database. There is a
high level of resistance to emtricitabine (FTC) and lamivudine
(3TC) and potentially low level of resistance to didanosine
(DDI) whiledisplaying susceptibility to both zidovudine (ZDV)
and tenofovir (TDV). The results shown in Figure 6 are
comparable.

Figure6. Mutation Analysis Results. Demonstrating similarity between mutation analysisresultsfor (a) ARV Predictor and (b) Stanford HIV Database.
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Test Performance and Agreement

Multimedia Appendix 3 summarizes sequences with variation
in subtype and mutations as determined by both the
ARVPredictor app and the Stanford Database. The
ARVPredictor app identified similar HIV subtypes in 98/100
sequences compared with the Stanford HIV Database (k=0.98,
indicating near perfect agreement). There were 89/100 major
NNRTI and NRTI mutations identified by ARVPredictor,
similar to the Stanford HIV Database (k=0.89, indicating near
perfect agreement). Seven mutations classified as maor
mutations by the Stanford HIV Database were classified as other
mutations by ARVPredictor. This further indicates that the
Stanford-confirmed GraphQL web service works fairly well,

https://formative.jmir.org/2022/2/e26891

RenderX

B e public database ta represaat, store and analyze WV drug resistance dat.

abagavie (ABC)
sidavudine [A2T)

* 1S4Vl cause bighlevel i
3TC or FTC because they incre:

Vutation scoring: RT
du'sbauty

Stanford Universicy
HIV DRUG RESISTANCE DATABASE

GENOTYPE-RX  GENOTYPE-PHENO  GENOTYPE-CLINICAL  HIVDBPROGRAM  ABOUTHIVDE  SUPPORTHIVDE!

interpretation: RT HIVOES0 (208,
M1V
hene

Hucleoside Reverse Transeriptase Inhibitors Hen-nucleoside Reverse Transeriptaze Inhibitors

Suseptible
Suseptibke
Suseeptible
Susceptible
Susceptible

deraniring (DOR)

tibility ta AZT, TOF and d4T an

HIVOB S (20,

and all theresultsarein sync with most parts of the web version.
Both tools found several minor/other mutations, but depending
on small phone display window, some may be hidden from
view.

ARVPredictor Availability

ARV Predictor iscurrently distributed freely through the Google
Play Storeand App Store (Applelnc.), with basic rulesrequiring
users to create an account and provide very limited personal
details such as email addresses, passwords, and preferred
telephone numbers. Different user-friendly interfaces viewable
through the usage of the app are shown in Figures 7-11. The
source code for ARVPredictor is available under the MIT
permissive license in a GitHub repository [41].
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Figure 7. ARVPredictor Preliminary User Interfaces. (a) The pictorial icon shows how ARV Predictor appears ready for download from the app/play
store. (b) Potential users must register in order to use the application, registered users are required to sign-in.

User Friendly Interfaces

— -
by |}

phone number with an activation code. System registration can
occur in 2 different ways. through the app itself (Figure 7) or

User Registration and User login by the administrator remotely on request. Figure 8 shows the

First-time users of the app require registration into the system.
This process hel ps prevent unauthorized access and use of the
app. An SMS text message alert is then sent through the given

respective back end code used in developing this registration
process. Only authenticated and valid email addresses/phone
numbers are allowed for registration.

Figure 8. User Registration and Sign in source code: Set of computer logical instructions aiding registration and sign in process before using the app.

call.engueuve(new Callback<Register>() {
@verride
public void onResponse(@NotNull Call<Register> call, @NotNull Response<Register> response) {

Register respo = response.body();

if (respo !'= null) {
UserData userData = respo.getData();

if (respo.getToken().equals("NONE")) {
| Message.makeToast(activity, activity, respo.getMessage());
} else {

if (userData !'= null) {
userDataBox.removeAlLL();
userDataBox.put(userData);
Session.sessionStoreData(respo.getToken(), userData.getFirstName(), PserData.getSecondNameCJ,
| userData.getPhoneNumber(), userData.getEmail(), userData.getStatus().toString(), activity, activity);
StaticVariables.first_name = userData.getFirstName():
StaticVariables.email = vserData.getEmail();

H

onLoginFormActivitylListener.dologin();

Message.makeToast(activity, activity, respo.getMessage());
PreferenceManager preferenceManager = new PreferenceManager(activity);
preferenceManager. setloginStatus(true);

}

} else {
\ Message.makeToast(activity, activity, message: "Response is null!"):

}
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Antiretroviral Drug Options/l nput Window by default, but checkboxes can be used to add or remove any

Upon successful registration and verification, the next button  drug- A “save” button at the bottom of the phone screen allows
opens the known and common antiretroviral drug display ©N€ to save and use his’her fina choice. Figure 10 illustrates

window (Figure 9). Some antiretroviral drugswill bepremarked e back end code used in the development of this app's
preferred drug selection process.

Figure 9. Antiretroviral Display Options. Displaying all current ARV's and categorizes them as Nucleoside reverse transcriptase inhibitors (NRTIs),
Non-nucleoside reverse transcriptase inhibitors (NNRTIs), Integrase Strand Transfer Inhibitor (INSTIs) and Protease Inhibitor (PI).

/a Y W O e

/. e Y
= Q = Q]
rug Dlsplay Optlons |

NRTI: INSTI: ] oo
‘ 0 aec O e NNRTI: Pl
Azt oTG boR ATui
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ToF e O rewrr
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O e o
21 [ |
\\‘ m o ¢ \ 1] (@] < y

Figure 10. ARV Drug Selection code by category. Set of back-end computer related logical instructions of selection of different ARV drugs available
for use by various HIV Petients.

try{
holder.drug.setText(data.get(position).getName());
holder.drug.setChecked(data.get(position).getSelected());
holder.drug.setTag(pesition);
holder.drug.setOnClickListener(new View.OnClickListener(){

@0verride
public void onClick(View view) {
Integer pos = (Integer) holder.drug.getTag();
String name = data.get(pos).getName();
if (preferenceManager.getDrugStatus(name)){
preferencelanager.setDrugSelected( selected: false,name);

}
else {

preferencelanager.setDrugSelected( selected: true, name);
H

}
1
}eateh (Exception e){
e.printStackTrace();
}

. . categories, namely, reverse transcriptase, protease, and integrase,
HIV Mutation Selecﬂon Nndw _ _ can be selected from a scroll down window and analyzed at the
The next screen displays 2 options of theinput typefor analysis:  bottom of the screen. The second part of thisfigureisasequence
point mutations or sets of sequences (Figure 11). Thefirstgroup  input window. It provides an option to either upload a set of

is a list of al the registered major HIV-1 drug-resistance sequences from a separate source or manually key them in.
mutations as per WHO 2009 data [23]. Three mutation
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Figure 11. ARVPredictor. (a) Maor HIV-1 drug resistance mutation list. (b) Sequence entry option window.
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are listed alongside. Output of a mutation analysisis shown in
Figure 12. The development code for displaying the mutation

The resuits are analyzed and sent back in comparison to the  analysis output in this app is shown in Figure 13. Figures 14
latest version of the Stanford HIV Database. The output is  and 15 display the analyzed sequences and respective back end

packaged in terms of the region targeted, for exampl e, protease,
reversetranscriptase, and integrase, and preferred antiretrovirals

Figure 12. ARVPredictor: Mutation Analysis Results.
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Figure 13. ARVPredictor Mutation Analysis Code.

myApolloClient.query(MutationAnalysisRequestQuery.builder() .mutations(myMutations).build())
.enqueve(new ApolloCall.Callback<NutationAnalysisRequestQuery.Data>() {
[@0verride
public void onResponse(@NotNull Response<MutationAnalysisReguestQuery.Data> response) {
getActivity().runOnUiThread(
new Runnable() {
@verride
public void run() {
List<MutationAnalysisRequestQuery.DrugResistance> load = response.getData().mutationsAnalysis().drugResistance();
progDialeg.dismiss();
if (load != null){
Paper.book().urite("MUTR
Paper.book() .write("DATA

T", load);
sponse.getData());

}
myMutations.clear();
Intent intent = new Intent(getActivity(), MutationResultActivity.class);
startActivity(intent);
getdctivity().finish();

)
}
[@0verride
public void onFailure(@BNotNull ApolloException e) {
getActivity().runOnUiThread(
new Runnable() {
@verride
public void run() {
myMutations.clear();
progDialeg.dismiss();
errorDialog.show();

K
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Figure 14. ARV Predictor: Sequence Analysis Results.

0.0K/s F ull CB34% 18:45

Sequence Analysis Results

Sequence Summary

Sequence includes PR: 24-232
Sequence includes RT: 3-629
Subtype . C+D (5.90%)

Sequence Quality Assessment

Chart Unavailahle

Drug resistance

interpretation: RT HIVDB_8.9-12019-1(

Pl Major Resistance Mutations: None
Pl Accessory Resistance Mutations: None
Other Mutations: ,M230I

Nucleoside & Non-Nucleoside Reverse
Transcriptase Inhibitors

ABC Inte_rmedlate NRTI
Resistance

AZT Susceptible  NRTI
DAT High-Level o
Resistance
DDI HighrLevel oy
Resistance
https:/formative.jmir.org/2022/2/e26891 JMIR Form Res 2022 | vol. 6 | iss. 2 | €26891 | p. 13

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Figure 15. ARV Predictor sequence analysis code.

Ongadi et a

myApolloClient.guery(SequenceAnalysisRequestQuery.builder().sequences(actuallnputs).build())
.enqueue(new ApolloCall.Callback<SeguenceAnalysisRequestQuery.Data>() {

@0verride

public void onResponse(@BNotNull Response<SequenceAnalysisRequestQuery.Data> response) {

getActivity().runOnUiThread(new Runnable() {
@0verride
public void run() {

sequence.setText(response.getData().toString());
Paper.book() .write("SEQDATA", response.getData().sequenceAnalysis());
Paper.book() .write("RAWDATA", response.getData());

progDialog.dismiss();
header.setText("");

sequence.setText("");
actuvallnputs.clear();

Intent intent = new Intent(getActivity(), SequenceAnalysisResultis.class);

startActivity(intent);
}
b;
}

@0verride

public veoid onFailure(@NotNull ApolloException e) {

sequence.setText(e.getMessage());
getActivity() .runOnUiThread(new Runnable() {
@0verride
public void run() {
header.setText("");
sequence.setText("");
header.setText("");
sequence.setText("");
progDialog.dismiss();
errorDialog.show();
}
I H
}
b

Discussion

Principal Findings

Timely and accurate assistance to health care providersin the
management of patients with HIV has been a challenge,
especialy in resource-limited environments. We presume that
with the introduction of ARVPredictor, the much needed
solution to health care providers at the point of care will be
achieved. The planning and choice of tools used in the
development of this app were done with the expected work
environment and data output in mind. The choice supported
heavy and quick analysis of the mutations or sequences to be
uploaded by the hedlth care provider. The overall am is to
provide a solution that offers accurate and easily accessible
management strategy to HIV health care providers at their
fingertipswith ashort turnaround time. A great effort was made
to minimize the expected input variables for accuracy and time
management. To achieve this, the mutation screen presents a
dropdown and choice-enabled entries, which include acomplete
list of al currently documented mutations. The sequence
analysiswindow allowskeying in, pasting, and uploading from
aremotefile.
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The app, which is now freely downloadable from Google Play
Store or App Store and enlisted as ARV Predictor, is expected
to be free for use and technically supported by developers. Its
security is enhanced through controlled and authenticated log-in
process, while critical and back end data are only accessible to
authorized individuals.

Conclusions

In evaluating the functionality of the ARVPredictor in
comparison to the replicated Stanford HIV Database in this
study, there is strong evidence that several benefits, including
but not limited to concurrence, convenience, and simplicity, are
realized. ARVPredictor can therefore be used to determine
HIV-1 drug-resistance mutationsin the HIV pol gene with ease
and convenience in mobile devices. The app equally has the
advantages of high-speed data networks and smartphone
accessibility. It therefore adds to other available and upcoming
mHealth interventionsin the area of HIV and antiretroviral use
among different health care providers. Mobile technology has
enabled faster and efficient communication among health care
service providers and their patients. However, additiona
benefits, such as improved diagnosis, accuracy, and better
coordination, will still contribute highly to the biomedical field.
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Multimedia Appendix 1

ARV Predictor User Guide.
[PDE File (Adobe PDF File), 1286 KB-Multimedia Appendix 1]

Multimedia Appendix 2

ARVPredictor Test Performance Sequences (Accession Numbers: KX505314-KX505372 and MK588680-MK588752) using
Stanford HIV database as the gold standard.
[DOCX File, 27 KB-Multimedia A ppendix 2]

Multimedia Appendix 3

Test Performance Output: Performance results of ARV Predictor using the Stanford HIV database as the gold standard in
identification of HIV subtypes and mutations.
[DOCX File, 29 KB-Multimedia Appendix 3]
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