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ABSTRACT

Introduction Due to a global shortage of healthcare
workers, there is a lack of basic healthcare for 4 billion
people worldwide, particularly affecting low-income

and middle-income countries. The utilisation of Al-

based healthcare tools such as symptom assessment
applications (SAAs) has the potential to reduce the burden
on healthcare systems. The purpose of the AFYA Study
(Al-based Assessment oF health sYmptoms in TAnzania) is
to evaluate the accuracy of the condition suggestions and
urgency advice provided by a user on a Swabhili language
Ada SAA.

Methods and analysis This study is designed as an
observational prospective clinical study. The setting

is a waiting room of a Tanzanian district hospital. It

will include patients entering the outpatient clinic with
various conditions and age groups, including children

and adolescents. Patients will be asked to use the SAA
before proceeding to usual care. After usual care, they
will have a consultation with a study-provided physician.
Patients and healthcare practitioners will be blinded to
the SAA's results. An expert panel will compare the Ada
SAA’s condition suggestions and urgency advice to usual
care and study provided differential diagnoses and triage.
The primary outcome measures are the accuracy and
comprehensiveness of the Ada SAA evaluated against the
gold standard differential diagnoses.

Ethics and dissemination Ethical approval was
received by the ethics committee (EC) of Muhimbili
University of Health and Allied Sciences with an approval
number MUHAS-REC-09-2019-044 and the National
Institute for Medical Research, NIMR/HQ/R.8c/Vol.
1/922. All amendments to the protocol are reported and
adapted on the basis of the requirements of the EC.
The results from this study will be submitted to peer-
reviewed journals, local and international stakeholders,
and will be communicated in editorials/articles by Ada
Health.

Trial registration number NCT04958577.

,! Philipp Bode,' Ewelina Tuerk,' Ria Vaidya,’

Strengths and limitations of this study

» This is the first prospective study to evaluate the
condition suggestion and urgency advice accuracy
of a symptom assessment application (SAA) in a
low-income and middle-income country.

» The study will be conducted in a real-life setting in
a busy primary healthcare facility setting in Africa,
addressing a wide range of conditions, including for
children and adolescents.

» Having a study-provided physician diagnosis list, in
addition to the usual care physician diagnosis list,
complemented by expert panel case review, ensures
high confidence in the gold standard diagnosis.

» The study is designed to be a pilot study in order
to explore the feasibility of a larger clinical investi-
gation assessment which would assess the overall
condition suggestion accuracy and comprehensive-
ness of the SAA for common and uncommon con-
ditions and the general clinic waiting room setting
allows comparison to clinical diagnosis making the
observational design a strength and not a limitation
to this goal.

» The study is a pilot to assist in the design of a larger
confirmatory study and the number of patients en-
rolled reflects this.

INTRODUCTION

Mobile app-based symptom assessment applica-
tions (SAAs) are personal health companions
for layperson users, which are designed to help
people understand and manage their health.
They function by asking the user questions
regarding their symptoms and their medical
history. They provide a symptom assessment
which includes suggestions of relevant condi-
tions, advice on urgency and on appropriate
next steps in care. ' Advanced Albased SAAs
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use approaches to dynamically prioritise the order of the
questions asked, hence efficiently gathering the optimal
information about the user’s condition and prioritising the
next question asked. Globally, SAA usage, alongside general
health-based internet searching, is increasing year-on-year.” >
Users turn to SAAs to better understand the causes of their
symptoms, to decide whether to seek care, and to decide on
the acuity of care sought; they also perceive that SAAs provide
a more personalised assessment of symptoms than is avail-
able through internet search engines.*® There have been
calls, including in a 2019 systematic review, for more studies
to assess SAA use, accuracy of condition suggestion, urgency
advice and health economic Value,1 7 and some of these
aspects have been addressed in recent studies.***'" However,
there is a need for further research to more completely eval-
uate SAAs in specific use cases and specific geographies.

An important area of SAA potential is in low- and
middle-income countries (LMICs), including those in
sub-Saharan Africa.'’ There is a global shortage of up to
7.2million health workers that has contributed to a lack
of basic healthcare for an estimated 4billion people.'* "
Although SAAs do not replace healthcare workers, they
do have the potential to increase the provision of action-
able healthcare information to users in LMICs, thereby
empowering individuals to make timely and better-
informed decisions about their health."" '*'* It has been
shown in high-income countries that access to SAAs can
reduce the burden on the healthcare system, by directing
people only to seek attention from healthcare facilities
when necessary, and in directing them to the most appro-
priate level of care.’'® Some Al-based tools have already
shown potential in improving care provision and efficiency
of healthcare utilisation in LMICs and there have already
been promising developments in the use of Al-based tools
to support care delivery, through supporting healthcare
workers."' I In the medium term, SAAs may have a role
in upskilling health workers and in supporting doctors’
decision-making. However, before SAA use can be
extended to new LMIC use cases, it is important to have
specific clinical evaluations to demonstrate the safety and
performance of the underlying medical reasoning tech-
nologies for LMIC settings, particularly as most health-
related Al solutions have been developed in and for
high-resource settings, in languages frequently used in
these settings, and on the basis of medical data with bias
towards these settings.

Although the medical intelligence (meaning the
combination of its reasoning engine and medical knowl-
edge) of the SAA to be evaluated in this study has been
validated against a set of several thousand internal test
cases, which comprise diseases from different medical
specialties and include both common and rare diseases,
there is also a need to validate the tool in clinical studies.
The SAA is currently being evaluated in studies in Europe
and in the USA; however the current study will be the
first in sub-Saharan Africa. This study will assess an SAA
version highly similar to the on-market tool, using the
same underlying medical intelligence. The SAA tested

will differ only in that it is a tablet-computer-optimised
version, and that it will not provide the health assessment
report to the patients or to the physicians, following the
approach of Moreno Barriga, et al.'” This is to avoid bias,
and, as the study is designed to be observational, it must
therefore have no effect on usual patient care. Addition-
ally to avoid bias, the patient will use the SAA prior to
their consultation with the usual care health practitioner.

The results of this study will define the number of partic-
ipants needed for a larger study through a power calcula-
tion; this later study will be able to determine the accuracy,
comprehensiveness of the SAA condition-suggestion advice,
and urgency-advice level for which this pilot study can only
do on a small scale. The following hypothesis will be investi-
gated in the AFYA (Al-based Assessment oF health sYmptoms
in TAnzania) Study: the accuracy and comprehensiveness
of the SAA condition-suggestion advice and urgency-advice
is appropriate, when compared with that of the usual care
physician diagnosis. Appropriateness of advice will consider
the point of use of the SAA in the patient’s medical journey,
which is prior to medical confirmatory tests, such as blood
tests and medical imaging. Absolute quantitative targets of
medical accuracy have not been specified for testing this
hypothesis, but it is expected that the levels of accuracy
would be similar to those obtained in the published litera-
ture for high-income countries.® '’ '®

METHODS AND ANALYSIS

This AFYA Trial is a prospective, observational study
conducted at the waiting room of the Mbagala Rangi Tatu
Hospital, Dar es Salaam, Tanzania. The trial protocol
was developed in accordance with the current Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT)."The SPIRIT checKklist is available in the
supplemental files as online supplemental file 1.

The Ada-App specifications and rationale to use the software
The accuracy and comprehensiveness of the SAA used in
this study have been validated in several studies, and it
has a higher accuracy (73%) in comparison to other apps
(38%) in condition suggestion.” To date, there have been
no studies on SAAs thus far in LMICs, creating a need for
data to determine its usefulness in these settings.

The SAA evaluated in this study is a European Union
(EU) regulatory-approved medical device Conformite
Européenne (CE)-marked with study-related modifi-
cations, which was developed by Ada Health (Berlin,
Germany).” It offers artificial intelligence-powered
symptom assessment technology to users. After users
input their symptoms onto the platform, the tool uses
Al to suggest a list of conditions that the user might
have, and the probability associated with each suggested
condition. In 2020, the SAA was shown to have market
leading accuracy of condition-suggestion and urgency-
advice accuracy at the same level as UK general medical
practitioners.® The SAA’s reasoning engine infers disease
probability estimations based on a representation of
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medical knowledge, which is used to define a Bayesian
network, on which approximate inference is carried out,
and following which, information-theoretical methods
are used to decide which questions to ask to the user.’
The SAA’s knowledge base was built and reviewed by a
large team of medical doctors with clinical experience in
a curated process of knowledge integration from medical
literature. It consists of disease models of all common
conditions and several hundred rare diseases, including
their corresponding symptoms and clinical findings. The
disease models and their related symptoms are added to
the knowledge base and modelled according to funda-
mental knowledge gained by their medical education and
clinical experience, as well as evidence from medical text-
books and peer-reviewed medical literature.

The SAA’s medical knowledge is expanded continuously
following this standardised process and has been specifi-
cally optimised for a sub-Saharan Africa setting through a
Foundation Botnar research grant (grant number 6270)
to improve SAA applicability for LMIC populations. This
hasincluded symptoms/clinical-finding refinement based
on additional attributes, for example, intensity or tempo-
rality and epidemiological data. These have been used
to specify the prior probabilities of diseases to allow for
correct probability estimations for this setting. It has also
included optimisation of maternal and neonatal condi-
tions, infectious diseases, non-communicable diseases,
sexually transmitted infections, trauma-related injuries,
mental health issues and neglected tropical diseases. In
October 2019, the Ada SAA was made available at no cost
to users in Swahili, via the Apple and Google app stores,
and currently has over 92,000 users in Tanzania who have
completed over 94,000 symptom assessments.

In a recent clinical investigation in a mental health use
case of Ada in an outpatient clinic, the average comple-
tion time of an Ada assessment was 7.90 (SD 3.39) minutes
and an average of 31.90 (SD 8.11) questions were asked.”!
The Ada app is available both on Android and iOS devices
in seven languages, and business-modified versions of the
app can be found through various enterprise solutions
with Ada business partners. A screenshot of the SAA used
in the study in both English and Swahili is presented in
figure 1.

Study population and eligibility criteria

This study will assess children (2-119 months), adoles-
cents (10-19 years) and other adults (20 years and above)
who arrive at the study site. All patients who enter the clinic
and are willing/able to provide consent will be included,
with the exception of (1) Patients with severe injury/
illness requiring immediate treatment, (2) Patients with
traumatic injury (many of these patients require minimal
anamnesis, and it is not rational to include them in a pilot
study), (3) Patients incapable of completing a health
assessment (e.g., due to illiteracy, mental impairment,
inebriation, or other incapacity). Data from patients
dropping out of the study or deviating from protocol will
be excluded from analysis.

r ° N
Habari, naitwa Ada.
Tutumie dakika chache
kujibu maswali kuhusu
dalili zako. Halafu
nitakusaidia kuamua nini
chakufanya baada ya hapo.

Hi, I'm Ada. Let's take a few
minutes to answer
questions about your
symptoms. Then I'l help
you decide what to do next.

(continue )

~ ~
(Endelea )

Kuhusu Ada

Figure 1 The left panel shows the Ada starting screen in
English, and the right panel shows the screen in Swabhili. After
the starting screen, the user is guided through a series of
questions about their presenting complaint and symptoms.
The Ada app is currently available in seven languages.

Inclusion of patients will be monitored throughout the
study in order to ensure recruitment of a study sample
of patients with a comprehensive spectrum of symptoms,
constellations and conditions: this is to ensure that this
pilot study tests the performance of SAA on a broad range
of scenarios, and that it not only provides detailed testing
for the most commonly presenting patient scenarios.
Study recruitment will be carried out to a target of
enrolling between two and five patients for each of the
following categories (including at least one adult and
one child in each category): (1) Conditions related to
abdominal pain or gastrointestinal issues, (2) Conditions
related to the lower respiratory system, (3) Conditions
related to the upper respiratory system, (4) Conditions
related to mental health, (5) Conditions related to
ophthalmology, (6) Conditions related to orthopaedics,
(7) Conditions related to the cardiovascular system,
(8) Conditions related to the genitourinary system, (9)
Conditions related to ear, nose and throat (ENT), (10)
Conditions related to the skin, (11) Conditions related to
the female reproductive system and obstetrics, and (12)
Conditions related to the neurological system. Once a
total of five patients have been enrolled for a given cate-
gory, no further patients will be included. There will be
cases in which the presenting complaint does not match
the condition category which the patient is ultimately
diagnosed with; for this reason, the physician diagnoses
will be aggregated on a dashboard recruitment adapted
to optimise recruitment according to the categories listed
above. The monitoring of this detailed recruitment is
possible by the work of two study trackers, employed at
the study site, who have nurse-midwife-level and clinical-
officer-level medical training, respectively, and who can
ensure the category tracking is followed; the recruitment
is expected to become slower towards the end of the study
because it is more difficult to enrol condition categories
that still need to be filled.
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Outpatient clinic

Stage 1:
Waiting room

Stage 2:

Usual care health practitioner

Stage 3:
Study-physician

Figure 2 The patient journey in the study.

Description of study visits and assessment schedule
The pilot study will be preceded by a feasibility and
process optimisation phase, in which 15 patients will be
recruited. This phase is for the optimisation of general
study procedures, of patient tracking and information
recording in the busy clinic environment, and to deter-
mine if staff training has been adequate. If deficiencies in
study process or staff training are identified, then these
will be rectified, and a period of up to 2 weeks has been
allowed in study planning for this. There will be no alter-
ation in usual care for these patients and their data will
not be analysed for the investigation of the study hypoth-
eses. Following the feasibility phase, at least 50 patients
will be recruited for the pilot study.

The patient’s journey in the study will consist of three
stages (see overview in figure 2).

Patient presenting to the clinic and Ada use (Stage 1)

Study recruitment staff will coordinate closely with
hospital staff to determine when there is a potentially
eligible patient in the waiting room, a system that has
been successfully used to recruit patients in previous
studies at this site. The study team will approach poten-
tially eligible patients, provide details of the study, and
obtain written informed consent. Parents/caretakers will
be asked to consent for their children’s participation. In
addition, all children aged between 9 years and 18 years
will be asked to provide an assent to their participation.
The consent form will be in Swahili language (see online
supplemental file 2 for the English version).

Each patient will be assigned a single study ID (this study
ID is exclusive to the study and is not part of the usual care
electronic health record). The SAA will be described to the
patient, who will then use it independently to assess their
symptoms. If the patient asks for assistance in SAA use, study
staff will assist them and will record, on a modified Likert
Scale, the degree of assistance provided. The results of the
symptom assessment will not be shared with the patient or
any of the health workers in the clinical setting.

Patient examination by usual care physician (Stage 2)
The patient will then proceed to usual care, which will
either be a consultation with a clinical officer, an assistant

medical officer or with a medical doctor (here referred
to collectively as ‘usual care health practitioner’). A
study-structured consultation form will be completed by
the usual care health practitioner, which will either be a
paper-based case report form (CRF) or tablet-based eCRF
(using a REDCap application). Additionally, the usual
care physician will fill in the standard hospital forms,
collect vital signs and plan for investigations, as required.

Patient examination by study-provided physician (Stage 3)

All patients will then proceed to a consultation with a
study-provided physician, who will also complete the
appropriate structured consultation form as a tablet-based
eCRF. The study-provided physician can only, at the end
of their consultation, refer to the notes collected by the
usual care health practitioner for effective management
whenever needed, so as to avoid bias. After the patient
has completed the full study process, the patient will be
asked to complete a purpose-designed survey about the
SAA. This survey can be found in the supplemental files
as online supplemental file 3 and asks the patient ques-
tions surrounding how they liked the Ada assessment
and to what extent using the Ada assessment before their
doctor consultations made them approach the visit differ-
ently than they normally would.

Interventions
As this is an observational, prospective study, no experi-
mental or control interventions are conducted.

End points

Primary end points

The condition-suggestion accuracy and comprehen-
siveness of the SAA on a pilot level, evaluated against
the gold standard differential diagnoses determined
by the review panel, reported in the context of the
accuracy of the usual care health practitioner. This
current study is a pilot assessment of feasibility for the
planning of a later study, and the number of subjects
required to determine true accuracy and comprehen-
siveness will be included in a later study. In this pilot
study, we determine a preliminary measure of accuracy
and comprehensiveness.
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Stage 1:
Waiting room

Stage 2:
Usual care health practitioner

Stage 3:
Study-physician

Stage 4:
Physician panel

Stage 5:
Matching panel

Stage 6:
Data Analysis

Figure 3 Data flow chart.

Additional data of interest

1. The urgency advice accuracy of the SAA, evaluated
against the gold standard triage levels determined by
the review panel, reported in the context of the accu-
racy of the usual care health practitioner.

2. Qualitative data on the usability, usefulness and accep-
tance of the SAA.

Measurement methods

The process of data collection and physician panel assess-

ment consists of five stages (see overview in figure 3). The

first three stages in this process have been described above

(ie, (1) The patient SAA use; (2) The consultation with

the usual care health practitioner; and (3) The consulta-

tion with the study-provided physician). The subsequent
steps are:

4. Physician panel-generated differential diagnoses: A re-
view process will be carried out by a physician panel
in order to arrive at a gold standard differential diag-
nosis list and urgency-advice level for each case. The
urgency-advice level and diagnoses from the usual care
health practitioner and the study-provided physician
and the pseudo-anonymised symptoms and medical
history for each patient will be reviewed by two inde-
pendent ‘reviewer’ physicians. Based on history and
symptoms alone, they will assign a preliminary differ-
ential diagnosis list, a principal diagnosis and an over-
all urgency-advice level to each case, and, based on the
full patient clinical file (including vital signs and re-
sults from medical examination and diagnostic tests),
they will assign a final differential diagnosis list, prin-
cipal diagnosis, and final view of the most appropriate
urgency advice level. All diagnoses will be recorded

Gold Standard Triage

3 see primary care within 4 hours

4 see primary care same day

5 see primary care non-urgent

Figure 4

Gold standard urgency advice levels.

using the tenth revision of the International Statistical
Classification of Diseases and Related Health Problems
and urgency-advice level will be recorded on the scale
shown in figure 4.

5. Physician panel-generated matching of conditions:
The reviewer physicians will judge the matching of usu-
al care/attending study-provided physician diagnoses
with their own diagnoses and carry out the same pro-
cedure for the SAA condition list. If there is disagree-
ment between the two reviewer physicians on whether
any condition is a match, then a third reviewer physi-
cian will make a definite decision, as in Gilbert, et al.
and Semigran, et al. [® 18], The differential diagnosis
list at each point in the patient’s clinical journey is a
relevant point of comparison to the Ada assessment,
but the differential diagnoses obtained before the
addition of vital signs measurement, physical exam-
ination or additional diagnostic tests is the most im-
portant comparison point.

Data analysis will then be carried out on these lists (see
section ‘Data analysis’ below). Patient questionnaires
and usual care health practitioner questionnaires will be
analysed and described using methods appropriate to
modified Likert scale questionnaire data.?

Risk-benefit assessment

As this is an observational (ie, non-interventional) study
that does not pose any risk to the patient, there is no
need for additional safety management, for example, a
data monitoring committee. Patients requiring imme-
diate medical care and clinically unstable patients are
excluded from recruitment. There will be no delay in
the diagnosis and treatment of any patients, since if they
are called into their appointment before completing the
SAA assessment, they will then be excluded from the
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study process and analysis and instead proceed to their
usual care. Study-enrolled patients will receive one extra
consultation with the study-provided physician, which is
highly unlikely to delay the patient’s diagnosis or treat-
ment, as this will generally require less than 10 minutes.

Data management and data safety

Data entry will take place according to the guidelines
prepared in the study data management plan. For the
paper CRFs completed by usual care healthcare practi-
tioners, double data entry will be carried out (data will be
entered by two operators separately). All consent forms
will be paper based. All other data will be collected elec-
tronically. Data will be collected at the study sites through
asecured local area network, which will allow data sharing
on-site. A clinical trial Electronic Data Capture (EDC)
system (REDCap), will be used for data capture. Study
personnel will be trained on the system and be provided
a unique username and password. Paper records will be
kept in a locked cabinet in the facility and will only be
accessed by study-specific personnel. At the point of EDC,
the research assistant will verify the data and then commit
it to the EDC. The data will then be automatically locked,
and the research assistant will no longer have access to
the data. Data collected from the study will be stored for
a minimum of 3 years from the date of the last patient out
by Muhimbili University of Health and Allied Sciences.
Source-data verification will be conducted for 10% of the
digitised usual care consultation notes.

Data analysis

Top-1, top-3 and top-b accuracy (known as M1, M3 and
M5) and comprehensiveness as defined by Gilbert et af® of
the SAA will be evaluated against the gold standard differ-
ential diagnoses, as will the accuracy and safety of the
urgency-advice levels from the panel. Using the standard
of M1, M3 and M5 in studies such as this one has been
determined through its use in many other similar studies,
as it shows the percentage of cases where the top-1, top-3
or top-b condition-suggestion matches the gold standard
main diagnosis.” 71821 Data analysis will be conducted as
described by Gilbert et al® Briefly, condition-suggestion
accuracy and urgency-advice accuracy will be compared
using descriptive statistics and tests appropriate for cate-
gorical data. x* tests will be used to test whether the
proportion of correct condition suggestions from the
SAA, from the usual care medical practitioners and from
the study-provided physicians are drawn from the same
distributions. In case of a significant difference, two-
sided post hoc pairwise Fisher’s exact tests will be used
to compare the SAA and practitioners. The usual care
health practitioner rating will be strictly anonymised, as
the purpose of the study is to compare the SAA to usual
care and will not be used to audit individual usual care
health practitioners. Condition categories as defined
in the section ‘Study population and eligibility criteria’
will be broad and are used to gain a general overview
on how the Ada app and doctors perform over different

categories. Analysing this will provide an importantinsight
into the SAAs’ strengths and limitations. There is limited
research in clinical settings exploring how SAAs perform
in different disease types of affected body systems.

Sample size and study timeline

The study was designed as a guide to a later larger trial, and
in line with literature on pilot study design.”* ** Therefore,
the sample size was estimated on the basis of having suffi-
cient patients to assess accuracy and comprehensiveness
on a pilot scale, survey completion rate, and to determine
if there were any safety-related considerations that might be
needed in a later larger study. Aspects that will be piloted are:
(1) Trialling of new procedures and enabling power calcu-
lations intended to be used in a later single or multicentre
randomised controlled trial; (2) Determining a pilot-based
overview of accuracy and comprehensiveness for a compre-
hensive range of symptoms and conditions in varied age
groups; (3) Establishing how many patients and/or health-
care professionals can be recruited and the feasible level of
completed patient and physician questionnaires; and (4)
Evaluating the general technical and logistic feasibility of a
full-scale study, including issues of data collection and ques-
tionnaire design. This study is anticipated to start in July 2021
and the duration of patient recruitment to last for 2 months.

ETHICS AND DISSEMINATION

Ethical approval was received by the relevant ethics
committee (EC) of Muhimbili University of Health
and Allied Sciences with an approval number MUHAS-
REC-09-2019-044 and the National Institute for Medical
Research, NIMR/HQ/R.8c/Vol. 1/922. All amendments
to the protocol are reported and adapted on the basis of
the requirements of the EC. The results from this study
will be submitted to peerreviewed journals, local and
international stakeholders, and will be communicated in
editorials/articles by Ada Health.

Patient and public involvement

Patients were not directly involved in the development of the
research question or study design; however, feedback from
patient groups in related studies carried out at the study site
have been used to help design this study and its interaction
with patients.

DISCUSSION

Studies evaluating SAA accuracy

There is substantial literature on the performance of
Al-powered SAAs in clinical contexts in high-resource
settings, but none focus on LMICs. Many studies focus
on vignettes rather than real patients for the evaluation
of condition-suggestion and urgency-advice accuracy of
SAAs. The condition-suggestion accuracy of the Ada SAAs
underlying medical intelligence was evaluated in a retro-
spective study in medical records of patients diagnosed
with rare diseases in Germany, in which information from
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patients' health records was entered into an Ada prototype
decision support tool. The tool was able to suggest the
correct condition earlier than doctors in 56.3% of cases.”
In a vignettes-based evaluation of SAAs in ENT- related
illnesses, the Ada SAA was found to be the second best
performing SAA.*® There was also an evaluation of eight
SAAs, including Ada, where UK General Practitioners
(GP’s) and the SAA’s condition-suggestions and urgency-
advice levels were compared againsta gold standard in 200
clinically created vignettes spanning numerous condition
types. It was found that condition-suggestion coverage
was highly variable in SAAs, and that some SAAs did not
offer a suggestion for many vignettes, but Ada had the
highest condition coverage (99.0%). The top-3 sugges-
tion accuracy for a GP was 82.1%+5.2%, whereas that for
Ada was 70.5%; Ada was the best performing SAA of the
eight SAAs evaluated. For safe urgency advice, tested GPs
had an average of 97.0%+2.5%. For the vignettes with
advice provided, only three SAAs, including the Ada SAA,
had safety performance within 1 SD of the GPs.

Health tools and Al in Africa and other LMICs

It is widely recognised that there is high pressure on
healthcare provision in LMICs, which in many regions
has been heightened during the COVID-19 pandemic.'®
Although there are no published studies on SAA use in
sub-Saharan Africa, there are published evaluations of
digital health applications, including Al-based tools.
Individual Al-based tools have been used in sub-Saharan
Africa to detect many health issues, including congen-
ital heart defects, tuberculosis, blindness due to diabetes
and many others." ?”*® Al-based tools have not only been
leveraged in the diagnostic process, but also to stratify
risk, such as malaria risk and mortality in children due to
acute infection.*** Al-based tools have also been used in
sub-Saharan Africa to rapidly identify critically ill children
and to facilitate timely intravenous antibiotic administra-
tion.”! These examples relate to Al-based tools with rela-
tively narrow diseases or symptom areas of application;
therefore, the current study differs, as the SAA evaluated
is applicable across all common conditions and a wide
range of rarer and tropical diseases.

Strengths and limitations of the current study

The study should provide a better understanding of local
LMIC requirements for SAAs. In a systematic review, Cham-
bers et al identified five limitations of published studies on
the safety and accuracy of SAAs,' with most studies having
several of these limitations: (1) Not being based on real
patient data; (2) Not describing differences in outcomes
between symptom assessment apps and health profes-
sionals; (8) Covering only a limited range of conditions; (4)
Covering only uncomplicated vignettes; and (5) Sampling a
young healthy population not representative of the general
population of users of the urgent care system. The current
study has been set up in such a way in order to reduce these
limitations as much as possible: it will be based on real patient
data, it will show the difference in outcomes between SAAs

and health professionals, and it will cover a wide range of
conditions and age groups. It will also include patients with
arange of health statuses, excepting those requiring urgent
care or with chronic conditions. As this study will take place
in an LMIC clinic waiting room, there will be many advanced
cases presented alongside more straightforward cases. It
should be noted that this is a pilot study and therefore is
limited in the total number of recruited subjects. Through
ensuring targeted recruitment of patients in specified
disease categories, we ensure that the SAA is tested with a
wide range of presenting scenarios, symptoms and diseases,
and it avoids overrepresentation of common diseases and
symptoms presentations in the study population. This is a
strength of the pilot design and following this approach will
also enable detailed exploration of a wide range of condi-
tions and symptom presentations in different patient age
groups in a later larger study.

Another strength of this study is that its general approach
is based on other peer reviewed published studies. The SAA
Mediktor was tested in a Spanish emergency department,
with similar inclusion criteria: it included patients with
medical problems which did not require emergency care.
However, the study differs from this one, in that the SAA
Mediktor study only included patients over 18 years.'” Unlike
in the current study, the Mediktor SAA study app used the
diagnosis of a single doctor as the gold standard diagnosis
list. In order to achieve a greater degree of objectivity in the
gold standard, we will use the three-physician-tie-breaker
approach of Gilbert et al and Semigran et al’'® to determine
the gold standard diagnosis list. Additionally, during the
analysis phase, the studies on the Mediktor app excluded
patients whose confirmed diagnoses were not modelled
within Mediktor SAA’s knowledge base, giving a biased and
limited portrayal of the tool’s accuracy. To achieve a more
rigorous measure of accuracy, we will include all patients in
analysis, regardless of whether their conditions are modelled
in the Ada SAA medical knowledge base.

While some SAAs are limited by being based on rigid deci-
sion tree algorithms, this does not apply to the SAA evalu-
ated in this study, as Ada’s questioning is based on a dynamic
approach, with adaptation to each point of new informa-
tion. Ada uses Bayesian reasoning to ask the user questions
after collecting demographic information, medical history
and symptoms, in order to suggest possible conditions and
urgency advice through interacting with the ‘Ada Medical
Knowledge'. Ada’s questioning approach is similar to that of
human doctors: the answer to the question before dynami-
cally determines the next one asked, resulting in a manage-
able total number of questions asked and questions relevant
to the patient’s actual health state.

FUTURE PERSPECTIVES

As mentioned in this paper, this pilot study is part of a larger
study which will more thoroughly look into all the questions
still unanswered by this pilot study. The larger study will also
be optimised to address any gaps that are found in this pilot
study. Additionally, this study is part of an iterative process
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of observational clinical testing and product development of
the Ada SAA. This process is a feedback loop including pilot
and larger clinical investigations, with insights being fed into
product refinement in order to optimise Ada’s safety and
performance and to enable it to provide the best advice to
individuals on their health.
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