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Abstract

Background: Childhood illnesses are a leading cause of morbidity and mortality in Sub-Saharan Africa, where
healthcare infrastructure and trained personnel are limited. MedBrain, a digital decision support system (DDSS),
aims to enhance pediatric emergency care by supporting mid-level healthcare workers in low-resource settings.
Objective: To evaluate MedBrain'’s triage and diagnostic performance among children presenting with common
acute conditions to the emergency departments of two large hospitals in Ethiopia.

Methods: A prospective observational diagnostic accuracy study was conducted between July 2024 and April
2025 at St. Paul’s Hospital Millennium Medical College and Alert Comprehensive Specialized Hospital. Med-
Brain’s triage and diagnostic performance were compared against healthcare professionals’ triage and pediatri-
cians’ top presumptive diagnoses as gold standards. Performance metrics included accuracy, sensitivity (Sn),
specificity (Sp), positive predictive value (PPV), negative predictive value (NPV), likelihood ratios (LR+ and LR-),
and Cohen’s Kappa for reliability. Diagnostic performance was assessed for MedBrain's top three ranked diagno-
ses (Top 1: highest probability diagnosis; Top 2: top two diagnoses; Top 3: top three diagnoses).

Results: Of 1,204 patients screened, 274 were excluded for conditions not yet represented in MedBrain'’s data-
base (including malaria), leaving 930 participants. Of which, most were infants (33.8%) and children under 5
(31.9%,), with pneumonia (20.4%) the most common diagnosis. MedBrain achieved 72.2% triage agreement, with
3.7% over-triage and 24.2% under-triage. Total diagnostic accuracy was 84.1% (Top 1), 91.5% (Top 2), and
93.3% (Top 3), with Sn of 93.3% and PPV of 100%. For prevalent conditions (pneumonia, acute bronchitis, late-
onset neonatal sepsis, acute gastroenteritis, bronchiolitis, and meningitis), accuracy exceeded 97.4%, and Sp and
PPV were consistently perfect. Sn increased from 73.0-98.6% (Top 1) to 290-100% (Top 2-3).NPV increased
Sfrom 97.1-99.9% (Top 1) to 98.9—100% (Top 2) and 99.2—100% (Top 3). LR— improved from 0.014-0.270 (Top 1)
to 0-0.100 (Top 2) and 0-0.079 (Top 3). Similarly, Cohen’s Kappa rose from 0.830-0.993 (Top 1) to 0.943—1.000
(Top 2) and 0.955-1.000 (Top 3). Diagnostic failures were rare, highest for late-onset neonatal sepsis (0.8%),
bronchiolitis (0.5%,), and pneumonia (0.4%), and none for gastroenteritis.

Conclusion: MedBrain demonstrated high diagnostic accuracy and reliability in Ethiopian pediatric emergency
settings. Under-triage and limited disease coverage remain challenges, warranting further validation with expand-
ed disease libraries and in diverse settings.
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Conclusion: MedBrain demonstrated high diagnostic accuracy and reliability in Ethiopian pediatric emergency
settings. Under-triage and limited disease coverage remain challenges, warranting further validation with expand-

ed disease libraries and in diverse settings.
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Childhood illnesses remain a major cause of morbidi-
ty and mortality worldwide, with a disproportionate
burden on low- and middle-income countries (1, 2).
In Sub-Saharan Africa, pneumonia, diarrheal diseas-
es, and neonatal sepsis continue to be leading causes
of under-five mortality, despite significant progress in
child health interventions (1-3). In Ethiopia, these
conditions are also among the leading causes of emer-
gency visits and hospital admissions (3, 4), and na-
tional data revealed persistently high mortality rates,
with 33 neonatal deaths, 47 infant deaths, and 59 un-
der-five deaths per 1,000 live births (5).

This challenge is compounded by limited healthcare
infrastructure and an inadequate health workforce,
hindering the achievement of Universal Health Cov-
erage by 2030, a key Sustainable Development Goal
(2). Sub-Saharan Africa is reported to have the lowest
health worker density, with nurses and midwives
providing 90% of patient contact (7, 8). Ethiopia, in
particular, has a health professional density far below
national and WHO targets, with general practitioners
and specialists accounting for only a small share of
health professionals (3, 4), resulting in reliance on
mid-level professionals to provide frontline care in
most settings.In such contexts, clinical decision sup-
port tools to enhance the quality of care provided by
mid-level professionalsmay help improve diagnostic
accuracyand support timely intervention.

In addition, limitations in providers’ clinical decision-
making, particularly in accurately diagnosing and
appropriately triaging patients, often contribute to
misclassification and delays in care, which can lead
to poor patient outcomes (37-39). These further un-
derscores the need for decision-making tools that can
strengthen provider competency and improve patient
safety (13-16, 40).

Digital decision support systems (DDSSs) have
shown promise in enhancing clinician performance
and patient outcomes. However, existing tools have
demonstrated limited diagnostic accuracy and poor
triage performance(6). Symptom checkers for self-
diagnosis generally show variable triage accuracy (49
-90%) and low diagnostic accuracy (19-38%) (6, 9).
Other DDSSs have reported better results, with diag-
nostic accuracy up to 75% (10, 11), and one pediatric
-focused tool reaching 95% accuracy (12). While

some studies suggest DDSSs can improve profes-
sional performance and reduce costs (13—16), others
report inconsistent results (17-19). Recent efforts,
including Al-based DDSSs, aim to improve accuracy
and usability (20-22). However, concerns about ap-
plicability and generalizability persist due to limita-
tions in study design, such as small sample sizes (6),
reliance on retrospective data or case vignettes (23—
27), use of less representative populations (28—
31),inclusion of highly diverse patient groups that
limit understanding of applicability in specific fields
(32, 33),and reporting accuracy based on a narrow set
of diagnoses (11, 12). Moreover, the utility of DDSSs
in low- and middle-income countries, where they
could offer substantial benefits, remains largely un-
derstudied.

MedBrain is a newly developed DDSS specifically
designed for pediatric emergency care in low-
resource settings, with the primary goal of supporting
mid-level healthcare professionals in triaging and
diagnosing common pediatric conditions
(34).MedBrain is a web-based platform that guides
healthcare professionals through a dynamic, stepwise
interview. It conducts a dynamic interview through
iterative steps, asking questions and prompting physi-
cal examinations, then provides a diagnostic predic-
tion once a probabilistic threshold is met.MedBrain
applies a novel approach by assigning diagnostic
weights (likelihood ratios) to symptoms and signs,
emphasizing combinations of findings (clinical pat-
terns) rather than static decision trees. Patient data
are then matched against the database to generate a
ranked list of potential diagnoses and recommended
next steps.

In an internal, pre-clinical validation using 250 exter-
nally sourced cases from the British Medical Journal
(BMJ), MedBrain achieved a diagnostic accuracy of
83% for the top-ranked diagnosis, 93% for the top
two, and 98% for the top threediagnoses. Although
this validation was limited by its retrospective, inter-
nal, and non-clinical design, the results indicated the
tool’s diagnostic potential. Building on this, the cur-
rent study aimed to evaluate MedBrain’s diagnostic
and triage performance in real-world clinical settings
among children presenting to the emergency depart-
ments of two large hospitals in Ethiopia with com-
mon acute conditions.



Methodology

Study Design and Setting

A prospective observational study of diagnostic accura-
cy was conducted from July 2024 to April 2025, adher-
ing to the Standards for Reporting Diagnostic Accuracy
Studies (STARD) guideline (35). The study was carried
out at the pediatric emergency departments of two hos-
pitals in Ethiopia: Alert Comprehensive Specialized
Hospital (ACSH) and St. Paul’s Hospital Millennium
Medical College (SPHMMC), a tertiary referral teach-
ing hospital. These sites were selected to ensure the
presence of pediatricians who could consistently pro-
vide a reliable gold standard for comparison, while also
representing different patient flows and case profiles.
To capture seasonal variation in pediatric illnesses, data
were collected in two phases: July to August 2024 (the
main rainy season) and March to April2025 (the hot,
dry season).

Population and Eligibility

The source population comprised all pediatric patients
aged 18 years or younger who presented to the emer-
gency departments of the hospitals during the study
period. From this population, all eligible patients were
included in the study. Patients were considered eligible
if they presented with common acute pediatric condi-
tions and visited the emergency department for a new
complaint, regardless of urgency. After screening, pa-
tients were further excluded if they had a condition not
yet included in MedBrain’s database.

Sample Size Determination

Sample size was determined to estimate MedBrain's
diagnostic performance for common pediatric condi-
tions using a formula for diagnostic accuracy estimation
with known disease prevalence (35).

The sample size required to estimate MedBrain's sensi-
tivity was calculated considering the following parame-
ters: an estimated prevalence of common pediatric con-
ditions of 60% (based on the expected occurrence rate
of various common conditions), an expected sensitivity
of 60% (based on similar prior studies) (7-10), a 5%
margin of error, and a 5% level of significance. This
yielded a sample size of 616.

Similarly, the sample size required to estimate Med-
Brain's specificity was calculated under the same preva-
lence assumption (60%),an expected specificity of 60%
(based on similar prior studies) (7-10), a 5% margin of
error, and a 5% level of significance. This yielded a
sample size of 924.

Taking the larger of the two calculated sample sizes
(924) and adding a 30% non-response rate, the final
sample size required was 1201.A 30% non-response
rate was applied to maintain the study's statistical pow-
er, anticipating high exclusion rates from diagnoses not
present in the MedBrain database during its initial real-
time testing. The final sample size was distributed pro-
portionally across the two study hospitals basedon their
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patient flow in the previous year: 240 patients at
ACSH and 961 at SPHMMC. Consecutive pediat-
ric emergency patients were recruited until the
target was achieved, with equal allocation across
the two data collection phases.

Outcome Measurements

The study assessed the following outcomes:

® Triage Accuracy: Agreement between Med-
Brain’s urgency classification and the triage staff’s
assessment, based on the Integrated Interagency
Triage Tool (IITT), which categorizes patients
as high urgency, priority, or non-urgent (36).

e Diagnostic Accuracy: Proportion of cases in
which MedBrain’s suggested diagnoses matched
the pediatrician’s presumptive diagnosis. Accuracy
was evaluated at three ranked levels: Top 1
(correct diagnosis listed first), Top 2 (within the
first two outputs), and Top 3(within the first three
outputs).

® Diagnostic Failure:Cases without a correct
diagnosis in the top three, or with no diagnosis
generated, were classified as failures. A “no diag-
nosis” outcome indicated insufficient matches be-
tween patient data and MedBrain’s library, even
when the disease was present in its database.
Reliability: Degree of agreement between Med-
Brain and pediatricians’ presumptive diagnoses,
measured using Cohen’s Kappa statistic.

Data Collection Procedure and Quality Assur-
ance

Data on socio-demographics and clinical presenta-
tion were collected using the MedBrain software
through structured interviews administered by BSc
nurses trained as independent data collectors.

Upon arrival at the emergency department, patients
first underwent routine triage performed by the
assigned hospital staff (nurse, general practitioner,
or a resident) using the hospital’s standard criteria.
After the patient was triaged and while waiting for
medical assessment/intervention in the ER, the
independent data collector initiated a parallel as-
sessment using MedBrain, starting from the pa-
tient’s chief presenting complaint. After a few
questions, the application triaged the patient. It
displayed that triage was complete, without show-
ing the score in the data collector's window to
avoid influencing routine medical care or biasing
the collected data. The professional triage classifi-
cation was subsequently entered into the software
to serve as the gold standard.

Following triage and emergency evaluation, the
data collector continued to gather clinical data in
parallel with routine care through direct patient
interview and physical examination. This infor-



mation was entered into MedBrain to generate a pre-
sumptive diagnosis, independent of the assessment and
care provided by the patients' physicians. The tool then
produced a ranked list of the top three potential diagno-
ses, which were stored in the application’s database but
concealed from the data collector’s display to prevent
bias. Subsequently, the pediatrician’s top presumptive
diagnosis, documented in the medical record, was ex-
tracted and entered into MedBrain as the diagnostic gold
standard. Presumptive diagnoses were used instead of
definitive diagnoses because MedBrain is designed for
rural settings where laboratory and imaging modalities
are limited, and management decisions rely primarily on
clinical judgment.

MedBrain’s interface consisted of structured, dropdown-
based questions with text and image options. At the end
of each encounter, an open-text field allowed entry of
additional relevant clinical or investigative information
not captured by the predefined options, supporting itera-
tive refinement of the tool.

To ensure data quality, data collectors were trained in
using MedBrain and the study procedures. To further
improve data quality, MedBrain was designed to offer
predefined options and to allow only the required fields,
thereby avoiding missing values, inconsistencies, and
numerical errors. Furthermore, whenever there was an
error or discrepancy in the collected data from patient
medical records, the data were verified with the primary
data source.

Statistical analysis

In preparation for statistical analysis, the collected data
underwent data management procedures, including
cleaning, transformation, and creation of new variables,
to ensure data suitability. All data management and anal-
ysis were performed using SPSS software version 23.0.
Descriptive statistics were used to summarize socio-
demographic and clinical characteristics, presented as
frequencies and percentages with 95% confidence inter-
vals (Cls) where appropriate.

Triage accuracy of MedBrain was evaluated using
healthcare professionals’ triage as the gold standard.
Patient urgency was classified into high urgency, priori-
ty, and non-urgent categories. The overall triage accura-
cy was determined by calculating the percentage of cas-
es in which MedBrain's triage matched healthcare pro-
fessionals’ triage. Cases of disagreement were further
categorized as over-triage (MedBrain assigning a higher
urgency than staff) and under-triage (MedBrain assign-
ing lower urgency than staff).

Diagnostic performance of MedBrain was assessed by
measuring its accuracy and reliability with the pediatri-
cian's presumptive diagnosis serving as the gold stand-
ard. Accuracy and reliability were evaluated for the total
study population and for prevalent disease conditions,
according to MedBrain’s diagnostic ranks: Top 1, Top 2,
and Top 3. Diagnostic accuracy was quantified using
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overall accuracy, sensitivity (Sn), specificity (Sp),
positive predictive value (PPV), negative predic-
tive value (NPV), positive likelihood ratio (LR+),
and negative likelihood ratio (LR—).Finally, relia-
bility was assessed using Cohen’s Kappa statistic
with 95% CIs and interpreted according to conven-
tional thresholds (<0 = no agreement; 0.01-0.20 =
slight; 0.21-0.40 = fair; 0.41-0.60 = moderate;
0.61-0.80 = substantial; 0.81-1.00 = almost per-
fect agreement).

Ethical Considerations

The study was conducted after obtaining ethical
clearance from the AHRI/ALERT Ethics Review
Committee (AAERC) (Protocol no: PO-05-24,
29/02/24, renewed on 28/03/25) and the Institu-
tional Review Board of SPHMMC (Ref. no:
pm23/386, 25/12/23). The study adhered to the
ethical principles of the Declaration of Helsinki
and conformed to Good Clinical Practice (GCP)
guidelines.

For patients younger than 8 years, written in-
formed consent was obtained from their legal
guardian. For patients aged 8 years and above,
both written informed consent from the legal
guardian and assent from the patient were ob-
tained. Consent and assent were sought after rou-
tine triage and stabilization, while patients awaited
further medical assessment or intervention, by an
independent data collector.

The study posed no major risks or negative conse-
quences to participants. While there were no direct
benefits to individual patients during the study
period, the findings are expected to inform im-
provements in clinical practice in similar resource-
limited settings, thereby enhancing pediatric care
and outcomes. Anonymity was ensured byusing
medical record numbers, with no personal identifi-
ers included in the research report. Access to col-
lected data was restricted to the investigators, and
confidentiality was maintained throughout the
study.

Result

Participant Recruitment and Profile of Exclud-
ed cases

A total of 1,247 patients were initially assessed for
eligibility. Of these, 20 were excluded because
they presented with severe medical emergencies
requiring immediate care, five were excluded due
to parental/guardian refusal, and 18 were excluded
because the study team was unable to complete
MedBrain assessments before clinical care pro-
ceeded during peak emergency department work-
load. This left 1,204 patients who were initially
included in the study. Following pediatrician as-
sessment, 274 were excluded because their diagno-
ses were not yet in the MedBrain database, result-



ing in a final sample of 930 eligible participants and a ing the first phase of data collection and 480 dur-
response rate of 77.4%. Of these, 450 were enrolled dur- ing the second phase(Figure 1).

Total number of cases assessed for eligibility = 1247

Excluded =43
- Severe Medical emergencies = 20

- Parental/guadrian refusal = 5
-- Incomplete assessment = 18

Total number of cases included in the study = 1204

Excluded =274
Diagnosis not included in MedBrain
database (n=274)

Total number of cases included in the final analysis = 930

Figure 1:Flow chart showing disposition of pediatric patients included in the final analysis from the emer-
gency departments of the two hospitals in Ethiopia.

Among the 274 excluded cases, several commonly tive sleep apnea (due to nasal polyps or tonsillar
observed conditions were reported, including hemato- hypertrophy) (4.0%), retinoblastoma (4.0%),
logic malignancy (13.1%), Hirschsprung’s disease malaria (3.6%), acute kidney injury (3.3%), and
(8.4%), acute hepatitis (5.1%), febrile seizure (5.1%), cellulitis (3.3%). (Figure 2)

cerebral palsy/developmental delay (4.7%), obstruc-
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Figure 2. Diagnosis of excluded pediatric patients due to absence of diagnoses in the MedBrain database
(n=274).

N.B. Others = includes conditions with two or fewer cases (n=43), such as kwashiorkor, tonsillitis, mucocele,
subgaleal hemorrhage, lymphadenopathy, congenital hydrocephalus, dog bite, hypoglycemia, neuroblastoma,
and other rare conditions.

Baseline Demographic and Clinical Character- under 5 years (31.9%). Neonates accounted for

gtfifﬁogggr,ﬁclipgngs icipants, 761 (81.8%) 14.4%, older children for 16.2%, and adolescents
© included participants, -6/0) Were for 3.7%. The sex distribution showed a slight
from SPHMMC and 169 (18.2%) from ACSH. male predominance (56.5%)(Table 1).

Most participants were infants (33.8%) or children

Table 1:Baseline demographic and clinical characteristics of pediatric patients who presented to emer-
gency departments of the two hospitals in Ethiopia(n=930).

Variable Frequency Percentage
Hospital

ACSH 169 18.2
SPHMMC 761 81.8
Age group

Neonate 134 14.4
Infant 314 33.8
Under 5 297 31.9
Child 151 16.2
Adolescent 34 3.7
Sex

Male 525 56.5

Female 405 43.5




Pediatricians” top presumptive diagnoses identified acute gastroenteritis in 74 (8.0%), bronchiolitis in

pneumonia as the most common condition diagnosed in 70 (7.5%), and meningitis in 48 (5.2%). (Figure 3)
190 cases (20.4%), followed by acute bronchitis in 120 ’

(12.9%), late-onset neonatal sepsis (LONS) in 89 (9.6%),
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Figure 3: Distribution of diagnoses of the studied pediatric patients from emergency departments of the
two hospitals in Ethiopia (n=930).

N.B.LONS = Late Onset Neonatal Sepsis, DKA = Diabetic Ketoacidosis, Others = includes conditions with a

frequency of < 1% (n=1006), including candidiasis, pulmonary tuberculosis, tinea, early onset neonatal sepsis,
pertussis, cystitis/lower urinary tract infection, malaria, rickets, and other conditions.

MedBrain’s Triage Accuracy

The triage results showed that 113 (12.2%) were Top 2, and 93.3% (95% CI: 91.7-94.9) for Top 3
triaged as high urgency, 286 (30.8%) as priority, diagnosis.
and 531 (57.1%) as non-urgent cases. Agree-
ment between MedBrain and healthcare profes- Given that all 930 cases in this study had a con-
sionals’ triage was observed in 671 cases firmed pediatrician diagnosis, the dataset contained
(72.2%).For the remaining cases, MedBrain over no true negatives (healthy cases). Hence, there were
-triaged 34 cases (3.7%) and under-triaged 225 no false positives cases. Accordingly, MedBrain's
cases (24.2%). overall Sn was 93.3% and PPV was 100%. Howev-
er, overall specificity, NPV, LR+, and LR- could
MedBrain’s Total Diagnostic Accuracy not be meaningfully calculated or interpreted be-
Of the 930 cases, MedBrain’s first diagnosis cause there were no true-negative or false-positive
matched the pediatrician's presumptive diagnosis cases (Table 2).

in 782 (84.1%) cases. MedBrain provided the
correct diagnosis as a second and third diagnosis
in an additional 69 (7.4%) and 17 (1.8%) cases,
respectively. The remaining 62 (6.7%) cases
were classified as failures. Thus, considering all
disease conditions, the overall diagnostic accura-
cyof MedBrain was 84.1% (95% CI = 81.8,
86.3) forTop 1, 91.5% (95% CI: 89.8-93.4) for
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Table 2: MedBrain's total diagnostic accuracy for pediatric patients from emergency departments of the

two hospitals in Ethiopia (n=930).

Variable Frequency Percentage 95% CI
MedBrain’s correct diagnosis rank

1st position 782 84.1 81.9, 86.5
2nd position 69 74 5.8,9.0
3rd position 17 1.8 1.0,2.7
Failure (> 3 or no diagnosis) 62 6.7 52,82
Overall diagnostic accuracy

Top 1 782 84.1 81.8,86.3
Top 2 851 915 89.8,934
Top 3 368 933 91.7,94.9
Sensitivity (Sn) 368 933 91.7,94.9
Specificity (Sp) } B -

Positive Predictive Value (PPV) 368 100 -

Negative Predictive Value (NPV)
Positive Likelihood Ratio (LR+)
Negative Likelihood Ratio (LR-)

MedBrain’s Disease-Specific Diagnostic Accura-
cy and Reliability

The diagnostic performance of MedBrain was as-
sessed for the six most prevalent conditions in the
study population with prevalence exceeding 5%,
including pneumonia, acute bronchitis, LONS, acute
gastroenteritis, bronchiolitis, and meningitis. Across
all conditions, diagnostic accuracy was high, with
overall accuracy exceeding 97.4% and approaching
100% at the Top 3 rank.

A notable finding across all disease conditions was
that Sp and PPV remained perfect at 100%, reflect-
ing complete agreement between MedBrain and
pediatricians in identifying negative cases.Across all
disease conditions, a clear pattern of improving di-
agnostic performance was observed as the number
of diagnoses considered increased. Sn at the first
rank ranged from moderate to high (73.0-98.6%)
but improved substantially with additional diagnos-
tic ranks, reaching at least 90% for all conditions by
the second rank and approaching or achieving 100%
by the third. NPV was similarly strong, ranging
from 97.1-99.9% at the first rank, increasing to 98.9
—100% at the second, and reaching near-perfect or
perfect levels (99.2-100%) at the third. LR— values
showed progressive improvement across ranks,
starting higher at the first rank (0.014-0.270), de-

creasing at the second (0-0.100), and approaching
zero at the third (0-0.079), showing MedBrain’s
strong capability in ruling out conditions when not
listed among its top predictions.

Furthermore, the degree of agreement, as indicated by
Cohen’s Kappa values, similarly demonstrated almost
perfect agreement, increasing from 0.830-0.993 at the
first rank to 0.943—1.000 at the second rank, and re-
maining almost perfect, 0.955-1.000,at the third.
While the diagnosis of most of the prevalent condi-
tions showed near-perfect performance by the second
or third diagnostic rank, condition-specific variations
were also observed: acute gastroenteritis achieved
perfect diagnostic performance from the second rank
onwards, whereas meningitis showed the most pro-
nounced improvement between the first and second
ranks.

Despite these high-performance rates, diagnostic fail-
ures were also recorded. The failure rate was high for
LONS (0.8%), followed by bronchiolitis (0.5%), and
pneumonia (0.4%). In contrast, MedBrain had no
recorded failures for acute gastroenteritis. (Table 3)



Table 3: MedBrain's disease-specific diagnostic accuracy and reliability for pediatric patients from emergency
departments of the two hospitals in Ethiopia (n=930).

Diagnosis  Diag- Pediatrician and MedBrain Diagnostic agreement Reliability
nosis
rank Overall Sn Sp LR- PPV NPV  Cohen’s Kappa (95%
accuracy CI)
(“o)

Pneumo-  Topl 908 (97.6)  gg4 1000 0116 100.0 g7,  0.924(0.893,0.955)

m Top2  922(99.1)  gsg 1000 0042 1000 ggq  0.973(0.955,0.991)
Top3  926(99.6)  g79 1000 0021 1000 g5  0.987(0.973, 1.001)
Failure 4 (0.4)

Acute  Topl 915(984) g75 1000 0125 1000 ggy  0.924(0.887,0.961)

bronehifis  rop2  923(99) g4 1000 0058 1000 g9, 0966 (0.941,0.991)
Top3  927(99.7)  g75 1000 0025 1000 g9q  0.985(0.969, 1.001)
Failure 3 (0.3)

LONS Topl — 906(974) 739 1000 0270 1000 ¢7,  0.830(0.763,0.897)
Top2  922(99.1) g1 1000 0090 1000 g9 0.948(0.913,0.983)
Top3  923(992) gy 1000 0079 1000 g9,  0.955(0.922,0988)
Failure 7 (0.8)

Acute Gas- Topl  929(999) ogge 1000 0014 1000 g9g  0.993(0.979, 1.007)
troenteritis ’ ’

Top 2 930 (100.0) 1000 100.0 0 100.0 1990 1.000
Top 3 930 (100.0) 1000 100.0 0 100.0 1000 1.000
Failure 0

Bronchio- Top 1 917 (98.6) 81.4 100.0  0.186  100.0  g9g 5 0.890 (0.831, 0.949)

litis ’ ’

“ Top 2 923 (99.2) 100.0  0.100 100.0 0.943 (0.902, 0.984)

90.0 99.2

Top 3 925 (99.5) 92.9 100.0  0.071  100.0 g9 4 0.960 (0.925, 0.995)
Failure 5(0.5)

Meningitis Top 1 921 (99.0) 81.3 100.0  0.187 100.0 99 0.892 (0.821, 0.963)
Top 2 927 (99.7) 93.8 100.0  0.062 100.0 997 0.966 (0.927,1.005)
Top 3 927 (99.7) 938 100.0  0.062 100.0  ¢97 0.966 (0.927, 1.005)
Failure 3 (0.3)

N.B.: Positive likelihood ratio (LR+) is not calculated because specificity was 100% (1.0)for all disease condi-
tions.

Discussion neonatal sepsis (LONS), acute gastroenteritis,
This study evaluated the diagnostic and triage perfor- bronchiolitis, and meningitis. These findings align
mance of MedBrain, a digital decision support system with epidemiological data showing that pneumo-
(DDSS), for common pediatric conditions in the nia and diarrheal diseases remain leading causes of
emergency departments of two large hospitals in Ethi- morbidity and mortality among children under Sin
opia. A total of 930 participants were included, nearly Sub-Saharan Africa (1-3, 5). This indicates that
two-thirds (65.6%) under 5 years of age, with a slight the study population was representative of the
male predominance (56.5%). The most prevalent con- pediatric disease burden in Ethiopia, strengthening

ditions were pneumonia, acute bronchitis, late-onset the external validity of the findings.



MedBrain’s triage performance showed 72.2%
overall agreement with healthcare professionals,
with 3.7% of cases over-triaged and 24.2% under-
triaged. The relatively low over-triage rate sug-
gests the tool is unlikely to overwhelm already
resource-limited systems. However, the high un-
der-triage rate raises safety concerns, as it could
delay care for critically ill children, which is par-
ticularly dangerous in high-mortality settings like
Ethiopia, where delays in treatment can rapidly
worsen outcomes. This limitation likely reflects
MedBrain’s stronger focus on diagnostic reason-
ing than on evaluating the full range of clinical
severity indicators considered by pediatricians.
Compared to previous studies of DDSS and symp-
tom checkers, which reported varied triage accura-
cy and frequent misclassification of urgent cases
(6, 9, 18), MedBrain performed within the range
of other tools but still requires improvement in its
triage algorithms by incorporating broader clinical
severity indicators.

In terms of diagnostic performance, MedBrain
demonstrated strong accuracy and reliability. Its
first-position diagnosis matched the pediatrician's
in 84.1% of cases, rising to 91.5% for the top two
diagnoses and 93.3% for the top three. The high
sensitivity (93.3%) and perfect positive predictive
value (100%) show that when MedBrain provided
a diagnosis, it was highly likely to be correct.
These findings are consistent with prior studies
showing that DDSSs can improve clinician perfor-
mance and reduce diagnostic error rates(13—16).
This also aligns with results from internal valida-
tion of MedBrain, which reported high diagnostic
accuracy in non-clinical case testing (34). Com-
pared to online symptom checkers, which have
shown much lower diagnostic accuracy (Top-1
accuracy ranging from19% to 36%) (6, 23), Med-
Brain demonstrated superior clinical performance,
attributed to its specialized, pattern-based ap-
proach.

The disease-specific analysis further confirmed
MedBrain’s capacity to identify the most preva-
lent pediatric conditions with high accuracy.
Across pneumonia, acute bronchitis, LONS, gas-
troenteritis, bronchiolitis, and meningitis, diagnos-
tic agreement exceeded 97.4%, with nearly perfect
performance (=99%) by the second and third diag-
nostic ranks,indicating that MedBrain was very
effective at identifying these diseases when they
were present and demonstrating its strong capabil-
ity to identify and rule out these diseases. In par-
ticular, MedBrain achieved perfect accuracy for
acute gastroenteritis in the top two ranks, demon-
strating its ability to correctly identify one of the
most common and high-burden childhood diseases
in Ethiopia. In contrast, symptom checkers in high
-income settings have shown variable diagnostic
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accuracy for gastroenteritis and other infectious con-
ditions, often underperforming compared to general
practitioners(23, 24, 30). This suggests that Med-
Brain’s targeted design for pediatric emergencies in
low-resource settings is a key factor in its superior
performance.

Moreover, MedBrain consistently showed perfect
specificity and positive predictive value across all
prevalent conditions, meaning it never falsely diag-
nosed a disease when it was not present. In clinical
practice, this minimizes unnecessary treatments,
thereby reducing overtreatment and resource wast-
age.The high negative predictive value (97%—-100%)
and low negative likelihood ratios further demon-
strate its effectiveness at ruling out conditions when
not suggested. Importantly, inter-rater reliability anal-
ysis showed almost perfect agreement between Med-
Brain and pediatricians, with Cohen’s Kappa values
ranging from 0.830 for LONS to 1.000 for acute gas-
troenteritis. This indicates that MedBrain’s diagnostic
outputs are both accurate and highly consistent with
expert clinical judgment. Compared with prior DDSS
studies, which often reported lower specificity, PPV,
and clinician agreement due to false positives or in-
consistent reasoning (6, 12, 18), MedBrain demon-
strates a superior performance. Furthermore, the low
failure rate, especially the absence of failures in diag-
nosing acute gastroenteritis, further shows its clinical
utility.

Despite these strengths, the study also has important
limitations. MedBrain excluded 274 patients with
conditions not yet represented in its database, includ-
ing malaria, which is endemic in Ethiopia. This indi-
cates that the current version of the system is not
comprehensive enough to cover all major or preva-
lent diseases. Similar concerns about limited disease
coverage and generalizability have been raised in
previous evaluations of DDSSs (10, 16, 17, 19). Fur-
thermore, although the study population reflects the
country’s epidemiological profile, the study was con-
ducted exclusively in urban hospitals. This ensured
consistent access to pediatricians, who were neces-
sary to establish a reliable gold standard, but it limits
the generalizability of findings to rural areas, where
patient profiles and disease prevalence may differ.
MedBrain’s performance, therefore, still requires
validation in rural settings, where healthcare infra-
structure is limited and mid-level professionals, the
tool’s intended users, provide frontline care.

Conclusion

The study demonstrated that MedBrain achieved high
diagnostic accuracy and reliability in Ethiopian emer-
gency settings for common acute pediatric condi-
tions. Its diagnostic outputs were highly consistent
with pediatricians’ clinical judgment, with powerful
performance for prevalent conditions such as pneu-



monia, acute gastroenteritis, and bronchiolitis.
These findings suggest that MedBrain has the po-
tential to strengthen clinical decision-making and
improve diagnostic precision in emergency set-
tings where timely and accurate diagnosis is criti-
cal and where mid-level professionals provide
frontline care with limited resources.

However, the system showed limitations in triage
performance, with a high under-triagerate, and its
diagnostic library did not yet include several im-
portant conditions, such as malaria. Moreover,
while the findings provide strong evidence of its
utility in urban hospitals, further validation in ru-
ral health facilities is needed to confirm its effec-
tiveness in the settings for which it was designed.
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