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A digital health algorithm to guide antibiotic
prescription in pediatric outpatient care:
a cluster randomized controlled trial
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W Check for updates

Excessive antibiotic use and antimicrobial resistance are major global
public health threats. We developed ePOCT+, a digital clinical decision
supportalgorithm in combination with C-reactive protein test, hemoglobin
test, pulse oximeter and mentorship, to guide health-care providersin
managing acutely sick children under 15 years old. To evaluate the impact
of ePOCT+ compared to usual care, we conducted a cluster randomized
controlled trial in Tanzanian primary care facilities. Over 11 months, 23,593
consultations were included from 20 ePOCT+ health facilities and 20,713
from 20 usual care facilities. The use of ePOCT+ in intervention facilities
resulted inareductioninthe coprimary outcome of antibiotic prescription
compared to usual care (23.2% versus 70.1%, adjusted difference -46.4%,
95% confidence interval (CI) =57.6 to —35.2). The coprimary outcome of day
7 clinical failure was noninferior in ePOCT+ facilities compared to usual
care facilities (adjusted relative risk 0.97,95% C1 0.85 t01.10). There was

no differencein the secondary safety outcomes of death and nonreferred
secondary hospitalizations by day 7. Using ePOCT+ could help address the
urgent problem of antimicrobial resistance by safely reducing antibiotic
prescribing. Clinicaltrials.gov Identifier: NCT05144763

Bacterial antimicrobial resistance (AMR) was responsible for InTanzaniaand many resource-constrained countries, morethan50%
1.27 million deaths in 2019, with the highest burden in sub-Saharan  of sick children receive antibiotics when visiting a health facility®®,
Africa'. Thisis asmany deaths as malariaand humanimmunodeficiency ~ with 80-90% of such antibiotics prescribed at the outpatient level**"°
virus (HIV) combined. Inappropriate and excessive prescription and most deemed inappropriate® ", Antibiotic use and AMR are pro-
of antibiotics represents one of the primary contributors to AMR?™*.  jected toincrease over the comingyears, indicating the urgency to take

'Centre for Primary Care and Public Health (Unisanté), University of Lausanne, Lausanne, Switzerland. ?Ifakara Health Institute, Dar es Salaam, United
Republic of Tanzania. *Swiss Tropical and Public Health Institute, Allschwil, Switzerland. “University of Basel, Basel, Switzerland. °National Institute of
Medical Research - Mbeya Medical Research Centre, Mbeya, United Republic of Tanzania. SPediatric Emergency Department, Department of Pediatrics,
University Hospital Bern, Bern, Switzerland. "These authors contributed equally: Godfrey Kavishe, Lameck B. Luwanda, Alexandra V. Kulinkina.

8These authors jointly supervised this work: Nyanda Ntinginya, Honorati Masanja, Valérie D’Acremont. /e-mail: rainer.tan@unisante.ch

Nature Medicine | Volume 30 | January 2024 | 76-84 76


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-023-02633-9
http://orcid.org/0000-0002-9273-9632
http://orcid.org/0000-0002-4777-1254
http://orcid.org/0000-0002-4881-7787
https://clinicaltrials.gov/study/NCT05144763
http://crossmark.crossref.org/dialog/?doi=10.1038/s41591-023-02633-9&domain=pdf
mailto:rainer.tan@unisante.ch

Article https://doi.org/10.1038/s41591-023-02633-9

Cluster-level information T T T

259 health facilities
assessed for eligibility in
eligible councils

191 ineligible
122 wrong type of health facility
69 did not see enough patients per week

68 eligible health facilities

40 health facilities randomized

20 clusters in the 20 clusters in the control
intervention arm (ePOCT+) arm (routine care)

Child-level information

32,965 children screened 26,910 children screened

9,372 excluded:
Wrong age (n = 673)
Not an acute illness (n = 719)
Declined or unable to consent (n = 4,532)
Child not registered or data issue (n = 3,448)

6,197 excluded:
Wrong age (n = 461)
Not an acute illness (n = 165)
Declined or unable to consent (n = 3,932)
Child not registered or data issue (n =1,639)

23,593 consultations included 20,713 consultations included
21,680 initial consultations 18,789 initial consultations
1,913 reattendance consultations 1,924 reattendance consultations
5,608 consultations without

documented treatment in 1,776 consultations without
ePOCT+

—l documented treatment in eCRF

18,937 consultations
documented in eCRF

17,985 consultations managed
using ePOCT+

1,604 reattendance
consultations

1,732 reattendance
consultations

16,381 initial consultations managed
using ePOCT+ (per protocol for
day O outcomes)

17,205 initial consultations
documented in eCRF (per
protocol for day O outcomes)

3,238 lost to follow-up |<7 ——— > 3,421 lost to follow-up

20,355 consultations with day 7 data 17,292 consultations with day 7 data
(intention to treat for day 7 outcomes) (intention to treat for day 7 outcome)
18,670 initial consultations 15,661 initial consultations
1,685 reattendance consultations 1,631 reattendance consultations
4,523 not using ePOCT+ 1,456 eCRF not filled

1,685 reattendance consultations 1,631 reattendance consultations

14,396 initial consultations 14,363 initial consultations
in the day 7 outcome per in the day 7 outcome per
protocol and complete case protocol and complete case
population population

Fig.1| Health facility and patient flow diagram. Boxes highlighted in gray correspond to the coprimary outcome populations.
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Table 1| Baseline characteristics of enrolled participants
and health facilities

Table 2 | Presenting complaints of infants and children
under 15years old

Health facilities ePOCT+(n=20) Usual care (n=20) Presenting complaints, % ePOCT+ Usual care
Level of health facility, n Infants <2months n=717 n=929
Dispensaries 16 16 Fever, convulsions, lethargy 257 131
Health centers 4 4 Respiratory 437 46.8
Region, n Gastrointestinal 22.2 19.7
Morogoro 12 12 Skin 14.0 14.5
Mbeya 8 8 Ear/mouth 2.5 0.9
Number of enrolled patients per 127 (101; 199) 136 (73; 163) Eye 70 5.4
health facilit th, medi . .
ealth facility per month, median Feeding/weight e ;
(IQR)
Service availability and readiness Malformation 04 04
assessment” Injuries 0.4 01
General Service Readiness score, 60.3+10.8 63.7+9.4 Other 6.4 78
% (mean+s.d.)
Infants and children >2months to <15years n=17,268 n=17,089
Pediatric score, % (meanzs.d.) 55.9+10.8 64.9+10.6
- Fever 61.6 56.9
Participants ePOCT+(n=23,593) Usual care (h=20,713)
Respiratory (cough/difficulty breathing) 478 49.4
Sex: Female, % (n) 51.2 (12,085) 51.3 (10,075)
- Gastrointestinal (diarrhea/vomiting) 23.4 22.3
Age, days, median (IQR) 583 (263;1,202) 555 (246; 1,189)
Skin 12.5 1.9
Age group, % (n)
Ear/throat/mouth 2.6 2.3
0 to <2months 4.0 (954) 5.0 (1,038)
Eye 21 21
2 to <60 months 84.1(19,845) 82.0(16,984)
Genitourinary 1.4 31
5to <15years 11.8 (2,794) 13.0 (2,691)
- Neurological (headache, stiff neck) 3 1.2
Type of consultation, % (n)
- Accident/musculoskeletal (including burns, 15 2.0
New consultation 91.9 (21,680) 90.7 (18,789) wounds, poison)
Reattendance 7.8 (1,841) 9.2(1,899) Other 21 4.2
Referral from another 0.3(72) 0.1(25) Data from patients for whom clinical information was entered into ePOCT+ in the intervention
health facility arm, and in the eCRF in control health facilities (per protocol population). Patients may have
Positive malariatestamong ~ 18.4(1,878/10,225)  19.2(1,803/9,378) multiple complaints.
those tested, % (n/N)
Hospitalized in the last 0.3 (65) 0.4 (73)
14 days, % (n) We developed ePOCT+, a new CDSA with point-of-care tests, to
Phone number available, % (n) ~ 84.0 (19,808) 83.0 (17,186) address these challenges®. The scope of ePOCT+ was expanded from

Participant data from all enrolled patients. Values of standard deviations (s.d., after

mean values) are preceded by the + sign. IQR, interquartile ranges (after median values).
2Scores were calculated based on the proportion of prespecified indicators that were
present in each health facility during the assessment of health facilities before the start of
the study®'.

action'” ™, Accordingly, the World Health Organization has declared
AMR as “one of the biggest threats to global health, food security and
development today””. In response, countries worldwide, including
Tanzania, have developed national action plans on antimicrobial resist-
ance to address this important problem'*".

Electronic clinical decision support algorithms (CDSAs) are
digital health or mobile health tools that guide health-care providers
on what symptoms and signs to assess, advise on what tests to
perform, and propose the appropriate diagnoses, treatments and
management'®"’, Previous efficacy studies under controlled research
conditions have shown the potential for digital CDSAs to reduce anti-
biotic prescription in children 2 to 59 months old***. However, many
close-to-real-world studies have shown little to no reduction in anti-
biotic prescription®***, In addition, many of the close-to-real-world
studies have anumber of methodological limitations as health facil-
ities were not randomized and/or safety was not evaluated'®**%,
emphasizing the need for more evidence on the impact of CDSAs on
antibiotic prescription. Finally, poor uptake remains a challenge with
previous and existing CDSAs**?".

previous versions of the CDSA?** to include infants under 2 months
and children up to age 14 years, and to address syndromes and diag-
noses not considered by other CDSAs*°. The aim of this study was to
evaluate the impact of ePOCT+ compared to usual care on antibiotic
prescription and day 7 clinical outcome in a pragmatic, cluster rand-
omized controlled trial in acutely sick children under 15 years of age
presenting to Tanzanian primary care facilities.

Result

Baseline characteristics of health facilities and patients

Atotal of 68 out of 259 health facilities from the participating councils
met the eligibility criteria (Fig. 1). One hundred twenty-two health facili-
tieswereineligible asthey were either hospitals or private dispensary or
health centers, and 69 did not see enough patients per week. A stratified
random sampling process identified 40 health facilities for inclusion
inthe study (24 in the Morogoro region and 16 in the Mbeya region),
which were randomized 1:1 to ePOCT+ (intervention) or usual care
(control). Overall, 59,875 children were screened for inclusion between
1December 2021 and 31 October 2022, and 44,306 (74%) consultations
were enrolled (23,593 in ePOCT+ health facilities and 20,713 in usual care
health facilities). The first health facilities started enrolling patients
on1December 2021, and the last health facilities started enrolling
patientson13 April 2022. A total of 28,243 unique patients were enrolled
with a mean of 1.6 consultations per patient over the duration of the
study. Among those enrolled in the intervention health facilities, 17,985
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Table 3 | Antibiotic prescription and clinical outcomes among sick children in the DYNAMIC trial

ePOCT+, Usual care, Intracluster Crude Adjusted Crude Pvalue Adjusted Pvalue
% (n/N) % (n/N) correlation difference difference relative risk relative risk
coefficient (95%CI)  (95% Cl) (95% ClI) (95%CI) (95% ClI)
Primary outcome
Antibiotic prescription at day O 23.2% 701% 0.3 -46.9% -46.4% 0.33 <0.001 0.35 <0.001
(3,806/16,381) (12,058/17,205)  (0.2; 0.4) (-47.8%; -45.9%)  (-57.6%; -35.2%)  (0.32; 0.34) (0.29; 0.43)
Clinical failure by day 7 3.7% 3.8% 0.004 -0.1% -0.1% 0.98 0.70 0.97 0.59
(532/14,396) (543/14,363) (0.001; 0.006) (-0.5%; 0.4%) (-0.6%; 0.3%) (0.87;110) (0.85;1.10)
Secondary and exploratory
outcomes
Death by day 7 0.1% 01% <0.001 0.0% 0.0% 0.82 0.65 0.66 0.43
(9/14,396) (11/14,363) (-0.1%; 0.0%) (-0.1%; 0.0%) (0.34;1.97) (0.24,1.84)
Subjectively worse at day 7° 0.3% 0.3% 0.002 0.0% 0.0% 1.02 0.92 m 0.65
(41/14,396) (40/14,363) (0.000; 0.004) (-0.1%; 0.1%) (-0.1%; 0.2%) (0.66; 1.58) (0.71;1.73)
Nonreferred secondary 0.4% 0.4% 0.001 0.0% 0.0% 114 0.51 114 0.52
hospitalizations by day 7 (57/14,396) (50/14,363) (0.000; 0.002) (-0.1%; 0.2%) (-0.0%; 0.2%) (0.78;1.66) (0.77;1.69)
Hospitalizations by day 7° 1.0% 0.9% 0.01 0.1% 0.3% m 0.38 1.43 0.05
(145/14,396) (130/14,363) (0.01; 0.02) (-0.1%; 0.3%) (-0.0%; 0.7%) (0.88;1.41) (1.00; 2.05)
Primary referrals at day O 1.2% 1.0% 0.03 01% 0.8% 1.2 0.08 2.08 0.02
(194/16,381) (170/17,205) (0.01; 0.04) (-0.2%; 0.3%) (0.1%; 1.5%) (0.98;1.47) (115; 3.74)
Referral resulting in 16.8% 20.3% 0.05 -3.5% -2.8% 0.83 0.44 0.86 0.55
hospitalization by day 7° (25/149) (29/143) (0.00; 0.14) (-5.4%; 12.4%) (-11.8%; 6.2%) (0.51;1.34) (0.53; 1.40)
Unplanned reattendance visits 1.8% 2.9% 0.03 -11% -1.0% 0.61 <0.001 0.67 0.31
by day 7° (256/14,603) (425/14,723) (0.01; 0.04) (-1.5%; -0.8%) (-2.8%; 0.9%) (0.52;0.71) (0.32;1.44)
Additional medication taken 71% 7.2% 0.006 -0.1% -0.9% 0.99 078 0.88 017
after initial consultation up (1,006/14,244) (1,017/14,229) (-0.7%; 0.5%) (=2.1%; 0.4%) (0.91;1.07) (0.74;1.05)

today 7

All data shown for day O outcomes are per protocol, and all data for day 7 outcomes are per protocol and complete case (day 7 outcomes assessed). Clinical failure by day 7 defined as
‘not cured’ and ‘not improved’, or unscheduled hospitalization as reported by caregivers. Nonreferred secondary hospitalizations by day 7 are hospitalizations at least a day after the initial
consultation that were not referred by a health-care provider. Unplanned reattendance visits by day 7 are return visits between day 1and 7 that were not proposed by the initial health-care
provider. Adjusted relative risks and differences were estimated using a random effects logistic regression model adjusting for clustering (health facility and patient), as well as individual
(age, sex, complaints, availability of phone) and health facility (council of health facility, level of health facility, mean number of patients seen per month at the health facility) baseline
characteristics. Formal adjustments were not performed for multiple testing. *Post hoc exploratory outcome not prespecified. "Denominator is based on consultations for which a primary
referral was proposed and day 7 hospitalization data were ascertained, and as such may be less than the total number of primary referrals at day 0. °Including unplanned outpatient and

hospitalized reattendance visits.

(76.2%) consultations were managed using ePOCT+, and day 7 outcome
was ascertained in 20,355 consultations (86.3%). In usual care health
facilities, 18,937 (91.4%) consultations had final treatment documented
in the electronic case report form (eCRF), and 17,292 consultations
(83.5%) had day 7 outcome ascertained. Information technology (IT)
problems and power outages were reported by research assistants on
respectively 293 (7.3%) and 245 (6.1%) health facility days in ePOCT+
facilities,and 160 (4.1%) and 245 (6.1%) health facility days inusual care
facilities. Both issues contributed to children being prevented from
enrollmentinthe study.

Intervention health facilities saw similar numbers of consul-
tations, but had a slightly lower Service Availability and Readiness
Assessment Pediatric score (Table 1) Patients in both study arms were
similar in age, sex, type of consultation and previous hospitalization
(Table 1). Malaria prevalence among those tested was similar in both
study arms (Table 1). Young infants less than 2 months of age in the
intervention health facilities presented more frequently for fever,
convulsions or lethargy, and slightly less often for respiratory condi-
tions, whereas patients 2 months and above had asimilar distribution
in presenting complaints (Table 2). Age, phone availability and level of
health facility differed among patients with and without day 7 outcome
ascertained (Supplementary Tables 1 and 2). Patients managed and
not managed per protocol were similar, except for the level of health
facility (Supplementary Table 3).

Primary outcomes: antibiotic prescription and clinical failure
Overall antibiotic prescription at initial consultations for the per pro-
tocol analysis was 23.2% (3,806 of 16,381) in ePOCT+ health facilities

and 70.1% (12,058 of17,205) in routine care health facilities, which cor-
responds to an adjusted absolute difference of —46.4% (95% CI -57.6
to—35.2) (Table 3 and Fig. 2). The adjusted analysis found a 65% reduc-
tionin the risk of prescribing an antibiotic at day O (adjusted relative
risk (aRR) 0.35,95% C1 0.29 to 0.43, P< 0.001). Using a conservative
imputation analysis approachin the intention-to-treat population by
considering that all patients who were not managed per protocol were
prescribed an antibiotic, antibiotic prescription remained lower in
ePOCT+ health facilities than in usual care, with an adjusted absolute
difference of -34.2% (95% Cl -42.1%to —26.4%) (Extended Data Table1).
Whenincluding reattendance cases, antibiotic prescription reduction
was similar, with an adjusted absolute difference of -45.0% (95% CI
-56.3%t0 -33.6%) (Supplementary Table 4).

The proportion of patients with clinical failure by day 7 was nonin-
feriorinePOCT+health facilities (3.7%, 532 0f 14,396) compared to usual
care health facilities (3.8%, 543 0f 14,363), with an adjusted relative risk
0f 0.97 (95% C10.85t01.10) in the per protocol complete case popula-
tion (Table 3 and Fig. 3). Clinical failure by day 7 was also noninferior
in the intention-to-treat complete case population (Extended Data
Table1), whenincluding reattendance cases (Supplementary Table 4)
and using unadjusted analyses (Table 3 and Fig. 2).

Secondary and exploratory clinical safety outcomes

There were no significant differences in the proportion of patients
who died, were subjectively worse or, were hospitalized after the day
of the initial consultation without a referral (nonreferred secondary
hospitalization), all hospitalizations by day 7 or unplanned reattend-
ance visits (Table 3). There was however a significant reduction in
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Antibiotic prescription at day O
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ePOCT+ Usual care ePOCT+ Usual care

PP

PP adjusted difference, -46.4% (95% Cl -57.6% to -35.2%)
PP adjusted relative risk, 0.35 (95% CI 0.29 to 0.43)

Noninferiority plot for clinical failure at day 7

ITT (unadjusted) *

ITT

ITT adjusted difference, -34.2% (95% Cl -42.1% to -26.4%)
ITT adjusted relative risk, 0.55 (95% CI 0.47 to 0.64)

aRR (95% Cl)
0.99 (0.89, 1.10)

ITT (adjusted) < e

0.97(0.86, 1.09)

PP (unadjusted) *

0.98 (0.86, 1.10)
0.97(0.85, 1.10)

PP (adjusted) *

0.9 1.0

Fig.2 | Coprimary outcomes. a, Proportion of antibiotic prescriptionin
ePOCT+ and usual care health facilities; data are presented as the point
estimate and unadjusted 95% confidence intervals. Sample sizes are as
follows: PP ePOCT+ clusters n =16,381, PP usual care clusters n =17,205,ITT
ePOCT+ clusters n =21,680, ITT usual care clusters n =18,789.b, Relative risk

1.1 12 1.3

Noninferior Not noninferior

of day 7 clinical failure between ePOCT+ and usual care health facilities, with
noninferiority prespecified as an adjusted relative risk of <1.3. Noninferiority
plotshown on alogarithmic scale. ITT, intention to treat; PP, per protocol; aRR,
adjusted relative risk.

unplanned reattendance visits by day 7 in unadjusted analyses. The
proportion of patients who died (0.1%) or were hospitalized (1.0%) was
low in both study arms. Results in the intention-to-treat population
and when including reattendance visits were similar (Extended Data
Tableland Supplementary Table 4).

Additional medications by day 7 and antibiotic prescription
over time

Atday 7 (range 6-14), additional medicines were taken after the initial
consultationinasimilar proportion of patientsinboth study arms (7.1%
versus 7.2% in intervention versus control health facilities, Table 3).
When evaluating evolution of mean antibiotic prescription rates over
time, it appears to decrease over time in ePOCT+ health facilities,
whereas no change was found inusual care facilities (Supplementary
Fig.1).

Referral and hospitalizations

Health-care providers identified 3.6% (582 of 15,799) of cases as
having a severe diagnosis in ePOCT+ facilities compared to 2.6%
(453 0f 17,205) in usual care facilities (per protocol ininitial cases).
The proportion of cases referred for hospitalization was higher in
ePOCT+ facilities (1.2%) than in usual care facilities (1.0%) (aRR 2.08,
95% Cl1.15t03.74) (Table 3). The proportion of children referred that
resulted in hospitalization was low and similar in both study arms
(Table 3). The proportion of cases referred to specialized outpatient
clinics (malnutrition clinic, tuberculosis investigation, HIV clinic)

was low and similar between ePOCT+ and usual care health facilities
(Supplementary Table 5).

Subgroup analyses: sex, age, complaints

The effect of the intervention on antibiotic prescription at day O
was more pronounced in children presenting with respiratory com-
plaints (absolute difference -62.1%, 95% CI -63.3% to —60.9%) and the
2-59-month age group (absolute difference —48.9%, 95% CI1 -49.9% to
-47.9%) (Fig. 3 and Extended Data Table 2). Antibiotic prescription
was reduced by at least 25 percentage points in all prespecified sub-
groups, with the smallest reduction found in infants under 2 months
old (absolute difference -25.5%, 95% Cl -30.3% to —20.6%). Among
post hocsubgroup analyses, patients with a positive malariatest had a
lower reductionin antibiotic prescription between ePOCT+and usual
care (adjusted absolute difference -18.8%, 95% C1 -25.1% to —12.6%)
(Extended Data Table 2). Young infants less than 2 months old had the
largest reductionin day 7 clinical failure (aRR 0.61,95% C10.37t01.00;
P=0.05) (Fig. 3 and Extended Data Table 3).

Discussion

In this cluster randomized controlled trial involving 44,306 sick
children under 15 years of age in Tanzania, the use of the ePOCT+
digital clinical decision supportalgorithm (CDSA) package resultedin
aclose-to three-fold reductioninthelikelihood of asick child receiving
anantibiotic prescription compared to childrenin usual care facilities.
Despite substantially fewer antibiotic prescriptions, clinical failure
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a Adjusted difference, %
(95% CI)
Sex (female) + -48.50 (-57.60, -35.20)
Sex (male) — e -48.50 (-56.00, -40.90)
Age <2 months —— -31.10 (-40.20, -22.00)
Age 2-11 months —_—— -50.20 (-57.90, -42.50)
Age 12-59 months D —— S E— -49.50 (-57.10, -42.00)
Age 5-14 years — -45.60 (-53.20, -38.00)
Complaint: fever —_— -46.90 (-54.30, -39.40)
Complaint: respiratory B . —— -63.50 (-69.50, -57.40)
Complaint: gastrointestinal —— -55.40 (-62.20, -48.70)
Complaint: skin — -50.90 (-57.40, -44.30)
Complaint: ear, nose, mouth, throat — -45.20 (-52.80, -37.70)
All cases -46.40 (-57.60, -35.20)
T T T T T
-80 -60 -40 -20 o]
b
aRR
(95% CI)
Sex (female) —_— 1.05 (0.88, 1.25)
Sex (male) ——t— 0.91(0.77,1.08)
Age <2 months -+ 0.61(0.37,1.00)
Age 2-59 months — 1.00 (0.88, 1.15)
Age 5-14 years -+ 1.00 (0.68, 1.48)
Complaint: fever — 0.95(0.79, 1.14)
Complaint: respiratory — 0.96 (0.79,1.14)
Complaint: gastrointestinal -+ 112 (0.85, 1.47)
Complaint: skin + 1.05 (0.76, 1.45)
Complaint: ear, nose, mouth, throat + 0.71(0.36, 1.40)
All cases —— 0.97 (0.85, 1.10)
T T T T T
0] 0.5 1.0 1.5 2.0

ePOCT + better

Fig.3| Antibiotic prescription and clinical failure by sex, age group and main
complaints. a, Data are presented as adjusted differences with 95% Cl of day O
antibiotic prescription between ePOCT+ health facilities and usual care health
facilities. All data are from the per protocol populationininitial consultations.
Sample sizes for each subgroup are found in Extended Data Table 2. b, Data

Usual care better

are presented as adjusted relative risk with 95% Cl of clinical failure in ePOCT+
compared to usual care health facilities. All data are from the per protocol and
complete case population among initial consultations. Sample sizes for each
subgroup are found in Extended Data Table 3.

did not increase in intervention facilities. Such findings align with
Tanzania’s National Action Plan to reduce antibiotic use” and are
in line with the Tanzania digital health strategy to improve quality
of care®.

The reduction of antibiotic prescription associated with the
ePOCT+ intervention in our study is consistent with our previous
research with CDSAs in Tanzania in more controlled research set-
tings’>?"**, However, the results differ from other studies evaluating
CDSAsimplementedinroutine health programsin Nigeria, Afghanistan,
Burkina Faso and South-Africa, and in a controlled study setting
inUganda, whichfound smaller and evennoreductioninantibiotic pre-
scription??***35 There are anumber of differences that may explain the
divergentresults. Firstand foremost, the clinical algorithm of ePOCT+
differs from other CDSAs. It notably has awider scope including addi-
tional conditions and point-of-care tests such as C-reactive protein
(CRP), notincluded inthe Integrated Management of Childhood Iliness
(IMCI)*®. Arandomized controlled trial comparing two different CDSAs
found differences in the impact of antibiotic stewardship due to the
addition of CRP and other algorithm modifications, demonstrating

that not all CDSAs are equal®. Other differences that may explain
the divergent results include (1) differences in the supportive
training and mentorship provided, (2) disease epidemiology
(notably malaria prevalence) and (3) health-care provider skills and
adherence. The extent of the impact on antibiotic stewardship in our
study is also greater than that observed in other antibiotic steward-
ship studies that included one single intervention rather than an
intervention package®**. ePOCT+ integrates multiple proven antibi-
otic stewardship interventions together, including clinical decision
support?>?3, the use of point-of-care CRP tests*, pulse oximeter®
and continuous quality improvement mentorship support with
data feedback to health-care providers utilizing benchmarking of
health facilities***.

Clinical failure was not higher in patients managed in ePOCT+
healthfacilities, despite a significant reduction in antibiotic prescrip-
tion in line with other antibiotic stewardship studies®. Similarly the
proportions of children who died, were hospitalized without referral
or had unplanned reattendance visits were not higher. Whereas pre-
vious CDSA studies were able to demonstrate significant reductions
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in clinical failure, the current trial was not powered to do so?*"*,
Nonetheless, the greatest benefit on clinical cure compared to usual
care was observed in the subgroup of infants aged under 2 months,
important results given that this population represents more than 50%
of mortality in children under 5 years old*.

Although the present findings are encouraging, it is important
to note that nearly 25% of patients were not managed using ePOCT+
in the intervention arm. Lower uptake of the tool could reduce the
positiveimpact of antibiotic stewardship as seenin the lower reduction
in antibiotic prescription in the intention-to-treat (ITT) population.
Itis reasonable to assume that not all health providers use the digital
tool to manage all patients, just as health providers do not consult
the IMCI paper chartbook every time they see a patient. Indeed
CDSAs have been found to improve adherence to IMCI guide-
lines?****>** nonetheless many challenges in adherence to paper
guidelines remain for digital tools, notably low motivation, lack of
on-site mentoring and cognitive overload**¢. The use of electronic
medical record (EMR) systems in some health facilities may also
explain poor uptake, as some providers were expected to input clinical
datain ePOCT+, the EMR and a paper log, prolonging the consulta-
tion time. Integration of clinical decision support within the EMR
system instead of separate standalone systems could help and is
currently being explored. In addition to harmonization of digital
health tools, numerous other factors must be considered and are
currently being evaluated in order for ePOCT+and similar tools to be
adequately scaled up in Tanzania and other countries. They include
a better understanding of why health providers did not use ePOCT+
and how the clinical algorithms of ePOCT+ can be further improved,
how health providers canbe better supported to use the digital tools,
the impact of benchmarking and mentoring dashboards, cost and
greenhouse gas emission analyses, and acceptance by patients and
community members.

Our study possesses several strengths that contribute to its
robustness. First, we employed a cluster randomized controlled
study design, which was adequately powered to assess noninferiority
of clinical failure. Second, the implementation of our intervention
encompassed a wide range of epidemiological settings, including
both rural and urban areas, with varying levels of malaria transmis-
sion and facilities such as dispensaries and health centers. Moreover,
our study employed comprehensive patient inclusion criteria that
were designed to be inclusive. By incorporating these inclusive cri-
teria, randomly sampling health facilities for inclusion, and observ-
ing consistent effects across subgroups at both the health facility
and individual levels, our findings can be generalized to a broader
population.

There are several limitations to our study. First, antibiotic pre-
scription data relied on documentation by the health-care provider,
anapproach often used in pragmatic trials*”**. When using a conserva-
tive imputation analysis approachinthe ITT population considering
that all patients for which treatment was not documented were con-
sidered to have been prescribed an antibiotic, ePOCT+ still reduced
antibiotic prescription considerably (Extended Data Table 1). Second,
despite multiple phone calls and home visits, 15% of cases were lost
to follow-up, consistent with data from similar studies (13-25%)*~".
To account for potential biases in loss to follow-up, we adjusted the
final model for baseline variables associated with missing outcome
data, analogous to performing multiple imputation in the case of a
single endpoint. Third, the fact that a child has notimproved after day
7 sometimes reflects the natural course of the disease, rather than the
poor quality of care at the initial consultation, and may not therefore
beexpectedtobeinfluenced by theintervention for all clinical situa-
tions. To show an effect on more severe outcomes such as secondary
hospitalization, death or even clinical failure at day 14 or 28 would
requireavery large sample size owing to the rarity of the event at the
primary care level. Further complicating assessment of these severe

outcomes are the challenges linked to referral and quality of care at
admitting hospitals.

In conclusion, the ePOCT+ electronic clinical decision support
algorithm (CDSA) in association with point-of-care tests (CRP, hemo-
globin, pulse oximeter) and mentorship supportinformed by clinical
practice data, safely and substantially reduced antibiotic prescription
in sick children less than 15 years of age presenting to primary care
facilities in Tanzania. Widespread implementation of ePOCT+ could
help address the urgent problem of antimicrobial resistance by reduc-
ing excessive antibiotic prescriptionin sick children while maintaining
clinical safety.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
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Methods

Study design and setting

The DYNAMIC Tanzania study was a pragmatic, open-label, parallel-
group, cluster randomized trial conducted in 40 primary health facili-
tiesin Tanzania. The health facility was the unit of randomization, since
the intervention was targeted at the health facility level.

Study sites were purposefully chosen to represent a variety of
health-care and epidemiological settings within five councils in the
Mbeya and Morogoro region, with atotal populationinthose councils
0f'1,701,717 (ref. 52). Two councils were semiurban (Mbeya city and
Ifakara Town councils), whereas the three others were rural (Mbeya,
Ulanga and Mlimba district councils). Overall 42.8% of the Tanzanian
populationisless than15 years old*. The prevalence of malariain febrile
childrenaged 6-59 monthsis 5.8% in the Morogoro regionand 3.4%in
the Mbeyaregion®. Inaccordance with the Tanzanian national clinical
guidelines, all febrile patients should be tested for malaria using a rapid
diagnostic test at the health facility of contact™. HIV prevalence among
childrenless than15yearsoldis 0.5% in both regions®. Health care for
acute illnesses at government or government-designated primary
health facilities is free of charge for children under 5 years, including
the cost of medications such as antibiotics. For patients older than
Syears, health-care expenses are charged to the patient, unless they
have a health insurance plan (around 10% of Tanzanians)*.

First-level health facilities included in the DYNAMIC Tanzania
study include dispensaries and health centers with the latter distin-
guished by several characteristics. Health centers are characterized
by multiple outpatient consultation rooms, potential presence of
medical doctors, occasional smallinpatient wards and abroader array
of diagnostic and therapeutic capabilities compared to dispensaries.

Participants

Primary care health facilities (dispensaries or health centers) were
eligible forinclusionifthey performed on average 20 or more consulta-
tions per week with childrenaged from 2 months to 5 years, were gov-
ernment or government-designated health facilities, and were located
lessthan150 km from the researchinstitutions. Acute outpatient care
is routinely provided by nurses and clinical officers in primary health
facilities, whereas medical doctors provide care occasionally at health
centers. Clinical officers, the principal health providers at primary
health facilities, are non-physician health professionals with 2-3 years
of clinical training following secondary school’®.

Infants and children between 1 day old and 15 years old seeking
care foranacute medical or surgical condition at participating health
facilities were eligible. Children presenting solely for scheduled consul-
tations for a chronic disease (for example HIV, tuberculosis, malnutri-
tion) or for routine preventive care (for example growth monitoring,
vaccination) were noteligible. Written informed consent was obtained
from all parents or guardians of participants when attending the par-
ticipating health facility during the enrollment period.

Sampling, randomization and masking

The 40 health facilities were randomly selected fromall eligible health
facilities in the participating councils following a 3:2 ratio between
health facilities from the Morogoro and Mbeya region (to include more
health facilities in the higher malaria transmission area). In addition,
toinclude arepresentative sample of health centers compared to dis-
pensaries, four health centers per region were included.

The sampled health facilities were then randomized (1:1) to
ePOCT+ (intervention) or usual care (control). Randomization was
stratified by region, council, level of health facility (health center ver-
sus dispensary) and attendance rate. An independent statistician in
Switzerland was provided with the list of all eligible health facilities
and performed computer-generated sampling and randomization.
Intervention allocation by the study team was only shared with study
investigators in Tanzania once all council leaders had confirmed the

participation of their selected health facilities. The nature of the inter-
vention did not allow for masking of the intervention to health-care
providers, patients or study implementers.

Intervention

Theintervention consisted of providing ePOCT+ with the supporting
IT infrastructure, C-reactive protein (CRP) semiquantitative lateral
flow test, hemoglobin point-of-care tests (and hemoglobinometer if
notalready available), pulse oximeter, training and supportive mentor-
ship (Extended DataFig.1). If unavailable in health facilities, materials
to performlaboratory tests such as prickers, cotton swabs, gloves and
alcohol were provided. The decision to perform tests (malaria, CRP,
hemoglobin, pulse oximeter), like all clinical symptoms and signs, is
determined by the clinical algorithm behind ePOCT+, and prompted to
the health-care provider whenrequired. The health-care provider can
decide not to follow the recommendations of ePOCT+ as they see fit.
CRP point-of-care rapid tests and hemoglobin point-of-care tests were
integrated as per usual laboratory procedures (that is, in health facili-
ties where point-of-care tests are usually performed and interpreted
in the laboratory by a laboratory technician, tests were performed
in the laboratory; in health facilities where tests are usually done in
the consultation room, they were done by the health-care provider).
The development process and details of the ePOCT+ CDSA and the
medAL-reader Android-based application used to deploy ePOCT+have
been described in detail previously. Insummary the clinical algorithm
of ePOCT+ is based on previous-generation CDSAs (ALMANACH and
ePOCT)?*¥, international and national clinical guidelines, and input
fromnational and international expert panels, and was adapted based
on piloting and health-care provider feedback?. Mentorship by the
implementation team included visits to health facilities every 2 to
3 months and communication by phone call or group messages three
to four times per month, to resolve issues and provide guidance and
feedback on the use of the new tools. Results from quality-of-care
dashboards were shared through group messages to give feedback
on the use of ePOCT+, a strategy often described as ‘benchmarking’,
allowing health-care providers to compare their antibiotic prescrip-
tion, uptake and other quality-of-care indicators with other health
facilities®”. Control health facilities provided care as usual, with no
accessto clinical data dashboards.

All participating health facilities were provided with IT infrastruc-
ture to support the tablet-based ePOCT+ CDSA or in the case of con-
trol health facilities, to support the use of tablet-based eCRFs. The
IT infrastructure included a tablet for each outpatient consultation
room, router, local server (Rasberry Pi), internetand, if needed, back up
power (battery) or solar power. Inaddition, weighing scales, mid-upper
arm circumference bands and thermometers were provided to health
facilities for both study arms if not already available. Health-care pro-
viders from both intervention and control health facilities received
equivalent clinical refresher training based on the IMCI chartbook. In
addition, specific training was provided on the use of the ePOCT+ CDSA
inintervention facilities and the use of the eCRF in control facilities.

Study procedures

Children seeking care at included health facilities were screened for
eligibility by a research assistant between 08:00 and 16:00 on week-
days. If eligible, demographicinformation was collected and entered
in the eCRF (ePOCT+ for intervention health facilities and eCRFs for
usual care facilities within the data collection system medAL-reader).
Health-care providers in the control health facilities managed the
patients as usual, but documented the main complaints, anthropo-
metrics and test results (if performed), diagnoses, treatments and
referral decision in the eCRF. To harmonize data collection across the
intervention and control facilities, the eCRF for the control facilities
was also programmed into the medAL-reader platform, but no decision
supportwas provided. Research questions were included in the eCRF

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02633-9

to capture whether an oral or systemic antibiotic was prescribed, and
whether the patient was referred for inpatient hospitalization or other
outpatient investigations. Inintervention health facilities, in addition
to the same information collected in the eCRF, symptoms and signs
of the patients were recorded in the ePOCT+ CDSA during the con-
sultation with the patient. The symptoms and signs entered are used
by the ePOCT+ CDSA to guide the clinical consultation. Health-care
providers who documented the final treatment for a consultation in
ePOCT+ or the eCRF were categorized as having been managed per
protocol, as recording of the final treatment is required to complete
the ePOCT+CDSA.

All patients were called or visited at their home by research assis-
tantsto assess clinical outcomes and their care and treatment seeking
behavior at day 7 (range 6-14 days). Research assistants performing the
phone calls were blinded to the intervention status and were not part
of the team enrolling patients at health facilities. Home visits rather
than phone calls were conducted if the caregiver of patients did not
have a phone number or did not know somebody with a phone near
theirhome, orifresearch assistants were not able toreach the provided
phone number after five attempts. The home visits were performed by
the research assistants enrolling patients from the same health facility,
and as suchthey were not blinded to intervention allocation. Patients
who were still sick at follow-up were encouraged to return to a health
facility for follow-up care. Day 7 data were recorded using REDCap
web for phone calls and REDCap mobile application for home visits.

Outcomes

The coprimary outcomes measured at the individual patient level
included: (1) antibiotic prescription at the time of the initial consulta-
tion as documented by the health-care provider (superiority analysis);
and (2) clinical failure at day 7 defined as ‘not cured’ and ‘notimproved’,
orunscheduled hospitalization asreported by caregivers (noninferior-
ity analysis). Secondary outcomes include unscheduled reattendance
visits atany health facility by day 7, nonreferred secondary hospitaliza-
tion by day 7, death by day 7 and referral for inpatient hospitalization at
initial consultation. Additional antibiotics prescribed on subsequent
days following the initial consultation were not part of the coprimary
outcome of antibiotic prescription; instead this is captured by phone
call on day 7, where all patients are assessed for whether additional
medication was taken after the initial consultation, and compared
between study arms as an exploratory outcome. Given patients’ and
caregivers’ difficulty in distinguishing antibiotics from other medica-
tions®*“!, we could not reliably assess antibiotic intake based on the
caregiver’'sreport; the outcome thus looked at all medications, rather
than antibiotics specifically. Theintervention was deemed asuccess if
ePOCT+ was noninferior in terms of clinical failure and reduced anti-
biotic prescription by at least 25%. Prespecified additional outcomes
are outlined in the statistical analysis plan.

Samplesize
The sample size was calculated for testing noninferiority of the clinical
failure outcome given that it would require a higher sample size than for
the antibiotic prescription coprimary outcome. We assumed a cluster
size of 900 patients per health facility (mean of 150 patients per month
per health facility multiplied by 6 months, the minimum duration of the
study) based on routine data within the national health management
information system, anintraclass correlation coefficient of 0.002 and
aclinicalfailure rate of 3%. To have 80% power to detect an acceptable
noninferiority margin of a relative risk of 1.3, corresponding to 3.9%,
we required 19 clusters and 17,100 patients per arm (total patients
n=37,620 assuming 10% loss to follow-up). Given the uncertainty of
some of the assumptions, the total number of health facilities was
rounded up to 20 clusters per arm.

No interim analysis was planned; however, owing to lower enroll-
ment than expected, after 8 months of recruitment, we planned anad

hocsample size recalculation by anindependent statistician to calcu-
late the expected power of the study based on updated parameters
(Supplementary Information Note 1). The study team prespecified
the specifications and approach, documented in an update to the
statistical analysis plan.

Statistical analysis

Alloutcomes were evaluated using random effects logistic regression
models using the cluster (health facility) and patient asrandom effects,
with further adjustment using fixed effect terms for randomization
stratification factors®’, and baseline characteristics hypothesized to
beassociated with the outcome, imbalances between arms and imbal-
ances between characteristics among patients for whom day 7 data
were available and not available (lost to follow-up). These included
the patient characteristics of age, sex, presenting complaints (fever,
respiratory, gastrointestinal, skin) and phone availability, and the
health facility characteristics of care provision level (dispensary versus
health center), attendance rate per month and council. A partition-
ing method was used to separate within-cluster and between-cluster
effects to account for confounding by cluster® . In the case of too
few events, and small variance among health facilities, which did not
allow the modelto converge, the health facility wasincorporatedin the
model as afixed effect. Adjusted relative risk and absolute differences
were estimated based on the computed marginal probabilities of the
conditional probabilities®®*’. Formal adjustments were not performed
for multiple testing, as adjustments would likely be overly conservative
giventhat the outcomesare not allindependent®®, and variable selec-
tionwas not based on statistical tests of significance®. No adjustment
for baseline characteristics or for within-health-care-facility correla-
tions was used for the calculation of crude confidence intervals for
relative risk and absolute differences.

Noninferiority was determined if the upper limit of the 95% CI of
theaRR was below1.3. Allanalyses based on outcomes from day O were
performedinthe per protocol population, and outcomes determined
at day 7 were performed in the per protocol and complete case popu-
lation (only in those for which day 7 outcomes were ascertained) and
displayed accordingly unless stated otherwise. The primary analyses
were performed on the first visit for an iliness, with reattendance vis-
its (a second visit to a health facility for the same illness) included in
exploratory analyses. Prespecified analyses to assess the effect of the
interventionin different populationgroups were performed by sex, age
group and consultation complaint categories (respiratory symptoms,
fever, gastrointestinal complaint, skin problem, ear, nose and throat
problem). Allanalyses were performed using Statav.16 and v.17 (ref. 70).

Inclusion and ethics

Ethical approval was obtained in Tanzania from the Ifakara Health Insti-
tute (IHI/IRB/No: 11-2020), the Mbeya Medical Research Ethics Com-
mittee (SZEC-2439/R.A/V.1/65) and the National Institute for Medical
Research Ethics Committee (NIMR/HQ/R.8a/Vol. 1X/3486 and NIMR/
HQ/R.8a/Vol. 1X/3583), and in Switzerland from the cantonal ethics
review board of Vaud (CER-VD 2020-02800). The study was registered
on ClinicalTrials.gov number NCT05144763, where the trial protocol
and statistical analysis plan can be found (statistical analysis plan also
found in Supplementary Information Note 2). The study design and
implementation was developed collaboratively between the Ifakara
Health Institute, Mbeya Medical Research Centre, Swiss Tropical and
Public Health Institute and the Centre for Primary Care and Public
Health, University of Lausanne, based on feedback from stakehold-
ers, patients and health-care providers involved in our similar trials
in Tanzania*>***, In addition, previous work from Tanzania was used
to guide the design of the study and to develop ePOCT+, and other
work from Tanzania was taken into account in the citations for this
manuscript*>*¢, ePOCT+ and the medAL-suite was developed col-
laboratively by an international group of digital and global health
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experts from Tanzania and other LMICs?®, Specifically a Tanzanian
clinical expert group including representatives designated by the
Ministry of Health made the final decision on clinical content, and
primary carelevel health providers gave important feedback to develop
and improve ePOCT+, including a Delphi survey among 30 Tanzanian
health providers®. Over 100 community engagement meetings with
over 7,000 participants were conducted before and during the study,
including numerous meetings with Community and Regional Health
Management Teams in the Mbeya and Morogoro regions of Tanzania.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

De-identified data can be found at https://doi.org/10.5281/
zenodo.8043523, including case, patient and health facility identifi-
cation number, study arm allocation, baseline characteristics and all
outcomes.

Code availability

The codeforthe medAL-reader applicationusedto collect dataentered
by health providers (including demographic, clinical, diagnosis, pre-
scription and referral data of the consultations) can be found at https://
github.com/Wavemind/liwi-medal-reader.
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ePOCT+ Intervention package
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Extended Data Fig.1| Description of ePOCT+and supportive mentorship
intervention. The intervention included the provision of the ePOCT+ Clinical
Decision Support Algorithm (CDSA), C-Reactive Protein & Hemoglobin point-
of-care tests, and pulse oximeter. The use of these additional tests and tools are

supportin the form of messages, phone calls, and visits were conducted to
answer questions and support the use of ePOCT+. Both intervention and control
health facilities received equivalent Integrated Management of Childhood Iliness
(IMCI) training, and Information Technology (IT) support. If required the health

proposed within the ePOCT+ CDSA. The intervention alsoincluded the sharingof  facilities also received a weighing scale, mid-upperarm circumference (MUAC)
quality of care indicators within dashboards which allowed healthcare providers band, and thermometer.
to see their performance compared to other health facilities. Finally mentorship
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Extended Data Table 1| Primary, secondary and exploratory outcomes in initial cases in the intention-to treat population

ePOCT+ % Usual Care,% | Adjusted Crude Relative | p-value | Adjusted p-value
(n/N) (n/N) Difference Risk (95%Cl) relative risk
(95%Cl) (95%CI)
Primary outcomes
Antibiotic prescriptionat 42% 72.6% -34.2%(- 0.58(0.57;0.59) | <0.001 | 0.55(0.47,0.64) | <0.001
day0* (9,105/21,680) | (13,642/18,78 | 42.1%;-
9) 26.4%)
Clinicalfailurebyday 7 3.8% 3.8% -0.1%(-0.6%; | 0.99(0.89;1.10) | 0.88 0.97(0.86,1.09) | 0.60
(708/18,670) | (599/15,661) | 0.3%)
Secondary outcomes
Deathbyday7 0.1% 0.1% -0.0%(-0.1%; | 0.69(0.28;1.66) | 0.40 0.59(0.21;1.65) | 0.31
(9/18,670) (11/15,661) | 0.0%)
Exploratory outcomes
Subjectively worsebyday | 0.3% 0.3% 0.0%(-0.1%; 1.14(0.78;1.69) | 0.50 1.08(0.73;1.62 | 0.69
7%* (60/18,670) (44/15,661) 0.1%)
Hospitalizations by day 7** | 1.0% 0.9% 0.2%(-0.1%; 1.09(0.88;1.36) | 0.42 1.26(0.86;1.85) | 0.25
(189/18,670) | (145/15,661) | 0.6%)
Additional medication 7.0% 7.2% -0.7%(-1.9%; | 0.99(0.91;1.06) | 0.70 0.90(0.77;1.06) | 0.21
taken after initial (1,301/18,473) | (1,109/15512) | 0.4%)
consultationuptoday 7

Secondary and exploratory outcomes that rely on data collected on day O are not shown as this information is not available for all ITT patients (non-referred secondary hospitalizations by day
7, completed referral, primary referrals at day 0). All outcomes that rely on day 7 outcomes are complete case analyses. Adjusted relative risks and differences were estimated using a random
effects logistic regression model adjusting for clustering (health facility, and patient), and individual and health facility baseline characteristics that were available for all ITT cases (age, sex,
availability of phone, council of health facility, level of health facility, average number of patients seen per month at the health facility). Formal adjustments were not performed for multiple
testing. *Considering that all cases that were not managed per protocol were prescribed an antibiotic; **Post-hoc exploratory outcomes
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Extended Data Table 2 | Stratified subgroup analysis for antibiotic prescription at DO in initial consultations in the per

protocol population

Subgroup ePOCT+, % Usual Care, % Adjusted Crude relative p- Adjusted p-value

(n/N) (n/N) Difference (95% Cl) | risk (95% Cl) value relative risk
(95% Cl)

All cases 23.2% 70.1% -46.4% (-57.6%; - 0.33(0.32; <0.001 0.35(0.29; <0.001
(3,806/16,381) (12,058/17,205) 35.2%) 0.34) 0.43)

Sex (female) 23.4% 70,1% -48.5 (-56.0%; - 0.33(0.32; <0.001 | 0.32(0.28; | <0.001
(1,971/8,429) (6,194/8,835) 40.9%) 0.35) 0.38)

Sex (Male) 23.1% 70.1% -48.5% (-56.1%; - 0.33(0.32; <0.001 | 0.32(0.27; <0.001
(1,835/7,952) (5,864/8,370) 40.9%) 0.34) 0.38)

Age < 2 months 34.7% 60.2% (524/871) | -31.1% (-40.2%; - 0.58 (0.51; <0.001 | 0.56(0.47; | <0.001
(233/672) 22.0%) 0.65) 0.66)

Age 2-11 months 18.0% 70.0% -50.2% (-57.9%; - 0.26 (0.24; <0.001 0.28 (0.23; <0.001
(891/4,949) (3,817/5,456) 42.5%) 0.27) 0.34)

Age 12-59 months | 23.5% 70.7% -49.5% (-57.1%; - 0.33(0.32; <0.001 0.31(0.26; <0.001
(2,056/8,743) (6,068/8,579) 42.0%) 0.35) 0.37)

Age 5-14 years 31.0% 71.7% -45.6% (-53.2%; - 0.43(0.40; <0.001 0.40 (0.34; <0.001
(626/2,017) (1,649/2,299) 38.0%) 0.46) 0.47)

Complaint : Fever 27.3% 74.9% -46.9% (-54.3%; - 0.36(0.35; <0.001 0.38 (0.32; <0.001
(2,654/9,729) (7,083/9,458) 39.4%) 0.38) 0.44)

Complaint : 18.6% 80.7% -63.5% (-69.5%; - 0.23(0.22; <0.001 0.25 (0.21; <0.001

Respiratory (1,450/7,809) (6,784/8,407) 57.4%) 0.24) 0.29)

Complaint: 22.9% 70.6% -55.4% (-62.2%; - 0.32(0.30; <0.001 0.30(0.26; <0.001

Gastrointestinal (884/3,867) (2,707/3,837) 48.7%) 0.34) 0.35)

Complaint : Skin 29.5% 67.84% -50.9% (-57.4%; - 0.43(0.40; <0.001 0.39 (0.34; <0.001
(598/2,028) (1,390/2,049) 44.3%) 0.47) 0.45)

Complaint : Ear, 40.7% 80.0% (304/395) -45.2% (-52.8%; - 0.53(0.47; <0.001 | 0.48(0.42; <0.001

Nose, Mouth, (175/430) 37.7%) 0.60) 0.56)

Throat

Phone number 22.9% 70.8% -48.3% (-55.8%; - 0.32(0.31; <0.001 0.33(0.28; <0.001

available? (3,115/13,583) | (10,034/14,168) | 40.8%) 0.33) 0.38)

Phone number not | 24.7% 66.6% -49.2% (-56.9%; - 0.37(0.35; <0.001 0.31(0.26; <0.001

availablea (691/2,798) (2,024/3,037) 41.4%) 0.40) 0.37)

Health Facility 23.3% 71.5% -48.2% (-49.3%; - 0.33(0.32; <0.001 0.32(0.27; <0.001

(Dispensary)? (3,047/13,078) | (10,262/14,346) | 47.2%) 0.34) 0.38)

Health Facility 23.0% 62.8% -39.8% (-42.1%; - 0.37(0.34; <0.001 0.34(0.22; <0.001

(Health Centre)2 | (759/3,303) (1,796/2,859) 37.6%) 0.39) 0.55)

Low malaria risk 21.2% 70.6% -41.9% (-56.4%; - 0.30(0.29; <0.001 0.41(0.29; <0.001

health facility @ (2,004/9,469) (7,668/10,864) 27.4%) 0.31) 0.58)

High malaria risk 26.1% 69.2% -55.7% (-67.7%; - 0.38(0.36; <0.001 0.24 (0.16; <0.001

health facility @ (1,802/6,912) (4,390/6,341) 43.6%) 0.39) 0.35)

Positive malaria 18.6% 31.4% -18.8% (-25.1%; - 0.59(0.53; <0.001 0.37(0.27; <0.001

testa (347/1,870) (565/1,802) 12.6%) 0.67) 0.50)

Adjusted relative risks and differences were estimated using a random effects logistic regression model adjusting for clustering (health facility and patient), and individual and health
facility baseline characteristics (age, sex, complaints, phone availability, council of health facility, level of health facility, average number of patients seen per month at the health
facility). Formal adjustments were not performed for multiple testing. *Post-hoc exploratory subgroup analyses "Malaria risk defined as per IMCI: Low risk = <5% malaria positivity rate in
febrile children; High risk > = 5% malaria positivity rate in febrile children
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Extended Data Table 3 | Subgroup analysis for clinical failure at day 7 in the per protocol, complete case population among

initial consultations
Subgroup ePOCT+, % Usual Care, % Adjusted Crude relative p- Adjusted p-
(n/N) (n/N) Difference risk (95% CI) value | relative risk value
(95% CI1) (95% CI1)
All cases 3.7% 3.8% 0.1%(-05%; | 0.98(0.87;1.10) | 0.70 | 0.97(0.85;1.10) | 0.59
(532/14,396) (543/14,363) 0.4%)
Sex (female) 3.6% 3.5% (258/7,360) | -0.2% (-0.5%; 1.04(0.88;1.23) | 0.61 | 1.05(0.88;1.25) | 0.59
(270/7,375) 0.8%)
Sex (Male) 3.7% 4.1% (285/7,003) | -0.3% (-1.0%; 0.92(0.78;1.08 | 0.30 | 0.92(0.77;1.09) | 0.31
(262/7,021) 0.3%)
Age < 2 months 4.1%(24/590) | 6.5% (46/708) 2.2% (-4.4%; - | 0.63(0.39;1.01) | 0.05 | 0.61(0.37;1.00) | 0.05
0.0%)
Age 2-11 months 4.9% 4.5% (200/4,469) | 0.3% (-0.6%; 1.10(0.91;1.32) | 0.35 | 1.07(0.88;1.31) | 0.49
(207/4,222) 1.2%)
Age 12-59 months | 3.3% 3.4%(243/7,145) | -0.1% (-0.7%; 0.96(0.81;1.15) | 0.68 | 0.97(0.81;1.16) | 0.70
(253/7,717) 0.5%)
Age 5-14 years 2.6%(48/1,867) | 2.7%(54/2,041) | -0.0% (-1.0%; 0.97 (0.66;1.42) | 0.88 | 0.99(0.67;1.47) | 0.98
1.0%)
Complaint : Fever 3.0% 3.1%(240/7,842) | -0.2% (0.8%; 0.98(0.82;1.16) | 0.79 | 0.95(0.79;1.14) | 0.58
(259/8,561) 0.4%)
Complaint : 3.4% 3.6% (253/7,042) -0.2% (-0.8%; 0.94(0.79; 1.12) 0.49 0.96 (0.79;1.16) | 0.64
Respiratory (233/6,896) 0.5%)
Complaint: 4.0% 3.6% (114/3,160) 0.4% (-0.6%; 1.11(0.87;1.42) 0.41 1.12(0.85;1.47) | 0.41
Gastrointestinal (133/3,326) 1.4%)
Complaint : Skin 5.6% 5.2%(89/1,712) | 0.2% (-1.2%; 1.07(0.81;1.42) | 0.61 | 1.05(0.76;1.45) | 0.76
(101/1,808) 1.7%)
Complaint : Ear, 3.8% (15/398) 5.7% (19/336) -1.5% (-4.5%; 0.67 (0.34; 1.29) 0.23 0.71(0.36;1.40) | 0.32
Nose, Mouth, 1.5%)
Throat
Phone number 4.2% 4.2% -0.0% (-0.6%; 0.99(0.88;1.11) | 0.84 | 0.99(0.86;1.12) | 0.83
available? (504/12,146) (513/12,211) 0.5%)
Phone number not 1.2%(28/2,250) | 1.4%(30/2,152) -0.2% (-1.0%; 0.89 (0.54; 1.49) 0.66 0.85(0.50;1.43) | 0.54
available?2 0.5%)
Health Facility 3.3% 3.5% -0.1% (-0.6%; 0.92(0.81;1.06) | 0.25 | 0.97(0.84;1.12) | 0.71
(Dispensary) @ (384/11,735) (425/11,996) 0.4%)
Health Facility 5.6% 5.0% (118/2,367) -0.0% (-1.4%; 1.12(0.88;1.41) 0.36 1.00(0.75;1.33) | 0.99
(Health Centre)? (148/2,661) 1.4%)
Low malaria risk 3.9% 4.3(396/9,114) -0.0% (-0.7%; 0.90(0.78; 1.04) 0.17 1.00(0.83;1.20) | 0.99
health facility® (328/8,345) 0.7%)
High malaria risk 3.4% 2.8%(147/5,249) -0.2% (-1.4%; 1.20(0.98;1.48) 0.08 0.94(0.69;1.29) | 0.70
health facility® (204/6,051) 1.0%)
Positive malaria 1.8%(29/1,573) | 2.1%(30/1,409) -0.7% (-2.4%; 0.87(0.52; 1.44) 0.58 0.81(0.48;1.36) | 0.42
test? 1.0%)
Negative malaria 3.7% 3.2% (208/6,424) | 0.7% (-0.1%; 1.14(0.95;1.36) | 0.15 | 1.20(0.97;1.49) | 0.09
testa (274/7,434) 1.5%)
No malaria test 45% 4.8% (386/8,006) | -0.9% (-1.6%; - | 0.94(0.81,1.09) | 0.40 | 0.80(0.67;0.97) | 0.02
performed? (309/6,826) 0.1%)
Region: Morogoro® | 3.4% 3.6% (330/9,282) | 0.0% (0.7%; 0.96(0.83;1.11) | 0.57 | 1.00(0.82;1.23) | 0.97
(357/10,484) 0.7%)
Region: Mbeya? 4.5% 4.2%(213/5,081) | -0.3% (-1.6%; 1.07 (0.88;1.30) | 0.52 | 0.93(0.69;1.25) | 0.63
(175/3,912) 1.0%)

Clinical failure by day 7 defined as ‘not cured’ and ‘not improved’, or unscheduled hospitalization as reported by caregivers. Adjusted relative risks were estimated using a random effects
logistic regression model adjusting for clustering (health facility and patient), and individual and health facility baseline characteristics (age, sex, complaints, availability of phone, council
of health facility, level of health facility, average number of patients seen per month at the health facility) but omitting the variable as an adjustment variable in the model for the subgroup
analyzed. Formal adjustments were not performed for multiple testing. *Post-hoc exploratory subgroup analyses "Malaria risk defined as per IMCI: Low risk = <5% malaria positivity rate in
febrile children; High risk > = 5% malaria positivity rate in febrile children
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Software and code

Policy information about availability of computer code

Data collection  The code for the medAL-reader application used to collect data entered by health providers (including demographic, clinical, diagnosis,
prescription, and referral data of the consultations) can be found here: https://github.com/Wavemind/liwi-medal-reader

A separate publication describing medAL-reader and the ePOCT+ algorithm can be found here: https://journals.plos.org/digitalhealth/article?
id=10.1371/journal.pdig.0000170

Day 7 outcome on clinical cure, additional health facility visits, hospitalization, death and additional medicines taken were collected using
RedCAP versions 11.2.2 to 12.5.9: https://www.project-redcap.org/
Data analysis All data analysis was performed using STATA v16 and v17

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

De-identified data can be found on https://doi.org/10.5281/zenodo.8043523, including case, patient and health facility identification number, study arm allocation,
baseline characteristics, and all outcomes.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Only sex was reported in this study as suggested by the Tanzanian research institutes involved in the study. Sex specific
subgroup analyses were pre-specified, performed, and shared for the co-primary outcomes.

Reporting on race, ethnicity, or Race, ethnicity, or other socially relevant groupings was not collected in this study.
other socially relevant

groupings

Population characteristics Infants and children aged between 1 day old and under 15 years of age seeking care for an acute medical or surgical
condition at participating health facilities were included. 51% of patients were female, 5% were 0-2 months, 83% were 2-59
months, and 12% were 5-14 years. 91% of consultations were new/initial consultations, and 9% re-attendance consultations.

Recruitment Children seeking care at included health facilities were screened for eligibility by a research assistant between 8:00 to 16:00
on weekdays. Patients presenting to care outside of normal working hours would not have been screened or enrolled which
may bias representation of participants. While not an exclusion criteria, illiterate caregivers had to find a witness to sign the
consent forms, this additional barrier may have reduced the number of participants for which their caregiver was illiterate.

Ethics oversight Ethical approval was obtained in Tanzania from the Ifakara Health Institute (IHI/IRB/No: 11-2020), the Mbeya Medical

Research Ethics Committee (SZEC-2439/R.A/V.1/65), the National Institute for Medical Research Ethics Committee (NIMR/
HQ/R.8a/Vol. IX/3486 and NIMR/HQ/R.8a/Vol. 1X/3583), and in Switzerland from the cantonal ethics review board of Vaud
(CER-VD 2020-02800).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size The sample size was calculated for testing non-inferiority of the clinical failure outcome given that it would require a higher sample size than
for the antibiotic prescription co-primary outcome. We assumed a cluster size of 900 patients (average of 150 patients per month x 6 months)
based on routine data within the natinoal health management information system, an intraclass correlation coefficient of 0.002, and a clinical
failure rate of 3%. To have 80% power to detect an acceptable non-inferiority margin of a relative risk of 1.3, corresponding to 3.9%, we
required 19 clusters and 17,100 patients per arm (total patients n=37,620 assuming 10% loss to follow-up). Given the uncertainty of some of
the assumptions, the total number of health facilities was rounded up to 20 clusters per arm.

Data exclusions  or the primary analysis of antibiotic prescription data exclusion include: patients consulting for a re-attendance visit (consulting a health
facility following an initial consultation for the same acute illness), patients not managed using the ePOCT+ tool for the whole consultation
(not per-protocol)
For the primary analysis of clinical failure, data exclusion include: patients consulting for a re-attendance visit (consulting a health facility
following an initial consultation for the same acute illness), patients not managed using the ePOCT+ tool for the whole consultation (not per-
protocol), and patients for which day 7 outcome was not ascertained (not complete case)

Replication Not applicable

Randomization  The sampled health facilities were randomized (1:1), to ePOCT+ (intervention) or usual care (control). Randomization was stratified by region,
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Randomization  level of health facility (health center versus dispensary), attendance rate, and council. An independent statistician in Switzerland was provided
the list of all eligible health facilities, and performed the computer-generated sampling and randomization. Intervention allocation was only
shared to study investigators in Tanzania once all council leaders confirmed the participation of their selected health facilities.

Blinding The nature of the intervention did not allow for masking of the intervention to healthcare providers, patients, or study implementers.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChiIP-seq
Eukaryotic cell lines g |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov number NCT05144763
Study protocol Found on the ClinicalTrials.gov website number NCT05144763

Data collection Consultation data was collected between 1 December 2021, and 31 October 2022 by research assistants and healthcare workers in
the eligible health facilities on weekdays between 8:00 to 16:00. Day 7 outcome data was collected by research assistants by phone
or home visit on weekdays between 08:00 to 16:00.

Outcomes The co-primary outcomes measured at the individual patient level included: 1) antibiotic prescription at the time of the initial
consultation as documented by the healthcare provider (superiority analysis); and 2) clinical failure at day 7 defined as “not cured”
and “not improved”, or unscheduled hospitalization as reported by caregivers (non-inferiority analysis). Secondary outcomes include
unscheduled re-attedance visits at any health facility by day 7, non-referred secondary hospitalization by day 7, death by day 7, and
referral for inpatient hospitalization at initial consultation.
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