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ABSTRACT
Effective and sustainable strategies are needed to address the burden of preventable deaths 
among children under-five in resource-constrained settings. The Tools for Integrated 
Management of Childhood Illness (TIMCI) project aims to support healthcare providers to identify 
and manage severe illness, whilst promoting resource stewardship, by introducing pulse oximetry 
and clinical decision support algorithms (CDSAs) to primary care facilities in India, Kenya, Senegal 
and Tanzania. Health impact is assessed through: a pragmatic parallel group, superiority cluster 
randomised controlled trial (RCT), with primary care facilities randomly allocated (1:1) in India to 
pulse oximetry or control, and (1:1:1) in Tanzania to pulse oximetry plus CDSA, pulse oximetry, or 
control; and through a quasi-experimental pre-post study in Kenya and Senegal. Devices are 
implemented with guidance and training, mentorship, and community engagement. 
Sociodemographic and clinical data are collected from caregivers and records of enrolled sick 
children aged 0–59 months at study facilities, with phone follow-up on Day 7 (and Day 28 in the 
RCT). The primary outcomes assessed for the RCT are severe complications (mortality and second-
ary hospitalisations) by Day 7 and primary hospitalisations (within 24 hours and with referral); and, 
for the pre-post study, referrals and antibiotic. Secondary outcomes on other aspects of health 
status, hypoxaemia, referral, follow-up and antimicrobial prescription are also evaluated. In all 
countries, embedded mixed-method studies further evaluate the effects of the intervention on 
care and care processes, implementation, cost and cost-effectiveness. Pilot and baseline studies 
started mid-2021, RCT and post-intervention mid-2022, with anticipated completion mid-2023 and 
first results late-2023. Study approval has been granted by all relevant institutional review boards, 
national and WHO ethical review committees. Findings will be shared with communities, healthcare 
providers, Ministries of Health and other local, national and international stakeholders to facilitate 
evidence-based decision-making on scale-up.
Study registration: NCT04910750 and NCT05065320
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PAPER CONTEXT
● Pulse oximetry and clinical decision support algorithms show potential for supporting 

healthcare providers to identify and manage severe illness among children under-five 
attending primary care in resource-constrained settings, whilst promoting resource stew-
ardship but scale-up has been hampered by evidence gaps.
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● This study design article describes the largest scale evaluation of these interventions to 
date, the results of which will inform country- and global-level policy and planning.

Introduction

Background and rationale

The vast majority of the 5 million annual deaths of 
children under-five occur in low- and middle-income 
countries [1]. With most of these deaths resulting from 
preventable causes, strategies to improve the early iden-
tification and management of sick children, whilst pro-
moting resource stewardship, are needed. The Integrated 
Management of Childhood Illness (IMCI) strategy, 
launched by WHO and UNICEF in 1995 and now 
adopted by over 100 countries, seeks to address this 
need by providing an evidence-based, simple, structured 
approach for the integrated assessment, classification and 
treatment of sick children in resource-constrained set-
tings [2,3].

IMCI was designed to have high sensitivity for severe 
disease, but a number of studies have demonstrated 
poor identification of children with hypoxaemia [4–6] 
who are at a significantly increased risk of mortality [7]. 
Clinical signs do not reliably predict hypoxaemia and 
thus cannot effectively be used to identify children who 
need (or do not need) oxygen [8]. Affordable, robust, 
easy-to-use pulse oximeters, which provide an accurate, 
non-invasive method of detecting hypoxaemia, have 
become increasingly available in recent years, generat-
ing calls for their introduction and use in primary care 
to support the early detection of severe illness in chil-
dren under five [9–11].

Pulse oximetry has been shown to help identify 
(and prompt referral for) severe pneumonia among 
sick children attending primary care which would 
otherwise have been missed based on IMCI clinical 
signs alone [5,6,12]. However, scale-up efforts have 
been hampered by limitations in evidence on health 
impact and cost-effectiveness, and knowledge gaps on 
feasible implementation approaches in different con-
texts; evidence is particularly sparse on the use of 
pulse oximetry for children with non-pneumonia 
syndromes, who represent an important proportion 
of children with hypoxaemia [4,5,13–15].

In addition to the problem of missing hypoxaemia 
when relying on clinical signs alone, numerous studies 
have shown poor identification and management of 
severely ill children among health workers as a result 
of non-adherence to guidelines [16–19]. Clinical deci-
sion support algorithms (CDSAs) – digital tools which 
can guide health workers through consultations by 
making recommendations on assessment and manage-
ment based on individual patient characteristics – have 

been recommended by WHO to support the implemen-
tation of guidelines such as IMCI [20]. Several child 
health focused CDSAs have demonstrated relevant 
improvements in quality of care and antimicrobial stew-
ardship, and some have demonstrated improvements in 
clinical and health outcomes [21–25]. However, evi-
dence on health impact, cost-effectiveness and 
approaches to sustaining and scaling up these digital 
tools remains limited [26,27].

By introducing pulse oximetry and CDSAs, the Tools 
for Integrated Management of Childhood Illness 
(TIMCI) project aims to contribute to reducing morbid-
ity and mortality for sick children attending primary care 
facilities in India, Kenya, Senegal and Tanzania, while 
supporting the rational and efficient use of diagnostics 
and medicines by healthcare providers. The multi- 
country, mixed-method evaluation component of the 
project will generate evidence on the health and quality 
of care impact, operational priorities, cost and cost- 
effectiveness of introducing these tools to facilitate 
national and international decision-making on scale-up.

Study design

The TIMCI study is a mixed-method evaluation, with 
pragmatic cluster randomised controlled trials 
(RCTs) in India and Tanzania (NCT04910750), and 
quasi-experimental pre-post studies in Kenya and 
Senegal (NCT05065320), complemented by 
embedded mixed-method studies in all countries, 
outlined in Figure 1. The design is informed by 
quality of care, acceptability and behaviour change 
frameworks, the project’s Theory of Change, and 
draws on principles of realist evaluation and process 
evaluation of complex interventions [28–34]. Prior to 
the RCT and alongside the pre-intervention period, 
a 3-month pilot was conducted to evaluate and refine 
the intervention package, and pilot research tools, 
processes and assumptions – the methods outlined 
here reflect the final protocols, following adaptations 
based on this pilot. The protocols, the full versions of 
which are available on the trial registries, were devel-
oped in accordance with SPIRIT guidelines [35].

In the pragmatic, parallel group, superiority cluster 
RCT, we compare care and outcomes of children attend-
ing primary care facilities (clusters) randomly allocated 
(1:1) in India to pulse oximetry or control, and (1:1:1) in 
Tanzania to pulse oximetry plus CDSA, pulse oximetry, 
or control. The CDSA arm was not included in India 
following pilot findings that indicated a need for substan-
tial adaptation and further piloting before its effectiveness 
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could be evaluated. In the quasi-experimental pre-post 
study in Kenya and Senegal, we compare care and out-
comes of children attending primary care facilities before 
and after implementation of pulse oximetry and CDSA. 
We chose a cluster design at the facility level: to avoid 
contamination (that would occur if randomisation were 
at the individual child or health worker level) and intro-
duce different processes within one facility and enable 
evaluation of effectiveness in real-world settings.

Embedded mixed-methods studies include a modified 
Service Provision Assessment (SPA) [36], facility-based 
process mapping and time-flow studies, in-depth inter-
views (IDIs) with caregivers and healthcare providers, 
online key stakeholder surveys (and key informant inter-
views (KIIs) in Kenya and Senegal only), routine data 
review, and an economic evaluation.

Methods and analysis

Study setting & eligibility criteria

The study is centred on facility-based primary care, from 
small facilities such as dispensaries and health posts up to 
outpatient settings at larger health centres, in diverse 
contexts in India, Kenya, Senegal and Tanzania 
(Table 1) [37–39].

Government primary care facilities are eligible if they 
provide curative primary care services for children aged 
0–59 months, with access to oxygen (on site or at the 
designated government referral facility) and electricity 
(continuous or intermittent). Facilities are excluded if 
they are inaccessible for significant parts of the year, 
saw fewer than 20 sick children per month (12-month 
average prior to eligibility assessment), already system-
atically used pulse oximetry for sick child consultations, 
or had another major programmatic or research inter-
vention planned during the study period which could 
significantly influence the primary outcome.

Children are eligible for the quantitative studies if they 
are aged 0–59 months, attend a study facility during the 
relevant study’s recruitment period, and are reported by 
the caregiver to be ill (regardless of whether they are 
attending for an acute care or routine visit). Children 
are excluded if they are less than one day old, attending 
for trauma only, are already admitted in a ward within the 
facility, or were previously enrolled in the study within 
the preceding 28 days.

Caregivers are eligible for IDIs if their child is enrolled 
in an intervention arm (RCT) or post-intervention (pre- 
post study) facility. Healthcare providers are eligible for 
IDIs and SPA interviews if they provide care for children 
aged 0–59 months at a study facility (and for the SPA, if 
they are present on the day(s) of assessment). Medical 
and non-medical personnel from study facilities and 
government hospitals to which the primary care facilities 
refer are eligible to provide costing data. Stakeholders are 
eligible for KIIs and surveys if they are involved in policy, 

implementation or research in child health and/or inter-
ventions at international, national, or sub-national level.

Interventions

The TIMCI intervention package includes devices (pulse 
oximetry, with or without tablet-based CDSA) and 
related guidance and training on IMCI, pulse oximetry, 
CDSA and routine data reporting; monitoring and eva-
luation with supportive supervision; and community 
engagement. The ‘global’ package was developed colla-
boratively by the consortium, based on institutional 
experience, formal and informal exchange, review of 
evidence and stakeholder consultation internationally 
and within each country. Country-specific adaptations, 
based on engagement with Ministries of Health (MoHs) 
and other stakeholders, are outlined in Table 1.

Pulse oximetry
Handheld pulse oximeters (Acare AH-MX devices 
[40] procured through the UNICEF catalogue) were 
selected for their portability, reliability, affordability, 
and suitability for children and neonates. We 
expanded use criteria relative to IMCI [3], to explore 
the relevance and feasibility of pulse oximetry for 
non-pneumonia syndromes, which may account for 
significant hypoxaemia burden [4,13,14]. MoHs in 
each country determined the criteria for pulse oxime-
try use. In Senegal and Tanzania, this included all 
young infants under 2 months, all children with 
cough or difficulty breathing, and all children with 
IMCI moderate (yellow) and severe (red) classifica-
tions (Figure 2) [1,4,13,14,16,41]. In India and Kenya, 
MoHs opted to recommend pulse oximetry for all 
sick young infants and children.

Three probes (universal, paediatric and neonatal) 
are provided, with training on how to use each of 
them according to the age/size of the child. Providers 
are advised to use a universal probe fully over the toe 
of a young infant (or neonatal wrap on a digit if not 
able to obtain a good waveform with the universal 
probe) and a paediatric probe on a finger (or 
a universal probe over the big toe if agitated or unable 
to obtain a good waveform). In Kenya, providers are 
advised to use the universal probe in the first instance 
for all children, and in Tanzania providers are 
advised to use the age-appropriate probes in the 
first instance. Healthcare providers are advised to 
attempt to obtain a reading for no longer than 5 
minutes, as most readings are obtainable within this 
time [12,42,43]: to urgently refer children with SpO2 
< 90% (< 92% in Senegal) and to reinforce the impor-
tance of referral for children with severe illness and 
SpO2 < 94%, who may require oxygen [44]. Guidance 
is incorporated into updated IMCI chart booklets and 
the CDSA and is accompanied by a paper job aid on 
how to use the oximeter.
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Although some communities in Uasin Gishu in 
Kenya are above the WHO 2500m altitude threshold 
for lowering the SpO2 referral cut-off [44], all primary 
care facilities were situated below 2500m altitude and 
therefore no adjustment to SpO2 cut-off was made.

Clinical decision support algorithm
The CDSA, comprising the clinical algorithm 
(ePOCT+) and software platform (medAL-suite), 

described in more detail elsewhere [45,46], uses deci-
sion logic to guide healthcare providers through con-
sultations based on demographic and clinical 
information they enter about an individual child. 
The algorithms are drafted by country-specific clin-
ical algorithm development groups in consultation 
with MoH, based on national IMCI (0–2 and 2–59 
month modules) and other relevant child health 
guidelines. The MoH-approved algorithms are 

Table 1. Overview of the study setting and intervention according by country.
India (Uttar Pradesh) Kenya Senegal Tanzania

U5 mortality 44–60/1000 live births [36] 37/1000 live births [37] 39/1000 live births [37] 43/1000 live births [38]
Geographical 

areas & 
altitude [37]

Unnao: 101–139 m 
Sitapur: 108-158 m 
Deoria: 55–100 m

Kakamega: 1458–1592 m 
Kitui: 621–1605 m 
Uasin Gishu 1007–2886 m

Thiès: −3–137 m Sengerema: 1229–1328 m 
Tanga CC: −2–238 m 
Kaliua: 1052–1655 m

Facilities 
included

Small facilities; 1–2 providers consulting sick children. Basic preventive & curative outpatient services
PHCs Level 2 (dispensaries) Health posts Dispensaries
Larger primary care facilities (or higher level facilities providing outpatient primary care services). Multiple providers consulting sick 

children; 24/7 emergency services, (limited) admission capacity
CHCs Level 3 (HCs/SCHs) N/A HCs

Staff using   

intervention

Non-specialist (MBBS) doctors;  
+ paediatricians in some 
CHCs

Clinical officers, nurses, 
(+doctors in L3)

Nurses and nurse-assistants Nurses, clinical officers; +  
doctors in large HCs

Referral Refer to DH or CHC with 
paediatrician. Access to free 
ambulances with O2, but 
subject to availability

L2 refer to L3 or directly to 
hospital depending on 
services. Ambulances for 
emergencies (hospital-based); 
most patients organize own 
transport

Most HPs refer to ‘referral’ HCs; 
some refer directly to hospital 
(based on services & 
proximity); ambulances 
available

Refer to HCs or DHs. Mostly 
private transport e.g. 
boda bodas (motorbikes), 
bajaji (tricycles) and taxis

Oxygen 
availability

O2 cylinders/concentrators at 
PHCs & CHCs; piped O2 at 
hospitals

Some HCs have O2 cylinders/ 
concentrators; hospitals have 
O2 (type varies)

Very few HPs have O2 cylinders; 
O2 at referral HCs and 
hospitals (type varies)

All HCs have O2 cylinders; 
hospitals have O2 (type 
varies)

Pulse oximetry 
use criteria

All sick infants & children ● All young infants under 2 months of age 
● All 2–59 months with cough/difficulty breathing 
● Children 2–59 months with IMCI/CDSA moderate (yellow)/ 
severe (red) classifications

When to refer 
(and give 
O2 if 
available)

SpO2 < 90% 
Reinforced if SpO2 < 94% + 
severe illness

SpO2 < 90% SpO2 < 92% 
Reinforced if SpO2 92 to < 
95% + severe illness

SpO2 < 90%

CDSA (Pilot only) IMNCI + additional diagnoses and granularity, including: 
skin, abdominal/gastrointestinal, urinary, ENT, eye, MSK/injuries/anomalies 
(variation according to Ministries of Health + national guidelines)

Training In-person: 
1-day pulse oximetry 

(intervention arm only) 
Online: 
1-day IMNCI refresher 

(intervention + control) 
‘On-the-job’ training for 

additional staff at CHCs

In-person group training for 1 
providers/facility: 

1-week integrated IMNCI + pulse 
oximetry 

2-day CDSA + record keeping 
‘On-the-job’ training for 

additional staff (~3–4/facility)

In-person group training 
for 2 providers/facility: 1-week 
integrated IMNCI, pulse 
oximetry, CDSA training 

‘On-the-job’ training for 8 
facilities

3-month blended distance/ 
in-person 
IMCI refresher 
(all arms) 

In person: 
1-day pulse oximetry 
(intervention arms) 

1-day CDSA 
(CDSA arm only) 

‘On-the-job’ training as 
needed for new staff

Mentorship & 
supportive 
supervision

Joint, by district officials & PATH 
every 2 months; debrief with 
Chief Medical Officer

Joint, by MOH & county DoH, SC 
child health focal person, 
PATH, quarterly; monthly by 
SC child health focal person; 
debrief with CHMT and 
facilities (online). Whatsapp 
support.

1 supportive supervision visit to 
all facilities with debrief after 
training; subsequent quarterly 
visitsDHIS2 data monitoring & 
additional paper forms (on 
pulse oximetry, referral)

In-person & phone 
supportive supervision; 
monthly PATH/CHMT 
joint facility visits. Two 
one-day joint provider 
meetings per district

M&E Weekly summary data on pulse 
oximetry use

Weekly summary data on pulse oximetry + CDSA use

Community  
engagement

Engagement with ASHAs to co- 
develop and deliver 
communication materials on 
danger signs and health 
seeking behaviour; district 
community engagement 
workshops

CSOs, using national materials 
adapted with CHMTs, 
engaged with CHVs. Health 
facility education, advocacy, 
media broadcasts, community 
dialogues.

MoH materials & messages 
adapted by CSOs, used 
through talks, home visits, 
advocacy, social mobilisation, 
facility education sessions

CSOs and CHWs 
engagement with village 
leaders, community 
members, community 
theatre, household visits

Abbreviations: PHC: primary health centre; CHC: community health centre; HP: health posts (poste de santé); HCs: health centres; DH: district hospital; 
O2: oxygen; SpO2: oxygen saturation; IM(N)CI: integrated management of (neonatal and) childhood illness; ENT: ear, nose, throat; MSK: musculoske-
letal; MoH: ministry of health; DoH: department of health; SC: sub-country; CHMT: community health management team; ASHA: government 
community health worker; CSO: civil society organisation; CHV: community health volunteer; CHW: community health worker. 
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programmed into the medAL-creator algorithm 
builder and transformed into the end-user tablet- 
based application, medAL-reader. This undergoes 
extensive desk-based testing using clinical vignettes 
before testing and piloting with healthcare providers. 
Feedback is reviewed with MoHs to inform the final 
algorithms and clinical content, which are pro-
grammed and tested before roll-out. 
Troubleshooting and feedback mechanisms support 
ongoing implementation.

Training
Global pulse oximetry and CDSA training materials 
are adapted through consultation with technical 
working groups and MoHs in each country. 
Training for 1–2 providers per facility is conducted 
in line with adult learning principles, incorporating 
practical sessions using the devices with clinical vign-
ettes and with patients in health facilities. Post- 
training tests determine immediate knowledge and 
skills acquisition, and prompt supportive guidance 
and reinforcement on correct use if needed. 
Training for additional staff in facilities is conducted 
using a cascade approach, with in-person mentorship 
follow-up; training for new staff is provided either in 
a group or individually, depending on circumstances.

IMCI refresher training is provided given that 
many healthcare providers had not been trained 
recently or at all; it is delivered to providers in all 
arms of the RCT to prevent possible bias from 
a training effect and was delivered as part of the 
integrated training package in Kenya and Senegal.

Monitoring, evaluation and supportive supervision
An initial mentoring and supervision visit is con-
ducted within the first few weeks following training, 
with subsequent routine visit(s) at least quarterly 
according to MoH supervision mechanisms, integrat-
ing use of routine registry data, and data on device 
use for relevant facilities for monitoring and 
evaluation.

Community engagement
Community engagement through local civil society 
organisations and community health initiatives com-
plements the facility-based intervention package 
(including communities surrounding both pre- 
intervention and control facilities). Though mechan-
isms vary by country, this includes both information 
giving (on childhood illness, including recognising 
danger signs) and demand generation for health ser-
vices including project interventions through promo-
tion of health-seeking behaviour, messaging on the 
importance of adhering to referral advice and engage-
ment on project interventions

Outcomes

If the intervention is successful, we expect that 
healthcare providers equipped with pulse oximetry 
are better able to identify children with hypoxaemia, 
provide urgent pre-referral treatment and refer them 
to a higher level of care for further treatment and 
supportive care, resulting in improved clinical out-
comes. Alongside this, we anticipate that healthcare 
providers equipped with CDSAs better adhere to 
IMCI and other relevant child health guidelines, 
thus improving both detection and management of 
severe and non-severe illness, leading to improved 
outcomes and antimicrobial and other resource 
stewardship.

The primary and secondary outcomes for the RCT 
and pre-post study, and outcomes for sub-studies, 
were developed through engagement with MoHs, 
WHO and other key stakeholders. Though the out-
comes at the primary care level are more directly 
attributable to the intervention, stakeholders includ-
ing WHO and MoHs emphasised the importance of 
understanding the impact of pulse oximetry and 
CDSAs on clinical and health outcomes, rather than 
only on process outcomes, to inform decisions about 
scale-up. Selecting relevant clinical and health out-
comes to address this evidence gap was challenging. 
Mortality is fortunately an extremely rare event in 
primary care and therefore was not feasible to assess 
alone. Overall hospital attendance and hospitalisation 
are not suitable, because whilst the intervention 
should increase appropriate hospitalisation, it should 
decrease inappropriate hospitalisation (for non- 
severe disease) and late hospitalisation (particularly 
through earlier appropriate treatment for moderate 
illness as a result of use of the CDSA).

Through stakeholder engagement and consultation 
with the project’s International Advisory Group, we 
therefore selected two primary outcomes for the RCT:

● Severe complications by Day 7 (mortality and 
‘secondary hospitalisations’ i.e. delayed ≥24 
hours from the Day 0 consultation, or without 
referral), expected to be reduced as a result of 
the intervention

● ‘Primary’ hospitalisations (within 24 h of the 
Day 0 consultation and with referral), expected 
to increase as a result of the intervention

The study population is all enrolled children for the 
primary analysis. Given the pragmatic nature of the 
intervention, we felt that it was important to minimise 
the influence of the research on healthcare provider 
behaviour, so as to get as close as possible to measur-
ing the impact of the intervention package. Identifying 
the ‘highest risk’ children would have required an 
independent clinical assessment or observation of the 
consultation and potentially resulted in a need to 
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modify proposed management if incorrect and thus 
influencing subsequent outcomes. Using the sub- 
group of severely ill children based on healthcare 
provider reported information, particularly diagnosis, 
would likely result in biased results as the intervention 
itself influences healthcare provider classification, i.e. 
we may expect to find a greater proportion of children 
with severe disease in the intervention arm, but this 
does not imply that there are truly a greater propor-
tion, rather a greater proportion identified (likely to 
have different characteristics). However, given the 
importance of the evaluation of these ‘highest risk’ 
children, we plan a sub-group analysis. Finally, 
acknowledging that these outcomes are highly contin-
gent on hospital care quality and many other barriers 
to referral completion [47] and are relatively rare 
events requiring large sample sizes to demonstrate 
effectiveness, they were selected as primary outcomes 
for the RCT and secondary outcomes for the pre-post 
study.

Two primary outcomes are assessed for the quasi- 
experimental pre-post study: referrals to a higher level 
of care at Day 0 consultation and antibiotic prescrip-
tions on Day 0. These reflect the aim that the inter-
vention increases detection of severe disease, and 
therefore increasing referral, whilst promoting antimi-
crobial stewardship, and therefore reducing antibiotic 
prescription. We chose to assess the overall antibiotic 
prescription, rather than ‘appropriate’ prescription for 
several reasons. Appropriate antibiotic prescription is 
challenging to accurately assess, particularly in the 
context of a large-scale pragmatic study. 
Appropriateness can be considered against a ‘gold 
standard’ assessment of the clinical condition of the 
child, or against healthcare provider recorded diagno-
sis. The former would require an observation 
or second assessment of the child (very resource inten-
sive to conduct at large scale), whilst the latter poses 
a challenge because the intervention itself is antici-
pated to modify the appropriateness of diagnoses. 
Antibiotic prescription by healthcare providers is com-
monly very high (50–80%) for sick children attending 
primary care. Whilst the proportion of children who 
truly require antibiotics varies with epidemiological 
differences across settings, WHO recommends that 
prescription rates should be lower than 30% (and 
studies since then indicate that this should be substan-
tially lower still, given the predominance of viral 
aetiology for childhood infections in primary care in 
resource-constrained settings). We therefore chose 
overall prescription as an important indicator of anti-
biotic use which can be assessed with a relatively high 
degree of certainty within a large scale pragmatic 
study, whilst also evaluating appropriate antibiotic 
prescription as a secondary outcome and within the 
SPA sub-study. Referral and antibiotic prescription are 
included as secondary outcomes for the RCT.

Other secondary outcomes for the RCT and pre-post 
studies, relating to hypoxaemia, referral, antimicrobial 
prescription, follow-up, and health status, are further 
detailed in the full protocol and statistical analysis plan 
available in the trial registries. A high-level summary of 
these outcomes, and those of the embedded mixed- 
method studies are described in Figure 1.

Participant timeline

The study flowchart is presented in Figure 3. For 
the RCT and pre-post study, research assistants 
(RAs) enrol participants at study facilities follow-
ing informed consent, and collect information 
from the caregiver prior to and after consultation, 
and extract information from clinical records. If 
the child is critically unwell, recruitment is 
attempted only if the child is first stabilised. 
Follow-up at Day 7 (and Day 28 for the RCT) is 
conducted by phone with community follow-up 
mechanisms for caregivers unreachable by phone 
in Tanzania. Where available, RAs collect informa-
tion from hospital (or inpatient primary care) 
records for children reported to have attended 
hospital (or admitted to a primary care facility) 
or lost to follow-up at Day 7. During the follow- 
up period, basic visit information is also recorded 
for children returning to their enrolment facility 
(or any other study facility).

During SPA recruitment periods, children and care-
givers are recruited simultaneously to the SPA and RCT/ 
pre-post study and, if enrolled, undergo two additional 
time-points of data collection – during the consultation 
(observation), and after (exit interview). When relevant, 
simultaneous recruitment also occurs for the time-flow 
study and RCT/pre-post study; if enrolled, time data is 
collected throughout the facility visit. IDIs with partici-
pating caregivers take place after the day 7 follow-up 
phone call.

Healthcare providers may be recruited to one or more 
of the SPA, qualitative and cost studies depending on 
sampling considerations, and may be included in one or 
more rounds of assessment depending on staff rotation, 
and sampling considerations for the qualitative studies. 
Key informants are invited to an online survey at different 
time points and, in Kenya and Senegal, a sub-set are also 
invited to KIIs.

Sample size, recruitment & allocation

Sample size
Sample sizes were calculated separately for each 
country.

The RCT sample size was estimated based on 
planned enrolment over 12 months and ability to 
detect a ≥30% decrease in severe complications 
(from 1.1% [22]) and ≥30% increase in primary 
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hospitalisations (from 1.5%, based on facility esti-
mates) for each arm compared to control with 80% 
power, 0.05 alpha per arm, and intra-cluster 

correlation coefficient (ICC) of 0.001 [48]. 
Anticipated feasible enrolment rates were based on 
DHIS2 and facility data. In Tanzania, 22 clusters per 

Figure 3. Study flowcharts of the pragmatic cluster RCT and quasi-experimental pre-post study, with interconnections with the 
embedded mixed-methods studies involving caregivers and children. (1) Location refers to urban/rural for Tanzania and to 
districts in India. (2) Data collected after consultations include caregiver responses at consultation exit and clinical records. (3) In 
all countries other than Kenya, data are collected from hospital (or primary care admission area) records for all children reported 
to have attended a hospital/admission facility (4) If children return to their enrolment facility (or attend any other study facility) 
during the follow-up period, data about the visit is collected, which includes the same information as gathered on Day 0.
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arm, each recruiting an average of 1680 children, 
were estimated to be needed (total 110,880). In 
India, 40 clusters per arm, each recruiting an average 
of 510 children, were estimated to be needed (total 
40,800).

The pre-post study sample size was originally 
estimated for a planned 15-month study, with 3 
months pre- (Q1) and 12 months post- 
intervention (Q2–5), with comparison of Q1 and 
Q5 for the primary outcome. Calculations were 
based on detecting a ≥50% increase in Day 0 refer-
rals (from 3%, based on DHIS2, SPA and facility 
estimates), with 80% power, 0.05 alpha and ICC of 
0.005 [48]. A relatively large detectable difference 
was chosen given that a relatively high proportion 
of referrals may not be completed [5,47]. Day 0 
referrals, rather than antibiotic prescriptions (with 
baseline estimated at 60% with ICC 0.05), drove the 
sample size calculation. We estimated needing 17 
facilities, recruiting an average of 690 children per 
facility per 3-month period in Kenya, and 18 facil-
ities recruiting 510 children per facility per period 
in Senegal.

Following a lower than anticipated recruitment 
in the baseline of the pre-post study, sample size 
was re-evaluated resulting in a decision to add two 
facilities per country, extend the baseline (to 6–7 
months) and reduce the post-intervention period 
(to 9–10 months). A minimum of 7429 and 6760 
children were estimated to be needed in each per-
iod in Kenya and Senegal, respectively, with 
recruitment continuing after meeting the minimum 

sample size in order to allow for description of 
changes over time and with overlapping seasonal 
periods, in line with the intention of the original 
design.

Sample sizes for other studies were chosen prag-
matically to explore differences between non- 
intervention and intervention facilities and over 
time within the intervention period. Sample sizes 
for qualitative studies were based on reaching the-
matic saturation, as outlined in Table 2.

Recruitment
Strategies to ensure adequate enrolment following the 
pilot include weekly reviews of automated monitoring 
reports and review of assumptions during RCT 545 
interim analysis. Potential interventions include 
actions to increase recruitment at study facilities, 
increasing facility numbers or study duration.

Allocation
Clusters are allocated 1:1:1 in Tanzania and 1:1 in India 
from the list of eligible facilities for the RCT by an 
independent statistician, stratified by facility type 
(Primary Health Centre/Community Health Centre for 
India, and dispensary/health centre for Tanzania) and 
location (district in India, and urban/rural in Tanzania). 
Unallocated eligible facilities are retained as back-ups for 
later allocation if needed. Given the cluster design, con-
cealment only occurs at facility allocation, conducted 
centrally and distributed to study sites.

Table 2. Estimated sample sizes for each of the TIMCI sub-studies.

Study

RCT & embedded studies Pre-post study & embedded studies

India Tanzania Kenya Senegal

RCT/pre-post study 80 clusters (40/arm) 
510 children/cluster 
Target = 40800 children

66 clusters (22/arm) 
1680 children/cluster 
Target = 110,880 children

19 clusters 
391 children/cluster/ 
period 
Target = min. 14858*

20 clusters 
339 children/cluster/ 
period 
Target = min. 13558*

Service Provision 
Assessments

12 clusters (6/arm) 
5 rounds (pre, quarterly in RCT)

18 clusters (6/arm) 
5 rounds (pre, quarterly in RCT

9 clusters 
3 rounds (pre, early, 
late)

8 clusters 
3 rounds (pre, early, 
late)

2–3 HCP interviews & 10–30 observations & exit interviews/facility/assessment round
Process mapping + 

time-flow study
6 clusters (pulse ox arm) 

3 rounds (pre, early, late)
18 clusters (6/arm) 

2 rounds (early, late)
9 clusters 

3 rounds (pre, early, 
late)

8 clusters 
2 rounds (pre, late)

10–30 observations for each process map and time-flow/facility/assessment round
Healthcare 

Provider IDIs
12–15 IDIs in intervention arm per 

period (early, late)
12–15 IDIs per intervention arm per 

period (early, late)
12–15 IDIs per period 

(early, late)
12–15 IDIs per period 

(pre, late)
Caregiver IDIs 12–15 IDIs in pulse oximetry arm/ 

period (early, late)
12–15 IDIs per intervention arm/ 

period (early, late)
12–15 IDIs per period 

(early, late)
12–15 IDIs per period 

(pre, late)
Stakeholder survey Approx. 15–20 per period (pre, early, late)/country + global
Stakeholder KIIs N/A N/A 12–15 KIIs for each 

round (early, late)
N/A

Costing study 8 clusters per arm 8 clusters per arm 8 clusters 
Pre- and post- 
intervention

8 clusters 
Pre- and post- 
intervention

Abbreviations: PHC: primary health centre; CHC: community health centre; HP: health posts (poste de santé); HCs: health centres; DH: district hospital; 
O2: oxygen; SpO2: oxygen saturation; IM(N)CI: integrated management of (neonatal and) childhood illness; ENT: ear, nose, throat; MSK: musculoske-
letal; MoH: ministry of health; DoH: department of health; SC: sub-country; CHMT: community health management team; ASHA: government 
community health worker; CSO: civil society organisation; CHV: community health volunteer; CHW: community health worker. 
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Data collection, management & analysis

Data collection
Data collected within the TIMCI study are described 
in the supplementary material. Quantitative data are 
collected by trained, generally non-clinical, RAs using 
tablet-based structured Open Data Kit (ODK) ques-
tionnaires. RCT and pre-post study Day 0 data, col-
lected from caregivers and clinical records, include 
sociodemographic details, reason for attendance, 
prior care-seeking, assessments performed, diagnoses 
made, and management provided. Personally identi-
fiable information (PII) is collected for follow-up, 
linking data and detecting possible duplicates. 
Caregiver-reported health status and care-seeking 
since Day 0 consultation are collected by phone on 
Day 7 (and 28 in the RCT only), in line with previous 
studies conducted by our group, and other large-scale 
pragmatic trials of primary care interventions 
[21,23,49]. Further attempts are made on at least 3 
subsequent days if the initial attempt fails and the 
number is valid. In Tanzania, community follow-up 
via community health worker phone or in-person by 
RAs is conducted for caregivers unreachable by 
phone. Visit information is recorded for children 
who attend any study facility during the follow-up 
period. Where indicated, hospitalisation data (basic 
clinical, admission and outcome data) are collected 
periodically from clinical records.

Additional data are collected for SPA studies dur-
ing and after the clinical consultation. Trained clin-
ical observers collect standardised data on 
assessment, diagnosis and management, including 
IMCI, pulse oximetry and CDSA adherence (when 
applicable). Observers do not intervene, except (pro-
vided they have sufficient experience and expertise) if 
they witness or suspect an imminent error ‘highly 
likely to result in direct, severe or irreversible harm’, 
which could be mitigated by their intervention [50]. 
The exit interview RA collects information on care-
giver experience of care, and additional sociodemo-
graphic details and post-consultation plans.

SPA healthcare provider interviews gather informa-
tion on qualifications, training and experience, and 
facility assessments on infrastructure, staffing, services, 
consumables, recording and reporting with a focus on 
factors relevant to child health, pulse oximetry, and 
digital health.

Process mapping data, based on non-participant 
observation in different areas of the facilities, indivi-
dual patient shadowing, and input from facility staff, 
are collected by RAs trained for qualitative research 
and recorded as notes according to a structured tem-
plate, along with drawn maps. Time data are collected 
using ODK forms, with automated timing of steps, by 
RAs who follow individual children from facility 
arrival to exit.

Qualitative data including sociodemographic data 
and voice recordings from IDIs and KIIs are collected 
by trained RAs using a semi-structured interview 
guide, with open-ended questions and probes. 
Online survey data is collected via ODK and a link 
sent via email directly to respondents.

Cost data are collected by or under the supervision 
of health economists from government databases, 
facility records, information provided by medical 
and non-medical personnel, supplemented by data 
from other sub-studies and the literature where 
necessary. This follows an activity-based approach, 
with three cost centres: training for staff involved in 
delivering the programme, delivery of the interven-
tion (with annualised capital costs), and selected out- 
of-pocket costs for referred patients.

De-identified CDSA data and health management 
information system (HMIS) data are extracted for all 
TIMCI facilities (in Kenya and Senegal, this includes 
data from all intervention facilities).

Data management
Data management is standardised globally via Standard 
Operating Procedures (SOPs) and implemented and 
supervised by data managers in each country.

Research and CDSA data are centralised on dedi-
cated secured servers hosted and maintained in each 
country. Data synchronisation occurs on a daily basis. 
To maintain privacy and data security, exported data 
are segregated into de-identified study databases and 
encrypted PII databases. The latter is required for 
updating follow-up participant logs, reconciling partici-
pant records and identifying duplicates, and will be 
destroyed after study completion and data validation.

Quality procedures are maintained throughout the 
entire lifecycle of quantitative research data. To main-
tain data integrity, an audit trail is established from 
the moment data are entered until they are exported 
to final study databases. To ensure data accuracy and 
completeness, ODK questionnaires incorporate off-
line validation checks that detect and prompt RAs 
to correct any erroneous data at the point of entry 
and prevent the finalisation of questionnaires with 
missing entries. Automated data quality findings 
and study conduct indicators are generated and com-
municated to study teams on a daily basis to proac-
tively identify any problems with the data collection.

CDSA consultation data are reconciled with RCT 
and pre-post records using fuzzy PII matching 
approaches. All non-reconciled CDSA consultation 
data are fully anonymised.

Qualitative data are fully de-identified before cod-
ing; audio files (collected on encrypted devices) are 
destroyed after quality checking of transcription and 
translation and the remaining raw material is destroyed 
after validation of the final de-identified material.
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Data analysis
Intention-to-treat analyses are planned on individual 
and combined cross-country data. Baseline character-
istics and outcomes will be described by study arm 
(RCT) and pre-post periods (pre-post study), with 
summary statistics. Primary outcomes will be 
assessed using a random effects logistic regression 
model with the cluster (facility) included as 
a random effect. Modelling of secondary outcomes 
will be performed in a similar way if numbers allow. 
Binary outcomes will be reported with odds ratios, 
risk differences and 95% confidence intervals (CI), 
continuous outcomes with adjusted mean differences 
and 95% CIs.

Models will be adjusted for stratification factors 
and baseline variables randomly imbalanced across 
arms (RCT) and for pre-specified potential con-
founding baseline characteristics (pre-post). Only 
individual-level baseline variables will be used for 
models adjustment.

RCT primary outcomes will be evaluated with 
a hierarchical fallback procedure which uses 
a weighted Bonferroni calculation, recycling unspent 
significant levels to test pre-specified subsequent 
hypotheses [51–53]. For each intervention arm, the 
trial will be interpreted as positive if either primary 
outcome is positive compared to control, with no 
indication of harm from the non-significant outcome. 
The primary outcomes for the pre-post study will be 
assessed independently with no adjustment planned.

Primary outcomes subgroup analyses are planned 
to assess the effect modification of age, sex, and 
clinical presentation for both RCT and pre-post 
study, and of diagnosis, referral and antimicrobial 
prescriptions for the RCT only. Sensitivity analyses 
are planned for only the first disease episode of each 
child during the study period and in case of substan-
tial missing data (best/worst case scenario, complete 
cases, multiple imputation with chained equations) 
[54,55]. Machine learning methods will be used to 
identify prognostic features associated with outcomes.

Descriptive analyses will be conducted for the SPA, 
including adherence to key practices and time-flow 
study (visit, consultation and other care process 
steps), with comparison between non-intervention 
(pre-, control) and intervention facilities, and 
between early and late intervention periods. Effect 
modifiers will be explored. CDSA data will be ana-
lysed descriptively, including a detailed description 
on the use of pulse oximetry and prevalence of 
hypoxaemia in consultations, with univariate and 
multivariate analyses to assess factors associated 
with hypoxaemia. Aggregated routine HMIS data 
will be used to monitor trends over time in all facil-
ities and administrative regions where the project is 
running.

Qualitative data will be transcribed and translated, 
with quality assurance of a random sample. After famil-
iarisation with the data, two qualitative researchers will 
independently code the same random sample of 10– 
15% of the transcripts using the same code tree follow-
ing Gale et al.’s framework analysis [56]. Interrater 
reliability will be assessed with the Kappa-Cohen 
value; coding differences will be discussed and a joint 
solution developed. The finalised code tree will be used 
to code all data. Finally, tables of coded data will be 
reviewed by a team of qualitative researchers to jointly 
analyse the data identifying patterns, similarities, and 
differences, as well as change over time. Secondary 
analysis of data may be conducted for comparison 
across countries and to contextualise quantitative and 
observational data. Process evaluation will draw on data 
from the various sub-studies to describe the context, 
implementation process and mechanisms of impact.

Cost data will be used to derive total and unit costs 
of the programme from a health system perspective. 
Total annual costs (from the first 3 years of the 
intervention) and incremental annual costs (for 
maintaining the programme) will be estimated. 
Costs incurred by patients and their families will be 
briefly described. Costs associated with changing the 
oxygen saturation referral threshold will be estimated. 
When available, effectiveness data will be used to 
model cost per DALY averted.

RCT monitoring
All studies are conducted in accordance with the 
protocol and applicable international and national 
regulatory requirements. The RCT is monitored in 
accordance with the International Conference on 
Harmonisation Good Clinical Practice through inde-
pendent remote and on-site monitoring, with audits 
triggered in case of trial conduct concerns. An inde-
pendent Data Monitoring Committee (DMC) reviews 
open and closed interim analysis reports (conducted 
3 months after the RCT start, to assess recruitment 
rate, follow-up and sample size assumptions to deter-
mine need for adjustment, but with no hypothesis 
testing), and progress reports, to provide recommen-
dations in order to safeguard participants and ensure 
the integrity and relevance of results. The DMC 
Charter can be found in the trial registry.

We collect data on deaths and secondary hospita-
lisations as part of the primary outcome, but do not 
otherwise collect individual adverse event reports. 
Given the low-risk nature of the intervention, the 
pragmatic nature of the trial and that deaths and 
hospitalisations are, unfortunately, expected in this 
population, the DMC and monitors review sum-
marised rates of deaths and hospitalisations, prompt-
ing more in-depth evaluation if required.
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Patient and public involvement
The research questions, study design and outcome 
measures were developed through consultation and 
engagement with MoHs, community members 
through civil society organisations (CSOs) and com-
munity advisory boards, WHO experts, and an 
International Advisory Group. Informed consent 
mechanisms and content were reviewed with com-
munity advisory boards and/or participants and 
refined as necessary based on piloting. During the 
pilot, communities and CSOs were further consulted 
to determine the best approaches to recruitment 
within health facilities, and to gather feedback on 
the burden of time for involvement in research, 
after which questionnaires were revised and reduced. 
In Tanzania, the CSOs were engaged to understand 
the best approaches to community-based follow-up. 
Communities and other stakeholders will be engaged 
in dissemination and have been involved in the devel-
opment of the dissemination plan.

Dissemination

The final, anonymised RCT and pre-post datasets will 
be made available on an open access data sharing 
platform after the end of the study, in order to pro-
mote transparency and facilitate global cooperation 
in child health research (see data sharing plan in 
study registries).

Findings from the study will be shared with care-
givers through community engagement mechanisms, 
and with healthcare providers, local, sub-national and 
national stakeholders (including MoHs, with whom 
the project is conducted in close collaboration) 
through a series of engagement and dissemination 
meetings in each country. At the global level, engage-
ment is conducted with technical partners including 
WHO and UNICEF. Through the project’s ‘observer 
country’ network, findings are also shared with MoHs 
in other countries to inform decisions about imple-
mentation of interventions. Results will be shared 
with the scientific community through presentations 
at conferences and open-access peer-reviewed journal 
publications, among others.

Conclusion

This multi-country study represents the largest scale 
evaluation to date of pulse oximetry and CDSAs to 
support healthcare providers in assessing and mana-
ging sick children in primary care in resource- 
constrained settings. The mixed-method design will 
provide comprehensive insights into the health and 
quality of care impact, diagnostic and medicine stew-
ardship, acceptability, feasibility, cost, and cost- 
effectiveness of these interventions. Although the 
pragmatic nature of the study increases the potential 

for lower intervention fidelity relative to a tightly 
controlled study, it will better reflect the expected 
implementation of the intervention in real-world set-
tings and thus provide critical insights into the scal-
ability of these tools. The anticipated results will 
inform decision-making on pulse oximetry and 
CDSAs and, more broadly, contribute insights into 
disease burden and care pathways to inform future 
strategies addressing preventable morbidity and mor-
tality among sick children attending primary care in 
resource-constrained settings.
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