Wellcome Open Research

Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

STUDY PROTOCOL

'.) Check for updates

Causes, outcomes and diagnosis of acute breathlessness

hospital admissions in Malawi: protocol for a multicentre

prospective cohort study [version 1; peer review: 2 approved]

Stephen A. Spencer

1-3, Florence Malowa?, David McCarty34, Elizabeth Joekes?,

Jacob Phulusa?, Beatrice Chinoko?, Sylvester Kaimba?, Lucy Keyala?,
Peter Mandala2, Mercy Mkandawire?, Matthew Mlongoti2, Bright Mnesa?,

Albert Mukatipa2, Rhona Mijumbi'-2, Mulinda Nyirenda
1.2, Daniel X. Augustine®, David Oxborough’, Eve Worrall',
23, Jamie Rylance 1,

Marc Henrion
Felix Limbani
Ben Morton

2, Paul Dark®, Stephen B. Gordon
1, Collaborators

34, Hendry R. Sawe>,

TDepartment of Clinical Sciences, Liverpool School of Tropical Medicine, Liverpool, UK
2Malawi-Liverpool-Wellcome Trust Clinical Research Programme, Blantyre, Southern Region, Malawi

3Queen Elizabeth Central Hospital, Blantyre, Southern Region, Malawi
4The Kamuzu University of Health Sciences, Blantyre, Southern Region, Malawi

SEmergency Medicine Department, Muhimbili University of Health and Allied Sciences, Dar es Salaam, Tanzania

6Royal United Hospitals Bath NHS Foundation Trust, Bath, England, UK

7Liverpool Centre for Cardiovascular Sciences, Liverpool John Moores University, Liverpool, England, UK
8Humanitarian and Conflict Response Institute, The University of Manchester, Manchester, England, UK

V1 First published: 17 Apr 2024, 9:205
https://doi.org/10.12688/wellcomeopenres.21041.1

Latest published: 17 Apr 2024, 9:205
https://doi.org/10.12688/wellcomeopenres.21041.1

Abstract
Background

Hospital admission due to breathlessness carries a significant burden
to patients and healthcare systems, particularly impacting people in
low-income countries. Prompt appropriate treatment is vital to
improve outcomes, but this relies on accurate diagnostic tests which
are of limited availability in resource-constrained settings. We will
provide an accurate description of acute breathlessness presentations
in a multicentre prospective cohort study in Malawi, a low resource
setting in Southern Africa, and explore approaches to strengthen
diagnostic capacity.

Objectives
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Primary objective: Delineate between causes of breathlessness among
adults admitted to hospital in Malawi and report disease prevalence.
Secondary objectives: Determine patient outcomes, including
mortality and hospital readmission 90 days after admission;
determine the diagnostic accuracy of biomarkers to differentiate
between heart failure and respiratory infections (such as pneumonia)
including brain natriuretic peptides, procalcitonin and C-reactive
protein.

Methods

This is a prospective longitudinal cohort study of adults (=18 years)
admitted to hospital with breathlessness across two hospitals: 1)
Queen Elizabeth Central Hospital, Blantyre, Malawi; 2) Chiradzulu
District Hospital, Chiradzulu, Malawi. Patients will be consecutively
recruited within 24 hours of emergency presentation and followed-up
until 90 days from hospital admission. We will conduct enhanced
diagnostic tests with robust quality assurance and quality control to
determine estimates of disease pathology. Diagnostic case definitions
were selected following a systematic literature search.

Discussion

This study will provide detailed epidemiological description of adult
hospital admissions due to breathlessness in low-income settings,
which is currently poorly understood. We will delineate between
causes using established case definitions and conduct nested
diagnostic evaluation. The results have the potential to facilitate
development of interventions targeted to strengthen diagnostic
capacity, enable prompt and appropriate treatment, and ultimately
improve both patient care and outcomes.

Plain language summary

Background: People admitted to hospital with symptoms of
breathlessness are often severely ill and need quick, accurate
assessment to facilitate timely initiation of appropriate treatments. In
low resource settings, such as Malawi, limited access to diagnostic
equipment impedes patient assessment. Failure to identify and treat
the underlying diagnosis may lead to preventable death.

Aims: This cohort study aims to delineate between common, treatable
causes of breathlessness among adult patients admitted to hospital in
Malawi and measure survival. We will also evaluate the performance
of blood markers to diagnose and differentiate between conditions.
The results will help us develop context-appropriate diagnostic and
treatment algorithms based on resources available in the health
system

Methods in brief: We will recruit adult patients who present to hospital

article can be found at the end of the article.
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with breathlessness in a central national referral hospital (Queen
Elizabeth Central Hospital, Blantyre), and a district hospital (Chiradzulu
District Hospital, Chiradzulu). We will conduct enhanced diagnostic
tests to determine causes of breathlessness against internationally
accepted diagnostic guidelines. Patients will be followed up
throughout their hospital admission and after discharge, until 90
days.

Interpretation: This study aligns with World Health Assembly
resolutions on ‘Strengthening diagnostics capacity’ and on ‘Integrated
emergency, critical and operative care for universal health coverage
and protection from health emergencies'. The results of this study will
have the potential to facilitate development of interventions targeted
to strengthen diagnostic capacity, enable prompt and appropriate
treatment, and ultimately improve care and outcomes for acutely
unwell patients.

Keywords
Breathlessness, respiratory distress, sub-Saharan Africa, hospital care,
emergency care, low-resource settings
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Introduction

Globally, admission to hospital with breathlessness is common
and carries significant burden to both patients and healthcare
systems, particularly in low resource settings'. Understanding the
underlying causes of breathlessness is critical to ensure prompt
initiation of appropriate treatment to improve patient outcomes.
However, an estimated 47% of the global population have
limited or no access to diagnostics, which disproportionately
impacts those living in low- and middle-income countries™*.
This study aims to examine the causes of acute breathlessness
presentations in Malawi, and to identify context-appropriate
clinical factors that may improve diagnostic accuracy.

Studies investigating breathless-related hospital admissions
in Africa have focused on paediatric populations, with
epidemiology in adult hospital admissions poorly understood™.
The burden amongst adults is high; hypoxaemic (low blood
oxygen) presentations account for 10% (14/144) of medical
admissions in Malawi’. Mortality is also high; 42% (90/214)
patients with hypoxaemia in a Rwanda cohort died in-hospital®.
Breathless adults are often critically ill, and require delivery
of prompt emergency care to prevent death®. However, lim-
ited resources, infrastructural limitations and a high prevalence
of communicable and non-communicable diseases contribute
to the complexity of diagnosing and treating patients with acute
breathlessness’.

We conducted a systematic literature search to identify up-to-date
diagnostic guidelines for conditions that lead to breathlessness,
based on parameters available in resource-constrained settings.
This process has informed the development of the diagnostic
methodology within our protocol.

This multicentre prospective observational study will system-
atically examine causes of breathlessness and outcomes among
patients admitted to hospitals in Malawi. We will also evaluate
diagnostic performance of biomarkers for heart failure and
acute respiratory infections (such as pneumonia) which have
potential to improve initial clinical assessment and management
for patients with acute breathlessness. These results are intended
to inform the development of targeted interventions, enhance
context-appropriate diagnostic capabilities, and improve the
management and patient outcomes for those suffering from
breathlessness in low-resource settings.

Breathlessness definition

Dyspnoea, the symptom of breathlessness, is not always
associated with hypoxaemia. We will adopt a broad defini-
tion of breathlessness that includes symptoms (dyspnoea) and
physiological parameters. This will allow us to capture medi-
cal conditions that are not perceived as breathlessness but have
objective signs of respiratory distress and include patients who
are tachypnoeic (defined as a respiratory rate [RR] > 25); and/or
are hypoxaemic (SpO2 < 94%); and/or require supplemental
oxygen therapy. These physiological threshold levels are based
on criteria from UK National Early Warning Score (NEWS) 2'°.
This will ensure that our study is relevant to the maximum
number of patients who present to hospital “short of breath”.
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Objectives

The primary objective is to understand the causes of
breathlessness as defined above and report disease prevalence.
We will utilise diagnostic techniques to differentiate between
causes of breathlessness, including heart failure, respiratory
infections (including pneumonia and tuberculosis), anaemia,
pulmonary embolism, pulmonary arterial hypertension, asthma,
chronic obstructive pulmonary disease, myocardial infarction,
pleural effusion and pneumothorax. We will focus on identify-
ing and delineating common treatable conditions that can lead to
breathlessness, and hypothesise that the largest of cases will
likely be heart failure and pneumonia’''.

Secondary and exploratory objectives are presented in Table 1.
Briefly, secondary objectives include assessment of patient
outcomes (90 day mortality, readmission rate and hospital length
of stay); assessment of diagnostic accuracy of brain-natriuretic
peptide for heart failure and both C-reactive protein and
procalcitonin for respiratory infections (such as pneumonia).
Exploratory objectives include derivation and internal validation
of a clinical prediction model to differentiate between common
causes of breathlessness (with a focus on heart failure and
respiratory infections such as pneumonia); cost-evaluation on
the tests required to diagnose heart and respiratory infections
(pneumonia).

Protocol

Study design

A multicentre prospective cohort study of medical admissions
to hospital with breathlessness in Malawi. This study is nested
within a programme of work titled Multimorbidity-associated
emergency hospital admissions: a screen and link strategy
to improve outcomes for high-risk patients in sub-Saharan
Africa  (MultiLink  study;  (https://multilinknihr.com).  The
MultiLink cohort is a prospective observational study that
aims to identify multimorbidity among patients admitted to
hospital in Malawi and Tanzania. This will be achieved
by systematically screening acutely admitted patients for
multimorbidity using enhanced point of care diagnostic tests
at the point of entry to hospital. The protocol for the MultiLink
cohort study has been published elsewhere'”.

Recruitment for the current study will begin in parallel across
sites in September 2022. We have provided details of study
schedule including follow-up in Table 2.

Study setting

Patients will be recruited from two hospitals in Malawi:
from a central/urban hospital (Queen Elizabeth Central Hospi-
tal (QECH), Blantyre), and a district /rural hospital (Chiradzulu
District Hospital, Chiradzulu. QECH is a government (public)
tertiary referral hospital in the southern region of Malawi, with
a 1350-bed capacity. Due to the absence of secondary health
centres in Blantyre, QECH also acts as a secondary level
service. The hospital provides medical care for patients pre-
senting directly from the community, those referred from local
primary health centres or from secondary health centres in the
Southern Malawi region (including from Chiradzulu District
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Table 1. Objectives and outcome measures.

Objectives

Primary objective for observational clinical study
« Determine the prevalence of conditions that
cause breathlessness within study population

Secondary objectives for observational clinical
study
« Determine survival 90 days after index
presentation™®

« Determine re-admission rate 90 days after index
admission*

o Hospital length of stay

Secondary objectives for diagnostic accuracy study
o Assess the diagnostic accuracy of natriuretic
peptides (BNP and NT-proBNP) for heart failure

« Assess the diagnostic accuracy of C-reactive
protein (CRP) and procalcitonin (PCT) for
respiratory infections (e.g. pneumonia)

Exploratory outcomes
o Derive and internally validate a clinical prediction
model for heart failure and respiratory
infections (e.g. pneumonia) diagnoses based on
parameters available in a typical district hospital

o Cost evaluation for each diagnostic test for
heart failure and respiratory infections (e.g.
pneumonia) and their associated diagnostic
accuracy

*We may also assess outcomes at 12 months (telephone appointment).

Outcome measures

Presence of disease, determined by internationally
recognised case definitions**

Survival determined if the patient is alive 90 days after the
date of index hospital admission

Hospital readmission defined as an unplanned acute
admission with an overnight stay

Duration of stay in hospital for the acute admission, from
time and date of admission until time and date of discharge

Sensitivity, specificity, area under the receiver operator curve
(AUROC)*
Sensitivity, specificity, area under the receiver operator curve
(AUROC)*

Performance indicators including measures of discrimination
(e.g. c-statistic); measures of calibration (e.g. calibration
plots); measures of clinically relevant performance (e.g.
positive predictive value, negative predictive value)

Determine the cost implications of diagnostic tests, and
compare costs with the test diagnostic accuracy

**Methodological guidance will be followed in instances of missing or incomplete data (for example, by consensus medical diagnosis)™~.

Table 2. Study procedures and sampling schedule.

Study Visit A B C D E F G
Day post admission 0 2 5 7 Discharge 30 90
Deferred consent X

Consent (Verbal) X XA A X
Consent (Written)® X X X

Vital Signs XEEE Y X
Medical History and outcome assessment X X X
POC Brain Natriuretic Peptide (BNP), 2x POC Troponin (cTnI)’

Electrocardiogram (ECG) X

Serum: laboratory CRP, PCT, NT-proBNP; serum save (5ml) X X
Microbiology: Blood culture, sputum (Xpert Th), nasopharyngeal X

swab (molecular respiratory panel)

Imaging: CXR, echocardiogram and lung ultrasound X

Spirometry X
Screen for AEs X X X X X X
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Study Visit

Day post admission

HIV POC

Where HIV: viral load, urine LAM*
Blood glucose POC

HbA1c POC

Creatinine POC

Urinary dipstick

EQS5D questionnaire

Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

A B C D E F G
0 2 5 7 Discharge 30 90
X X
X

X X
X X
X X
X X
X X X

CXR: chest x-ray; BP: Blood pressure; POC: Point of care blood test; CRP: C-reactive protein; PCT: procalcitonin; BNP: brain
natriuretic peptide; NT-proBNP: N-terminal pro-brain natriuretic peptide; AE: adverse effects; HIV: human immunodeficiency virus;
urine LAM: urinary lipoarabinomannan; HbA1c: glycated haemoglobin.

Additional contact with the participants may be made up to 12 months by telephone after hospital admission to check the longer-
term outcomes. Visit E (hospital discharge) visit data will be collected at any point before or after day 2, 5 and 7 follow up visits. Visit
F will be a telephone follow-up. Visit G will be an in-person outpatient follow-up clinic. There will be flexibility of £10 working days

for this follow up visit to take place.

This study will provide the following tests which are not routinely available in the study hospitals: BNP, NT-proBNP, troponin, CRP,
procalcitonin, spirometry. The study will also provide the following tests which are not routinely available in the district hospital
health system: formal echocardiography and lung ultrasound; nasopharyngeal swab (for molecular analysis); blood culture testing.

2 x serial POC troponin (cTnl) tests at baseline and 6-24 hours later. Blood and urine samples will be stored at -80°C for further

testing.

* Samples for urinary LAM will be collected and processed as part of routine clinical service to screen for opportunistic infection in

line with WHO guidance at admission.

*Written consent will be taken at the earliest possible opportunity, either directly from the patient or from a proxy (if patient lacks

capacity).

Hospital). Population projections from the Malawi National
Statistical Office estimated the Blantyre city population
in 2023 to be 871,776 and southern region population to be
7,912,347, Chiradzulu District Hospital is a government
secondary care hospital of 300 beds in the Southern Malawi
region. Patients are admitted to Chiradzulu district hospital
directly from the community or via referral from primary
health centres. The Chiradzulu district population in 2023 is
estimated to be 389,928,

Participants, schedule and timelines

Enrolment will take place at the point of hospital admission,
with eligible participants consecutively recruited within
24 hours of presentation. Recruitment will be stratified across the
two sites. Consent procedures have been previously described'”.
Recruitment will be conducted by an experienced -clinical
research team at the Malawi-Liverpool-Wellcome (MLW)
Programme following training in study standard operating
procedures (SOPs).

Eligibility criteria
Inclusion (meets all of):

1. Adult patients (>18 years)

2. Decision to admit to hospital
3. Acute medical problem
4

. Usual residence in the study catchment area (Blantyre
district or Chiradzulu district)

5. Contactable by telephone after discharge (either directly
or through a carer)

6. Presentation with one of the following symptoms or
signs:

a. Shortness of breath

b. Respiratory rate (RR) > 25/minute
¢. Sp0O, <94%

d. Supplemental oxygen therapy

Exclusion (meets any of):

1. Pregnancy (justification: other local research is specifically
addressing this)

2. Planned (elective) medical admission

3. Admission for primary trauma, obstetric or gynaecological
condition

4. Primary abdominal/surgical cause of breathlessness (e.g.
peritonitis)

5. Detainees or prisoners
6. Patient or carer declines consent to take part
Study outcome conditions

We will systematically patients  presenting with
breathlessness for common possible diagnoses (listed in Table 3).

screen

Page 6 of 20



Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

g1IN Yam eluownaud

‘wieal [ea1uld a|qisuodsal
341 Ag 1usWIea.1 g 1Je1S 01 UOISIDSP JO/puy e
3seasip
[ea1bojoIpel Jo ssau||l [ea1ulD 3|giredwod Jaylle
40 @duasald syl ul g] Jo sisoubelp |ediulD e

‘91543 pue ¢ 3DIN Woyy
saulepIinb ul eluownaud paJinboe-Aunwwod
JO UORIU3P B3 SI9A0D 0S[e UORIULAP SIYI 110N

Jeluownaud

Jo sisoubelp ay 4o} paJdinbau si ‘elep
|ea1bojolqosdiuw buiioddns INoyam 1o Yaim
‘anbiuyaa) buibew Jayio Jo ydesbolpes 1sayd
AQ 21e4|JU1 B|geASUOWSP e Ag patioddns

|]aued Aiojedidsau
[BJIA JB|NJ3|OIN
3Jnynd pooig
punosesn bun

‘028 LN 10} S1591 [e21Bojojqo.iw SARIsod 41d/91 1ady

Aue Jo 22Uasge ayl U] "awo0dIno Alepuodss (z NV 2UlIn

dxo

AVTauLn e luswiiesly g1

41/9LN 1sdy e Subis [elA

NV 2uln aAnisod g paleulwassiq 'z o .9AnIsod ade buimoljoy aya Jo Aue J1 g1\ sasoubelp [ediulD

NV Sulin 9AREDBRU U0 Juasge Yum 41d/gLIN HWady aaisod:g | Aleuownd | pPaWLIFUOD A||ed100[0IqODIIA BW02IN0 Alewlid (| uoneulwexy
:,,U0NeDIIISSe|D-gNS SISO|N2JagN L 'Se paulap 4 ||IM SISojndJ4agn] KI01SIH (g1) sisojnaJagny

Page 7 of 20

usboyied |edin yum eluownaud il (ured 1sayd >nunad pue ‘uondnpoud N)®)
(gLIN Buipnpxa) usboyied |elis1oeq YIm eluownaud i wninds 4aas) 'ybnod "6°3) saunieay ediuld, © suonedIpain
:usboyied pawjuod Yim eluowinaud ‘g 15,.S9UIIPPIND SNSUSUO0)) (S1Y) A19120S d1Deloy | subis [eUA
paulap 10u Abojonae ‘eluownaud | UedIIaWY/B21IBWY JO A191D0S S3Seasiq SNoNdajuL uoleulwexd
:usabouyied ay1 01 buipiodde palyIssed aq ||im eluownaud Jo ABojonay 3yl Uo paseq g ||Im elIa11ud dsoubelp eluownaud AJO1SIH pluownaud
gLIN YIM THYS uopesijendsoy sauinbay e
uaboyied [ediA Yum IHYS Il sAep Q| 1Se| UIYIIM 13SUQ  ®
(9LIN Buipnpxe) usboyied [elis1deq YuM 14vS 1 ybnop e
:usboyied pauLIfuUOd YIIM [HVS T (D6 8E<) J2AR) paINSEAW 10 JO AIOISIH © (T4VS)
paulap Jou Abojonse TS L :JO 4yoed Ym ssau|jl Auojelidsal ainde uy subis [eUA uondayu] Auojesidsay
:uaboyied ay1 01 buipiodde pauisse aq ||im Abojonay , UONIULBP THVS OHM KI01SIH 31NDY 2J3AS
‘uoneue|dxs
SAIBUJ|E OU pue ‘uled 10 1I0JWOISIP 1SaYD
10 9Z33UM 'ssaussa|yiealq ‘uondnpold
LN YIM 19y wninds JaAs) 1eodyy aJos ‘ybnod se yans
usboyied |ediA YIMm Iy Il swoldwiAs yum 1oesy Aoresidsal ayy bupdaye
([9.LIN] sIsoina1agn] |elia1oeqodAlN buipnipxae) usboyied [elus1eq yim 14y I (ss9| 40 sAep | Z Joj Juasaid) ssaujjl aande uy e
:usboyied pauwiIyuod yum gy 7 N E)
paulap Jou Abojonse Ty ‘| AK12120S Auojesidsay ueadoung pue -, (MN ‘IDIN) (14V) uondayul
:uaboyied ay1 01 buipiodde pauisse aq |im ABojonay 92U3|[92X3 248D pue Yi|eaH Joj 91N1AsU] [euoien KIOISIH  ® Kioredidsal 31Ny
NOILD3dNI
sanijepow
eLI3311d uoiledlyiIsse|d-qns suoRIuap ase) Jnsoubelq uonipuod

‘suoIMUIIP 3SeI pue eI d13soubelq ‘s a|qel




Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

“wiNipJed0Aw a|gelA Jo SSo| Jo 92uspIAS buibew 19919p 03 3|ge 3q
10U ||IM M pue BuPIas Iyl Ul 3|gejieAe 10U aJe sanbijuydal [edipall Jesjpnu 910N ®
‘Ayde.boipiedoyds eia Alljewliouge uonow
|lem |euoibal e se pa1da1ap a4 ||im SIyL TIA Jolid e jo sbulpulj [ediwoleueoyied e
‘(sasned
JIWBYISI-UOU JO 92USge ay3 Ul suoidwiAs INoyIm 10 Yim) S9AeM O [ewlouqy
:buimo||o) ay3 Jo U Auy "uol3daejul jeipiedoAw Jolid (¢

‘uaxe)}
S|oAd] uluodoul a10jaq palp aA_Y ING ‘UOE||LIGH JBJNJIIIUA IO TIA JaU3IL Jo sabueyd “,-(79N) 3wy eduaJasl Jaddn
523 JO 90UIPIAS YaM [N Jo swoidwiAs Buimoyjoy paip aAey oym siuaiied :IN € adAL (g 9|3uUa21ad UYle6 Y3 A0QE aN(BA SUO 1SE3) 38 YIM
[9A3] TULD pasiel e :Anful |elpiedoAW Jo uoniulad

‘(Uoisua10dAyAP0oYs [eaiulp ‘AydoauadAy Jejnoausa 49| F uoisuaiadAy

2J3A9S ‘BIWYIAYLIBAPEIQ 919A3S ‘BllYiAyLieAyde] ‘aun|ie) Aioledidsal ‘ejuseue aJaAdS

:JO U0 15e3) 1€ JO 2dUBPIAS “H°3) puewap pue Alddns uabAxo usamiaqg aduejequl) ue
10 92UapIAS apisbuole ‘TN | 3dAL 10} BLIIIID SI93\ "BSEaSIp d0J3ISOIBYIE 03 aNP 10U (G 4o 4 9dA1) TIN paieldosse |einpadold
S 1eyy ‘puewlsp pue Alddns usbAxo usamiag yarewsiuw e Aq pasned [N 1IN Z 2dAL (2 AKieuoiod/oeipied yum siusned Alnuspl 01 10adxe
10U Op 9M pUB IME[e|A Ul 3]qe|IeAR 3Je (UOUAIDIU]

‘uoniulap JNo Jo 1ued wiioy 10U [[IM pue Bumss syl Aieuolod snoaueindiad H°3) saunpadoud
ul 3|ge|ieae Jou s| Asdoine Jo Aydelbojbue Ag snquioayl A1euoldod Jo uopedlauap| ;910N Aieuouod Jou Auabins dejpied Jsyiau 910N
"ABojonae dlWwayds] Ue Yam 1Ua1sIsuod uianed e ul Aljewlouge uopow |jem IN Jold o
|euoibal Jo WNIpJed0AW 3|GeIA JO SSOJ JO 92uapIAS (d1Iydelbolpiedoyds) buibew] o INESdAL o
(1 9 Aueyuswiajddns 99s) sanem O |eaibojoyled o IN Z2dAl o
(1 o) Aieruswia|ddns 99s) ssbueyd HHJ JIWBYIS] © IN | 2dAl o
(1 91y Aueauswia|ddns 99s) ejwayds| [eipiedoAw Jo swoldwAs o UOI1DJBJUI [elpied0AW 91ndy e
:buimojjo) Y1 Jo | 1se3|1e pue e ((s|lersp
"9|nuadiad 66 a4l dr0qe 10} UWIN|0D UONEDYISSER-gNS 23S) Huimol|o) oydxg e
3N|eA 3UO 1583] 18 YIIM (UONBIIBA 9%07<) SON|BA JULD JO ||el Jo/pue SSLI B JO 9dU3pIAT © 3Y1 JoJ eI SPNJDUI [[IM PUB |, UORDIeIU] up e
:Aq pasoubelp [BIPJBIOAIA JO UORIULRQ [BSIBAIUN YIINOH Y3 D)3 e (TN)
3q [|IM Sy “aseasip Aua1e Aleuolod dnous|psolayie Aq pasned TN IIN L 2dAL (1 UM SUI| Ul pauljap 3 ||IM UoRDIelUl [BIPJeDOAN SwoldwAS e UORDJRJUI |eIPIRIOAIN

‘Apnas Aoeandoe ansoubelp syl Joj uoniuap

".-uonedlIsuaiul 31 Jo 1ied wiioy 30U |jim Apnis syl Jo S1sa1

JusWIea.) 24inbaJ pue aJnjie) 1uesy Jo swoldwAs 1o subis Jo Buluasiom Yum alnjie) X3pul 31 Jo auo se ‘sapndad dnainiieu 210N

1eay bunsixa-aid yim siusned buowe els1ud DS3 YIm aul| Ul paulsp 39 ||IM 4HM ‘Aydesboipiedoyda
‘(4HM) 24n|ie) 1eay d1U0JYd JO BUIUSSIOM, YIIM 3SOU) pue aJn|ie) 1uesy dIuoJdyd Aq sainssaud buljiy pa1eAs|3 o
Bunsixa-aid ‘ainjie) 1ueay pasoubelp Amau yim siusied Apuapl os(e [[IM I punosenn buny o
O ©
" (A\I-1 SOSSBP YHAN) :buibew ajgejieae yym uonsabuod

UOIIBDIJISSe|D [BUONDUN) UONRIDOSSY 1IEDH YJIOA MIN :UOI3edIjIsSSe|d [euoildung (  DIWS1SAS Jo D1UaboipJed JO 32USPIAS SANIDIQO o
‘uoneybinbal

(24n|ie) 1eaY padueApe) g 9beis (aunjiel ueay) D abeis 10 SISOUDIS JB|NAJBA DJ9ASS/S1RISPOIN ©
‘(34n|iey 1eay-a.d) g abeis ‘(aunjie} 1ueay Jo ¥si 1e) ¥ 9bels : .abels aunjiey 34eaH (g AydoupadAy Jejndlluan 219A3S/21BI9POIN  ©
Gl<,3/3 o
(zz1 3|} Areauswis|ddns 93s) Ayjewsouqe |ean3dnas (2 JusaWwablejua Jagquieyd dejpled [ewlouge o
%05>43 © Aydesboipiedoydy e
%05 < 43A7 ((43d4H) uondel} uondafe paalasald Yyim ainjie) 1eaH * 1JO 2U0 1sead) 1e buipnpul ‘Ajjewliouge deipied punosenn buny e
%617~ 177 43A7 (434W4H) uondel) uondale padnpad-A|p|il Yum ainjie) uesH [eUONDUN) JO/PUB [2INIDNIIS B JO 9DUSPIAT © UxXD e
%0%> 431 (43/4H) Uondel) uondafe padnpal YIM ainjie) 1eaH * (zz1 914 Aeyuswaiddns SUONBDIP3N  ®
1 uondedy uondaly (1 99S) aJn|ie) 1ueay Jo subis Jo/pue SwoldwAs e subis [eyp e
"1pedw jeuonduny pue buibels ‘(Abojoydiow) Ajjeuliouge [ein3dNJIS ‘uonduny +.-9JN[1e} 1UB3H JO UORIUYRQ [BSIDAIUN BYd uoneuiuwexy e
D1|0ISeIP SA D1|01SAS ‘UoDEeI) U0 U0 paseq palisSe|d-gqns a4 |[IM aJn|iel 1eaH U0 paseq a4 [|IM e1I311D dIsoubelp ainjie) 1uesH KIOISIH  ® aJn|iey LeaH

JVIQYYD

sanijepow
eLI3}14D UoIIeIIHISSeI-gNS suonIuap ase) ansoubeiq uonipuo)

Page 8 of 20



Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

"P1ID1D S1Vv/SYT Jad ‘ewiyise pajjoliuodun,
Buiney Se paulap 29 ||IM UONBQIIeXS BUIYISE UR 01 anp pasijeudsoy siuaned |je ;210N
*,:9|e2s eaoudsAp DYINW ay3 buisn A11aAas pue 1oedull paliodas Jusned SSaSSe ||Im S
¢,ewyise Jo sisoubelp e pey JaA NoA aneH,,
:uonsanb ay) 01 asuodsal Sk, e se paulap 3q ||IM ,LWYISe JO SIsoubelp snoinald, e
‘ydaads bundaye azeaym o
9Z93YM W04} 92ueqlnisip das|s seam Jad ybiu | < o
syiuow | 1sed ayl Ul 9zaaym JO SYPeNe < o
1,cJO BUO AU puB 9Z93YM 1Ua1IND Se paulap a4 |[IM ,OUIZodaym 219A3S,
s,SUyuow g1 ased ayy Ul 1sayd ayl ul bulpsiym Jo buizasym pey NoA aneH,,
:uonsanb ay1 01 asuodsal ,Sak, e se pauyap aq ||IMm ,SSaul|l bulzeaym uaiind, e
‘-suonsanb
BuIUD3IDS 9100 NYD pUB /IOVVYSI 3U1 WO} B1IS11ID MOJ|0J ||IM suoniulap Buimoljol ay L

*,-e2uepinb yum aul| ul ‘A1usAss pariodal usied Jo JuswSsasse
ue se pasn 34 [|IM 3|eds eaoudsAp (DYIAW) [PUNOD Y2Jeasay [edIPalN Palipow ay |

| %7~ > 94035-Z | A4 quswliedw| 91aA9S e
- 01 | G'Z- > 9J02S-Z | A4 :uswiieduwl] 91eJ3pOjA ©
G'Z- 0199 |- 210357 | AJ4 uswliedw piA-
G9'|— < ©40DS-Z | A4 |[PWION *

's.K1119A3s Aq payisse-gns 24 |im dd0d

|t~ > 9103S-Z | AJ4 ‘Jusuliiedul] 919A9S @
- 01 G°Z- > 2J02S-Z | AJ4 :uswilieduwl] 91eJ3pOjN  ©
G'Z- 0169’ |- 2400S-Z | A34 uswuiedw! piA- e
GH9 | — < 9J02S-Z | AJ4 |[BWION o
:-A1I9ASS AQ paljISSe|d-gns g |IM Juawiiedw bun| aAIIONIASqO

eLI93112 uoiyedlISse|I-qns

Ad pue A3

pa121paJd s jenplAlpul ue 03 aAIe|a. abueyd

%0 < Se paulap UoldNIISqO MOjLIe
9|qISJanaJ AQ pawlljuod sisoubelp ewyisy i

s-2Jleuuonsanb (Ny9) 1omiaN

BUILISY [Q0|D pue (DYYSI) pooypliyd ul

sa1bJ3||y pue euwYISY JO ApNIS [euoneulaiu]
WoJy swoldwAs ewyise Jo 9duasald I

:sawo023Ino A1epuodas (z

,SPI0J3150211402 J1W1sAs buinbal
‘ewiyise Jo asnedaq uonesieiudsoy y,
‘gzS[€13 [BD1UI]D 404 UOIIULSP (BP0
S¥3/S1V 241 U0 paseq UONeQUaIexa eWYISe SJ9A3S
:3wod3no Aiewiid (L

uondnposd wninds Jo ybnod Juolyd
‘eaoudsAp d1uoJyd buipnpul SwoldwAs e
-(9suodsau Joje|ipoyduolq
JUedIUBIS B PaUSPISUO SI 960 L< JO LATS
Ul 9bueyd ) A31[IgISI9ASI JO SDUSPIAS ON  ®
(S¥9°L- > 2103s-7) 9|nuadiad ,,G > DA / LAIH ©
52:5-BUSID S1V/SYT BUIMO||0) paulsp o ||IM Ad0D

(G19° |- > 21025-7) 9j1Iua2J4ad G > IA4 / LATH *
‘s, uswiedul] A103e[I3USA 9AI3INIISQO
2UIISP 01 SUIRPING S1V/SHF MOJ[OJ [|IM 3N

suoiuap ase)

Aippwolidg e

sasoubelp [eaiuly e

SUONBJIPAN
alleuuonsanb
Bulusalids ewyise

SJ0D NVD /DWVSI *
AIOISIH  ®

Aipwouds e
KIOISIH  ®

Answosids e

sanljepow
Jnsoubelq

eWIYISY

(@dod)
aseas|p Aleuow|nd

SAIDNIISCO DIUOIYD

Juswiiedwl
AJo1ejauan
9AINNSIO

S3asvisia

DSNNTIAILONYLSEO

uonIpuo)

Page 9 of 20



Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

"Jd SAISSPWIQNS 10 SAISSEW J0J PLIS1LID 1) J0U S20P 18Y) 34 :3d YSlU MOT (£

‘(dNgoJd-1N J0 dNg ‘uluodoy) sioxJewolq
JeIpJeD Ul 9Seaudul Ag pa1da1ap Ainful AY 10 ‘Uoisua1odAy Inoyim (UIeils AY) PEOJISAO
24nssald AY Jo subis oiydelboipiedoyds (34 XSl 21e1pawIaiul J0) Id dAISSewqns (z

‘BHWW 06< dgS UleIulew 03 SJ10SSa4d0SeA J0) paau Jo ‘BHWW Q< JO

doup e ‘BHwWW 06> dg 21|03SAS se paulap ‘uoisua10dAH :(3d XS ybiy J40) 3d SAISSeN (|
‘e BIIBID DST/(YHY) UONePOSSY

1JeaH uedlswy Ag pue Aljepow d1soubelp uo paseq aq ||IM UO[ReIISSe|>-gns

peSaullBpIND
OHM Jad snieis bupjows pue sapniije 1oj paisnipe aq |IM S|aA9] uiqojbowaeH
08> :2J9AS
601-08 '2ILI3PON *
6ZL-0LL PN ©
/6 0€1 > :(s4edk g | < 9be) Sajew Ul ejwaeUY
08> :2J9AS
601-08 '2ILI3PON *
OLL-OLL PN
176071 > :(s4eak g | < abe) uswom Jueubaid-uou Ul ejuseUY
",eSP|OYSaJYl OHM U0 paseq A1iaAas Ag paljisse|d-qns a4 [|IM elluseuy

eLId111d uonedlyIsse|d-qns

‘0+SD[ PUB ;WNIOSUOD

1¥3d ‘5:S¥3 ‘e-S1d @y wody sauljepinb Ag
pasJopua aJe sjuaned a|geisun Ajjeaiweuipowaey
Buowe 34 Jo (Juswieasn AHousbisws pue)
sisoubelp 1uoddns 01 peojIaA0 ainssald AY JO
sbulpuy d1ydesboipiedoyds 4o AN syl ;910N

‘PEOJJIaAO 2iNssald
AY JO S95NEd Jesd J9Y10 JO 9dUSsqQy o
‘gee(A1
3Y3 SpJemol wnidas JejndliusAIaiul syl
10 uoneinsp/bulusneyy) ubis-q Jo/pue
(Anoennuod [eaide AY dnauuadAy
/ |ewJou pue |[em 934} AY 33 JO
A11083U0D PadNPaJ) UBIS S[|]UUODIIA
Jo/pue (0" L< 0.l AT/AY [eSeq) uonejip
AY i(ulesIs AY) peolIaA0 aunssald
Y J0 sbuipuy diydesboipiedoydy o
‘e(BHWW 06<
dg 21|03SAS ulelulew 03 s10Ssaidosen
J0} Pa3u J0 ‘BHWW O < Jo dodp e
"BHWW 06 > dg 211015AS) Ajigesul
JlweuApowsaey yam auaned ysiu ybiH o
(;eceSaUIPPING
S18 pue DS3/5Y3) 3d pedadsns e
'3d Jo
sisoubelp ayl wuuod [|IM (Auswe Aeuownd
341 JO saypuelq ulew Jo) Ausne Areuow|nd
10 1eay 3ybi ay3 Ul IguioIyl pasiensiA
(ccSaulepIND DS3/S¥3) Id PaWLIUOD o
‘34 asoubelp 01 pasn aq ||im Aydesboipiedoyda
'(1D) Aydesbow ol paandwod Jo aduasge ay1 Ul
sasoubelp ojydesboipiedoydy e
Siue|nbeodnue
UM pa1eadl pue 34 pa1dadsns Ajeaiuld e
(24npad0.d Apnis sunnou
e 10U pue Alljige|ieAe paywi|) 34 usarodd 1D e
:Se wisijoqua Aeuowl|nd auyap [|IM S

1/6 0E 1> (sJeah G| < 2be) S9jew Ul ejuseuy e
1760z 1> (s1eak
g1< 9be) uswom Jueubalid-uou uj ejwseuy
LceluSRUR
J0 sisoubelp ay3 1o} spjoysalyy uigojbowaey OHM

suonuap ase)

3d)
wisljoquwa Aseuow|nd

Aydesboipiedoydy e
Sa10U |R2IUID  ®

(QH)
uigojbowsey DOd  ° eluseuy
YVYINISYA
/ TVII90T10LVINIVH
saljljepow
Jnsoubelq uonipuo)d

Page 10 of 20



Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

uolULap INO Jo Jed Wioy Jou [|im

pue buas siyy ul ajqejieae Jou st Aydelboibuy Ajige|ieae 831nosal 03 anp suoje Aydelbolpledoyds 03 PaIdLIsal aq [[IM (Aljewiouge UOOU [|[em JO JuaWssasse 1oy '6°3) buibew deipled “uoidJejul [elpiedoAw a3ndy (g
"ApN3s SIY3 40} UORIULAP Y3 JO 1ed W0 10U 31042133 [|IM dNE ‘IXSIU0D URdLyY UIBYIN0S 8y ul sopidad dpainiiieu jo

asn ay3 alepljea pue Adeandde disoubelp syl ssasse 03 S| swie ApNIs JNo Jo aUQ "a4n|iey 1eay Jo sisoubelp e 91e10qo.i0d 03 sapidad d13aiNnileu JO aSN 3yl SIPN|UI aJN|le) 1IESY J0j UOIRIULSP [ESIDAIUN B[ "2IN|1e) 1eaH (e

'SMO||04 Se aJe suoneidepe asay) o) [eUONRI 3] "SUOSEaJ [eD1D0j0poyIaW 104 (11 10 AljIge|ieAe 921nosal (1 01 anp Jaylle paidepe Uaaq aABY SUONIULSP SWOS
‘pPaqIISap aJe [043u0d Ajjjenb pue acueunsse Ayjenb ‘uoleiaidiaiul ‘uonisinboe 1oy sassadold ayy auaym ., | 3l Aueuawaiddns uj 3|qge|ieae ale Abojopoylawl 3591 d3soubelp Uo UoReWIOUL ;910N

‘uopeziuebiQ yieaH PO :OHM Wi 9duaJtajal Jaddn 1yN ‘ueuuewoulqeseod]| aUlIN (AT ULIN !SISOIN2Jagn gl ‘Uodajul A1ojedidsal 9INJe 949A3S (TYVS 9|2113udA 1ybL

AY upidwieji 41y ‘uoisuanadAy jelusiie Areuownd (Hd ‘wes) asuodsay wisijoquig Aleuowng (1434 ‘wsljoquws Areuow|nd ;34 UONLIDOSSY 1IESH 3IOA MON WHAN 'SISO|NDJ30N] [214212C0dAW (g A ‘UonDIejul [eIpJedoAw
IIN ‘3]e2s eaoudsAp [12UN0D) Y2ieasay [BJIPSIA PALIPOW :DYINW ‘UONe1) U0NIB[E Je[NdIIUBA US| :HIAT DPIIUSA 13| :AT A18100S uonenauD) asauede( :SHf HIOMIBN LWYISY [eqolD) / POoyp|iyD Ul Sa1b.a||y pue ewyisy Jo
ApN1S |euopeulalu] :NYD / DVYSI ‘22eds [B1S02Ja1ul :SD] ‘Uodel) Uodale paonpal Yim adnjie) 1eay 4344H ‘uondel) uonaafe paasasald yim ainjie) 1esy 43d4H ‘uonoel) uoidale pasnpad-Ajpjiw Yyim ainjie) 1eay 43Jw4H
'90U3||90%3 3Jed) pue YijeaH Joj 21n3isul [euolien :3DIN ‘Uiqojbowsaey :qH Aideded [elIA P10} DAL (PU0ISS | Ul dwnjoA Auojelidxa padioy L AJ4 ‘Abojolpaed Jo A1a1pos ueadoing :Ds3 !A1s1nos Aiojelidsay ueadoing

:SY3 ‘Uondel) U0IR[B 47 ‘welbolpled0.41da|e 9T ‘A1D0jaA aAem dijoiselp Ajiea yead Jajddop anssi aAjeA [ediw ;@ A11D0|aA aAeM Dljoiselp AlJea yead anem as|nd aAjeA (el 13 ‘AeJ-X 1Sayd YD ‘T uluodody delpJed ;Juld
‘Aydesbowoy paandwiod ;| ‘aseas|p Aleuownd aARdNIISAO d1UOIYD :Ad0OD ‘Aydelbolpiedoydd jo A13120S ysiiig :3sg ‘apndad dpainiiieu uielq i dNg ‘A12120S d12eJoy | Uedlawy Sy ‘uoidajul Aojesidsal ainde Jyy

'3s|nd bun| e
40 92Uasqe Jo ujod bun| e jo 9duasaud Jaylg e
Saul|-g JO dUasqy °
Buiplis bun| jo aduasqy e
Sp(SaUlPPIND SNSUBSUOD [BUO[RBUIIUL YHM
aul| Ul) pajji|ny a4e buimojjo} 3y Jo Yoea aiaym
Ajjeaiydelbouos payiuapl ag ||im Xeioyjownaud

“+S|9ssaA Aleuownd

JUSSE PUE [|eM 1S3UD a4 pue | Usamiaq Jie
yam aul| [eana|d |esadsiA 3|gisiA e se sydeiboipel
1942 UO Paljiauapl 94 [|IM XeJoyiownaud
‘punose|n

‘(-2 91y Aeauswiajddns 29s) xeloyrownaud punosenin buny e

Page 11 of 20

UoISud? 4o Jo xeloyyownaud o diydelbolpel se palIsse|d-gns ag [IM XeJoyiownaud

(z-1 3 Aeausws|ddns 93s ‘Ajjediydelbouos passasse) uoisnya xa|dwod sa ajdwis (7
‘eJna|d |e1aried ayy
woJ} Jejndjpuadiad Wd Ul painseaw uoisnya o yidap :elsiid punosen bun e
(SD1 %< 8bJe| (SD1 €-¢) 1eopouw [[SDI] 9deds BISOdUBIUI |) [[eWS (eLDID YXD *
:U0ISNYa Jo Yidap winwixe (|
:Ag palISseR-gns 3 ||Im UOISNYS [ednald

‘Bumas siy1 ul ajgejieae Jou s adAigns pue sisoubelp WJjuod 01 UONeSII9IBYIed
1eay ybu |, 'e1ia1d 2iydesbolpledoyds Uo paseq a4 ||IM UOIIBDLISSE|D (910N

"(Hd JO sasned |eLiode N
10 Jeajpun [Hd31D] uoisuanadAy Ateuowind 21j0quUS0quUIOIYl JIUOIYD 'BSeasIp
Bun| 01 anp Hd ‘uoisua1iadAy |elaiie Areuowind 01 anp Hd) Hd Adejided-aid
(9seasIp 1eay 43| 01 anp Hd) Hd Aue|ided-1sod
‘Se payissepd aq ||im Hd
",BRID 359 yum auyl ut Aljgeqoud ybiy Jo sreipawiiiul ‘mo| se papedb aq [|im Hd

eL1931Id uoi3edlyIsse|d-qns

Bun| 1o ¥xD uo xesoyiownaud Jo 3dUIPIAT uxo e XeJoyiownaud
~,90eds |euna|d
31 Ul U0R3||0d pINj) dloyda0dAy Jo dloydaue ue se
Ajleiydelbouos paiinuapl aq ||IM UOISNYD [eIna|d
‘punosen punosesyn buny e ewakdws

Bun| 10 YxD uo uoisnya |einajd JO 9dUIPIAT

WO e / uoisnya [einajd

3Sv3SIA TviN3ald

" +Hd JO 1USBWSSasse ay) Uo 359 a1 (Hd) uoisuaiadAy

wioJ} sjod010.4d 92U PAYSI|RISD MOJ|0) [IIM A Aydelbolpiedoydy e Areuouwlng
dVINISVA
/ 1VIID0T0LVINIVH
sanijepow
suoniuyap ase) ansoubelq uonipuo)



We will focus on identifying and delineating common treat-
able conditions, which have been identified from existing
literature®~**. For example, heart failure is a common treatable
cause of admission to hospital in sub-Saharan Africa, which
can be difficult to diagnose and differentiate from pneumonia,
due to a lack of available diagnostic tools (e.g. echocardiogra-
phy, radiology (such as chest x-ray [CXR]) and microbiology).
Differentiating between heart failure and pneumonia is therefore
an important focus for this study. Case definitions for all
study outcome conditions are presented in Table 3, alongside
criteria for sub-classification. As part of exploratory analyses
we will also evaluate the prevalence of acute respiratory dis-
tress syndrome (ARDS) using criteria modified for low-resource
settings in the New Global Definition of ARDS*+".

Diagnostic techniques

We will provide enhanced diagnostic testing to determine
estimates of disease pathology using gold standard definitions.
Details on the tests that will be introduced by the study and those
currently available in the health systems are shown in Table 2.
Information on diagnostic test methodology are presented in
supplementary file 1 as Extended data®, where information
on sample acquisition, laboratory processes, interpretation,
quality assurance [Qa] and quality control [Qc]) can be found
for each test (Figure 1). Clinically relevant findings obtained
through the research study will be recorded in the patients’
medical notes and will be made available to treating clinicians.

Front door review: History, symptoms, signs

l

POC tests: ECG, troponin (x2), creatinine, HIV, Hb, HbAlc, BNP*
Serum: CRP*, NT-proBNP*, PCT*

l

Microbiology: Xpert Tb,
urine LAM, respiratory viral
panel, blood culture

l

Imaging: CXR,
echocardiography, lung
ultrasound

.

Medical working diagnoses, treatment and
clinical outcomes: day 0, 2, 5, 7, hospital
discharge, day 30 and day 90

]

| Spirometry: day 90 |

Figure 1. Participant flow through study investigations.
BNP: brain natriuretic peptide; CXR: chest x-ray; CRP: C-reactive
protein; Hb: haemoglobin; HbA1c: glycated haemoglobin; HIV:
human immunodeficiency virus; NT-proBNP: N-terminal pro-brain
natriuretic peptide; PCT: procalcitonin; Tb: tuberculosis; urine LAM:
urine lipoarabinomannan. *Index tests

Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

All equipment used will be CE marked (conformation with
European Union safety, health and environmental legislation).

Diagnostic criteria and case definitions

Diagnostic criteria and case definitions are presented in Table 3.
We conducted a systematic literature search to identify
up-to-date case definitions that are practical to the resource-
constrained context based on available parameters (see Box 1).
Definitions may be updated in the event that more recent
reference standards are published and accepted by national
or international committees.

Box 1. Selection of case definitions

We conducted a systematic literature search to identify and
examine case definitions and diagnostic methodology for
conditions that lead to breathlessness (see supplementary file 2
in Extended data’” for details). First, a literature search was
conducted on MEDLINE in February 2024 and identified 2069
articles, to identify contemporary guidelines published since
2010. Second, grey literature was identified through national
and international societies (list provided in supplementary

file 22%). Third, articles were identified from the reference lists of
screened studies and from author experience. Following title
and abstract screening, we identified 101 articles for full review,
of which 69 were included in the protocol development. Articles
were considered if they included diagnostic guidance on the
conditions listed in Table 3 (including disease sub-classification).
Case definitions were reviewed on their practicality to the
resource-constrained context and available parameters with a
preference for case definitions that do not require multimodal
imaging, specialist laboratory equipment or technical expertise
that are not routinely available in the health system (see

Figure 1). The decision of case definitions to take forward into
the study was based on consensus of authors with subjects-
specific expertise. For example, cardiac imaging experts (DM,
DA, DO, SS) reviewed and agreed on cardiac-related case
definitions; respiratory experts (SG, JR, BM, SS) reviewed and
agreed on respiratory-related case definitions.

In instances of missing or incomplete data, we will follow
methodologic guidance from the NIHR Health Technology
Assessment Programme'’. Specifically we will: 1) identify suit-
able alternative reference standards; 2) agree on diagnoses through
consensus; 3) use multiple imputation methods. For exploratory
sensitivity analyses we will also use latent class methods to
evaluate the performance of index tests’'.

Where required for consensus agreement, a panel consisting of
at least three medical doctors with context-relevant experience
will review all the cases to assign diagnoses. This will consist
of a review of all information shown in Figure 1. Panellists will
be blinded to results of index tests (brain-natriuretic peptide
[BNP], procalcitonin [PCT] and C-reactive protein [CRP]).
Each member will review the documents independently. In cases
of discrepancies, consensus will be reached through discussion.

Study size

We will aim to calculate prevalence to 5% precision (margin
of error). For a given sample size, as prevalence estimates
tend towards 50% the margin of error will be wider (Figure 2).
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Figure 2. Sample size impact on precision of prevalence estimate.

We have therefore powered this study on heart failure and
pneumonia as these are likely to be the two most common
presentations with expected prevalence of approximately 20%
(estimates triangulated from local disease estimates and previ-
ous reports)'?. Under these assumptions, at 5% precision, the
sample size is 246. The target of 308 participants (20% total
attrition) aims to offset losses from uninterpretable clinical
images; clinical sample errors; and patient drop out. Figure 2
shows the precision in prevalence that we expect to achieve and
how this will be affected by sample size.

Analysis

The observational cohort study will be conducted and reported
in line with STROBE guidelines®; the diagnostic accuracy
study will be reported in line with STARD 2015 guidelines™;
the prediction model will be reported in line with TRIPOD
guidelines™.

Observational study. Descriptive statistics will be disaggre-
gated by sex. Continuous variables without substantial skew and
without outlying observations will be summarised by mean
and standard deviation; continuous data with skew or outlying
observations will be summarised by median and interquartile
range. Prevalences will be reported alongside exact 95%
binomial confidence intervals. Patient outcomes will include:
in-hospital mortality, 30-day mortality, 90-day mortality,
and an aggregate of readmission-free survival by day 90.
Univariate and multivariate logistic regression analyses will be
conducted to evaluate the impact of patient variables (such as
diagnosis) on patient outcomes. In instances of missing data we
will use multiple imputations using chained equations (MICE)
where appropriate.

We will examine intra-observer and inter-observer reliability
through calculation of intra-class correlation coefficients,
coefficient of variation and Bland-Altman plots for continuous
variables; concordance proportions and kappa statistics for
categorical variables.

Diagnostic accuracy study. We will compare the diagnostic
accuracy of index tests with diagnoses (presence or absence of
disease) made by established gold standard reference tests.
To prevent information or incorporation bias, investigators
will be blinded when interpreting all tests (i.e. blinded to the
results of the index test when interpreting reference tests).
Given that the significance of different performance measures
varies depending on the setting, context, and use case, will report
diagnostic performance using sensitivity, specificity, positive
and negative predictive values, positive and negative likelihood
ratios, diagnostic odds ratio, and the area under the receiver
operating curve (AUROC), along with corresponding 95% con-
fidence intervals. We will compare the performance index tests
to reference standards (see Table 3). For exploratory sensitivity
analyses we may also examine index test performance with
latent variable models®'.

Clinical prediction study. We will also explore whether a clinical
prediction model can be developed to accurately diagnose
and differentiate between common causes of breathlessness,
using context appropriate clinical and biochemical markers
(for example for the diagnosis of heart failure and differen-
tiation from respiratory infections such as pneumonia). We will
derive a multivariable prediction model; evaluate performance
(with  measures of discrimination [e.g. c-statistic] and
calibration [e.g. calibration plots]); and internally validate the
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model (using bootstrap resampling methods). We will follow
methodological guidance to conduct and report the study®-°,
and will provide the model details to allow for external use and
validation. This has the potential to inform the development
of parsimonious clinical diagnostic algorithms.

Economic analysis. We will present estimates of the units
costs for each of the tests (Figure 1). Each test will be costed
according to a micro-costing approach. For POC tests we will
estimate equipment and consumable costs per test and healthcare
worker time costs using estimates of time to administer
the test and obtain the results using healthcare worker salary
costs for Malawi Ministry of Health funded staff costs. Clinical
imaging costs will be based on equipment costs, maintenance,
healthcare workers and an estimate of realistic number of
tests conducted per year (e.g. at Queen Elizabeth Central
Hospital). For microbiology, costing will be based on costs per
test as charged by MLW laboratory.

Study status
This study is currently in the follow-up phase.

Ethical considerations

Ethics was obtained from LSTM (21-086; approved on
10.05.2022) and College of Medicine Research and Ethics
Committee (COMREC), Malawi (P.11/21/3462; approved on
15.10.2021). Our reflexivity statement (see supplementary
file 3 in Extended data®) describes how we have promoted
equity in our international research partnership”’.

Liverpool School of Tropical Medicine (LSTM) provided sponsor-
ship for this work (as a nested component within the MultiLink
study)'?.

Discussion

There are few published epidemiological studies that
investigate breathlessness in adult patients who present to hospital
in Africa, particularly in the lowest income countries™*.

Our recent systematic review of chronic disease data from
sub-Saharan African hospitals revealed inconsistent case
definitions, limited use of diagnostic tools, and a significant
gap in adopting gold standard diagnostic approaches''. For
instance, less than one-third of heart failure studies employed
echocardiography, the recommended imaging for diagno-
sis confirmation, and none of the studies reported myocardial
infarction or COPD according to gold standard criteria.
Case definitions in the field of breathlessness diagnoses are
frequently inconsistent. We have carefully considered and
developed thorough, transparent and relevant case definitions
that are applicable to the resource-constrained context based
on available parameters, and informed by review of existing
guidelines.

There are a number of methodological considerations we
have used to improve the strength of this study. Our eligibility
criteria for breathless patients is inclusive of both symptoms
and physiological parameters which will allow us to quantify

Wellcome Open Research 2024, 9:205 Last updated: 15 AUG 2024

the proportion of dyspnoeic patients with or without
abnormal physiology. Enhanced testing will be provided along-
side quality assurance and quality control for each diagnostic
modality to ensure we obtain accurate results (see supplemen-
tary file 1 for details”®). Investigators will be blinded to avoid
information or incorporation bias in the diagnostic accuracy
study. We will utilise lung ultrasound, echocardiography and
chest x-ray in recognition that the combined use of these tests
enhances diagnostic accuracy for heart failure and pneumo-
nia diagnoses™ . Recruitment from a central and a district
government hospital will provide valuable information from
different levels of the Malawi health system to help inform
the development of cost-effective diagnostic and treatment
algorithms.

This study has limitations we aimed to mitigate. First, due to
limited resources, certain diagnoses such as lung fibrosis and
bronchiectasis require high-resolution CT scanning, which is not
available. However, in this study we focus on: 1) high burden
conditions; 2) with risk of deterioration if not promptly treated;
3) that are treatable in the district hospital setting. Second,
spirometry for COPD diagnosis will occur at day 90 (to allow
for recovery from acute illness), with inherent susceptibility to
survivorship bias. However, previous research suggests COPD
diagnoses are uncommon in sub-Saharan hospital admissions''.
Furthermore, in instances of missing data required to categorise
disease outcomes, we will follow methodological guidelines'.
Third, we will exclude pregnant women from this study as
other research programmes specifically examine these popula-
tions in Malawi. Fourth, the majority of diagnostic guidelines
identified originate from high income settings. We have pri-
oritised internationally accepted criteria for inclusion in this
study; however, future work is needed for local guideline
development.

To date, little attention has been given to a thorough assessment
of the underlying causes of breathlessness, a common hos-
pital presentation in sub-Saharan Africa. Our objective is to
produce a comprehensive, useful, and accessible description
of the causes of breathlessness (dyspnoea and hypoxemia) in
this region. Through our nested diagnostic studies, we aim to
develop parsimonious, context-appropriate diagnostic algorithms.
While practical diagnostic algorithms have been proposed for
high-income settings (e.g. for heart failure diagnosis)®“®’, our
study aims develop algorithms suitable for low-resource
settings. This will likely involve integration of readily available
clinical information, point-of-care biomarkers, and imaging
(e.g. point-of-care ultrasound)***. We will apply health
systems frameworks®, and conduct a diagnostic cost analysis to
offer recommendations for prioritisation and implementation
strategies within healthcare systems.

This study aligns with the 76" World Health Assembly (WHA)
resolution on ‘Strengthening diagnostics capacity”, and the
76" WHA resolution on ‘Integrated emergency, critical and
operative care for universal health coverage and protection
from health emergencies’. It also ties in with calls from
the 2021 Lancet commissions on diagnostics’, and Global
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Acute Care Advocacy group®’. Our goal is to enhance diagnostic

capabilities in acute care systems and to improve quality of
comprehensive clinical care (and therefore outcomes) for acutely
ill people in low-resource settings.

Ethics and consent

Ethics was obtained from LSTM (21-086; approved on 10.05.2022)
and College of Medicine Research and Ethics Committee
(COMREC), Malawi (P.11/21/3462; approved on 15.10.2021).

Written consent will be obtained from all participants if they
have capacity. If they do not have capacity, written personal
or professional consultee (proxy) assent will be obtained in
line with ethical approval. In instances where the participant
subsequently regains capacity, we will we will obtain
retrospective consent. Full details of the consent process has been
published in the MultiLink manuscript'>.

Data availability
Underlying data
No data are associated with this article.

Extended data

Open Science Framework: Causes, outcomes and diagno-
sis of acute breathlessness hospital admissions in Malawi: a
protocol for a multicentre prospective cohort study. https://doi.
org/10.17605/0SF.IO/ZT9FD*.

This project contains the following extended data:
- Supplementary file 1: methods appendix
- Supplementary file 2: literature search appendix
- Supplementary file 3: reflexivity statement

- Supplementary file 4: STROBE checklist
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Acute breathlessness is a common complaint in the emergency department. Also known as
dyspnea, it can be secondary to various diseases, some with high morbidity and mortality.
Therefore, accurately diagnosing acute breathlessness and quickly referring the patient for
appropriate treatment is crucial, yet challenging. This challenge becomes even more significant in
low-income countries, where access to rapid and efficient diagnostic methods is often limited.

Despite the high prevalence of acute dyspnea among the causes of hospitalization, a detailed
understanding of the causes and outcomes of this condition in hospitalized adults remains
insufficient, particularly in settings like Malawi, in sub-Saharan Africa. The study "Causes,
outcomes and diagnosis of acute breathlessness hospital admissions in Malawi: protocol for a
multicenter prospective cohort study" by Stephen A. Spencer et al. emerges as a pioneering
initiative aimed at filling this critical knowledge gap.

This multicenter prospective cohort study seeks to delineate the underlying causes of
breathlessness in adult patients admitted to hospitals in Malawi and report disease prevalence. It
also aims to assess clinical outcomes (mortality and hospital readmission 90 days after discharge)
and the accuracy of diagnostic biomarkers to differentiate two majors causes of dyspnea in the
literature: heart failure vs respiratory infections. The evaluation of patients from two distinct
hospital centers (Queen Elizabeth Central Hospital and Chiradzulu District Hospital) enhances the
study, as it allows capturing a broad diversity of clinical scenarios, from an urban tertiary referral
hospital to a secondary rural district hospital, reflecting the variety of challenges faced by
resource-limited health systems.

The importance of this study cannot be overstated. In low-income countries, where healthcare
infrastructure is often fragile, the lack of accurate diagnostics can result in inadequate or delayed
treatments, leading to severe and often fatal consequences for patients. By investigating the
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efficacy of biomarkers such as brain natriuretic peptides and C-reactive protein, the study offers
valuable insights into how diagnostic processes can be optimized with the available resources.

The study's methodological approach is both notable and robust. The prospective design and the
inclusion of model calibration and discrimination analyses suggest that the results could be both
reliable and applicable to similar settings. However, the reliance on data from only two hospital
centers should be considered, as it may limit the generalizability of the findings. It would be
important to acknowledge this limitation and suggest external validation in different geographic
and demographic contexts. Although the use of bootstrap resampling has its critics, it remains a
suitable methodological choice for addressing uncertainty in smaller samples, offering more
realistic confidence intervals and robust internal validation. Nevertheless, advocating for future
external validation to confirm the model's generalizability is essential. Furthermore, when
interpreting statistical measures such as c-statistic and calibration plots, the study should not only
present these metrics but also provide a thorough discussion on how well the model's predictions
align with observed event rates, particularly across relevant clinical subgroups.

A notable limitation of this study is the reliance on diagnostic methods that do not always meet
the gold standard, primarily due to the unavailability of such tests in the regions where the
research is conducted. In many low-income countries, financial and social constraints limit access
to more accurate, albeit costly, diagnostic tools. Consequently, the study must depend on
alternative methods, which could result in less precise diagnoses and potentially impact the
validity of the findings. To address this limitation, the study incorporates enhanced diagnostic
testing where feasible, supported by rigorous quality assurance and control processes for each
diagnostic tool used. In instances of missing data, the researchers will follow established
methodological guidelines, employing recommended statistical methods to handle the missing
information. These procedures aim to minimize bias and ensure the reliability of the study’s
conclusions, maintaining the robustness and accuracy of the analysis even when data is
incomplete.

In conclusion, the study protocol outlined by Spencer et al. is a valuable contribution to medical
literature and its results could impact the diagnostic and therapeutic approaches for patients with
acute breathlessness in resource-limited settings. It is hoped that this study will not only improve
the understanding of acute breathlessness in Malawi but also offer a replicable model for other
regions facing similar healthcare challenges. This is a vital step towards improving global health
and reducing disparities in access to quality care.
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This is a protocol for a study that is already underway (in the follow up phase). It addresses an
important unmet need and shows a logical and appropriate approach to the research question.
The data provided will be of great value in understanding the causes of breathlessness in this
setting.
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