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ABSTRACT

In low-income and middle-income countries, most patients
with febrile ilinesses present to peripheral levels of the health
system where diagnostic capacity is very limited. In these
contexts, accurate risk stratification can be particularly
impactful, helping to guide allocation of scarce resources

to ensure timely and tailored care. However, reporting of
prognostic research is often imprecise and few prognostic tests
or algorithms are translated into clinical practice.

Here, we review the often-conflated concepts of
prognosis and diagnosis, with a focus on patients with
febrile illnesses. Drawing on a recent global stakeholder
consultation, we apply these concepts to propose three
use-cases for prognostic tools in the management of
febrile illnesses in resource-limited settings: (1) guiding
referrals from the community to higher-level care; (2)
informing resource allocation for patients admitted to
hospital and (3) identifying patients who may benefit from
closer follow-up post-hospital discharge. We explore the
practical implications for new technologies and reflect

on the challenges and knowledge gaps that must be
addressed before this approach could be incorporated into
routine care settings.

Our intention is that these use-cases, alongside other
recent initiatives, will help to promote a harmonised yet
contextualised approach for prognostic research in febrile
illness. We argue that this is especially important given
the heterogeneous settings in which care is often provided
for patients with febrile ilinesses living in low-income and
middle-income countries.

INTRODUCTION

Globally, febrile illnesses are among the most
common reasons to seek healthcare.! While
most can be managed at the community
level, a small proportion (~1%-2%) progress
to life-threatening disease.” This burden is
carried disproportionately by individuals in
low-income and middle-income countries

» Prognostic tools can improve the efficiency and
utility of management algorithms for patients with
febrile illnesses; a recent multinational stakeholder
consultation identified that they could be particularly
impactful in settings where diagnostic capacity is
most limited.

» Clearly defined use-cases can help to focus efforts
of researchers, product developers and policy mak-
ers to ensure that the proposed solutions are appro-
priate and relevant for the targeted contexts.

» Novel prognostic tools should improve recognition
of impending serious illness in patients who lack
clinical signs of severity as determined by existing
algorithms, be subject to robust cost—benefit as-
sessments, and be developed in partnership with
end-users to ensure they function within the limit-
ed human and material resources available at the
peripheral levels of most low-income and middle-
income country health systems

» Guidance to standardise measurement of candidate
predictors and harmonise outcome assessments
has recently been developed and should be used
to contextualise results, facilitate data sharing and
maximise comparability of findings from disparate
studies

(LMICs), where febrile illnesses remain a
leading cause of rnorbidity.3

Understanding the underlying causes
of the main febrile syndromes is critical
to successful treatment of febrile illnesses.
Several recent initiatives have addressed this
topic.”™® Nevertheless, approaches that focus
solely on diagnosis struggle to reconcile the
fact that patients with the same infection or
syndrome can have markedly different illness
trajectories,” perhaps reflecting differing host
nutritional and other susceptibility states.
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Most febrile patients in LMICs are managed by commu-
nity health workers and healthcare providers working at
primary or district level. These practitioners often have
limited training and inadequate access to the necessary
supervision and diagnostic testing to support their clin-
ical decision-making. In such contexts, in addition to
assessing the cause of a patient’s illness, an equally perti-
nent question is: is my patient’s condition likely to progress and
require a higher level of care? A prognostic tool that could
reliably risk stratify patients would have immense poten-
tial for benefit, through timely identification of patients
at risk of deterioration and guiding appropriate use of
scarce resources.

In contrast to a diagnostic test which determines whether
a specific disease or health state is present at the moment
the test is performed, a prognostic test provides informa-
tion on the likelihood of a particular outcome occurring
in the future.® Used appropriately, prognosis can comple-
ment diagnosis to improve precision and efficiency of
management algorithms for febrile illnesses. This could
be particularly impactful in resource-constrained settings
where diagnosis remains most challenging, triaging
practices predominantly rely on clinical evaluation, and
decisions to refer must be made early due to complex
context-related referral mechanisms.

Common pathophysiological pathways to severe febrile
illness exist across a range of microbial aetiologies.” '’
Biochemical markers of these pathways, reflecting endo-
thelial injury, immune activation and coagulation, appear
to add value to simple bedside assessments to improve
identification of patients with a poor prognosis."' " Reli-
able and practicable tests for these markers could help
risk stratify febrile patients and inform management
decisions at critical junctures in the patient care pathway.
While a standalone test for a biochemical biomarker
could provide useful prognostic information, these
tests might be more effective as part of an algorithm,
combining measurement of a biomarker(s) with other
clinical parameters (signs and symptoms, demographic
information, comorbidities, etc) to more accurately
assess risk and guide rational management.

Unlike diagnosis, prognosis is inherently context-
dependent: a patient’s eventual outcome is inextricably
influenced by the available resources and quality of care.
Hence, in order to advance the conversation around
prognostic testing in febrile illnesses, specific use-cases
must be defined. Each use-case should detail the clinical
problem and consider the resources available to treat
febrile illnesses in that setting (eg, health worker and
laboratory capabilities, referral capacity, and availability
of essential resources such as oxygen, fluids, antimicro-
bials and provision of vital organ support), in order to
contextualise the outcomes against which a candidate
prognostic test or algorithm is to be assessed.

In this paper, we first review the concepts of prog-
nosis and diagnosis, with a focus on assessment of the
severity of febrile illness. We then apply these concepts
to define three potential use-cases for prognostic tools in

the management of febrile illnesses in resource-limited
settings: (1) guiding referrals from the community to
higher-level care; (2) informing resource allocation for
patients admitted to hospital and (3) identifying patients
who may benefit from closer follow-up post-hospital
discharge. For each use-case, we explore practical impli-
cations for new technologies, with an emphasis on the
requirements for putative tests to measure biochemical
biomarkers within various healthcare settings in LMICs.
We conclude by reflecting on the challenges and knowl-
edge gaps that must be addressed before prognostic
tools could be incorporated into routine care settings,
drawing on the findings from multiple recent stake-
holder consultations."*

PROGNOSIS AND DIAGNOSIS IN THE ASSESSMENT OF DISEASE
SEVERITY

Healthcare providers regularly integrate multiple sources
of data (eg, patient demographics, comorbidities, clinical
signs and symptoms, and results of radiological and labo-
ratory investigations) to determine the ‘true’ underlying
disease or health state of their patient. Depending on
the temporal relationship between these baseline data
(predictors) and the disease or health state in question
(the outcome), these predictions are either diagnostic or
prognostic.

Often the distinction between diagnosis and prognosis
is clear: integration of clinical, laboratory and radiolog-
ical information to predict whether a patient may have
infective endocarditis (Duke criteria)'® is a diagnostic
process, whereas predicting the probability that an indi-
vidual may develop active tuberculosis (TB) within the
next 2years based on their demographics, medical history
and latent TB infection test result (PERISKOPE-TB) ' is
easily recognisable as prognosis (figure 1).

For predictors of severity these concepts can become
blurred. A patient’s severity reflects their likelihood of a
poor outcome and hence predictors of severity are inher-
ently prognostic. However, certain predictors also indicate a
patient’s ‘level of severity” at the time of measurement (eg,
peripheral oxygen saturation in a patient with pneumonia)
and in this sense, as well as providing prognostic informa-
tion, can also be considered diagnostic of a patient’s severity
at that moment. This is in contrast to other predictors that
are primarily harbingers of future deterioration in patients
who appear otherwise well (eg, various clinical and labo-
ratory parameters measured during the febrile phase of a
dengue or COVID-19 infection).” 7 '

Most predictors used for the assessment of severity fall
into the first group, serving both diagnostic and prognostic
purposes. For example, many guidelines and tools devised
to inform the management of febrile illnesses in resource-
limited settings use ‘Danger Signs’ to identify patients who
are severely ill at the time of assessment and at high risk of
mortality.'”*’ Hence, these ‘Danger Signs’ can be considered
both diagnostic (of the severity of illness at the time of assess-
ment) and prognostic (for future risk of death). However,
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Figure 1

Classical paradigm for diagnostic and prognostic algorithms applied to communicable diseases (top) and the

assessment of disease severity (bottom). Green boxes contain examples of baseline data (predictors) and pink boxes
contain examples of diseases or health states (outcomes). Thin arrows indicate temporal relationship between predictors and
outcomes. LTBI, latent tuberculosis infection; PERISKOPE-TB, personalized risk predictor for incident TB.

their lack of sensitivity and specificity, and high interobserver
variability, make their performance poor for these particular
purposes.”' # Improving identification of impending serious
illness in patients that lack clinical signs of severity as deter-
mined by existing management algorithms is a global public
health priority."*

It is often poorly reported whether (and what proportion
of) patients had met the predefined severity endpoint (eg,
hospital admission, vital organ dysfunction or disease-specific
severity scores) at the time the baseline predictors were
measured (ie, whether the predictors are serving predomi-
nantly diagnostic or prognostic functions).** This is partic-
ularly important in community settings where mortality
is rare and may not be a feasible or relevant endpoint.
Failure to identify a study as prognostic or diagnostic is a
common shortcoming in the reporting of clinical prediction

research.”® Recent guidance on the design, reporting and
assessment of prognostic studies aims to improve this.”” To
best leverage this, clearly defined use-cases for prognostic
tools in the management of febrile illnesses (table 1; figure 2)
are required to standardise data collection, encourage consis-
tency of reporting, contextualise interpretation of results and
maximise comparability of findings from disparate studies.

USE-CASES FOR PROGNOSTIC TOOLS IN THE MANAGEMENT OF
FEBRILE ILLNESSES IN RESOURCE-LIMITED SETTINGS

Referral for higher-level medical care by community
healthcare providers

Most patients with febrile illnesses present to peripheral
levels of the health system.' Distinguishing those that
require referral can be difficult, and once identified the
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Community referral:

A chronic conflict involving a separatist
border province in country X has flared
up, with multiple airstrikes damaging
the already crumbling health
infrastructure. The nearest functional
hospital is across the border, a journey
of 20km involving crossing the conflict
front-line and evading an unfriendly
border army who are actively trying to
prevent a refugee influx. A male patient
presents to one of the functional health
posts with a shrapnel wound to his
lower leg and a low-grade fever. He is
otherwise feeling well. He is seen by a
community health worker who is
unsure if oral antibiotics would be
sufficient yet is concermned about the
risk of the patient making the journey
across the border. A referral
mechanism exists but is risky from a
security perspective and will utilise the
only available vehicle. She uses a
simple prognostic algorithm (including
temperature, pulse and measurement
of a hypothetical biochemical
biomarker using a lateral flow assay
similar to a malaria rapid diagnostic
test), which suggests that the patient’s
risk is above the threshold for safe
discharge back to the community. She
therefore mobilises the vehicle and
advises the patient, with informed
consent, that the cross-border journey
is likely to be necessary. Fortunately,
the patient arrives safely. His condition
deteriorates over the next 48 hours but
timely intervention with intravenous
antibiotics and fluid resuscitation result
in a positive outcome and discharge
after five days.

In-hospital prioritisation:

A 9 year old boy presents to a district
hospital with high parasitaemia malaria
during peak malaria season. His
mother reports a history which is
suggestive of a fit but this cannot be
confirmed. The single clinical officer on
duty assesses the child with the
assistance of a prognostic algorithm
(including the patient’s age,
comorbidities, iliness history,
presenting vital signs, and
measurement of two hypothetical
biochemical biomarkers). The child is
deemed to be at high risk of an
adverse outcome. For this reason,
rather than being sent to the normal
paediatric ward, the child is admitted to
the four-bedded high-dependency unit.
This proves the right decision when
four hours after admission the child
enters into status epilepticus and
requires urgent resuscitation. Due to
the higher nurse-to-patient ratio the
child is attended promptly and the
seizure terminated. Clinical evolution is
slow but there is a response to
treatment, and the child is weaned off
parenteral artesunate and discharge
planning can begin.

BMJ Global Health

A 4 year old girl, referred from a
community health centre, was admitted
to a district hospital with signs and
symptoms of pneumonia. On
admission, she was moderately
malnourished with a mid-upper arm
circumference of 121mm, but has no
other comorbidities. Her mother had
travelled for two and a half hours with
her daughter using motorcycle taxi and
walking as the primary modes of
transportation to reach the hospital.
Her hospital course was uncomplicated
and by the time of her discharge, four
days later, her vital signs have
normalised. A prognostic score
(including the degree of malnutrition,
severity of her respiratory illness at
admission [oxygen saturation and
presence of chest indrawing], the
geographic location of her residence
and measurement of a hypothetical
biochemical marker) indicates that she
is at high risk of post-discharge
mortality. Based on her risk score she
is provided with a robust plan for
follow-up, which includes three follow-
up visits within the next fortnight at a
health centre near her home. Extra
care is taken to provide information
and counselling to the mother on
monitoring her daughter’s recovery,
how and when to seek further care,
hygiene and nutrition. Seven days after
discharge, during a routine follow-up at
the nearby health centre, the nurse
notes worsening respiratory symptoms
and refers the child back to the
hospital, where the child is readmitted
for recurrent pneumonia.

Figure 2 Clinical vignettes illustrating three use-cases for hypothetical prognostic tools in the management of febrile illnesses

in resource-limited settings.
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decision to transfer may not be straightforward. Particu-
larly in rural areas and conflict settings, poorly func-
tioning infrastructure, as well as geographic, climatic,
social and political challenges mean that referral deci-
sions often involve complex mechanisms and incur costs
and risks for both patient and provider.*®

Even with optimal deployment of existing algorithms,
cases of serious illness can be missed and patients are
inappropriately referred.*’ In many settings these algo-
rithms are not regularly used or are improperly applied
due to various constraints common in LMICs.” * A
prognostic test that could give community healthcare
providers increased confidence in their decision to refer
(or not) would have great potential to improve appropri-
ateness of referrals and reduce resource misallocation.”
Increased confidence may also lead to better communica-
tion between providers and patients, which is important
in contexts where strong traditional beliefs about causes
and treatments of febrile illness exist.”

In settings where referral is not immediately feasible,
accurate prognosis could guide provision of prere-
ferral care, such as the first dose of parenteral antibi-
otics for suspected serious bacterial infections.” During
epidemics, like the current COVID-19 pandemic, iden-
tifying patients suitable for home-based management
could prevent overburdening of health facilities. Such a
prognostic test or algorithm would need to function with
the limited human and material resources available at
the peripheral levels of most LMIC health systems, and
the threshold for referral adjusted according to the risks
and benefits present in particular contexts, reflecting
whether a high negative (NPV) or positive predictive
value (PPV) is the priority.

Rather than being mutually exclusive, prognostic and
diagnostic tests should be considered complementary: an
algorithm integrating prognostic and diagnostic compo-
nents can be envisioned as being highly useful in this
context. First the algorithm could identify patients likely
to benefit from referral for higher-level care, as described
above, and second it could guide the further manage-
ment of individuals who were identified as suitable for
care at the community level (for example, informing
appropriate antimicrobial prescription).

Resource allocation for patients admitted to hospital
In many LMICs febrile illnesses remain the leading
cause of hospitalisation.” Particularly during seasonal
outbreaks (eg, due to malaria, acute bacterial menin-
gitis or dengue), health facilities are vulnerable to over-
crowding and limited resources stretched further.”*
Being able to predict the likely course of a patient’s
illness given the resources available at a typical district-
level hospital could enable better resource prioritisa-
tion—from simple measures such as facilitating early
discharge or increased frequency of vital observations, to
admission to restricted-capacity high dependency areas
or informing timely transfer for tertiary-level care.

At regional-level and tertiary-level hospitals, accurate
risk stratification might help direct resources towards
patients more likely to benefit, for example, early insti-
tution of high-cost therapies and adjunctive procedures.
This may reduce the likelihood of prolonged admission
and subsequent long-term morbidity, and the financial
burden of this on patients and their families.

Identification of patients requiring closer follow-up after
discharge from hospital
Survivors of severe infections are at increased risk of
morbidity and mortality but this risk is modifiable with
post-discharge care.” ** However, outpatient follow-up
and safety-netting is typically very difficult in LMICs and
in conflict settings poor mobile phone coverage and
internet blackouts pose additional challenges. A system-
atic review found that paediatric post-discharge mortality
rates are often as high as those occurring in-hospital.”
Risk stratification of patients using data collected in
the lead up to discharge would enable limited resources
to be focused on more comprehensive follow-up of
individuals at highest risk of post-discharge complica-
tions. Appropriate risk thresholds could be determined
based on resources available for such a programme.
Prognostic factors and algorithms that predict poor
outcome following hospitalisation have been identi-
fied."” *® Operationalising these for routine use would
enable better targeting of peri-discharge and postdis-
charge interventions.™

Prognostic tools in the context of clinical research and quality
improvement initiatives

Prognostic tools could also improve management of
febrile illnesses indirectly. Stratifying participant recruit-
ment into trials of novel therapeutics by expected prog-
nosis would ensure comparability between different sites,
as well as selection of a study population in whom the
attack rate is sufficiently high to adequately power the
trial. Furthermore, if prognostic utility is verified, surro-
gate endpoints based on these markers could reduce the
number of participants required, increasing the feasi-
bility of conducting trials in more peripheral settings,
allowing inclusion of populations more representative of
those the proposed interventions are intended to benefit.
Outside of clinical trials, accurate prognostication could
help assess the impact of quality improvement initia-
tives, training programmes and organisational changes,
as well as facilitating interunit comparisons and bench-
marking.*’

TECHNICAL CONSIDERATIONS FOR PROGNOSTIC TESTS OF
BIOCHEMICAL BIOMARKERS FOR USE IN RESOURCE-LIMITED
SETTINGS

Markers of common pathophysiological pathways can
improve identification of febrile patients with a poor
prognosis.41 However, the potential for prognostic
biomarker tests to contribute to febrile illness manage-
ment in LMICs is inextricably linked to the human and
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technical capacity in the settings in which they would be
deployed, which in turn defines the technology require-
ments for test design.

For tests performed at the community level, simplicity is
key. Tests will require the most robust features to address
stability and transport stress across wide temperature
and humidity ranges. Additionally, these tests need to be
energy-independent and results must be straightforward
to interpret. For prognostic biomarker tests this poses a
specific design challenge as many emerging biomarkers
are concentration dependent, requiring either quantita-
tive or semiquantitative results.'' For improved quantita-
tive assessment, a rapid test reader that can be reliably and
affordably used at the community level in LMICs will be
required. Reader requirements for use in these settings
have been defined but require careful cost-benefit assess-
ment to avoid adding to the biomedical graveyard that
already exists in many LMIC primary care contexts.*

For tests employed at the district hospital level or above
more advanced infrastructure exists (reliable power
supply, ambient temperature control, etc) to enable the
use of robustly designed instrumented technologies that
account for the varied conditions in laboratory settings
common in LMICs. Instrumentation permits technolo-
gies capable of high sensitivity measurement and quan-
tification, as well as more versatile throughput, sample
processing and analyte detection methodologies.

FUTURE DIRECTIONS

Results of a recent multinational stakeholder consul-
tation indicate that better tools to guide community
healthcare providers in their referral and admission
decisions are urgently required, in particular to prevent
under-referral (figure 3)."* Crucially, future work evalu-
ating candidate prognostic tests or algorithms for use in
community contexts must include individuals managed
as outpatients.* Attention must be focused on patients in
whom there is clinical uncertainty, rather than on those
in whom severe disease can readily be ruled in or out
using existing guidelines and algorithms.

The ideal prognostic test or algorithm would have
sufficient accuracy and also be generalisable across
similar settings. Determining generalisability necessi-
tates comparisons between different studies. Although
clearly defined use-cases can harmonise study designs
and promote consistency of reporting, standardised
assessment methods are essential. Tools to support stan-
dardised measurement of baseline predictors have been
proposed,** however as the outcome of a febrile illness is
influenced by the resources available (a severe outcome
may be averted by appropriate treatment) outcome
assessment requires a more contextualised approach.

One possibility is to adjust for the differing treatments
and interventions a patient receives when data from
disparate studies are synthesised. However, treatments
and interventions are often applied imprecisely and
adjustment for mediating variables is difficult and can

introduce selection bias. An alternate solution is to use a
standardised tool to assess the overall ‘level of care’ avail-
able in different healthcare settings (eg, different treat-
ments, adjunctive procedures and equipment, health
worker capacity and provider—patient ratios).* This is
already commonplace in critical care medicine, facili-
tating comparisons across settings with similar ‘levels of
care’.*® This harmonised yet contextualised approach
could be particularly advantageous given the hetero-
geneous settings in which care is provided for patients
living in LMICs.

Additional measures of disease severity, such as need
for hospital-level care, must be included alongside
mortality. Although surrogate outcomes have important
limitations (eg, hospital admission may be influenced
by patient and provider preferences), a comprehensive
outcome set that includes, but is not limited to these
surrogates, is important to consider. Mortality, although
a ‘hard’ outcome, occurs infrequently in community
settings and predicting death may be of limited utility,
compared with predicting severe (and in many instances
treatable) illnesses.

Many studies evaluate clinical and biochemical prog-
nostic factors in febrile patients.”” Fewer examine the
added value of combining biochemical biomarker tests
with clinical features. Any new proposed test should add
value to the current standard of care. This is particularly
important given the added costs and logistical challenges
of implementing new tests in decentralised healthcare
settings. Many factors determine the optimal sequence
for combining different tests, including cost, patient—
provider workflow, pretest probability and whether
a high NPV or PPV is desired in a particular setting.*®
Summarising an algorithm’s prognostic capacity using a
single metric (eg, the area under the receiver-operating
characteristic curve) is of limited use to a health worker
confronted with an individual patient.*’

Few studies consider the additional information that
trends in different parameters may provide."” *° Serial
measurements of clinical and biochemical parameters
may enable more personalised risk prediction than static
assessments at a single point in time. To fully realise the
benefits of this approach a better understanding of the
temporal kinetics of different markers is required.

Finally, once promising prognostic markers are iden-
tified, simple, affordable and reliable tests to measure
them must be manufactured and supported by robust
supply chains to ensure equitable access. Ideally, tests and
algorithms would be quantitative, providing a mechanism
to adjust cut-offs to achieve the desired NPV or PPV for a
particular setting. Candidate predictors already routinely
collected for other purposes should be prioritised for eval-
uation. The growing use of electronic health records may
make this more feasible. For clinical features this could
include increasing access to technologies such as pulse
oximetry and other vital sign devices.”' For biochemical
biomarker measurements, simple lateral flow tests (with
or without quantitative readers), analogous to those in
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Figure 3 Voices from the field. Opinions of policy makers, healthcare providers and researchers on the opportunities and

“If someone is not giving an
antibiotic and sending the child
home, often they're saying,
Did | make the right

decision’, so having something
that says this child also scored
low on severity scores this
would be quite helpful.”

(Researcher, Africa)

“If there are no malaria danger
signs (coma, low level of
consciousness): patients,
especially adults, are usually
treated as an outpatient. Coma
is the main sign for referral.”

(Policymaker, Africa)

“At lower levels it is important
to have efficient referral
system. Even when you
recognize symptoms at
community level it is difficult to
get people to ancther level due
to issues such as
transportation.”

(Policymaker, Africa)

OVER-REFERRAL

“It [a severity test] would be
helpful for primary care or
remote settings. In this case it
would be interesting to have a
more sensitive and less
specific test. A test that allows
early identification of serious
patients, that would allow less
hospitalization time for the
patient. Easy test to implement.
The test should have an impact
in the hospital.”

(Policymaker, LATAM)

‘In a rural area it is very difficult
to be referred to a hospital (far
from cities). In the urban area,
is easy to get referred because
there are economic incentives
for the doctors who refer
patients and for the doctors
that admit them.”

(Policymaker, LATAM)

‘In urban settings, if a patient is
referred it is because there are
reasonable doubts, or the
clinical signs suggest severity.
Perhaps, in another settings
(more rural) and another
clinical situation would be
different.”

(Policymaker, LATAM)

“Better safe than sorry” attitude; providers lack confidence in
their ability to identify patients likely to progress to serious

iliness

Pressure from patients who insist on seeing a medical doctor
UNDER-REFERRAL

Health workers at peripheral levels, lack sufficient skill, training
and tools to detect patients at risk of severe disease

Difficulty with transportation and logistics of arranging the
referral, especially in rural / remote areas, mean that the
threshold for referral can be set too high

Providers are cognisant of the financial burden of referral for
patients and their families

Patients or caregivers refuse referral, due to financial burden or
competing priorities

‘Referral is a massive problem,
sometimes the community
health workers refer a patient
to a health center. Then, the
patient needs to travel 4/5
hours, which in rainy season
proves to be very difficult.”

(Provider, Asia)

“If the patients only present
with acute fever it is difficult for
health workers [to decide
whether] to refer or not. If
patients present late and there
are other signs or symptoms,
then there are no difficulties to
refer.”

(Researcher, Asia)

“In rural areas even if doctors
are present, it's easier to refer
patients if their socio-economic
status allows them to.”

(Provider, Asia)

Overall, under-referral was
considered a greater issue
than over-referral,
particularly in rural and
remote areas

barriers for prognostic tools in the management of febrile illnesses in heterogeneous resource-limited settings.
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Table 2 A practical way forward. Recommendations for researchers, product developers, policy makers and funders to
accelerate the development and implementation of prognostic tools for the management of febrile ilinesses in resource-limited
settings, informed by a recent stakeholder consultation exercise.

Practical steps to improve the design and reporting of studies aiming to accelerate the development and
implementation of prognostic tools for the management of febrile ilinesses in resource-limited settings

Product
developers

Policy makers
and funders

Researchers

1. Describe and respect the clinical use-case that the prognostic test or

algorithm aims to fulfil

The study population must reflect the clinical problem that the novel test

or algorithm aims to address, for example, the inclusion of outpatients for
studies aiming to develop tools for community-based use. Technology must be

44 44 Y

developed in partnership with users to ensure it meets their needs. Integrated
care models must be advocated for and adopted rather than vertical disease-
specific programmes, and training of health workers must be prioritised to

support the sustained uptake of new tools.

2. Measure candidate predictors using common frameworks for data

collection

Candidate predictors should be measured using comparable methodologies to

44 44 4

encourage data sharing,44 and predictors already identified as promising must

be included to allow evaluation of external validity.47 52 53

3. Define relevant outcomes against which candidate predictor(s) will be

assessed

Comprehensive outcome sets that include surrogate endpoints must be defined, Y v v
particularly for use-cases where mortality may not be a relevant or feasible
outcome. Ideally these should be prospectively agreed on by all members of the

research community.54

4. Use standardised tools to assess human and material resources available

in the targeted settings

44 4 4

Study settings must be described using standardised tools to contextualise
findings and encourage pooling of data from similar environments.45

5. Report findings in accordance with existing guidelines

Study design must be adequately reported (eg, the proportion of participants

who had met the endpoint at the time candidate predictors were measured)27
and results should be summarised using metrics that reflect clinical decision

44 44 4

making (eg, positive and negative predictive values, likelihood ratios and net-
benefit analyses). Simple technology that can provide quantitative outputs should
be invested in to allow cut-offs to be tailored to different risk-benefit scenarios.

Number of checkmarks indicate the relative importance of each recommendation for each group.

widespread use for the diagnosis of malaria could be envi-
sioned (table 2).

Prognostic tools that improve risk stratification of
patients with febrile illness would have enormous poten-
tial to improve patient outcomes and allocation of scarce
resources. Each proposed technology requires careful
cost-benefit assessment and must be developed in part-
nership with the healthcare providers working within
the targeted contexts. Defining essential product design
requirements in consultation with users is essential to
ensure usability and promote understanding, acceptance
and trust of these technologies. Importantly, donors and
implementers must embrace integrated community care
and move away from vertical disease-specific models, as

the settings where prognostic tools could have greatest
impact are precisely the contexts in which diagnosis
remains most challenging.
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