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ABSTRACT

Introduction Fever commonly leads to healthcare
seeking and hospital admission in sub-Saharan Africa
and Asia. There is only limited guidance for clinicians
managing non-malarial fevers, which often results in
inappropriate treatment for patients. Furthermore, there is
little evidence for estimates of disease burden, or to guide
empirical therapy, control measures, resource allocation,
prioritisation of clinical diagnostics or antimicrobial
stewardship. The Febrile lliness Evaluation in a Broad
Range of Endemicities (FIEBRE) study seeks to address
these information gaps.

Methods and analysis FIEBRE investigates febrile
illness in paediatric and adult outpatients and inpatients
using standardised clinical, laboratory and social science
protocols over a minimum 12-month period at five sites
in sub-Saharan Africa and Southeastern and Southern
Asia. Patients presenting with fever are enrolled and
provide clinical data, pharyngeal swabs and a venous
blood sample; selected participants also provide a urine
sample. Laboratory assessments target infections that
are treatable and/or preventable. Selected point-of-care
tests, as well as blood and urine cultures and antimicrobial
susceptibility testing, are performed on site. On day

28, patients provide a second venous blood sample for
serology and information on clinical outcome. Further
diagnostic assays are performed at international reference
laboratories. Blood and pharyngeal samples from matched
community controls enable calculation of AFs, and surveys
of treatment seeking allow estimation of the incidence

of common infections. Additional assays detect markers
that may differentiate bacterial from non-bacterial causes
of illness and/or prognosticate illness severity. Social
science research on antimicrobial use will inform future
recommendations for fever case management. Residual
samples from participants are stored for future use.
Ethics and dissemination Ethics approval was obtained
from all relevant institutional and national committees;
written informed consent is obtained from all participants
or parents/guardians. Final results will be shared with
participating communities, and in open-access journals

Strengths and limitations of this study
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» Harmonised protocol at multiple sites to allow com-
parison of results across diverse epidemiological,
geographic and cultural settings.

» Collection of data from inpatients, outpatients and
community controls of all ages >2 months, at mul-
tiple sites across Africa and Asia, over the course
of >12 months at each site to capture seasonal
variation.

» Inclusion of a control group at each site to aid attri-
bution and to allow estimation of disease incidence.

» Standardised diagnostic testing at pathogen-
specific reference laboratories according to interna-
tionally accepted clinical case definitions.

» Current study limited to only five sites; protocol and
supporting documents are freely available to other
researchers who may wish to undertake similar
work.

and other scientific fora. Study documents are available
online (https://doi.org/10.17037/PUBS.04652739).

INTRODUCTION

Fever is one of the most common symptoms
leading to healthcare seeking and hospital
admission in sub-Saharan Africa and Asia.'*
Current age-specific WHO algorithms for the
primary care level provide only limited guid-
ance to clinicians for the management of
non-malarial fevers. If the malaria test is
negative, the patient is classified as ‘fever:
no malaria’ in the Integrated Management
of Childhood Illness guidelines® or in the
Integrated Management of Adolescent and
Adult Tllness guidelines,* and advice is given
to ‘treat according to the apparent cause of
fever.” Many febrile illnesses present with
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non-specific symptoms and signs, and the current recom-
mendations often result in treatable diseases being left
untreated or treated with inappropriate antimicrobials
on the one hand and overtreatment of self-limiting condi-
tions with antimicrobials on the other, with important
implications for the development of antimicrobial resis-
tance.”’

Little is currently known about the causes of fever
in many low-income and middle-income countries
(LMICS),7_9 so there is sparse evidence on which to base
empirical treatment guidelines for febrile patients, espe-
cially in more remote areas. Some studies provide an
indication of the clinical spectrum of febrile illness," "
but these studies were often disease specific, for example,
focussing on urinary tract infections in Nigeria'? or arbo-
viruses in Asia.”® A few studies designed to look at aeti-
ologies of fever in given locations have been published
recently.? "7 While the results are useful within the
specific study areas, the epidemiology of infections varies
in place and time, so the generalisability of single-site
studies is uncertain. Furthermore, the study approaches
were heterogeneous—with differences in patient age,
type of health facility, seasons covered, inclusion criteria,
study design, sampling techniques and pathology tests
employed—making it difficult to compare findings across
sites and to produce a clear picture of the most common
causes of fever in each geographical setting, age group
and at each level of care. In addition, there is disabling
heterogeneity in eligibility criteria, case definitions,
use of diagnostic tests that are not sufficiently validated
or standardised and lack of control groups, preventing
calculation of attributable fractions (AFs). Recently, two
multisite, prospective, case—control studies demonstrated
the potential of using harmonised research protocols with
standardised diagnostic methods to investigate the causes
of clinical syndromes with high morbidity and mortality in
resource-limited settings: the Global Enteric Multicenter
Study'® and the Pneumonia Aetiology Research for Child
Health study'® determined the predominant infectious
causes of diarrhoea and pneumonia, respectively, among
children in multiple African and Asian countries.

Improved diagnosis and treatment of febrile illness
matter both for the care of individual patients and for
public health goals. Besides data gaps on prevalence of
specific infections in febrile patients, there is very little
information on incidence for many of the infections
thought to be clinically important in Africa and Asia.
Consequently, there is little information on which to
base estimates of burden of disease or to guide empir-
ical therapy, control measures and resource allocation.’
In addition, the ability to differentiate between bacterial
and viral infections and between broad groups of bacte-
rial pathogens based on antimicrobial susceptibility,
could have a major global impact on antimicrobial resis-
tance by limiting the unnecessary use of antimicrobials.
However, there are limited data on antimicrobial usage
and how and why the frequency and appropriateness of
usage vary across LMICs. There is increasing emphasis

on identification and incorporation into point-of-care
diagnostic tests of markers of immune and endothelial
activation (hereafter ‘biomarkers’) that can distinguish
between bacterial causes of fever requiring antimicrobial
treatment and viral or self-limiting infections,” or that
can identify current or incipient severe illness.** **

The Febrile Illness Evaluation in a Broad Range of
Endemicities (FIEBRE) study has been designed to help
address these information gaps. FIEBRE is a multisite
investigation in paediatric and adult outpatients and
inpatients, using standardised clinical, reference labora-
tory and social science protocols, in low-resource regions
from which few or no data are available. FIEBRE is being
conducted at five sites in sub-Saharan Africa and South-
eastern and Southern Asia, and the full protocol, data
collection forms, standard operating procedures and
other supplementary information are freely available to
researchers who may wish to conduct harmonised work
at other sites (accessible on the FIEBRE study website
(https://doi.org/10.17037/PUBS.04652739) or from
coinvestigators). This paper describes the clinical, epide-
miological and laboratory activities of FIEBRE, which
seek to identify infections that are treatable (eg, with
specific antimicrobials) and/or preventable (eg, with
vaccination or vector-control approaches), to document
antimicrobial susceptibility in isolated micro-organisms
and to evaluate biomarkers that may be useful in distin-
guishing bacterial from other causes of fever and/or in
prognosis. An overview of the social science work and its
relationship to the broader study is also provided, with
country-specific protocols available on the FIEBRE study
website (https://doi.org/10.17037/PUBS.04652739).

METHODS AND ANALYSIS

Study design

FIEBRE is a study of febrile illness in people aged 2months
and older residing at one of five sites (three sites in sub-
Saharan Africa, one in Southeastern and one in Southern
Asia). The study’s specific objectives are listed in box 1.
Patients who present with fever at the selected facilities
are recruited (day 0) if they or their guardians/caregivers
(in the case of minors or unconscious patients) provide
written informed consent. Study staff take a targeted illness
and exposure history and perform a physical examina-
tion. Nasopharyngeal and/or oropharyngeal swabs and a
venous blood sample are collected from all participants; a
urine sample is collected from selected participants. Tests
for malaria and for HIV (at sites where HIV prevalence
exceeds 1% in the general adult population, for patients
not already known to be infected), serum cryptococcal
antigen (CrAg) and urinary lipoarabinomannan (uLAM)
detection, and blood and urine cultures are performed
on site; bacteria and fungi isolated from clinical speci-
mens are identified and tested for antimicrobial suscepti-
bility. At day 28 after enrolment, study patients are asked
to provide a further venous blood sample for serology,
and clinical outcome is evaluated.
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Box 1 Specific objectives of Febrile lliness Evaluation in a

Broad Range of Endemicities

Primary objectives

1. To determine the treatable and/or preventable causes of fever in
children aged >2 months and in adults presenting as outpatients,
and among those admitted to hospitals, in areas represented by the
study sites.

2. To determine how fever aetiology varies according to patient age,
geographical area, local malaria and HIV prevalence, and other risk
factors.

3. To determine the prevalence and spectrum of antimicrobial resist-
ance among bacterial pathogens identified in clinical specimens
from febrile patients.

Secondary objectives

1. To generate data on incidence of specific infections in study site
catchment areas and therefore contribute key data on disease bur-
den for some infections that are not counted in current global bur-
den of disease estimates.

2. To build an archive of well-characterised and geographically diverse
biological samples from patients with well-characterised clinical
phenotypes, and from community controls, for use in evaluation of
new diagnostic and prognostic tests and in identification of human-
related and pathogen-related biomarkers that may improve case
management strategies.

3. To evaluate available biomarker assays to assess their performance
and potential utility in fever case management in the study areas.

4. To collect social science data on the roles of antimicrobials in fever
case management for prescribers, local residents and a range of
stakeholders.

5. To generate data to inform the development of new evidence-based
fever case management algorithms which may be evaluated in fu-
ture studies.

Study patients are managed by the clinical staff respon-
sible for usual patient care at each study site, according
to local standard of care. Results of diagnostic tests
performed at or near the study site are provided to the
clinical staff as soon as available. Other diagnostic tests
are performed at internationally recognised reference
laboratories (see the Specific laboratory assessments
section).

Recruitment to the study is over a minimum contin-
uous 12-month period at each site to ensure that seasonal
variations in causes of fever are captured. Blood and
pharyngeal samples from matched community controls
enable the calculation of AFs. In addition, control partic-
ipants are surveyed to obtain representative data about
treatment seeking and medicine use. By combining data
on causes of fever at study sites with the estimate of the
proportion of patients with fever seeking care at those
facilities, the incidence of common infections in the study
area can be estimated, in order to contribute to efforts to
define the burden and impact of infectious diseases.”*?’
Social science research is carried out to capture people’s
responses to febrile illness and the nature of antimicro-
bial use in different settings, the findings from which will
be used to inform changes in fever case management.

Study sites, population and participant selection

The study is being conducted at five sites, all of which

have little or no published data on causes of fever, and

where suitably qualified research teams and capacity are
available. Current study sites include outpatient and inpa-
tient facilities in Bangladesh, Lao People’s Democratic

Republic (Laos), Malawi, Mozambique and Zimbabwe.

These sites have been selected because they fulfil the

aforementioned criteria and because, based on available

data, there is substantial between-site variation in the

prevalence of HIV and malaria (table 1).

The study recruits both febrile patients (cases) and
community controls. Patients are drawn from those who
present for healthcare at the selected healthcare facili-
ties. All patients aged 2months and older are eligible for
enrolment. Patients are recruited if they fulfil all of the
following criteria:

1. Tympanic or axillary temperature of 237.5°C at
presentation.

2. Nothaving been hospitalised or having undergone sur-
gery in the previous month.

3. Age 22 months (2months or older).

4. For outpatients, residence (at the time of enrolment)
within the defined catchment area around the health
facility.

5. For outpatients aged 215 years, absence of symptoms of
lower respiratory infection and of diarrhoeal diseases
as defined by
a. Cough and 21 of the following: cough productive of

green/yellow sputum or haemoptysis.
b. Loose stools (23) within the previous 24 hours.

6. For outpatients aged =22 months to <15 years, absence
of symptoms of diarrhoeal diseases as defined by =3
loose stools within the previous 24 hours.

7. Willingness and ability to provide demographic and
clinical information, and clinical samples, at the time
of enrolment and 28 days later.

8. Provision of written informed consent for adult par-
ticipants; or for children, provision of written consent
from a parent/guardian and assent from the child (ac-
cording to local regulations and practices at each study
site).

Social science research is conducted with purposive
samples of prescribers, medicine sellers and residents in
the study catchment areas in two countries, as well as with
stakeholders in the wider public health community.

Participant recruitment began in Zimbabwe in June
2018, in Malawi in July 2018, in Laos in October 2018 and
in Mozambique in December 2018; following confirma-
tion of funding, a fifth site is expected to begin in Bangla-
desh in mid-2020.

Data and sample collection at the time of patient enrolment
(day 0)

At patient enrolment, study staff collect basic demo-
graphic data and information on the history of the present
illness. A study staff clinician performs a physical exam-
ination, including signs that may be used to calculate a
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severity score (eg, FEAST Paediatric Emergency Triage®
and Lambaréné Organ Dysfunction Score® * for chil-
dren aged <15 years, and quick Sequential Organ Failure
Assessment” ™ and the ‘universal vital assessment”*
score for older patients).

Study staff collect pharyngeal swabs and a venous
blood sample from each participant using standard age-
based and weight-based thresholds for blood volumes
obtained.” In addition, a urine sample is collected from
patients aged <2 years (using clean-catch methods where
possible, although this is recognised to be challenging)
and from older patients who have dysuria, frequent mictu-
rition, suprapubic tenderness or costovertebral angle
tenderness. Study staff prepare the samples and conduct
the diagnostic tests described. All other care is provided
by health facility staff according to local standards.

The FIEBRE study collects clinical samples for two
purposes: for assays that are of immediate clinical benefit
to patient care (malaria testing, HIV testing, serum CrAg,
ulLLAM, and blood and urine cultures, performed at or near
the clinical site) and for research purposes (serological
and nucleic acid assays for pathogen-specific diagnoses,
assays of immune and endothelial activation markers, and
RNA analysis in a subset of participants, all of which will
be done in the future at specialised laboratories).

Data and sample collection at the time of patient follow-up
(day 28)

All patients are asked to return to the study site for
one follow-up visit 28 days after enrolment (acceptable
range: 26-48 days, inclusive, after enrolment). At each
patient’s day 28 follow-up visit, study staff record the clin-
ical outcome of the illness (complete recovery, improve-
ment but incomplete recovery, same as on day 0, worse
than on day 0, death and loss to follow-up) and obtain
a convalescent venous blood sample for paired serology
and biomarker testing. In the event that a patient is lost
to follow-up or deceased, information is collected from
other household members where possible.

Recruitment, data and sample collection for control
participants

Interpreting the results of some serological, molecular
and pharyngeal swab assays requires knowledge of back-
ground prevalence of infection or colonisation in the study
population. To address this need, 2600 control partici-
pants are enrolled at each study site. Control participants
are community members in the study site health facilities’
catchment areas, frequency matched 1:2 (or >1:2, where
logistically feasible) to participating outpatients by month
of enrolment, age, gender and geographical location of
residence to the outpatients. No controls are specifically
recruited for the inpatient population, as inpatients may
be referred to the participating health facilities from a
wider geographical area and therefore may be less repre-
sentative of the epidemiology in the study area. Poten-
tial control participants are approached at their place of
residence by study staff, with assistance from established
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community health workers, where locally appropriate.
Controls are recruited two times per month at each site
and enrolled if they or their parents/guardians provide
informed consent. The informed consent document and
process for controls include an explanation that control
participants are not likely to benefit directly from study
participation, but that their participation may lead to
better understanding of febrile illnesses in their commu-
nity and others like it.

Study staff collect basic demographic data from control
participants. Sample collection and diagnostic testing
are identical for controls and patients, with three excep-
tions: blood for culture, convalescent sera and urine are
not collected from controls. Venous blood is drawn from
control participants using standard age-based and weight-
based volume guidelines.

Healthcare utilisation survey for estimation of incidence of
infections

In addition, questionnaires are administered to the
community control participants in order to capture
representative data about treatment seeking and antimi-
crobial and other medicine use. The control (or health-
care decision-maker if the participant is a child) is asked
about treatment-seeking practices for each household
member.** ** This healthcare utilisation survey provides
an estimate of the period prevalence of fever, as well as
the proportion of individuals with fever in the commu-
nity who present to the study enrolment sites for care.
The fraction of people with fever presenting to a study
site will be used to estimate the population-based inci-
dence of fever overall and the incidence of specific causes
of fever in the catchment area of study healthcare facili-

. 94 95
thS.l 24 25 37 38

Social science methods

To capture responses to febrile illness and the nature of
antimicrobial use among prescribers, medicine retailers
and residents, social scientists use qualitative and quanti-
tative methods derived from medical anthropology. The
first research phase involves household medicine surveys
in the study catchment areas, a central feature of which is
the use of ‘drug bags’ (a collection of physical examples
of locally available antibiotics) that enable the produc-
tion of qualitative and quantitative data about antibiotic
recognition, use and access. Details of this method have
been described elsewhere.” The second phase is longi-
tudinal ethnographic fieldwork, including participant
observation and key informant interviews with residents,
medicine retailers (pharmacists, drug shop workers
and market vendors) and healthcare workers in clinics
and hospitals. With prescribers and retailers, qualita-
tive methods are complemented and contextualised by
the collection of quantitative data about antimicrobial
prescription, stocks and sales. Alongside ethnography,
in-depth interviews with stakeholders in the wider public
health community are conducted to situate local fever

management and antimicrobial use within broader public
and global health discourses.

Specific laboratory assessments

Laboratory assessments for detection and diagnosis of
infectious causes of fever focus on those that are treatable
and/or preventable (table 2). With a few exceptions, the
same pathogens are sought in samples from all partici-
pants at all sites, including: blood parasites; bacterial,
mycobacterial and fungal bloodstream infections; typhus
group and spotted fever group Rickettsia spp; Orientia tsut-
sugamushi; Coxiella burnetii; Leptospira spp; Brucella spp;
Borrelia spp that cause relapsing fever; Leishmania spp;
and arboviruses.

Table 2 describes pathogen-based diagnostic tests that
are performed at or near the point of care at each study
site; these results are made available in real time to treating
clinicians for use in patient care decisions. In order to
standardise diagnostic testing for study results, external
quality assessment of site results and further diagnostic
assays for which capacity does not exist currently near the
research sites are performed at internationally recognised
reference laboratories (table 2). Cryopreserved samples
of all microorganisms isolated in culture from blood and
urine are shipped on dry ice to a reference laboratory
for confirmation of identification and of antimicrobial
susceptibility testing to international standards. Partici-
pants’ pharyngeal swabs and blood samples (EDTA whole
blood, serum, plasma and buffy coat) are aliquoted, stored
at —80°C and shipped to the collaborating reference labo-
ratories. For each pathogen of interest, all samples from
all study sites are tested at the same reference laboratory,
and diagnostic strategies meet internationally accepted
laboratory-based case definitions.

In addition to diagnostic testing for specific infectious
agents, a set of assays is carried out to detect host (patient)
biomarkers that have been identified in previous studies
as potentially useful in differentiating between bacte-
rial and non-bacterial causes of illness and/or as prog-
nosticators of illness severity. These include C reactive
protein,™ *! a triggering receptor expressed on myeloid
cells (sSTREM-1),**** angiopoietin 2, * heparin-inding
protein®” * % and others. The biomarkers sought prior-
itise assays that are most likely to lead to public health
benefit in fever case management for patient popula-
tions typified by FIEBRE participants. The diagnostic
and prognostic value of these biomarkers will be assessed
to determine their utility alone and in combination for
predicting severe outcomes, using mortality and severity
scores as endpoints.

Sample archive

Informed consent is sought from study participants or
parents/guardians at recruitment for the future use of
their biological samples and anonymised data, including
for the development and evaluation of new diagnostic
tests, for example, new point-of-care diagnostic tests
intended to guide the management of febrile patients and
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assays detecting host transcriptomic signatures of specific
infections. Residual blood and pharyngeal samples from
participants are stored and monitored in a central labo-
ratory facility. Access to the samples follows a formal
process of application and requires approval from both
the FIEBRE consortium and an independent committee
including senior scientists as well as lay members.

Data sharing

Anonymised data outputs are shared on institutional
data repositories. All data releases are assigned persistent
interoperable digital object identifier (DOI) numbers
(ISO 26324). Nucleic acid sequences and associated
datasets will be released on relevant data archives (eg,
EMBL-ENA and GENBANK). Data outputs which reason-
ably, ethically and legally can be shared will be released
on open-attribution ShareAlike licenses, such as the
Creative Commons Attribution-ShareAlike V.2.0 Generic
(CC BY-SA V.2.0).

Sample size considerations

Any single pathogen or fever aetiology is likely to be rare
in the study populations.” " ' The prevalence of respira-
tory viruses (eg, influenza and respiratory syncytial virus)
detected by PCR, and of baseline seropositivity to other
pathogens, will be compared between cases and controls.
The prevalence of seropositivity to common causes of
fever is assumed to be approximately 5% in the general
population. To identify causes of fever, a sample size of
600 patients per group will enable estimation of the prev-
alence of an infection whose true prevalence is 5%, with a
precision of +1.7% with 95% confidence, and to estimate
the prevalence of an infection whose true prevalence is
1%, with a precision of+0.8%. A sample of 600 outpa-
tients and 300 controls will provide >90% power to show
a significant difference between a prevalence of 12% in
cases and 5% in controls. Therefore, 600 febrile patients
are to be enrolled in each of four analysis groups (children
aged =2 months to <15 years, and patients aged =15 years,
with stratified enrolment so that within each of the two
age groups, approximately half are inpatients and half are
outpatients), for a total of 2400 patients per site, plus 300
controls in each of the two age groups at each site (total
600). Site-specific recruitment strategies allow enrolment
of a representative sample of patients presenting over
the course of the study at each site. The social science
research will involve 100-150 participants per site, with
the sample size determined by data saturation.

Data analysis plan for primary outcomes

To determine the treatable and/or preventable causes of
fever in the study population, the AF will be calculated
for each pathogen or group of pathogens. This will be
done separately for each site and age stratum. For each
group of patients, the OR for the association between
each pathogen and fever will be calculated, using logistic
regression, by comparing cases and controls. Strata based
on geographical location and season will be defined at

each site, and the analysis will be adjusted for age, sex
and stratum. A weighted analysis will be performed to
reflect the relative frequency of fevers that present in
each season. For pathogen A, the AF (AF,) will then be
calculated as AF,=p, (1-OR,), where p, is the proportion
of cases with pathogen A, and OR | is the OR for the asso-
ciation between presence of pathogen A and being a case.
CIs will be calculated using bootstrap methods.

To determine the prevalence and spectrum of antimi-
crobial resistance among bacterial pathogens identified
in the study, at each site, the proportion of bacterial
pathogens with antimicrobial resistance defined by stan-
dardised criteria will be calculated. The proportion of
common organisms demonstrating resistance to a stan-
dard panel of antimicrobials will be reported.

To generate data on incidence of specific infections
among study participants and contribute to estimates
of disease burden, for an area with known or estimated
population size, responses to the healthcare utilisation
survey questions will be used to estimate 7, the propor-
tion of fevers for which treatment was sought at the study
facility. The total number of cases seen at the study site
from the defined population will be multiplied by 1/ to
obtain the total cases in a year from the defined popula-
tion. This will be divided by the size of the population to
estimate incidence. Incidence of fever caused by specific
pathogens will be calculated by multiplying the incidence
by the AF for that pathogen.

To assess the performance and potential utility of
biomarker assays to guide fever case management in the
study areas, each biomarker and biomarker combina-
tions will be compared with mortality and severity scores
calculated using clinical data and with pathogen-specific
diagnoses.

To generate data to support the development of new
fever case management algorithms which may be evalu-
ated in future studies, the association between the pres-
ence of pathogens with predefined clinical and other
variables will be examined, and social science research
findings will shape recommendations. Social science data
will be analysed iteratively as themes emerge and are
followed up during ethnographic fieldwork. Patterns in
the data will be interrogated in consultation with wider
social theory, building on our reviews and analyses of ‘the
social’ in fever case management® and antimicrobial
resistance.*’

Ethics and dissemination
Ethics approval of the study protocol was obtained from all
relevant institutional and national committees (table 1).
Written informed consent was obtained from all partici-
pants, or their parents/guardians, for study participation
and for future use of biological samples. No individual
participant identities will be used in any reports or publi-
cations resulting from the study.

Before beginning study activities at each site, meetings
are held with community leaders and representatives of
the public, and with staff at participating health facilities,
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to provide information about the aims of the study and
the methods to be used. When final results are available,
feedback and dissemination meetings will be held at each
site both for healthcare staff and for the communities
who participated in the study.

Investigators and study staff engage with national and
international networks to ensure that researchers, public
health advocates and policy makers at various levels are
aware of the study. The study protocol, standard oper-
ating procedures, data collection tools and other study
documents are freely available on request from coinves-
tigators and at the FIEBRE study website (DOI: https://
doi.org/10.17037/PUBS.04652739). Press releases and
website updates publicise study progress. Study results
will be prepared for publication in open-access peer-
reviewed journals, and presented at national and inter-
national scientific conferences as soon as possible after
study completion.

Patient and public involvement

Patients were not directly involved in the development
of the research questions, the design of this study or the
conduct of the study. The FIEBRE study does include
substantial interaction with communities in the study
areas to promote awareness and acceptance of patient
recruitment at health facilities, and to encourage partici-
pation as community controls and in social science activ-
ities. Study results will be disseminated in participating
communities at each site through the collaborating
research group’s public engagement teams and commu-
nity advisory groups, using locally appropriate strategies.
Community feedback, as well as findings from social
science research, will be incorporated into future recom-
mendations for improved fever case management.

DISCUSSION

The FIEBRE study is designed to investigate causes of
febrile illness and antimicrobial resistance at multiple sites
in Africa and Asia, where currently there is little evidence
and very limited diagnostic capacity to guide fever case
management. FIEBRE focuses on detecting infections
that are treatable (eg, with specific antimicrobials) and/
or preventable (eg, with vaccination or vector-control
approaches). Across all sites, the study uses a common
design, selection criteria, case definitions, laboratory
procedures and analysis plan. This harmonised approach
will generate reliable and comparable data that can
contribute to updated recommendations on the clinical
management and prevention of febrile illnesses, adapted
to local contexts. In addition, due to the inclusion of
community control participants, the study will provide
data to support reliable estimates of the incidence and, in
turn, burden of disease.

This study provides a unique opportunity to collect and
store biomedical samples with data from a large and well-
characterised group of febrile patients and controls from
representative settings in Africa and Asia. The samples

will be useful for identification of novel diagnostic targets
and to guide prioritisation for the development and eval-
uation of new point-of-care diagnostic tests intended
to guide the management of febrile patients. New tests
could include those that predict severity of illness, detect
specific infections, and/or differentiate between bacterial
and viral infections to help guide antimicrobial therapy,
identified as high priority at a WHO meeting of experts
convened in 2015.'

It is anticipated that data generated by FIEBRE on
causes of febrile illness and antimicrobial susceptibility,
alongside the social science work on the role of antimi-
crobials in fever case management, will be incorporated
into new diagnostic strategies and case management
guidelines which can then be evaluated and optimised in
various contexts.

Author affiliations

'Faculty of Infectious and Tropical Diseases, London School of Hygiene & Tropical
Medicine, London, UK

%SGlobal, Hospital Clinic - Universitat de Barcelona, Barcelona, Spain

%Centro de Investigacdo em Satde de Manhica (CISM), Maputo, Mozambique
*|CREA, Pg. Lluis Companys 23, Barcelona, Spain

SPediatric Infectious Diseases Unit, Pediatrics Department, Hospital Sant Joan de
Déu (University of Barcelona), Barcelona, Spain

®Department of Global Health and Development, London School of Hygiene &
Tropical Medicine, London, UK

"Centre for International Health, University of Otago, Dunedin, New Zealand
8Department of Clinical Sciences, Liverpool School of Tropical Medicine, Liverpool,
UK

®Malawi-Liverpool-Wellcome Trust Clinical Research Programme, Blantyre, Malawi
'%Bjomedical Research and Training Institute, Harare, Zimbabwe

"National and Supranational Reference Center for Mycobacteria, Research Center
Borstel, Leibniz Lung Center, Borstel, Germany

"2 jverpool School of Tropical Medicine, Liverpool, UK

"3 ao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU), Mahosot
Hospital, Vientiane, Lao People's Democratic Republic

“Institute of Research and Education Development, University of Health Sciences,
Ministry of Health, Vientiane, Lao People's Democratic Republic

"5Centre for Tropical Medicine and Global Health, University of Oxford, Oxford, UK

Acknowledgements We are grateful to Valérie d’Acremont, David Schellenberg
and Chris Whitty for coordinating early discussions of ideas that eventually

led to the Febrile lliness Evaluation in a Broad Range of Endemicities (FIEBRE)
study; Jean-Bosco Ouédraogo and Jimmy Whitworth for valuable participation in
discussions of funding proposals that led to the FIEBRE study; Wah Win Htike, Hla
Hla Win and Zaw Lynn Aung for contributions to the original protocol development;
Tin Ohn Myat and Win Thandar for assistance in preparing for a proposed site in
Myanmar; Aniruddha Ghose, Katherine Plewes and Md Abul Hassan Chowdhury for
assistance in preparing for a proposed site in Bangladesh; Liz Ashley for ongoing
assistance with protocol implementation at the Laos site; Peter Smith for advice
on statistical issues; Peter Chiodini and Spencer Polley for advice on leishmaniasis
testing; and Amit Bhasin, Layla Yiannikaris and Karen Slater for logistical and
administrative support during the development of this protocol.

FIEBRE consortium and co-authors FIEBRE Consortium: Benjamin Amos
(Independent consultant, Falmouth, Cornwall, UK), David Bell (Independent
consultant, Issaquah, Washington, USA), Stuart D Blacksell (Lao-Oxford-Mahosot
Hospital-Wellcome Trust Research Unit (LOMWRU), Mahosot Hospital, Vientiane,
Lao PDR; Centre for Tropical Medicine and Global Health, University of Oxford,
Oxford, UK; Mahidol-Oxford Tropical Medicine Research Unit (MORU), Mahidol
University, Bangkok, Thailand), John Bradley (Medical Research Council Tropical
Epidemiology Group, LSHTM, London, UK), Vilada Chansamouth (Lao-Oxford-
Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU), Mahosot Hospital,
Vientiane, Lao PDR), Mabvuto Chimenya (Malawi-Liverpool-Wellcome Trust
Clinical Research Programme, Blantyre, Malawi), Scott B Craig (WHO/OIE Centre
for Leptospirosis Reference and Research, Forensic & Scientific Services, Health

10

Hopkins H, et al. BMJ Open 2020;10:e035632. doi:10.1136/bmjopen-2019-035632

“ybuAdoo Aq paroaroid 1sanb Aq 0zZ0zZ ‘0g 1shBny uo jwod fwg uadolway/:dny woiy papeojumoq ‘020z AINC TZ U0 ZE95£0-6T0Z-uadolwg/9eTT 0T Se paysignd isiiy :uado NG


https://doi.org/10.17037/PUBS.04652739
https://doi.org/10.17037/PUBS.04652739
http://bmjopen.bmj.com/

Support Queensland, Brisbane, Australia), David AB Dance (Faculty of Infectious and
Tropical Diseases, London School of Hygiene & Tropical Medicine (LSHTM), London,
UK; Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit (LOMWRU),
Mahosot Hospital, Vientiane, Lao PDR; Centre for Tropical Medicine and Global
Health, University of Oxford, Oxford, UK), Ethel Dauya (Biomedical Research and
Training Institute, Harare, Zimbabwe), Xavier de Lamballerie (Unité des Virus
Emergents (UVE), Aix Marseille Univ, IRD 190, INSERM 1207, IHU Méditerranée
Infection, 13005, Marseille, France), Justin Dixon (Department of Global Health and
Development, LSHTM, London, UK), Audrey Dubot-Pérés (Unité des Virus Emergents
(UVE), Aix Marseille Univ, IRD 190, INSERM 1207, IHU Méditerranée Infection,
13005, Marseille, France), Michelle M Durkin (MiraVista Diagnostics, Indianapolis,
Indiana, USA), Colin Fink (Micropathology Ltd, Coventry, UK), Felicity C Fitzgerald
(Biomedical Research and Training Institute, Harare, Zimbabwe; University College
of London Great Ormond Street Institute of Child Health, London, UK), Stephen R
Graves (Australian Rickettsial Reference Laboratory, University Hospital Geelong,
Geelong, Australia), Edward W Green, Kate A Haigh (Department of Clinical Sciences,
Liverpool School of Tropical Medicine, Liverpool, UK; Malawi-Liverpool-Wellcome
Trust Clinical Research Programme, Blantyre, Malawi), Becca L Handley, Martin L
Hibberd (Faculty of Infectious and Tropical Diseases, London School of Hygiene &
Tropical Medicine (LSHTM), London, UK), Coll D Hutchison (Department of Global
Health and Development, LSHTM, London, UK), Jayne Jones (Clinical Diagnostic
Parasitology Laboratory, Liverpool School of Tropical Medicine, Liverpool, UK),
Kevin C Kain (Tropical Disease Unit, Department of Medicine, UNH-Toronto General
Hospital, University of Toronto, Toronto, Ontario, Canada), Pankaj Lal (Liverpool
Clinical Laboratories, Liverpool, UK), Sham Lal (Faculty of Infectious and Tropical
Diseases, London School of Hygiene & Tropical Medicine (LSHTM), London, UK),
Yoel Lubell (Centre for Tropical Medicine and Global Health, University of Oxford,
Oxford, UK; Mahidol-Oxford Tropical Medicine Research Unit (MORU), Mahidol
University, Bangkok, Thailand), Tegwen Marlais (Faculty of Infectious and Tropical
Diseases, London School of Hygiene & Tropical Medicine (LSHTM), London, UK),
Florian P Maurer (National and Supranational Reference Center for Mycobacteria
Research Center Borstel Leibniz Lung Center, Borstel, Germany), loana D Olaru
(Faculty of Infectious and Tropical Diseases, London School of Hygiene & Tropical
Medicine (LSHTM), London, UK; Biomedical Research and Training Institute, Harare,
Zimbabwe), Christopher M Parry (Department of Clinical Sciences, Liverpool

School of Tropical Medicine, Liverpool, UK; Institute of Infection and Global Health,
University of Liverpool, UK; School of Tropical Medicine and Global Health, Nagasaki
University, Japan), Chrissy h Roberts (Faculty of Infectious and Tropical Diseases,
London School of Hygiene & Tropical Medicine (LSHTM), London, UK), John Stenos
(Australian Rickettsial Reference Laboratory, University Hospital Geelong, Geelong,
Australia), Nelson Tembe (Centro de Investigacdo em Satide de Manhica (CISM),
Maputo, Mozambique), James E Ussher (Southern Community Laboratories,
Dunedin, New Zealand; Department of Microbiology and Immunology, University of
Otago, Dunedin, New Zealand), Marta Valente (ISGlobal, Hospital Clinic - Universitat
de Barcelona, Barcelona, Spain; Centro de Investigagéo em Satide de Manhica
(CISM), Maputo, Mozambique), Pio Vitorino (Centro de Investigagéo em Satide

de Manhica (CISM), Maputo, Mozambique), Marie A Voice (Micropathology Ltd,
Coventry, UK), L Joseph Wheat (MiraVista Diagnostics, Indianapolis, Indiana, USA),
Shunmay Yeung (Faculty of Infectious and Tropical Diseases, London School of
Hygiene & Tropical Medicine (LSHTM), London, UK).

Contributors All coauthors contributed to the design and development of

Febrile lliness Evaluation in a Broad Range of Endemicities protocol V.1.0 and/or
subsequent amendments. QB, MC, JC, ED, RF, EWG, KAH, HH, KK, DGL, DM, MM,
PNN, IDO, NT, MV, PV and SY contributed expertise for the clinical, epidemiological
and diagnostic activities. ChR and SL led the development of data management
processes. BLH and TM contributed laboratory expertise. CIRC, JD and CH led
development of social science activities. BA, DB, SDB, SBC, DABD, XL, ADP, MMD,
CF, SRG, MLH, JJ, KCK, PL, YL, FPM, CMP, JS, JEU, MAV and LJW contributed
specialty expertise for laboratory and diagnostic activities. JB drafted the analysis
plan and performed the sample size calculations. HH drafted the manuscript. All
authors critically revised the manuscript for important intellectual content, and read
and approved the final paper. HH is guarantor of the paper.

Funding The Febrile lliness Evaluation in a Broad Range of Endemicities study

is funded by UK aid from the UK government; the views expressed, however, do
not necessarily reflect the UK government’s official policies. Work on markers of
immune and endothelial activation is funded by The Global Good Fund (https://
www.intellectualventures.com/what-we-do/global-good-fund). In addition,
procurement of specialised blood collection tubes to allow future RNA assays was
funded by the European Union’s Horizon 2020 research and innovation programme
under grant agreement number 668 303 (Personalised Risk Assessment in Febrile
lliness to Optimise Real-Life Management Across the European Union study).

Competing interests JC reports grants from UK Department for International
Development during the conduct of the study; RF reports grants from Wellcome
Trust during the conduct of the study; FCF reports grants from Academy of Medical
Sciences, from Healthcare Infection Society, from Wellcome Trust, and non-financial
support from UCL and Great Ormond Street BRC, outside the submitted work;

KCK reports grants from Canadian Institutes of Health Research and from Canada
Research Chair Programme during the conduct of the study, and is a named
inventor on patents owned by his institution related to the use of angiopoietin
markers, entitled ‘Angiopoietin-1 and —2 biomarkers for infectious diseases that
compromise endothelial integrity’ (application W02009059404) and ‘Biomarkers
for early determination of a critical or life threatening response to illness and
monitoring response to treatment’ (application CA2769433) with royalties paid.

All other co-authors declare: no financial relationships with any organisations

that might have an interest in the submitted work, and no other relationships or
activities that could appear to have influenced the submitted work.

Patient and public involvement Patients and/or the public were involved in the
design, conduct, reporting or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Heidi Hopkins http://orcid.org/0000-0003-1076-6758

REFERENCES

1 Crump JA, Kirk MD. Estimating the burden of febrile illnesses. PLoS
Negl Trop Dis 2015;9:0004040.

2 Mayxay M, Castonguay-Vanier J, Chansamouth V, et al. Causes of
non-malarial fever in Laos: a prospective study. Lancet Glob Health
2013;1:e46-54.

3 World Health Organization. Integrated management of childhood
illnesses (IMCI) chart booklet. 80, 2014.

4 World Health Organization. Integrated management of adolescent
and adult iliness (IMAI). In: Interim guidelines for first-level facility
health workers at health centre and district outpatient clinic: acute
care, 2009.

5 D'Acremont V, Kahama-Maro J, Swai N, et al. Reduction of anti-
malarial consumption after rapid diagnostic tests implementation
in Dar ES Salaam: a before-after and cluster randomized controlled
study. Malar J 2011;10:107.

6 Hopkins H, Bruxvoort KJ, Cairns ME, et al. Impact of introduction of
rapid diagnostic tests for malaria on antibiotic prescribing: analysis
of observational and randomised studies in public and private
healthcare settings. BMJ 2017;356:j1054.

7 Prasad N, Murdoch DR, Reyburn H, et al. Etiology of severe febrile
illness in low- and middle-income countries: a systematic review.
PLoS One 2015;10:e0127962.

8 Maze MJ, Bassat Q, Feasey NA, et al. The epidemiology of febrile
iliness in sub-Saharan Africa: implications for diagnosis and
management. Clin Microbiol Infect 2018;24:808-14.

9 Shrestha P, Roberts T, Homsana A, et al. Febrile illness in Asia: gaps
in epidemiology, diagnosis and management for informing health
policy. Clin Microbiol Infect 2018;24:815-26.

10 Animut A, Mekonnen Y, Shimelis D, et al. Febrile ilinesses of different
etiology among outpatients in four health centers in northwestern
Ethiopia. Jpn J Infect Dis 2009;62:107-10.

11 Njama-Meya D, Clark TD, Nzarubara B, et al. Treatment of malaria
restricted to laboratory-confirmed cases: a prospective cohort study
in Ugandan children. Malar J 2007;6:7.

12 Rabasa Al, Gofama MM. Urinary tract infection in febrile children in
Maiduguri North eastern Nigeria. Niger J Clin Pract 2009;12:124-7.

13 Capeding MR, Chua MN, Hadinegoro SR, et al. Dengue and other
common causes of acute febrile iliness in Asia: an active surveillance
study in children. PLoS Negl Trop Dis 2013;7:€2331.

14 Chheng K, Carter MJ, Emary K, et al. A prospective study of the
causes of febrile illness requiring hospitalization in children in
Cambodia. PLoS One 2013;8:660634.

Hopkins H, et al. BMJ Open 2020;10:¢035632. doi:10.1136/bmjopen-2019-035632

11

“ybuAdoo Aq paroaroid 1sanb Aq 0zZ0zZ ‘0g 1shBny uo jwod fwg uadolway/:dny woiy papeojumoq ‘020z AINC TZ U0 ZE95£0-6T0Z-uadolwg/9eTT 0T Se paysignd isiiy :uado NG


https://www.intellectualventures.com/what-we-do/global-good-fund
https://www.intellectualventures.com/what-we-do/global-good-fund
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1076-6758
http://dx.doi.org/10.1371/journal.pntd.0004040
http://dx.doi.org/10.1371/journal.pntd.0004040
http://dx.doi.org/10.1016/S2214-109X(13)70008-1
http://dx.doi.org/10.1186/1475-2875-10-107
http://dx.doi.org/10.1136/bmj.j1054
http://dx.doi.org/10.1371/journal.pone.0127962
http://dx.doi.org/10.1016/j.cmi.2018.02.011
http://dx.doi.org/10.1016/j.cmi.2018.03.028
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/19305049
http://dx.doi.org/10.1186/1475-2875-6-7
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/19764657
http://dx.doi.org/10.1371/journal.pntd.0002331
http://dx.doi.org/10.1371/journal.pone.0060634
http://bmjopen.bmj.com/

15

16

17

18

19

Crump JA, Morrissey AB, Nicholson WL, et al. Etiology of severe
non-malaria febrile illness in northern Tanzania: a prospective cohort
study. PLoS Negl Trop Dis 2013;7:€2324.

D'Acremont V, Kilowoko M, Kyungu E, et al. Beyond malaria--
causes of fever in outpatient Tanzanian children. N Engl J Med
2014;370:809-17.

Mueller TC, Siv S, Khim N, et al. Acute undifferentiated febrile iliness
in rural Cambodia: a 3-year prospective observational study. PLoS
One 2014;9:95868.

Kotloff KL, Nataro JP, Blackwelder WC, et al. Burden and aetiology
of diarrhoeal disease in infants and young children in developing
countries (the global enteric multicenter study, GEMs): a prospective,
case-control study. Lancet 2013;382:209-22.

Pneumonia Etiology Research for Child Health (PERCH) Study

32

33

34

suspected infection presenting to the emergency department. JAMA
2017;317:301-8.

Wang J-Y, Chen Y-X, Guo S-B, et al. Predictive performance of

quick sepsis-related organ failure assessment for mortality and ICU
admission in patients with infection at the ED. Am J Emerg Med
2016;34:1788-93.

Ranzani OT, Prina E, Menéndez R, et al. New sepsis definition
(Sepsis-3) and community-acquired pneumonia mortality. A
validation and clinical decision-making study. Am J Respir Crit Care
Med 2017;196:1287-97.

Moore CC, Hazard R, Saulters KJ, et al. Derivation and validation of a
universal vital assessment (UVA) score: a tool for predicting mortality
in adult hospitalised patients in sub-Saharan Africa. BMJ Glob Health
2017;2:e000344.

Group. Causes of severe pneumonia requiring hospital admission in 35 North Shore-LIJ Health System. Human Subject Protection Program
children without HIV infection from Africa and Asia: the PERCH multi- Guidance Document. In: Maximum blood draw limits, 2013.
country case-control study. Lancet 2019;394:757-79. 36 Marks F, von Kalckreuth V, Aaby P, et al. Incidence of invasive
20 GBD 2015 Mortality and Causes of Death Collaborators. Global, Salmonella disease in sub-Saharan Africa: a multicentre
regional, and national life expectancy, all-cause mortality, and cause- population-based surveillance study. Lancet Glob Health
specific mortality for 249 causes of death, 1980-2015: a systematic 2017;5:e310-23.
analysis for the global burden of disease study 2015. Lancet 37 Gargouri N, Walke H, Belbeisi A, et al. Estimated burden of human
2016;388:1459-544. Salmonella, Shigella, and Brucella infections in Jordan, 2003-2004.
21 Dittrich S, Tadesse BT, Moussy F, et al. Target product profile for a Foodborne Pathog Dis 2009;6:481-6.
diagnostic assay to differentiate between bacterial and non-bacterial 38 von Kalckreuth V, Konings F, Aaby P, et al. The typhoid fever
infections and reduce antimicrobial overuse in resource-limited surveillance in Africa program (TSAP): clinical, diagnostic, and
settings: an expert consensus. PLoS One 2016;11:e0161721. epidemiological methodologies. Clin Infect Dis 2016;62 Suppl
22 Jacobs L, Wong HR. Emerging infection and sepsis biomarkers: 1:59-16.
will they change current therapies? Expert Rev Anti Infect Ther 39 Dixon J, MacPherson E, Manyau S, et al. The 'Drug Bag' method:
2016;14:929-41. lessons from anthropological studies of antibiotic use in Africa and
23 Sungurlu S, Balk RA. The role of biomarkers in the diagnosis and South-East Asia. Glob Health Action 2019;12:1639388.
management of pneumonia. Clin Chest Med 2018;39:691-701. 40 Kapasi AJ, Dittrich S, Gonzaélez IJ, et al. Host biomarkers for
24 Biggs HM, Hertz JT, Munishi OM, et al. Estimating leptospirosis distinguishing bacterial from non-bacterial causes of acute febrile
incidence using hospital-based surveillance and a population- illness: a comprehensive review. PLoS One 2016;11:e0160278.
based health care utilization survey in Tanzania. PLoS Negl Trop Dis 41 Lubell Y, Blacksell SD, Dunachie S, et al. Performance of C-
2013;7:e2589. reactive protein and procalcitonin to distinguish viral from bacterial
25 Crump JA, Youssef FG, Luby SP, et al. Estimating the incidence of and malarial causes of fever in Southeast Asia. BMC Infect Dis
typhoid fever and other febrile illnesses in developing countries. 2015;15:511.
Emerg Infect Dis 2003;9:539-44. 42 Chen H-L, Hung C-H, Tseng H-I, et al. Soluble form of triggering
26 Panzner U, Pak GD, Aaby P, et al. Utilization of healthcare in the receptor expressed on myeloid cells-1 (STREM-1) as a diagnostic
typhoid fever surveillance in Africa program. Clin Infect Dis 2016;62 marker of serious bacterial infection in febrile infants less than three
Suppl 1:S56-68. months of age. Jpn J Infect Dis 2008;61:31-5.
27 Paul RC, Rahman M, Gurley ES, et al. A novel low-cost approach to 43 Jiyong J, Tiancha H, Wei C, et al. Diagnostic value of the soluble
estimate the incidence of Japanese encephalitis in the catchment triggering receptor expressed on myeloid cells-1 in bacterial
area of three hospitals in Bangladesh. Am J Trop Med Hyg infection: a meta-analysis. Intensive Care Med 2009;35:587-95.
2011;85:379-85. 44 Fisher J, Linder A. Heparin-Binding protein: a key player in the
28 George EC, Walker AS, Kiguli S, et al. Predicting mortality in sick pathophysiology of organ dysfunction in sepsis. J Intern Med
African children: the feast paediatric emergency triage (PET) score. 2017;281:562-74.
BMC Med 2015;13:174. 45 Linder A, Arnold R, Boyd JH, et al. Heparin-Binding protein
29 Conroy AL, Hawkes M, Hayford K, et al. Prospective validation of measurement improves the prediction of severe infection with
pediatric disease severity scores to predict mortality in Ugandan organ dysfunction in the emergency department. Crit Care Med
children presenting with malaria and non-malaria febrile illness. Crit 2015;43:2378-86.
Care 2015;19:47. 46 Dixon J, Chandler C. Opening up ‘fever’, closing down medicines:
30 Helbok R, Kendjo E, Issifou S, et al. The Lambaréné organ Algorithms as blueprints for global health in an era of antimicrobial
dysfunction score (LODS) is a simple clinical predictor of fatal malaria resistance. MAT 2019;6:53-79.
in African children. J Infect Dis 2009;200:1834-41. 47 Chandler CIR. Current accounts of antimicrobial resistance:
31 Freund Y, Lemachatti N, Krastinova E, et al. Prognostic accuracy stabilisation, individualisation and antibiotics as infrastructure.
of Sepsis-3 criteria for in-hospital mortality among patients with Palgrave Commun 2019;5:541599-019-0263-4.
12 Hopkins H, et al. BMJ Open 2020;10:2035632. doi:10.1136/bmjopen-2019-035632

“ybuAdoo Aq paroaroid 1sanb Aq 0zZ0zZ ‘0g 1shBny uo jwod fwg uadolway/:dny woiy papeojumoq ‘020z AINC TZ U0 ZE95£0-6T0Z-uadolwg/9eTT 0T Se paysignd isiiy :uado NG


http://dx.doi.org/10.1371/journal.pntd.0002324
http://dx.doi.org/10.1056/NEJMoa1214482
http://dx.doi.org/10.1371/journal.pone.0095868
http://dx.doi.org/10.1371/journal.pone.0095868
http://dx.doi.org/10.1016/S0140-6736(13)60844-2
http://dx.doi.org/10.1016/S0140-6736(19)30721-4
http://dx.doi.org/10.1016/S0140-6736(16)31012-1
http://dx.doi.org/10.1371/journal.pone.0161721
http://dx.doi.org/10.1080/14787210.2016.1222272
http://dx.doi.org/10.1016/j.ccm.2018.07.004
http://dx.doi.org/10.1371/journal.pntd.0002589
http://dx.doi.org/10.3201/eid0905.020428
http://dx.doi.org/10.1093/cid/civ891
http://dx.doi.org/10.4269/ajtmh.2011.10-0706
http://dx.doi.org/10.1186/s12916-015-0407-3
http://dx.doi.org/10.1186/s13054-015-0773-4
http://dx.doi.org/10.1186/s13054-015-0773-4
http://dx.doi.org/10.1086/648409
http://dx.doi.org/10.1001/jama.2016.20329
http://dx.doi.org/10.1016/j.ajem.2016.06.015
http://dx.doi.org/10.1164/rccm.201611-2262OC
http://dx.doi.org/10.1164/rccm.201611-2262OC
http://dx.doi.org/10.1136/bmjgh-2017-000344
http://dx.doi.org/10.1016/S2214-109X(17)30022-0
http://dx.doi.org/10.1089/fpd.2008.0192
http://dx.doi.org/10.1093/cid/civ693
http://dx.doi.org/10.1080/16549716.2019.1639388
http://dx.doi.org/10.1371/journal.pone.0160278
http://dx.doi.org/10.1186/s12879-015-1272-6
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/18219131
http://dx.doi.org/10.1007/s00134-008-1333-z
http://dx.doi.org/10.1111/joim.12604
http://dx.doi.org/10.1097/CCM.0000000000001265
http://dx.doi.org/10.17157/mat.6.4.676
http://dx.doi.org/10.1057/s41599-019-0263-4
http://bmjopen.bmj.com/

	Febrile Illness Evaluation in a Broad Range of Endemicities (FIEBRE): protocol for a multisite prospective observational study of the causes of fever in Africa and Asia
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Study design
	Study sites, population and participant selection
	Data and sample collection at the time of patient enrolment (day 0)
	Data and sample collection at the time of patient follow-up (day 28)
	Recruitment, data and sample collection for control participants
	Healthcare utilisation survey for estimation of incidence of infections
	Social science methods
	Specific laboratory assessments
	Sample archive
	Data sharing
	Sample size considerations
	Data analysis plan for primary outcomes
	Ethics and dissemination
	Patient and public involvement

	Discussion
	References


