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STUDY SPONSOR: London School of Hygiene & Tropical Medicine  

SPONSOR ADDRESS: Keppel St, London, WC1E 7HT, United Kingdom 

CHIEF INVESTIGATOR: Professor David Mabey 

FUNDERS: Department for International Development (DfID), United Kingdom 

STUDY COORDINATION CENTRE: Dr Amit Bhasin, Dr Heidi Hopkins  
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This protocol describes the FIEBRE study and provides information about procedures for 

entering participants. The protocol should not be used as a guide for the treatment of other 

participants; every care was taken in its drafting, but corrections or amendments may be 

necessary. These will be circulated to investigators in the study, but centres entering 

participants for the first time are advised to contact the trials centre to confirm they have 

the most recent version. 

Problems relating to this trial should be referred, in the first instance, to the study 

coordination centre.  

This trial will adhere to the principles outlined in the International Conference on 

Harmonisation Good Clinical Practice (ICH GCP) guidelines, protocol and all applicable local 

regulations.  

 

MAIN CONTACTS: 

Study Management Group 

 

[redacted for publicly posted protocol] 

 

Sponsor: London School of Hygiene & Tropical Medicine is the main research sponsor for 

this study. For further information regarding the sponsorship conditions, please 

contact the Research Governance and Integrity Office: London School of Hygiene & 

Tropical Medicine, Keppel Street, London, WC1E 7HT 
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1 GENERAL INFORMATION 

Investigators (in alphabetical order by family name): 

[redacted for publicly posted protocol] 
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Continued, Investigators (in alphabetical order by family name): 

[redacted for publicly posted protocol] 
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2 STUDY OVERVIEW AND PROTOCOL SUMMARY 

Study population:  Patients (inpatient and outpatient) of all ages two months and older who 

present with fever to selected health facilities in sub-Saharan Africa and Southeast 

Asia, and community controls.  

Number of Sites:  Five; in 1) Lao PDR, 2) Malawi, 3) Mozambique, 4) Myanmar, and 5) 

Zimbabwe. 

Study duration:  12 months of participant recruitment at each site; to be extended at 

individual sites if required to meet sample size target. 

General objectives: To identify the causes of fever, and the antimicrobial susceptibility of 

bacterial pathogens causing fever, in low- and middle-income settings where few 

data are available. 

Specific primary objectives: 

1) To determine the treatable and/or preventable causes of fever in children and 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 resistance among bacteria 

identified in clinical specimens from febrile patients. 

 Specific secondary objectives: 

1) To generate data on incidence of specific infections in study site catchment areas, and 

therefore contribute key data on disease burden for some infections that are not 

counted in current “global burden of disease” estimates;  

2) To build an archive of well-characterised and geographically diverse biological samples 

from well-characterised clinical phenotypes for use in evaluation of new diagnostic and 

prognostic tests, and in identification of human- 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 generate data to inform the development of new fever case management algorithms 

which may be evaluated in future studies. 
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3 BACKGROUND AND RATIONALE 

3.1 Background Information 

3.1.1 Current status of fever case diagnosis and management in malaria-endemic areas 

Fever is one of the most common symptoms leading to health care seeking and hospital 

admission in sub-Saharan Africa and Asia.1,2 Current WHO algorithms for the primary care 

level do not provide comprehensive guidance 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 (IMCI) guidelines3 or in the Integrated 

Management of Adolescent and Adult Illness (IMAI) guidelines4 and advice is given to “treat 

according to the apparent cause of fever.” Many febrile illnesses present with non-specific 

symptoms and signs, and the current recommendations often result in treatable diseases 

being left untreated or treated with inappropriate antimicrobials, on the one hand, and 

over-treatment of self-limiting conditions with antimicrobials on the other, with important 

implications for the development of antimicrobial resistance.5,6 

 

3.1.2 Current knowledge of causes of fever in malaria-endemic areas 

Little is known about the non-malarial causes of fever in many parts of the world,7 so there 

is sparse evidence on which to base empirical treatment guidelines for febrile patients 

testing negative for malaria. A few studies provide some indication of the clinical spectrum 

of febrile illness,8,9 but these studies were often disease specific, for example focussing on 

urinary tract infections in Nigeria10 or arboviruses in Asia.11 

 

Members of our group have recently reviewed7 and mapped12 the currently available data 

on causes of fever in patients attending health facilities in sub-Saharan Africa and Southeast 

Asia. In addition, a few studies specifically designed to look at aetiologies of fever have been 

recently published.2,13-16 While the results are useful within the specific study areas, the 

study designs were heterogeneous – with differences in patient age, type of health facility, 

seasons covered, inclusion criteria, and study design – making it difficult to compare 

findings across sites and produce a clear picture of the causes of fever in each age group 

and at each level of care. In addition, there is heterogeneity in laboratory case definitions 

used; use of diagnostic tests that are not sufficiently validated or not widely accepted; and 

lack of control groups, preventing calculation of attributable fractions. 
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In particular, there is very little information on incidence for many of the infections thought 

to be clinically important at the FIEBRE study sites, and consequently little information on 

which to base estimates of burden of disease, or to guide empirical therapy or control 

measures.17   

 

3.1.3 Fever case management and antimicrobial resistance 

The ability to differentiate between bacterial and viral infections could have a major global 

impact on antimicrobial resistance by limiting the unnecessary use of antimicrobials. The 

WHO convened a meeting of experts in September 2015, including members of our group, 

on biomarkers to discriminate bacterial from other infectious causes of fever.18 The 

conclusion of the meeting was that the evaluation of biomarker tests to distinguish 

between bacterial causes of fever requiring antimicrobial treatment, and self-limiting viral 

infections, in low-income settings was a very high priority. 

 

3.2 Significance and Scientific Rationale 

This study, titled Febrile Illness Evaluation in a Broad Range of Endemicities (FIEBRE), is 

proposed to help to fill key information gaps by means of a multi-site investigation, using 

consensus clinical, laboratory, and social science protocols, in regions with a high burden of 

infectious disease from which few or no data are available. 

 

We will conduct a study on causes of febrile illness, and antibacterial resistance, at five sites 

in sub-Saharan Africa and Southeast Asia. We will focus on detecting infections that are 

treatable (e.g. with specific antimicrobials) and/or preventable (e.g. with vaccination or 

vector-control approaches). We will use a common design, with harmonised inclusion 

criteria, case definitions, laboratory procedures, and result interpretation. This 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. The results of this study will provide data to support more reliable 

estimates of the incidence and, in turn, burden of disease, and updated evidence-based 

algorithms for the management of febrile illness; and will provide a basis for future 

evaluation of novel diagnostics, and rational approaches to disease surveillance.   
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We will study adults and children, and both outpatients and inpatients from the same 

facilities or catchment areas. Because the vast majority of patients attending health 

facilities with fever are not admitted to hospital, data on outpatients are essential to guide 

the development of clinical management guidelines including strategies to improve 

targeting of antimicrobials. The goal of the study in outpatients is to identify treatable and 

preventable causes of fever, with a view to optimising appropriate antimicrobial prescribing 

to reduce the spread of antimicrobial resistance, while ensuring the best possible clinical 

outcomes. It is also critical to understand the causes of severe illness and death to design 

empiric treatment regimens that are effective, so the inclusion of inpatients is essential. The 

goal of the inpatient study is similar, with a view to reducing the case fatality ratio by 

improving the matching of antimicrobials with the aetiology of severe disease.19 

 

Control participants will be enrolled from the communities surrounding participating health 

care facilities for two reasons. First, interpreting the results of some diagnostic tests 

requires knowledge of background prevalence of infection or colonization in the study 

population. Community controls will provide samples to estimate this background for each 

study site. Second, a healthcare utilisation survey (focusing on fever episodes and treatment 

seeking) administered to control participants will allow us to estimate the incidence and 

burden of specific causes of fever in the study settings.  

 

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 sub-Saharan Africa and Southeast Asia. The samples will be useful 

for identification of novel diagnostic targets, and for development and evaluation 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, as identified as a high priority at a WHO 

meeting of experts convened in 2015.18 Informed consent will be sought for study 

participation, and for storage and future use of data and biological samples. 

 

For clinicians to be able to appropriately use new knowledge on aetiologies of fever, 

diagnostic tests, and antimicrobial resistance data to manage febrile patients, research 

evidence must be integrated into clear guidelines. Implementation of clinical algorithms, 
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such as IMCI or integrated Community Case Management (iCCM), has shown that health 

care workers are able to adopt and apply recommendations when reasonable support is 

provided.20 The design and support for these guidelines must take into account end users’ 

perceptions and patients’ preferences in order to ensure good adherence and optimise 

impact. These issues will be addressed in qualitative work conducted alongside and linked 

to the FIEBRE study, which will be presented in a separate social science research protocol. 

 

4 STUDY OBJECTIVES 

4.1 General objective 

To identify the causes of fever, and the antimicrobial susceptibility of bacterial pathogens 

causing fever, in low- and middle-income country settings where few data are available. 

 

4.2 Specific primary objectives 

1) To determine the treatable and/or preventable causes of fever in children and 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 resistance among bacterial 

pathogens identified in clinical specimens from febrile patients. 

 

4.3 Specific secondary objectives: 

1) To generate data on incidence of specific infections in study site catchment areas, and 

therefore contribute key data on disease burden for some infections that are not 

counted in current “global burden of disease” estimates;  

2) To build an archive of well-characterised and geographically diverse biological samples 

from well-characterised clinical phenotypes for use in evaluation of new diagnostic and 

prognostic tests, and in identification of human- 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 generate data to inform the development of new fever case management algorithms 

which may be evaluated in future studies. 
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5 SUMMARY OF STUDY DESIGN 

FIEBRE is a study of febrile illness in people aged two months and older residing at one of 

five sites (three sites in sub-Saharan Africa, two Southeast Asia). Patients who present with 

fever at the selected facilities will be recruited (Day 0) if they or their guardians/caregivers 

(in the case of minors) provide written informed consent. Study staff will take a targeted 

illness and exposure history, and perform a physical examination. Pharyngeal swabs and a 

venous blood sample will be collected from all participants; a urine sample will be 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 urine lipoarabinomannan (uLAM, a marker of active 

tuberculosis infection) point-of-care tests (for subsets of patients), and blood cultures will 

be performed on site; bacteria and fungi isolated from clinical specimens will be identified 

and tested for antimicrobial susceptibility. 

 

Study patients will be managed by the clinical staff responsible for usual patient care at 

each study site, according to local standard of care. Results of malaria tests, HIV tests, CrAg 

and uLAM tests, blood and urine cultures, and antimicrobial susceptibility testing will be 

provided to the clinical staff as soon as available. Serology and other laboratory tests will be 

performed at internationally recognised reference laboratories. At Day 28 after enrolment, 

study patients will be asked to provide a further blood sample for serology and clinical 

outcome will be evaluated. 

 

Recruitment to the study will be over a 12-month period to ensure that seasonal variations 

in causes of fever are captured. Background prevalence of specific infections in the study 

population at each site will be estimated with blood and pharyngeal samples from 

community controls. In addition, control participants will be surveyed to obtain 

representative data about treatment seeking and medicines 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, we will estimate the incidence of common infections in the 

study areas, in order to contribute to efforts to define burden of disease.21-24 A separate 

protocol will be prepared and submitted for ethics approval describing in-depth qualitative 
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research on fever management and local concepts related to antimicrobials, to be 

conducted in the same study areas. 

 

6 STUDY POPULATION AND SELECTION CRITERIA 

Participants will be patients who present with fever for health care at the selected health 

care facilities. Patients of all ages two months and older will be eligible for enrolment. Study 

sites include outpatient and inpatient facilities in Laos, Malawi, Mozambique, Myanmar, 

and Zimbabwe. Patients will be recruited if they fulfil all of the following criteria (see also 

section 7.2 on participant enrolment, and Screening and Enrolment Forms [Appendix C]): 

1) Tympanic or axillary temperature ≥37.5°C at presentation; 

2) Not having been hospitalized or having undergone surgery in the previous month; 

3) Age ≥2 months (two months or older); 

4) For outpatients, residence (at the time of enrolment) within the defined catchment 

area around the health facility (see section 7.5.1);  

5) For outpatients aged ≥15 years, absence of symptoms of lower respiratory infection 

and of diarrhoeal diseases as defined by: 

a) cough AND ≥1 of the following: cough productive of green/yellow sputum, or 

haemoptysis; 

b) ≥3 loose stools within the previous 24 hours; 

6) For outpatients aged ≥2 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 participants; or for children, 

provision of written consent from a parent/guardian and assent from the child 

(according to local regulations and practices at each study site). 

 

Controls will be community members in the study site health facilities’ catchment areas, 

frequency matched to participants by age and season (see section 7.5 for details of 

selection and study activities for community controls). 
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7   METHODS AND STUDY PROCEDURES 

7.1 Study sites and personnel 

7.1.1 Selection of study sites 

The study will be conducted at five sites, all of which have high mortality in children under 

age five years, quality-assured microbiology laboratories, little or no published data on 

causes of fever, and suitably qualified research teams and capacity: 1) Phonhong Vientiane 

Province, Lao Peoples’ Democratic Republic; 2) Chikwawa, Malawi; 3) Yangon, Myanmar; 4) 

Manhiça, Mozambique; and 5) Harare, Zimbabwe. These sites have been selected because 

they fulfil the above criteria, and because there is substantial across-site variation in the 

prevalence of HIV and malaria (based on available data) and other endemic infectious 

diseases. 

 

Within each participating country, the health facilities for this study will be selected on the 

basis of the following characteristics: interest and capacity of local researchers and public 

health authorities; accessibility from the collaborating research team’s base; interest and 

capacity of the health facility staff; and patient numbers adequate to allow enrolment of the 

target sample size over the period of 12 months (to be extended at individual sites if 

required to meet sample size target). On the basis of current information and preliminary 

agreements, selected sites include: in Lao PDR, Phonhong Vientiane Provincial Hospital in 

Vientiane Province; in Malawi, Chikwawa District Hospital; in Mozambique, Manhiça’s 

District Hospital (MDH) in Manhiça, and peripheral health posts of Maragra, Malavele, 

Palmeiras, Ilha Josina Machel, and Taninga; in Myanmar, Thanlyin District Hospital; in 

Zimbabwe, Harare and Parirenyatwa Hospital and two primary care clinics in Harare City. If 

for unforeseen reasons we are unable to conduct the evaluation at the specific facilities 

listed, alternative sites will be chosen to preserve the representative range of geography and 

epidemiology. 

 

7.1.2 Personnel conducting protocol activities 

For the purposes of this study, routine clinical care will be provided by the staff of 

participating health facilities, i.e., health workers who are employed by the health facility. 

Such health workers typically include physicians, clinical officers, nurses, laboratory 
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technologists or technicians, and other similar cadres of health care staff.  In this protocol, 

these personnel are referred to as “health facility staff.” 

 

Study-specific activities will be conducted by personnel hired for the purposes of the 

research study, i.e., individuals recruited by the organisation coordinating the study site. In 

this protocol, these personnel are referred to as “study staff.” Study staff typically will be 

individuals with clinical, laboratory, and/or social science training and with prior experience 

in clinical and/or social science research. Study staff will be trained in the protocol and 

relevant study procedures prior to the start of the study, and health facility staff will be 

informed of the study. At each site study staff will work with health facility staff to achieve 

the study goals while ensuring smooth continuation of care. 

 

7.2 Study enrolment 

7.2.1 Selection of patients for recruitment and enrolment 

At each site, patients (or parents/guardians on behalf of minors) will be invited to participate 

in the study when they present with fever to the participating health facilities for care. 

Health centre staff will work with study staff to identify patients who present with fever. 

Study staff will screen and enrol participants according to the selection criteria listed in 

section 6. A total of 2400 patients will be enrolled at each site (see sample size calculations 

in section 11.3), with approximately half being outpatients and half inpatients. If a patient is 

enrolled as an outpatient but deteriorates clinically and is admitted to hospital within <24 

hours after enrolment, the patient will be re-classified as an inpatient for study purposes. If a 

patient is enrolled as an outpatient and then admitted ≥24 hours after enrolment, s/he will 

remain listed as an outpatient for study data purposes. 

 

Since the causes of fever are likely to be different in children and adults, enrolment will be 

stratified so that participants are enrolled in two age groups of approximately equal 

numbers: children aged two months (≥ 2 months) to <15 years, and those aged 15 years and 

older. In addition, so that results accurately represent the patient population at each site, 

site-specific recruitment strategies will be developed to achieve enrolment of a random 

sample of patients presenting throughout the day and week (including those presenting 

after hours or at weekends, who may come from areas further from the health facility, 

and/or have more severe presenting symptoms) and over the course of the 12-month 
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recruitment period. In each of the four categories defined by age and in-/outpatient status, 

12 consecutive patients per week will be recruited. The day of the week that recruitment 

starts will be rotated. There may be slight variations on this strategy due to site specific 

constraints. The total number of patients presenting to the hospital with fever each day (or 

week), including those not in the study, over the course of the study period will be recorded. 

 

Patients who are not enrolled in the study will be managed according to routine practice by 

health facility staff. For those patients who are screened and excluded, the reason for 

exclusion will be recorded, along with the patient’s age, sex, and location of usual residence. 

At each site where HIV testing will be performed (i.e., where HIV prevalence in the general 

adult population is >1%), HIV counselling and testing is linked to an established treatment 

program. Other acute or chronic conditions are managed on-site as capacity allows, or 

referred to a higher level of the health care system according to local guidelines. 

 

7.2.2 Provision of written informed consent and assent 

Written informed consent forms and information sheets on study participation (Appendices 

A and B) will be provided for each adult participant (over the age of majority according to 

local regulations for each site) or parent/guardian (for younger participants) at the time of 

enrolment. A trained study staff member will conduct individual screening interviews and 

informed consent discussions with potential study participants and parents/guardians. 

Informed consent will be conducted in the potential participant/parent/guardian’s preferred 

language, with the assistance of a translator if necessary. Consent forms, approved by all 

relevant ethical review boards, will be available in English (Laos, Malawi, Myanmar, 

Zimbabwe) or Portuguese (Mozambique) and in the local language/s for each site. 

 

If an adult or parent/guardian consents to participation but is unable to write, her/his 

fingerprint will be substituted for a signature, and a signature from an impartial adult 

witness to the informed consent procedures will be obtained. For participants under the age 

of adulthood at each site, country-specific guidelines on the inclusion of minors in research 

(including guidelines related to consent from a parent or guardian, and/or emancipated 

minors) will be followed. In particular, in addition to parent/guardian consent, assent will be 

sought for participants under the adult age, according to local regulations and 

recommendations for each study site. If a patient is severely ill and unable to give consent or 
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assent at the time of enrolment, their next of kin (parent or guardian in the case of a minor, 

spouse in the case of married individuals, etc, will be asked to provide informed consent on 

behalf of the patient. If/when the participant regains capacity to make their own decisions, 

they will be asked to confirm or withdraw their informed consent, with care taken to ensure 

they understand that they are free to withdraw from the study without risk of jeopardizing 

their access to current or future routine health care. 

 

Potential participants and/or their parents/guardians will have the opportunity to ask 

questions and discuss details of the study with study staff, and are free to ask further 

questions at any time during or after completion of the study activities. If the participant 

meets all study enrolment criteria, s/he will be enrolled (Appendix C). At enrolment, each 

participant’s contact information (telephone number and place of residence) will be 

recorded. This information will be kept in locked files, separately from study data files, until 

completion of reference lab testing (section 7.6) so that participants can be contacted if 

needed for clinical or study follow-up purposes. 

 

7.3 Study activities and data collection at the time of patient enrolment 

7.3.1 Clinical and demographic data collection 

At enrolment of each participant, study staff will collect basic demographic data (age, sex, 

place of residence, ethnicity) and information on the history of the present illness (including 

presence and duration of symptoms, current and past health history, immunization and 

recent treatment history, recent specific exposures). A study staff clinician will perform a 

physical examination including symptoms and signs for assigning a standardized severity 

score (e.g., FEAST Paediatric Emergency Triage [PET]25 or Lambaréné Organ Dysfunction 

Score [LODS]26,27 for children aged <15 years and quick Sequential Organ Failure Assessment 

[qSOFA]28-30 or another “universal vital assessment” [UVA]31 score for older patients; see 

sample data collection form, Appendix D).  

 

7.3.2 Laboratory sample collection and processing 

Study staff will collect a nasopharyngeal swab and a venous blood sample from each 

participant for use in study laboratory procedures. Where permitted by ethics approvals, an 

oropharyngeal swab will also be obtained to increase the yield of possible respiratory 

pathogens. In addition, a urine sample will be collected from patients aged ≥2 months and 
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<2 years, and from patients of any age who have pain on micturition, frequent micturition, 

suprapubic tenderness, or costovertebral angle tenderness. A urine sample will also be 

collected from HIV-positive inpatients (and HIV-positive outpatients, at sites where resources 

allow) for uLAM testing. Study staff will prepare the samples and conduct the diagnostic 

tests described. All other care will be provided by health facility staff. 

 

The FIEBRE study will collect clinical samples for two purposes: for assays that are of 

immediate clinical benefit to patient care (malaria RDT, HIV testing, serum CrAg, uLAM, 

blood and urine cultures), and for research purposes. Minimum whole blood volumes 

needed for tests of immediate benefit to patient care are: approximately 50 uL for malaria 

and HIV rapid tests; approximately 10 mL for patients aged ≥15 years and 4 mL for patients 

<15 years for blood culture for bacteria and fungi; plus 5 mL for mycobacterial blood culture 

in patients ≥15 years where community HIV prevalence is >1%. In addition, approximately 4 

mL of serum (i.e. 8 mL of whole blood), and if possible buffy coat from an EDTA sample, are 

needed for reference lab testing for infectious diseases (serologies and nucleic acid assays); 

250 uL of plasma (i.e. 0.5 mL whole blood) for assays of immune and inflammatory 

biomarkers; and 2.5 mL of whole blood for additional RNA testing (in a subset of adult 

participants only; see just below). 

 

For the FIEBRE study, actual blood sampling volumes for young children will be based on 

body weight up to 7 kg, according to the chart below (Table 1) adapted from various clinical 

and research guidelines,32 which suggests 2 mL per kg body weight, or 2.5% of estimated 

total blood volume by body weight, within a 24-hour period as a standard guideline for ill 

patients. The blood volume to be sampled refers to the total volume that can be drawn for 

both clinical care and research use. For example, a 2-kg patient could provide a maximum of 

5 mL of blood; for a 5-kg patient, 10 mL; and for a 7-kg patient, 14 mL. For the FIEBRE study, 

weight-based guidelines will be used for all patients ≤7 kg. 

Table 1. Maximum total blood draw volumes by body weight 

Body weight (kg) Total blood volume (mL) 

Max allowable blood volume 

drawn in 24-hour period* 

(2.5% of total blood volume in mL) 

1 100 2.5 

2 200 5 
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3 240 6 

4 320 8 

5 400 10 

6 480 12 

7 560 14 

* The total blood volume listed refers to the total blood volume that can be drawn for 

both clinical care and research procedures.32 

 

For patients with body weight >7 kg and aged <15 years, the maximum amount of blood 

drawn will be 15 mL. For patients aged ≥ 15 years, the maximum amount of blood drawn will 

be 21 mL at sites where HIV prevalence in the general population is ≤1%, and 26 mL at sites 

where HIV prevalence in the general population is >1% (to allow 5 mL of blood for 

mycobacterial blood culture). In a randomly selected subset of patients aged ≥15 years at 

each site, an additional 2.5 mL whole blood will be drawn for storage in PAXgene tubes 

(containing RNA stabilization solution) for eventual RNA assays; this means that for this 

subset of patients, the total volume drawn will be 28.5 mL at African sites, and 23.5 mL at 

Asian sites. (The number of samples collected in PAXgene tubes is limited for budgetary 

reasons, and the total number collected will depend on the final funding available for this 

purpose.) 

 

For patients from whom the full volume of blood cannot be obtained for any reason, the 

available sample will be prioritized as follows: 1) tests performed on-site that are important 

for clinical management (blood culture, malaria test, HIV test); 2) reference laboratory 

assays; 3) biomarker assays; 4) aliquots for sample archive and future research use. 

 

If a patient shows clinical signs of severe illness (dehydration, pallor indicating anaemia, 

hypotension), blood sampling will be discussed with the treating clinician/s and minimized if 

deemed clinically necessary. In all cases the safety and appropriate care of the patient will be 

prioritised. For example, adequate volume for blood cultures which will inform clinical care 

will be prioritized over other study samples. 

 

According to routine practice at each study site, for each participant, a malaria rapid 

diagnostic test (RDT) or blood smear for routine light microscopy will be performed on site; 

and an HIV RDT will be performed at sites where community HIV prevalence exceeds 1% in 
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the general adult population (see section 7.6, Specific laboratory assessments). Blood culture 

bottles will be inoculated, and bottle weight recorded before and after inoculation to 

estimate the volume of blood cultured. Blood culture bottles will be incubated at 

collaborating laboratories for each clinical site. Where obtained, urine samples will be tested 

with a dipstick for nitrites and leukocyte esterase; samples positive for either will be 

incubated for culture at collaborating laboratories for each clinical site. Urine samples from 

HIV-positive patients will be tested for LAM. Bacteria and fungi isolated from clinical 

specimens will be identified and tested for antimicrobial susceptibility.  Any microorganisms 

isolated will be cryopreserved and shipped to an international reference laboratory for 

confirmation of identification and antimicrobial susceptibilities; blood samples for each 

participant will be aliquoted, stored, and shipped to internationally recognised reference 

laboratories for additional tests (see section 7.6). All personnel will use universal precautions 

when handling blood samples. 

 

7.3.3 Provision of routine outpatient and inpatient care 

Symptoms and signs at the time of enrolment and subsequently will be investigated and 

managed according to the local standard of care by the health facility staff providing care. 

Study staff will collect data on symptoms and signs and any treatments given on Day 0. For 

hospitalized patients, on the day of discharge study staff will record length of stay, condition 

on discharge, and any treatments administered during hospitalization including 

antimicrobials. The standard of care for any medical problem that exceeds the capacity of 

the participating centre is to refer to a higher level of care. As clearly described during the 

informed consent discussion, treatment and referral will be done at the discretion of the 

health facility staff. 

 

Results of malaria tests, HIV RDT and CrAg and uLAM point-of-care tests (where performed), 

blood cultures, and antimicrobial susceptibility profiles of bloodstream and urine isolates will 

be provided as soon as available to the health facility staff responsible for the management 

of each patient. Results of serological and molecular tests performed at international 

reference laboratories will only be available some months after patients are recruited. Some 

of these tests may diagnose infections that would benefit from appropriate treatment even 

months later (e.g., serological assays for brucellosis and Q fever). During the informed 

consent process, study participants will be informed of this possibility, and will be asked to 
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provide their contact details (to be kept in a locked database separate from the study results 

databases) so that study staff can notify them of positive reference laboratory results which 

may benefit from treatment (e.g., brucellosis, Q fever) and if appropriate, prescribe 

treatment. 

 

Study staff will be available to offer advice to health facility clinicians on interpretation of 

and appropriate response to test results. If the results of antimicrobial susceptibility testing 

find evidence of bacterial pathogens that are resistant to all locally available antimicrobials, 

study staff and investigators will work with local and national health authorities to make 

available appropriate alternatives. 

 

7.3.4 Scheduling of follow-up visit 

All participants will be asked to return to the study site for one follow-up visit 28 days after 

enrolment. If the visit cannot occur on day 28, another date from day 26 to day 48, inclusive, 

will be acceptable. For any intervening care-seeking, participants will also be encouraged to 

return to the study site if feasible. Each participant will be given a card with her/his study 

identification number and the follow-up study visit date, and on which to record any care or 

treatment that is received in the interim. At sites where child health records are in routine 

use, data on interim care will be extracted from these records. 

 

Study staff will attempt to minimize loss-to-follow-up by: telephoning 

participants/parents/guardians in advance of their scheduled follow-up visit to remind them 

of the appointment; reimbursing participants’ transport costs for study visits; and visiting at 

home participants who do not keep their follow-up appointment (with appropriate 

permission obtained at the time of informed consent). 

 

7.3.5 Evaluation of antibiotic usage in Zimbabwe 

At the Zimbabwe site only, where capacity is available to conduct formative research to 

provide a better understanding of antimicrobial resistance and put into context the 

susceptibility data, anonymous record data on antimicrobial drug use at the participating 

primary health clinics will be collected. In order to assess the proportion of patients 

prescribed antibiotics among clinic presentations, the appropriateness of antibiotic 

prescriptions and guideline-adherence, the main diagnosis, type of appointment (new or 
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follow-up), age and sex of all patients attending the clinic will be recorded in a specially-

designed register which will not contain any patient identifiers. Also, data on the antibiotics 

prescribed, dose, duration, indication will be collected in order to evaluate antibiotic 

consumption. This will be used to evaluate the defined daily doses per unit of population for 

the individual antibiotics and antibiotic classes and percentage of encounters resulting in 

antibiotic prescriptions. According to the WHO guidelines for such as survey at minimum of 

600 antibiotic 600 antibiotic-prescribing encounters (excluding anti-tuberculosis and 

antiretroviral drugs) should be recorded. We therefore aim to include 1000 encounters 

across all FIEBRE study primary health centres to enable meaningful stratified analysis. 

 

The data extraction will be done as part of a quality improvement project (audit) and will not 

require any patient or healthcare worker contact. Data will be extracted from medical 

records and registers. No patient identifiers will be recorded, and individual informed 

consent will not be obtained. The data collection will be performed by research assistants. It 

is planned to repeat the assessment of antibiotic use to account for seasonality and changes 

in trends. Data will be collected using electronic record forms. Permission to conduct the 

assessment has been sought from the participating clinics before these activities begin. 

 

7.4 Study activities for patients at 28-day follow-up visit 

7.4.1 Clinical data collection 

At each participant’s day 28 follow-up visit, study staff will record the clinical outcome of the 

illness (see sample data collection form, Appendix D). Participants who do not return for the 

scheduled visit will be followed up at home or by mobile telephone. If the participant reports 

symptoms at the time of follow-up, s/he will be referred to health facility staff for further 

investigation and care. 

 

It is recognised that a poor clinical outcome (e.g., permanent disability, death) associated 

with a health condition may lead to negative and stressful emotions for the participant, 

those close to her/him, and involved health care providers. In the unfortunate event of a 

poor clinical outcome, study staff will attempt to collect relevant data in a manner that is 

sensitive, respectful of the participant’s dignity, context-appropriate, and that presents the 

least inconvenience possible to the participant and her/his family. These ideas, potential 
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scenarios and appropriate methods will be discussed with study staff and health facility staff 

during pre-study training, and will be based on existing guidance to the extent available.33 

 

7.4.2 Laboratory sample collection 

At each participant’s 28-day follow-up visit venous blood will be taken for serology testing. 

Weight-based guidelines (section 7.3.2) will be used for patients ≤7 kg. For patients with 

body weight >7 kg and aged <5 years, the maximum amount of blood drawn will be 5 mL. At 

study sites where ethical and regulatory authorities permit, for patients with body weight >7 

kg and aged ≥5 years and <15 years, the maximum amount of blood drawn will be 10 mL; 

otherwise the maximum volume for this population will also be 5 mL. For patients aged ≥ 15 

years, the maximum amount of blood drawn will be 10 mL. Samples will be aliquoted, stored 

and shipped to internationally recognised reference laboratories for additional tests (see 

section 7.6 below). 

 

7.5 Community controls 

Interpreting the results of some serological assays and pharyngeal swab assays requires 

knowledge of background prevalence of infection or colonization in the study population. To 

address this, 600 community controls (section 11.3 sample size calculations), frequency 

matched by age, sex, month of enrolment (to address seasonality), and geographical area to 

the cases, will be selected from the community living in the catchment area of the health 

facility for each site. No controls will be specifically recruited for the inpatient population, 

who may come from a wider geographic area. However, an analysis comparing controls with 

our sample of in-patients who do come from the area from which controls were selected, 

will be carried out. 

 

7.5.1 Selection and recruitment of community controls 

To define the catchment area for outpatients and community controls, existing data and 

pilot data from each site will be combined to define an area around the study facility in 

which approximately 80% of outpatients live. Residing within this area will be a selection 

criterion for FIEBRE outpatients (section 6). Community controls will be recruited within this 

area, individually matched to participating outpatients. 
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During each month of the study at each site, half of the outpatients will be selected at 

random (or by taking every second outpatient in chronological order of presentation). For 

each of these a community control will be found matched on age (within bands: ≥2 to <6 

months, ≥6 to <12 months, ≥1 to <3 years, ≥3 to <5 years, in 5 year bands up to age 24, and 

in 10 year bands at older ages), sex and place of residence. At sites where the study team’s 

capacity enables them to recruit a larger number of controls, controls will be matched to a 

larger proportion of enrolled outpatients. For example, if capacity allows, one control will be 

found for every outpatient; or controls will be found for more than half of the outpatients, 

e.g. for a random sample of three-quarters of enrolled outpatients (or by selecting every 

second, third, and fourth outpatient, in chronological order of presentation). This approach 

will allow us to enhance the precision of estimates for specific primary objective 1 and 

specific secondary objective 1 (see also section 11.1 below on quantitative outcome 

measures and analysis). 

 

Community controls will be recruited and enrolled if they, or their parents/guardians, 

provide informed consent. 

 

7.5.2 Informed consent of community controls 

Written informed consent and assent will be obtained for community controls in the same 

way as described in section 7.2.2 for case/patient participants (Appendices A and B, 

information sheet and informed consent form for community controls). 

 

7.5.3 Sample collection for community controls 

Diagnostic testing will be identical for controls and cases, with three exceptions: blood 

cultures will not be taken from controls, as the diagnostic yield is likely to be close to zero in 

this group; convalescent sera will not be collected from controls, as loss-to-follow-up is likely 

to be so high as to render results unusable; and urine will not be collected from controls. 

Venous blood will be drawn from control participants as follows: Weight-based guidelines 

(section 7.3.2) will be used for controls ≤7 kg. For patients with body weight >7 kg and aged 

<15 years, the maximum amount of blood drawn will be 5 mL. At study sites where ethical 

and regulatory authorities permit, for controls with body weight >7 kg and aged ≥5 years and 

<15 years, the maximum amount of blood drawn will be 10 mL; otherwise the maximum 

volume for this population will also be 5 mL. For participants aged ≥15 years, the maximum 
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amount of blood drawn will be 10 mL. In a randomly selected subset of controls aged ≥15 

years at each site, an additional 2.5 mL whole blood will be drawn for storage in PAXgene 

tubes (containing RNA stabilization solution) for eventual RNA assays; this means that for 

this subset of control participants, the total volume drawn will be 12.5 mL. (The number of 

samples collected in PAXgene tubes is limited for budgetary reasons, and the total number 

collected will depend on the final funding available for this purpose.) 

 

If the malaria RDT is positive for a control participant, antimalarial treatment will be offered 

according to national guidelines.  

 

7.5.4 Other data collection for community controls, and estimation of population fever 

incidence and aetiologies 

When a control participant provides blood and pharyngeal samples, study staff will collect 

basic demographic data (age, sex, place of residence, ethnicity). They will be asked if they 

have a fever and, if they answer yes, their tympanic temperature will be recorded. 

 

In addition, questionnaires will be administered to the community control participants in 

order to capture more representative data about treatment seeking and medicine (primarily 

antimicrobial) use. To increase the statistical power of this health care utilisation survey, as 

for other recent studies that estimate incidence and “burden” of infections,21,34 for each 

control participant, the participant (or head of household or health care decision-maker if 

the participant is a child) also will be asked about basic demographic information (date of 

birth or age, and gender) and treatment seeking practices for each household member. This 

health care utilisation survey will provide an estimate of the period prevalence of fever as 

well as the proportion of persons with fever in the community who present to the study 

enrolment sites for care. The fraction of persons with fever presenting to a study site will be 

used to calculate multipliers to estimate the population-based incidence of fever overall, 

and the incidence of specific causes of fever in the catchment area of study health care 

facilities. This “multiplier” method is well established1,22 and is widely used for estimating 

the incidence of febrile illnesses including but not limited to brucellosis,35 leptospirosis,21 

and typhoid fever.36 The multiplier method requires an estimate of the total number of 

cases of fever that present to our study sites. The multiplier method also requires an 

estimate of the proportion of cases of fever in the population who do not present to the 
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study hospital, which will be obtained through the healthcare utilisation survey among 

controls. It will also require an estimate of the catchment population for each site, or if that 

is not possible, for a defined population around each site (which may be smaller than the 

total catchment area). In the latter case, only heath care utilisation data from controls and 

their household members in the defined population will be used for the estimate of the 

population incidence of fever in the defined population. 

 

7.6 Specific laboratory assessments 

Laboratory assessments focus on detecting infections that are treatable and/or 

preventable. The same pathogens will be sought in samples from all sites. Pathogens to be 

sought include: blood parasites; bacterial, mycobacterial, and fungal (including 

Cryptococcus spp.) bloodstream infections; typhus group and spotted fever group Rickettsia 

spp.; Orientia tsutsugamushi; Coxiella burnetii; Leptospira spp., Brucella spp.; relapsing 

fever; Leishmania spp; and arboviruses including dengue, chikungunya, Zika, and Japanese 

encephalitis virus. 

 

Appendix E lists the target pathogens, with relevant assays and reference laboratories, and 

the case definitions used to identify causes of fever. All of the reference laboratories listed 

are internationally recognized centres of excellence, and all have agreed to test FIEBRE 

samples as described. If for any reason the labs’ capacities or agreements change in the 

future, alternative reference laboratories will be identified to maintain the highest possible 

standards for testing of FIEBRE samples. Laboratory procedures are summarized in this 

protocol section and in Appendix E; further details for each assay and procedure will be 

described in specific SOPs. 

 

7.6.1 Malaria rapid diagnostic tests (RDTs) 

All study participants will be tested for malaria at the time of enrolment with a standard 

antigen-detecting RDT and a blood film. The following criteria will be considered in selecting 

malaria RDTs for use at study sites: national guidelines for each site, target antigen 

depending on local malaria epidemiology (e.g., histidine-rich protein 2 [HRP2] for sites 

where P. falciparum predominates, with or without a vivax-specific or pan-specific 

Plasmodium lactate dehydrogenase [pLDH] band), and high performance in WHO-FIND 

standardized product testing.37 Malaria RDTs will be obtained directly from their 
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manufacturers, will be centrally procured, and a sample will be sent for lot testing in a 

WHO-approved laboratory before use. RDTs will be performed according to manufacturer 

instructions. Study staff responsible for performing, interpreting and recording malaria RDT 

results will be trained accordingly before the study begins. 

 

7.6.2 Microscopy for malaria and other blood pathogens 

If blood smear microscopy is routinely performed for clinical care at a study site, for all 

patients participating in the study a blood smear will be prepared and read according to 

local standards for this purpose. All study participants who test positive for malaria, by local 

microscopy or RDT, will receive appropriate antimalarial treatment according to national 

malaria guidelines. 

 

In addition, for study purposes, for all participants (patients and controls) at the time of 

enrolment a thick and thin blood smear will be prepared, fixed and stained according to 

standard SOPs. These smears will be read at the study site by expert microscopists for 

presence or absence, density and species of Plasmodium; and also for non-malaria blood 

parasites and Borrelia spp. Smears will be read independently by two expert microscopists, 

with discordant results resolved by a third expert reader. In addition, a 10% sample of 

smears from each site will be shipped to the Liverpool School of Tropical Medicine 

(Liverpool, United Kingdom) for quality assurance according to WHO malaria microscopy 

standards.38 

 

7.6.3 HIV testing 

At study sites where HIV prevalence is >1% in the general adult population (Malawi, 

Mozambique, and Zimbabwe), for patients of all ages whose status is not already 

documented, HIV testing will be performed according to national guidelines using a point-

of-care test. If a study participant is ≥18 months and has a positive HIV antibody test, the 

positive result will be recorded in study data and no further testing will be performed. If a 

positive result is obtained in a participant <18 months, confirmatory testing will be 

performed. Participants who are diagnosed as HIV positive during the study will be linked to 

counselling and care according to local guidelines and standards. 

 

7.6.3.1 Serum cryptococcal antigen (CrAg) testing 
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A serum CrAg point-of-care test will be performed for all inpatients, and for HIV-positive 

outpatients. Test results will be made available in real time to health care providers for 

use in treatment decision-making. 

 

7.6.3.2 Urinary lipoarabinomannan (uLAM) testing 

At sites where HIV testing is performed, a urine sample will be collected from HIV-

positive inpatients (and from HIV-positive outpatients, at sites where resources allow) 

for uLAM testing, as a point-of-care test (in addition to mycobacterial culture) for active 

tuberculosis infection. Test results will be made available in real time to health care 

providers for use in treatment decision-making. 

 

7.6.4 Bacterial and fungal culture and susceptibility testing 

At each site, blood culture media will be inoculated using sterile technique and according to 

standardized SOPs. Blood culture bottles will be incubated and those with bacterial or 

fungal growth will be detected either visually or by an automated system. Microorganism 

identification and antimicrobial susceptibility testing will be performed on site according to 

internationally recognised SOPs and guidelines. 

 

Mycobacterial blood cultures will be performed for HIV-positive inpatients (and for HIV-

positive outpatients at sites where resources allow) aged 15 years and older, at sites where 

HIV prevalence is >1% in the general adult population (Malawi, Mozambique, Zimbabwe).  

 

In addition, for culture-positive samples, cryopreserved isolates of bacteria and fungi will be 

shipped on dry ice to the University of Otago and Southern Community Laboratories 

(Dunedin, New Zealand; national reference laboratory) for confirmation of identification 

and of antimicrobial susceptibility to international standards. For mycobacteria, the same 

approach will be followed with cryopreserved isolates shipped to the National and 

Supranational Reference Mycobacterium Laboratory in Borstel, Germany. 

 

7.6.5 Pharyngeal swabs 

Pharyngeal swabs will be collected by study staff trained in the appropriate techniques, and 

placed in dry sterile tubes for storage and transport. The swabs will be shipped to 

Micropathology Ltd, in Canterbury, UK, where they will be tested for influenza A/B, 
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respiratory syncytial virus (RSV) and other respiratory pathogens by nucleic acid 

amplification techniques. 

 

7.6.6 Urine samples 

A urine sample will be collected from participants younger than two years, and from older 

patients who have symptoms and/or signs consistent with urinary tract infection 

(suprapubic pain or tenderness, frequent or painful micturition, costovertebral angle 

tenderness). Study staff will perform a urine dipstick, and samples that are positive for 

nitrate and/or leukocyte esterase will be cultured; any bacterial or fungal pathogens will be 

identified and tested for antimicrobial susceptibility (as for blood in section 7.6.4). 

 

7.6.7 Sample storage and shipping 

Whole blood samples from each participant will be used to prepare six dried blood spots 

(DBS) of 10 microlitres each on filter paper and stored for malaria PCR and biomarker 

testing (see 7.6.10).  

 

Serum, EDTA plasma, buffy coat where obtainable, and red blood cell pellet will be 

separated on-site and stored at -20°C for a maximum of one month before being 

transferred to a -80°C freezer. 

 

A proportion of blood samples will be stored at -80°C at each site as back-up and for any 

future research use as allowed by the study protocol and informed consent documents.  

Aliquots of whole blood and acute and convalescent sera from study patients, whole blood 

and serum from controls, and pharyngeal swabs from all participants will be shipped on dry 

ice to LSHTM in two batches from each site at approximately the study mid-point, and after 

completion of participant follow-up. Samples will be shipped with an international courier 

that is certified to ship biological samples, and that has an excellent reputation and 

extensive experience in this regard. 

 

After receipt at LSHTM, blood aliquots, pharyngeal swabs, and microbial isolates will be 

stored at -80°C and shipped in batches to international reference laboratories for further 

testing for the diagnosis of specific infections (sections 7.6.8 and 7.6.9). Internationally 

recognized reference laboratories for each pathogen of interest have been identified and 
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engaged to provide gold-standard results for detection of infectious aetiologies. For 

standardization, samples from all study sites will be tested at the same reference 

laboratories. 

 

Aliquots of serum, blood, DBS, and pharyngeal samples will be archived at -80°C at a 

purpose-designed archive housed at LSHTM for future use (see section 7.7). 

 

7.6.8 Quality assurance for laboratory procedures at study sites 

A common quality management system will be implemented at all study sites, including the 

following components: SOP for each procedure performed; bench job aids; internal and 

external quality control procedures; internal audits; supervision visits and monitoring of 

quality indicators. A central quality management team with international experience, 

including senior clinicians and laboratory scientists, will help to ensure that all laboratory 

procedures are performed according to SOPs at all sites and with high quality standards.   

 

7.6.9 Serological and molecular testing at reference laboratories 

Serologies and molecular tests will be performed on acute sera (day 0) from case and 

control participants, and serologies will be performed on convalescent sera (day 28) from 

case participants, at collaborating international reference laboratories as follows: 

• Mahidol Oxford Tropical Medicine Research Unit (MORU; Bangkok, Thailand) and 

Australian Rickettsial Reference Laboratory (Geelong, Australia) – 

immunofluorescence antibody (IFA) tests, and if budget allows nucleic acid 

amplification test (NAAT; using buffy coat where obtainable for Rickettsia/Orientia 

spp assays;), for: Rickettsia spp (spotted fever group and typhus group), Coxiella 

burnetii (Q fever), and Orientia tsutsugamushi (scrub typhus). 

• UK National Brucellosis Reference Unit (Liverpool, United Kingdom) – Brucella enzyme 

immunoassays (EIA) and microscopic agglutination tests (MAT). 

• Queensland Health Leptospirosis Reference Laboratory (Brisbane, Australia) – 

Leptospira microagglutination test. 

• London School of Hygiene & Tropical Medicine (London, UK) – direct agglutination 

test (DAT) for anti-Leishmania antibodies, with assistance from the Department of 

Clinical Parasitology, Hospital for Tropical Diseases, London, UK.  
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• French National Centre of Reference of Arboviruses (Marseille, France) – ELISA, 

plaque reduction and neutralization tests for: chikungunya, dengue, Japanese 

encephalitis, Zika, and other relevant arboviruses. 

• Micropathology Ltd (Canterbury, UK) – NAAT for influenza viruses and respiratory 

syncytial virus; the multiplex assay also detects human metapneumovirus, 

parainfluenza virus types 1, 2,3 &4, adenoviruses, rhinoviruses, enterovirus, 

parechovirus, bocavirus, Mycoplasma pneumoniae, and other potential respiratory 

pathogens. 

• MiraVista Diagnostics (Indianapolis, USA) – serum Histoplasma and Cryptococcus 

antigens (including external quality assurance of serum CrAg point-of-care test 

results for those samples collected after implementation of CrAg testing at sites) 

(day 0 sample only). 

 

 

7.6.10 Biomarker assays 

In addition to archiving samples at LSHTM for future biomarker investigations, a limited set 

of assays will be carried out as a part of FIEBRE study activities. These will include the 

biomarkers in Table 2 that have been identified in previous studies as potentially useful in 

diagnosing bacterial infection and/or as prognosticators of illness severity. Of note, the 

identification and investigation of biomarkers of infection is a fast moving field and novel 

biomarkers likely will be identified by the global scientific community during the time period 

of this study. Therefore, once FIEBRE samples are available, we will review and revise (if 

necessary) the list of biomarkers to be tested to prioritize assays that are most likely to lead 

to public health benefit in fever case management for patient populations typified by 

FIEBRE participants. 

 

Table 2. Biomarkers identified as potentially useful in distinguishing bacterial from non-

bacterial infections, or in predicting illness severity 

Biomarker/ test 
Supportive evidence from 

Africa/Asia 

Sample requirements and 

test method 

C-reactive protein (CRP)  

Variable performance from a 

multitude of studies, including 

Asia and to a lesser extent 

SSA39,40 

10ul EDTA plasma; Luminex 

assay to be performed at 

LSHTM 
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Triggering receptor expressed on 

myeloid cells (sTREM-1)  

Published data39,41,42; study of 

~2000 febrile children in Uganda 

(under review, Kain et al) 

100ul EDTA plasma;  

Luminex assays to be 

performed at LSHTM 

Angiopoietin-Tie-2  

Some supportive data from 

Malawi43,44; study of ~2000 

febrile children in Uganda 

(under review)  

Interleukin 6 (IL-6)  

Study of ~2000 febrile children in 

Uganda (under review; 

published data39  

soluble fms-like tyrosine kinase-1 

(sFlt1)  

Study of ~2000 febrile children in 

Uganda (under review) 

Soluble tumor necrosis factor 

receptor-1  (sTNFR1)  

Study of ~2000 febrile children in 

Uganda (under review) 

Heparin binding protein (HBP)  

No data from LMICs. Primarily 

validated as marker of severity 

and organ dysfunction39,45,46 

   

In total 250 μl of EDTA plasma will be aliquoted and stored for these assays from all study 

participants from the day 0 blood draw, including patients and controls. In addition, 250 μl 

will be aliquoted and stored from each patient’s day 28 blood draw. Comparing biomarker 

levels on day 0 and day 28 will provide a better understanding of their kinetics, as previous 

studies suggest that patients in whom some biomarkers fail to normalize could be at higher 

risk of severe outcome.44,47,48 

   

The biomarker assays will be carried out at LSHTM where patient samples will be archived. 

The diagnostic and prognostic value of these biomarkers will be assessed to determine their 

utility alone and in combination in differentiating between bacterial and non-bacterial 

causes of illness, and in predicting severe outcomes using mortality and severity scores as 

endpoints. 

 

Biomarker assay results will not be used in clinical management of FIEBRE study participants. 

 

7.7 Sample archive 

Informed consent (Appendices A and B) will be sought from study participants or 

parents/guardians at recruitment for the future use of their biomedical samples and 

anonymized data, including in the development and evaluation of new diagnostic tests. The 

consent process for future use of samples and data will be conducted at the same time as 
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consent for study participation, but separate consent documents will be signed (or finger-

printed), i.e. one for study participation, and one for storage and future use of samples. A 

proportion of blood, serum and/or DBS samples from participants at each site will be stored 

at the respective sites (section 7.6.7). The remaining sample archive will be housed at 

LSHTM in London, United Kingdom, in a facility with experienced personnel and 

appropriately monitored -80°C freezers and other relevant equipment. Samples will be 

made available for diagnostics researchers and developers for the evaluation of new point-

of-care diagnostic tests intended to guide the management of febrile patients. Access to the 

FIEBRE archive will follow a formal process of application to the FIEBRE consortium. If 

commercial companies wish to access FIEBRE samples and data for the purpose of 

evaluating new diagnostic or biomarker assays, they will seek formal approval from the 

FIEBRE consortium and from an independent committee chaired by Professor Rosanna 

Peeling, Director of the International Diagnostics Centre at LSHTM, and including 

independent senior scientists as well as lay members. Intellectual property rights will be 

agreed between requestors and the LSHTM legal department. 

 

8   SAFETY CONSIDERATIONS AND REPORTING 

8.1 Potential risks 

Risks associated with participation in this study are minimal. For participating patients, risks 

are essentially no greater than they would be for routine health care at the participating 

health facilities: To the routine evaluation and management of febrile outpatients and 

inpatients, this study adds the collection of venous blood according to standard guidelines 

for clinical research (section 7.3.2), a negligible medical risk. For control participants, risks 

are primarily due to collection of venous blood without a clinical indication. Physical 

discomfort, transient bleeding, and bruising may result when blood is obtained by 

venepuncture. Aseptic technique and universal precautions against body fluid exposures 

will be practiced in obtaining blood samples. Some participants will present for care with 

serious illness; however, all participants will be managed by qualified clinical staff according 

to national standards of care. In addition, the study will provide good-quality diagnostic 

information in real time, which has the potential to enhance the quality of care provided. 

Loss of privacy is a potential risk associated with participation in any research project. 

Potential for loss of confidentiality will be minimized by use of coded study numbers on 
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data collection forms and laboratory samples, and all data will be stored in locked filing 

cabinets and password-protected computer files. 

 

8.2 Known potential benefits 

All participants will be provided with routine health care services according to the local 

standard of care. In addition, the study will provide good-quality diagnostic information, 

which has the potential to enhance the quality of care provided. In particular, blood culture 

results may be life-saving. Participants may also benefit from the knowledge that they are 

assisting in work of potential value to fever case management and health care in settings of 

which their site is representative. 

 

8.3 Governance, data safety and monitoring 

The study will be overseen by a committee comprising the co-investigators, a group that 

includes a full-time project manager, a full-time senior clinician and study coordinator, and 

a number of senior clinicians, laboratory scientists, a statistician and dedicated data 

manager. A full-time study coordinator will be recruited at each study site. Senior scientists 

at the international reference laboratories will provide inputs to and oversight of relevant 

study activities. 

 

Co-investigators met face-to-face in May 2017 to agree on details of the study protocol, 

including data and specimen collection and other logistics. The co-investigators will meet by 

conference call every three months for the duration of the study, or more frequently if 

unforeseen issues arise that need to be addressed. Face-to-face meetings of co-

investigators are planned approximately annually; and a meeting will be convened once 

study results are available, to agree on plans for publication and dissemination.  

 

In addition, an External Advisory Committee of three to five senior scientists will provide 

independent monitoring of the study’s progress and integrity of the data. 

 

8.4 Definitions  

Adverse event (AE): Any untoward medical occurrence in a patient or study participant 

Serious adverse event (SAE): Any untoward medical occurrence that: 

• results in death; 
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• is life-threatening; 

• requires inpatient hospitalization or prolongation of existing hospitalization; 

• results in persistent or significant disability/incapacity; 

• consists of a congenital anomaly or birth defect. 

Other “important medical events” may also be considered serious if they jeopardise the 

participant or require an intervention to prevent one of the above consequences.  

 

8.5 Reporting Procedures 

Any questions concerning adverse event reporting will be directed to the Chief Investigator 

in the first instance. 

 

8.5.1 Non-serious AEs 

All AEs reported at the Day 28 follow-up visit will be recorded as a matter of routine, in the 

participant’s medical records where appropriate, and summarized on study CRFs. 

 

8.5.2 Serious AEs 

Approximately half of all patients enrolled in the FIEBRE study will be inpatients, and 

therefore already potentially seriously ill. Serious Adverse Events (SAEs) will be considered to 

be hospitalization of a patient enrolled as an outpatient; prolonged hospitalization of 

inpatient participants; persistent or significant disability/incapacity at the time of study 

discharge; or death. SAEs will be reported to the Study Coordination Centre within 24 hours 

of the local site being made aware of the event.   

 

An SAE form will be completed and submitted to the Study Coordination Centre with as 

much detail as available at that time. If awaiting further details, a follow up SAE report 

should be submitted promptly upon receipt of any outstanding information.   

 

9   FOLLOW-UP 

No formal study follow-up is planned for participants after the completion of study 

activities, as described in sections 7.2, 7.3, 7.4 and 7.5, with one exception: As in sections 

7.2.2 and 7.3.3, patients for whom serology results are positive for infections that may 

benefit from treatment even months after blood samples are obtained (e.g. brucellosis, Q 
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fever) will be contacted to assist with obtaining treatment, and to provide advice on 

infection prevention and control if relevant and appropriate. 

 

10  DATA MANAGEMENT 

10.1 Data quality assurance and monitoring 

Study staff will be trained on the study protocol prior to the start of study activities at each 

site. Data collection forms will be reviewed by the Study Coordinators and Principal 

Investigators (PIs) for completeness and accuracy. PIs from the different countries will 

maintain regular contact to ensure consistency in protocol implementation at each site, and 

PIs will meet regularly with study staff at their site/s to ensure consistency in the collection 

of data. PIs will participate in regular study group meetings to assess progress of the study, 

address any difficulties with the RDTs or protocol, and provide feedback to members of the 

study group. A 2-week pilot period will be conducted before beginning the study at each 

site, which will allow the investigators and study personnel to identify and resolve potential 

logistical and technological problems prior to beginning data collection. Standardized 

protocols and SOPs will be followed for quality control/quality assurance of clinical 

evaluations, biological sample procurement and preparation, and all laboratory procedures. 

 

10.2 Records 

All participants will be identified throughout the study by a unique identifying number (UID) 

that will be assigned at recruitment using uniquely numbered and barcoded consent forms 

(see Figure A). Hospital clinical case records will be linked to the data set via the paper 

consent form, the hard copy of which will be included in the patient’s clinical record files at 

the health facility providing care. The case recruitment form will include a step to 

photograph a region of the consent form that contains patient details, mark of consent and 

unique identifier number. Persistent links between personally identifying information and 

research data will be required for the duration of the study as some results from reference 

laboratories have long term health implications to the patient and these will need to be 

reported back to clinicians leading patient care. Access to images of consent forms and 

personally identifying data will be restricted on a need-to-know basis and will never be 

revealed to anyone outside the study team. 
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Figure A. Unique Identifier Assignment: In this example from 

another study, the unique QR code is used to digitally link the 

consent form to the data record.  

 

All data will be backed up regularly to an off-site secure facility. Primary data outputs will be 

in XML format. For backup purposes, we will routinely make copies of all case files in a 

human readable PDF report format. Data requiring forwarding or reverting back to clinicians 

will be transmitted as PDF reports through encrypted channels.  

 

Electronic data will be stored on password-protected and encrypted media.  Access to the 

records will be limited to study staff. The investigators and study staff will allow all 

requested monitoring visits, audits or reviews by relevant ethical review boards. 

 

All data entry errors will be reported using a separate ODK form. The original data files will 

not be manipulated in any way at any point during or after the study. Error corrections to 

the data set will be performed during the final data analysis using a traceable, reproducible 

and fully open, script based approach. The analysis script will be annotated to specifically 

reference each change made to the data, referring to the unique timestamps of each error 

monitoring form.  
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10.3 Data management 

Clinical data will be collected using Open Data Kit (ODK [https://opendatakit.org]) and 

Android devices. Electronic data entry quality will be ensured by real-time error capture, 

internal validation, consistency checks and stringent formatting constraints. Completed data 

forms will be securely transferred by direct internet connection to a 256 bit SSL encrypted 

and fire-walled ODK server, which is hosted at LSHTM (www.odk.lshtm.ac.uk). Data 

connections with the encrypted server can be made over mobile connections and data are 

transferred automatically to the server whenever an internet access point is available. This 

allows continuous backup of data and quality monitoring in real time. 

 

Data from each site will be accessible to investigators responsible for that site throughout 

the study. Anonymised quantitative data will be held for sharing as original databases 

stored with a soft copy of the fully annotated questionnaires and the STATA scripts files 

used for recoding and analysis. Personal identifiers, such as names, will not be held, with ID 

numbers used instead. Details of how to access the data will be published with each study 

publication, and will be provided to any bona fide researcher requesting access. The LSHTM 

Data Compass repository will also enable access to repository contents through a 

searchable index.  

 

The qualitative data will be made available in second-order formats to protect the 

confidentiality of participants. Making full interview transcripts or fully transcribed field 

notes publicly available would risk participant identification and could hamper participation 

in the study. Second-order summaries of both the observational data and interviews will be 

prepared in the form of daily contact summaries that are anonymised and therefore 

sharable. This process will be described to participants at the point of consent.  

 

The LSHTM Research Data Management Support Service, through the LSHTM institutional 

Research Data Repository, will store off-site backups indefinitely. Microorganism isolates, 

DBS, residual frozen blood and serum samples, and residual pharyngeal samples will be 

archived at LSHTM, providing that there is institutional support to maintain quality 

management systems for archiving and retrieval, power backup and -80°C freezer capacity. 

 

10.4  Immediate and long-term use of the data 
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Data collected in this study will be compiled, analysed, and made available to collaborating 

partners and to ministries of health in participating countries, and will be prepared for 

publication in open-access peer-reviewed journals. Data may be made available to research 

students in participating countries and at participating institutions for educational use. The 

investigators will comply with international standards and guidelines regarding open access 

to research data. Study protocols, SOPs and data collection tools will be made freely 

available on a dedicated study website. Upon completion of the study, all study documents 

and record forms will be filed and stored at study sites for at least 10 years. Electronic data 

records will be stored indefinitely by investigator/s in research facility systems. Results of 

the study may be publicized in the future by collaborating partners and stakeholders as part 

of public health education efforts and control programs for infectious diseases and use of 

antimicrobial medicines (see also section 14). 

 

11 DATA ANALYSIS AND STATISTICAL CONSIDERATIONS 

Quantitative data analysis will be performed with Stata and other software packages. 

 

11.1 Quantitative outcome measures and analysis 

Listed by study objective: 

 

1) To determine the treatable and/or preventable causes of fever in children and adults 

presenting as outpatients, and among those admitted to hospitals, in areas represented 

by the study sites; 

 

For outpatients the attributable fraction (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 odds ratio (OR) for the association between each pathogen and fever will be 

calculated by comparing cases and controls. Logistic regression will be used to calculate the 

odds ratio. In order to take the matched design into account, strata based on geographical 

location and season will be defined at each site and the analysis will be adjusted for age, sex 

and stratum. Since cases and controls are recruited at a constant rate throughout the year 

but fever incidence is likely to vary by season, the analysis will be weighted by the 

proportion of patients included in the study of the total number of cases seen at the study 
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site in the given season. AF will then be calculated as AFA = pA(1-ORA). Confidence intervals 

will be calculated in an appropriate way, e.g. bootstrapping or delta method. 

 

For inpatients, first the distribution of diagnoses in each site will be tabulated for all in-

patients in the study. Then a second analysis to calculate AFs will be carried out for in-

patients, but this will be restricted to inpatients who come from the same geographical area 

as the controls. The calculation of AFs for inpatients may be dropped if insufficient numbers 

of in-patients come from the same area as the controls. 

 

2) To determine how fever aetiology varies according to patient age, level of the health 

system, geographical area, local malaria and HIV prevalence, and other risk factors; 

 

Stratified analyses will be carried out as above to estimate the AF for sub-groups of 

patients. 

 

3) To determine the prevalence and spectrum of antimicrobial resistance among bacterial 

pathogens identified in clinical specimens from febrile patients; 

 

At each site the proportion of bacterial pathogens with antimicrobial resistance defined by 

standardized criteria will be calculated. The proportion of common organisms 

demonstrating resistance to a standard panel of antibiotics will be reported. 
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Specific secondary objectives: 

 

1) To generate data on incidence of specific infections among study participants, and 

therefore contribute key data on disease burden for some infections that are not counted in 

current “global burden of disease” estimates; 

 

For an area whose population size is known, a health utilization survey will be used to 

estimate r, the proportion of fevers for which treatment was sought at a study centre. The 

total number of cases seen at the study site from the defined population will be multiplied 

by 1/r, to obtain the total cases in a year from the defined population. 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. 

 

3) Evaluation of available biomarker assays to assess their performance and potential 

utility in fever case management in the study areas; 

 

The sensitivity, specificity, and positive and negative predictive value of each biomarker will 

be estimated.  

 

4) To generate data to support the development of new fever case management 

algorithms which may be evaluated in future studies; 

 

The association between the presence of pathogens with predefined clinical and other 

variables will be examined. 

 

11.2 Sample size considerations 

Any single pathogen or aetiology is assumed to be likely to be rare in the study 

populations.2,14,15 To identify causes of fever, a sample size of 600 patients per group will 

enable estimation of the prevalence 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% (see Table 3). 
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Table 3. Sample size estimates for varied infection prevalences 

Number of participants Prevalence Confidence interval 

600 5% +/- 1.7 

600 2% +/- 1.1 

600 1% +/- 0.7 

  

 

Since blood cultures and convalescent samples will not be taken from community controls, 

the prevalence of respiratory viruses (e.g., influenza and RSV) detected by polymerase chain 

reaction (PCR), and of baseline seropositivity to other pathogens, will be compared in cases 

and controls. The prevalence of respiratory viruses, and of seropositivity to common causes 

of fever, is assumed to be approximately 5% in the general population. A sample of 600 

outpatients 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 

will be enrolled in each of four analysis groups (children aged ≥2 months to <15 years as 

inpatients and outpatients, and inpatients and outpatients aged ≥15 years), for a total of 

2400 patients per site; plus 300 controls in each of the two age groups at each site (total 

600).  

 

12  QUALITY ASSURANCE 

Quality control and assurance of all study procedures and will be conducted according to 

SOPs and as briefly described in sections 7.6.7, 7.6.8, 7.6.9, and 10.1.  To ensure the quality 

and integrity of data, and the safety of participants, an External Advisory Committee will be 

contracted for the duration of the study as in section 8.3. 

 

13  EXPECTED OUTCOMES OF THE STUDY 

This study is expected to provide a clearer picture of the causes of febrile illness in different 

geographical settings and populations, and comparable data on local perceptions and 

management of fevers. It will give insight into the aetiologies that contribute to similar 

proportions of fever cases worldwide, and those which are geography-, season-, or 

population-specific. It will make use of and inform already well-developed public health 

networks that deal with big databases. This will allow more precise mapping of the causes 

of fever, which will be used to develop evidence-based algorithms for the management of 
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febrile illnesses in children and adults, and to inform rational surveillance efforts in the 

future. The data generated by this study to support updated, evidence-based guidelines for 

fever case management have the potential to safely improve targeting of antimicrobial 

prescription for outpatients. 

 

In addition, this study provides a unique opportunity to develop a first-of-kind archive, by 

collecting and storing biomedical samples from a large and well-characterised group of 

febrile patients and controls from diverse locations in tropical settings. Use of the archive is 

expected to lead to development and evaluation of new point-of-care diagnostic tests, 

which are expected to allow improved fever case management, as well as safe reduction of 

unnecessary antimicrobial use and therefore reduction of antimicrobial resistance (see also 

sections 7.5 and 7.7). 

 

14 DISSEMINATION OF RESULTS AND PUBLICATION POLICY 

A high degree of public engagement is an integral part of the research plan for this study. 

Stakeholders include research participants, clinicians, policy-makers, and the general public. 

In the first year of the study meetings will be held with community leaders and with the 

public at each site to inform local communities about the aims of the study and the 

methods to be used. Seminars will be organised at participating health facilities to inform 

medical and nursing staff about the study before it begins. The social science component of 

the study (protocol to be presented separately) will involve ethnographic observations and 

key informant interviews with members of the community and medical and nursing staff, 

which will provide further opportunities for public engagement. A public engagement event 

will be held at each study site at the end of the project to disseminate the results to the 

communities who participated in the study. 

 

In addition, investigators and study staff will engage with policy makers and the research 

community from the outset of study preparation. The study will be registered on 

www.clinicaltrials.gov, www.isrctn.com, www.pactr.org, and http://www.anzctr.org.au/. 

Investigators will take advantage of national and international networks to ensure that 

policy makers at various levels are aware of the study, and that the results are made 

available to them as soon as possible. When final results are available, feedback and 

dissemination meetings will be held at each site both for medical, nursing and laboratory 
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staff, and for the communities who participated in the study. Press releases will be arranged 

to publicise study results through the press office at LSHTM and other participating 

institutions, and to engage with local media at each study site to ensure that the results of 

these studies are widely disseminated. 

 

Results from this study will be prepared for publication in open-access peer-reviewed 

journals as soon after study completion as possible. 

 

15 DURATION OF THE STUDY 

The duration of participant recruitment and follow-up is expected to take approximately 12 

months from the start of study activities at each site as shown in Table 4, depending on 

rates of enrolment. The recruitment period will be extended at individual sites if required to 

meet sample size target. 

Table 4. Proposed study timeline at each study site from the time of protocol approval 

Activity Mo 1-3 Mo 4-6 Mo 7-9 Mo 10-12 Mo 13-15 Mo 16-24 

Study/site prep, training       

Pilot, begin enrolment        

Enrol to sample size         

Participant follow-up       

Reference lab test results       

Data cleaning, analysis       

Report writing, results 

dissemination 
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16 ANTICIPATED POTENTIAL PROBLEMS 

Table 5. Potential study problems and proposed solutions 

Potential problem Proposed solution 

Delayed start of study activities due 

to delays in ethics approvals, 

procurement, other logistic 

impediments 

1) Work with relevant personnel/agencies, local and 

national authorities as needed to minimize impact on 

project timelines 

2) If necessary discuss with DFID re: adjustment of 

deliverables timeline 

Insufficient sample size (for cases 

and/or controls), or slower than 

expected enrolment 

1)  Work with local community leaders, health facility staff 

and other relevant personnel to identify and address 

possible causes 

2)  Increase number of clinical sites (within the same 

geographical/population area) 

High (>15%) loss to follow-up 

1)  Reinforce importance of full follow-up in informed 

consent discussion and at study visits 

2)  Increase home visit staff 

Adverse events and/or protocol 

violations 

1)  Report to appropriate ethical committee and EOC 

2)  Prevention as appropriate through protocol amendment 

and/or personnel training 

Loss of or damage to blood samples 

and isolates during storage or 

transport 

1) Minimize risk with use of good-quality equipment, SOPs 

and training at sites, and use of well-established 

international courier 

2) Reserve a portion of each sample at study site in addition 

to LSHTM archive 

 

17 ETHICAL CONSIDERATIONS AND PARTICIPANT CONFIDENTIALITY  

Ethical approval will be sought from national/institutional review committees in all 

participating countries. Written informed consent will be obtained from all participants as 

described in section 7.2. Participants will be identified by coded study numbers in all data 

collection forms and electronic databases. No individual identities will be used in any 

reports or publications resulting from the study. Only study staff and study investigators will 

have access to the information collected, for purposes of data entry and analysis. At the 

time of informed consent for study participation, participants will be informed that 

participation in a research study may involve a loss of privacy; however, only study 

personnel will have access to the information collected. 
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18 SPONSOR 

London School of Hygiene & Tropical Medicine (LSHTM) will act as the main sponsor for this 

study. Delegated responsibilities will be assigned locally. 

 

19 FUNDING 

The UK Department for International Development (DFID) are funding this study through a 

grant to LSHTM. Activities at study sites and reference laboratories are funded through 

contracts established between LSHTM and collaborating institutions. 

 

20 AUDITS AND INSPECTIONS 

The study may be subject audit by the London School of Hygiene & Tropical Medicine under 

their remit as sponsor, the Study Coordination Centre and other regulatory bodies to ensure 

adherence to Good Clinical Practice. 
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