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Lassa fever clinical course and setting a standard of care for future randomized trials: A protocol for a cohort study of Lassa-infected patients in Nigeria (LASCOPE)
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Abstract Background

Lassa Fever (LF), is a severe viral disease prevalent in Western Africa. It is classified as a priority disease by the World Health Organization (WHO). Ribavirin is the recommended therapy despite weak evidence of its efficacy. Promising therapeutic agents are becoming available for evaluation in human. Before launching therapeutic trials, we need data on the evolution of the disease under the best possible conditions of care.

Methods

We have initiated a prospective study in Nigeria to better understand the clinical course and prognostic factors of LF while implementing high quality standardized care. Inclusion criteria are: suspected or confirmed LF and informed consent. Participants are followed 60 days from admission and receive free of charge standardized supportive care and biological monitoring, as well as intravenous ribavirin for those with confirmed LF. Data are collected using standardized case report forms (CRF). Primary and secondary outcomes are fatality and severe morbidity, with special focus on acute kidney dysfunction and pregnancy complications. Factors associated with outcomes will be investigated.

Results

The cohort is planned for 3 years. Inclusions started in April 2018 at the Federal Medical Center Owo in Ondo 

Conclusions

This cohort will: provide evidence to standardize LF case management; provide key inputs to design future clinical trials of novel therapeutics; and establish clinical research teams capable of conducting such trials in LF-endemic areas.

Study registration

The LASCOPE study was registered on ClinicalTrial.gov (NCT03655561). 

Introduction

The first human cases of Lassa fever (LF) were described in 1970 in the North-East of Nigeria [START_REF] Frame | Lassa fever, a new virus disease of man from West Africa. I. Clinical description and pathological findings[END_REF]. Lassa virus was first isolated in 1974 [START_REF] Monath | Lassa virus isolation from Mastomys natalensis rodents during an epidemic in Sierra Leone[END_REF] from its zoonotic reservoir, the multimammate rat Mastomys natalensis. It can be transmitted to humans through direct or indirect exposure to rodent excreta, including droplets, dust and contaminated food [START_REF]What-you-need-to-know-about-Lassa-factsheet[END_REF]. Human to human transmission is also possible, although less frequent [START_REF] Lo Iacono | Using modelling to disentangle the relative contributions of zoonotic and anthroponotic transmission: the case of lassa fever[END_REF][START_REF] Siddle | Genomic Analysis of Lassa Virus during an Increase in Cases in Nigeria in 2018[END_REF][START_REF] Kafetzopoulou | Metagenomic sequencing at the epicenter of the Nigeria 2018 Lassa fever outbreak[END_REF], and is most common in a nosocomial context [START_REF] Ajayi | Containing a Lassa fever epidemic in a resource-limited setting: outbreak description and lessons learned from Abakaliki, Nigeria (January-March 2012)[END_REF]. Clinical presentation of Lassa fever is nonspecific, especially at the early stages, rendering clinical diagnosis difficult. In more severe cases, the clinical course can be complicated by hemorrhage, neurologic symptoms, multi-organ failure, and death [START_REF]What-you-need-to-know-about-Lassa-factsheet[END_REF]. More than five decades after its discovery, despite an estimated burden of 300,000 cases and 5,000 to 10,000 deaths annually [START_REF] Mccormick | A prospective study of the epidemiology and ecology of Lassa fever[END_REF][START_REF] Günther | Lassa virus[END_REF] throughout more than 14 West African countries [START_REF] Mylne | Mapping the zoonotic niche of Lassa fever in Africa[END_REF] and more than thirty cases exported to non-endemic countries [START_REF] Kofman | Lassa Fever in Travelers from West Africa, 1969-2016[END_REF], including very recently in two Dutch healthworkers returning from Sierra Leone [START_REF]Lassa fever in the Netherlands ex Sierra Leone[END_REF], there are still many knowledge gaps regarding the pathophysiology and appropriate clinical management of this disease [START_REF] Kerber | Research efforts to control highly pathogenic arenaviruses: a summary of the progress and gaps[END_REF]. Most data on LF natural history are retrospective [START_REF] Mccormick | A prospective study of the epidemiology and ecology of Lassa fever[END_REF][START_REF] Mccormick | Effective therapy with ribavirin[END_REF][START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF]. Ribavirin has been recommended as the specific therapeutic option for forty years despite weak evidence of its efficacy [START_REF] Mccormick | Effective therapy with ribavirin[END_REF][START_REF]Final Report Analysis of a Clinical Trial Ribavirin and the Treatment of Lassa Fever[END_REF][START_REF] Ludwig | On behalf of Major General Holcomb[END_REF] and concerns about its possible detrimental effect when administered to mild LF cases [START_REF] Eberhardt | Ribavirin for the treatment of Lassa fever: A systematic review and meta-analysis[END_REF]. In addition, its use poses many problems: its cost is high for endemic countries, the optimal dose is not known [START_REF] Bausch | Review of the literature and proposed guidelines for the use of oral ribavirin as postexposure prophylaxis for Lassa fever[END_REF], its handling by health workers wearing personal protective equipment is cumbersome and takes a long time.

For all these reasons, LF has been included in the WHO R&D Blueprint list of high priority diseases [START_REF] Who | A research and development Blueprint for action to prevent epidemics[END_REF].

Several new antivirals [START_REF] Oestereich | Efficacy of Favipiravir Alone and in Combination With Ribavirin in a Lethal, Immunocompetent Mouse Model of Lassa Fever[END_REF][START_REF] Safronetz | The broad-spectrum antiviral favipiravir protects guinea pigs from lethal Lassa virus infection post-disease onset[END_REF] and immunotherapeutics [START_REF] Mire | Human-monoclonal-antibody therapy protects nonhuman primates against advanced Lassa fever[END_REF] have been identified as potential therapeutic candidates in future drug trials for LF. However, prior to starting any drug trial it is essential to standardize severity classification systems, drug dosing and duration, study outcome measures and concomitant supportive care strategies. This process would ensure standardization of care in the best possible way across clinical sites that will take part in future drug trials.

In 2018, the annual outbreak of LF in Nigeria was characterized by an unprecedented caseload, with 10 secondary cases and deaths among health workers and caregivers [START_REF] Ilori | Epidemiologic and Clinical Features of Lassa Fever Outbreak in Nigeria, January 1-May 6, 2018[END_REF]. This prompted our consortium to initiate a prospective study entitled "Lassa fever clinical course and prognostic factors in an epidemic context" (LASCOPE).

Material and methods

Design

LASCOPE is a prospective cohort study.

Objectives

The primary objective is to describe the frequency of fatality and the factors associated with a fatal outcome in hospitalized patients with laboratory-confirmed LF. -Help harmonizing case management guidelines; -Set-up a platform for clinical research on LF and to build the capacity to conduct future randomized controlled trials (RCT); -To inform the design of future RCTs by producing core preliminary clinical data.

Calendar

The study inclusion period is three years (April 2018-April 2021). Patients will be followed 60 days from admission.

Setting

The study is conducted in tertiary reference hospitals with diagnostic and treatment capacities for patients with LF. It started at the Federal Medical Centre Owo (FMCO), Ondo State, South-Western Nigeria (Figure 1).

A second clinical site will be selected in 2019 by the Nigeria Center for Disease Control (NCDC) with an expected opening in early 2020 and discussions are underway to open a site in Benin.

Population

All patients admitted for suspected or already RT-PCR confirmed LF in one of the participating care centers are eligible.

There is no age restriction. Pregnant women and newborns are eligible.

Patients are included in the cohort if they meet the following criteria: (i) Suspected or confirmed LF; (ii) Signed informed consent.

Suspected and confirmed LF definitions are in line with the November 2018 NCDC's guidelines [START_REF]National Guidelines for Lassa Fever Case Management[END_REF]:

Suspected LF: History of fever (body temperature measured above 38°C more than 24 hours without the use of anti-pyretics) beginning 3 to 21 days prior to presentation, with one or more of the following conditions: abdominal pain, vomiting, diarrhea, sore throat, myalgia, generalized body weakness, abnormal bleeding (mucosal bleeding, punctures sites bleeding, uncontrolled intra operational and/or immediate post operational bleeding).

OR

Neonates (with or without signs and symptoms) from women infected by Lassa virus.

Any of the following scenarios should lead to a high index of suspicion: Participants enrolled as suspected cases and subsequently found to have a negative Lassa RT-PCR (referred as "non-LF" cases) remain followed in the study as a control group up to day 60 from admission.

Number of participants

We expect to enroll between 150 and 200 new participants per year, depending on the magnitude of annual outbreaks. The total number of participant will therefore reach 450 to 600 at the end of the study.

Routine case management

In accordance with NCDC's guidelines for LF case management (2017 and 2018 updates), all patients with confirmed LF receive intravenous ribavirin therapy. Different regimen can be used, depending on age, pregnancy status, and physicians' preference among the two NCDC recommended protocols for nonpregnant adults. Suspected LF patients are not started on ribavirin before RT-PCR confirmation, unless they have had an documented contact with a confirmed LF case or they are deemed highly suspect for LF according to above-mentioned criteria [START_REF]National Guidelines for Lassa Fever Case Management[END_REF][START_REF]Standard operating procedures for Lassa fever case management[END_REF]. Supportive care includes oral or intravenous fluid administration, antimalarials, antibacterials, analgesics, oxygen and renal replacement therapy according to All other biological tests are performed on site. At each blood collection, a sample of serum is stored locally at -20°C. Further upgrading of biobanking capacities to allow long term storage of serum and cells at -80°C is planned (Figure 2).

Follow-up

Participants are followed for a total of 60 days. After hospital discharge, patients with specific issues (e.g. pregnant women and patients with renal impairment) are asked to show up at the study center for additional visits if deemed necessary by their treating physician. All the participants have at least one scheduled visit at day 60 from admission specifically for study purpose. In case a participant is not able to come back to the study centre, he or she is visited at home or reached by phone at Day-60 by study staff.

Discharged pregnant women receive appropriate antenatal care and are followed 60 days after delivery.

Newborns are followed a minimum of 60 days after birth. Longer follow-up is possible if the doctors think that problems specifically related to the disease are still in progress.

All hospital stay (including neonatal care), outpatient care (including antenatal care and transportation), treatments (including ribavirin and renal replacement therapy), and biological tests are provided free of charge for patients hospitalized in the LF wards of the study sites, whether they participate in the study or not.

Data collection

De-identified study data are collected on standardized CRFs by the investigators or their designated representatives, all of whom have been trained in clinical research and are dedicated to clinical research tasks. The CRFs contains all variables of the WHO standardized CRF for LF, plus additional variables that were deemed necessary to document specific issues (see Appendix). Data recorded on CRFs are entered into a centralized database. The system ensures data encryption, restricted access to the database, daily back-up and tracking of edits. A data management plan describes the quality control process to ensure completeness, validity, consistency, timeliness and accuracy. Specific training is provided to all members of the study team involved in the data collection, entry, check and monitoring. A dedicated clinical research unit hosted by the PAC-CI program (Abidjan, Côte d'Ivoire) conducts data review and handle queries on a monthly basis.

An anonymized database will be made available to the scientific community in a publicly accessible data repository after publication of final results at the end of the study.

Outcomes

The primary outcome is all-cause fatality at day 60.

Secondary outcomes of interest are: all-cause in-hospital fatality, the frequency of acute kidney dysfunction, defined as either "acute kidney injury" (AKI) or "acute kidney failure" (AKF) according to "Kidney Disease -Improving Global Outcome" (KDIGO) criteria [START_REF] Khwaja | KDIGO Clinical Practice Guidelines for Acute Kidney Injury[END_REF][START_REF] Kellum | Diagnosis, evaluation, and management of acute kidney injury: a KDIGO summary (Part 1)[END_REF]; the prognosis of AKI and AKF in terms of estimated glomerular filtration rate (eGFR) at the end of follow-up; time to hospital discharge; viral load kinetics; time to negative Lassa RT-PCR in blood; time to normalization of key clinical/biological parameters; and pregnancy outcomes in terms of maternal morbidity/mortality, pregnancy issues (miscarriage, preterm delivery, type of delivery, delivery complications) and neonatal mortality.

Analysis

We will first describe baseline characteristics (age, sex, geographical location, syndromic categorization, severity score, viral load expressed as RT-PCR cycle threshold (Ct) value, other biological characteristics), follow-up characteristics (evolution of severity parameters and scores, tests conducted, ribavirin therapy, renal replacement therapy, oxygen therapy, intensive care unit admission, other therapies and organ support), as well as the occurrence of primary and secondary outcomes over time.

Second, we will use univariate and multivariate analysis to study the association of outcomes with baseline and follow-up characteristics, with special attention being paid to ribavirin exposure and baseline viral load.

Finally, we will investigate whether some of these variables should become randomization stratification variables in future trials based on their prognostic value (association with fatality rate and with delay to death).

The putative sources of LASV infection (interhuman vs. rodent to human) will be looked for through a casecontrol approach looking at different types of exposure to rodents or to potentially Lassa infected human beings among RT-PCR LF confirmed cases and among their non-LF counterparts (controls).

Ethical considerations

The and the Nagoya protocol. All data from the participants recorded in study documents and in the database are made confidential through de-identification using a unique participant identification number.

Prior to inclusion, participants are asked for a written informed consent. For underage children, the consent form is signed by a legal representative. For children over twelve (referred as "mature minors"), the child's assent is requested in addition to the consent of the legal representative. For unconscious or incapacitated adults, provisional consent is given by the patient's representative. The consent of the participants is solicited as soon as they are able to understand.

Participants are free to withdraw their consent anytime, without justification and with no consequence.

Unless they are opposed to, data and samples collected before withdrawal are used for the purpose of the study.

The datasets generated and/or analyzed during the current study will be made available upon publication of the final results in a public data repository after further anonymization. Sample stored in the biobank will be made available for national scientists on request to the co-principal investigators.

Discussion

Despite its discovery in 1969 and being identified by WHO as a priority for research and preparedness, there is still a limited body of literature on LF. Interestingly, the scientific production on the topic has dramatically declined from the 1980s to recent years and only a small proportion is coming from endemic countries [START_REF] Almeida-Guerrero | Mitigation of the global impact of Lassa fever: Have we investigated enough about this Arenavirus? -A bibliometric analysis of Lassa Fever research[END_REF]. This represent a major challenge for the scientific community. The protocol proposed here is part of a North-South collaboration effort addressing the gap of LF clinical research in a highly endemic area.

Challenges of research on a high consequence infectious disease

Clinical research on Lassa fever needs to integrate the priority of care and the imperative of research. This implies several challenges.

The first challenge is biosafety [START_REF]Management of Hazard Group 4 viral haemorrhagic fevers and similar human infectious diseases of high consequence[END_REF], as the Lassa virus belongs to the group 4 of dangerous pathogens [START_REF]The Approved List of biological agents, 3rd edition[END_REF] and therefore needs to be handled in at least Biosafety level 3 (BSL-3) laboratories. The second is the need to combine short-term responsiveness with long-term efforts. LF is an endemic-epidemic disease with seasonal recrudescence [START_REF]An update of Lassa fever outbreak in Nigeria n[END_REF], in which research actions must be considered and conducted both in the discontinuity of outbreaks and in the continuity of the endemic. It is a kind of cross-country race in which one have to know how to accelerate suddenly. The third challenge is the context, mixing limited resources with a limited experience in clinical research by local health care workers. This complicates logistical support and scientific engineering, and leads to the need to balance scientific ambition and operational feasibility. The context may also sometimes lead researchers to participate with their own resources to everyday care, in order to ensure access for all patients to the best possible standard of care. This can represent a challenge for the sustainability of the research project funding.

There are two conditions for any research to live up to these challenges:

First, the research must integrate smoothly into the everyday practice and participate in a virtuous way in the dynamics of improvement of the standard of care. In particular, this mean research should: interfere in the most marginal way possible on the daily course of care activities; integrate rapidly new evidence from research into care; take into account that the vulnerability of the patients and affected communities may lead to suspicion towards the researchers and health care workers [START_REF] Malvy | Ebola virus disease[END_REF].

Second, the multiple actors concerned by research (national public health authorities, international public health institutions, hospital teams, non-governmental organizations, academic networks, secular or religious community leaders, patients and their relatives) must work together under the coordination of legitimate national institutions, favoring the establishment of a relationship of trust and ownership and the emergence of a true long-term collaborative research program.

Major issues to be solved before future phase 3 Lassa fever therapeutic trials

Fatality in hospitalized LF confirmed cases is high, including among patients receiving ribavirin. The most recent national estimate of LF case fatality rate in Nigeria is 23%, with a range of local estimates varying from 15 % to more than 65% [START_REF]An update of Lassa fever outbreak in Nigeria n[END_REF]. There are good reasons to believe that fatality varies according to the quality of supportive care, as previously reported for Ebola disease [START_REF] Lamontagne | The evolution of supportive care for Ebola virus disease[END_REF][START_REF] Uyeki | Clinical Management of Ebola Virus Disease in the United States and Europe[END_REF][START_REF] Who Ebola | Ebola virus disease in West Africa--the first 9 months of the epidemic and forward projections[END_REF][START_REF] Lamontagne | Doing today's work superbly well--treating Ebola with current tools[END_REF].

Fatality would be the best endpoint for future phase 3 trials. To estimate the sample sizes needed, we have to accurately estimate mortality in the centers that will participate in these trials. We also need to identify the predictors of fatality, and examine whether stratifying the randomization for some factors would be appropriate. Since fatality and some of its predictors are closely linked to the quality of care, the question of how to harmonize the standard of care and provide the best possible care at each level, from remote hospitals or clinics to tertiary centers, is key to the success of future trials [START_REF] Malvy | Ebola virus disease[END_REF][START_REF] Lamontagne | The evolution of supportive care for Ebola virus disease[END_REF]. Improving care also reinforces the attractiveness of treatment facilities, thereby favoring an earlier presentation and isolation of patients [START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF][START_REF] Asogun | Molecular Diagnostics for Lassa Fever at Irrua Specialist Teaching Hospital, Nigeria: Lessons Learnt from Two Years of Laboratory Operation[END_REF] and improving disease prognosis [START_REF] Mccormick | Effective therapy with ribavirin[END_REF]. Attractiveness is also a necessary condition to the successful recruitment of future phase 3 clinical trials.

Once future trials centers are trained in the application of the best care, it is possible that the estimated fatality in these centers improves and becomes such that it cannot serve as a trial primary endpoint of its own as it would imply to recruit an unreachable number of participant to obtain a sufficient power. As a consequence, a composite primary endpoint combining mortality with other clinically significant outcome(s) should be considered. Strong evidence for the choice of these outcomes is needed. For those reasons, we need: to prospectively confirm predictors of fatality that have been previously been identified retrospectively [START_REF] Mccormick | Effective therapy with ribavirin[END_REF][START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF]; to identify new predictors, if any; and to provide an as precise as possible estimation of their frequency in hospitalized LF patients.

Finally, future phase 3 trials will compare new treatment(s) to the best standard of care, which currently includes ribavirin. However, the recommendation to use ribavirin is based on evidence from of a single trial, which included historical controls as comparator group and which suffer from multiple other design flaws and biases [START_REF] Mccormick | Effective therapy with ribavirin[END_REF], raising concerns about the effectiveness and even the safety of ribavirin in LF [START_REF]Final Report Analysis of a Clinical Trial Ribavirin and the Treatment of Lassa Fever[END_REF][START_REF] Ludwig | On behalf of Major General Holcomb[END_REF][START_REF] Eberhardt | Ribavirin for the treatment of Lassa fever: A systematic review and meta-analysis[END_REF]. As a result, ribavirin might need to be investigated alongside other drugs in future phase 3 trials and compared against the best available standard of supportive care (with or without placebo) [START_REF]Efficacy trials of Lassa fever therapeutics: endpoints, trial design, site selection[END_REF]. Meanwhile, observational studies of the pharmacokinetics and safety of ribavirin could inform dosages regimes to be tested in trials. The LASCOPE cohort will help tackle all these challenges, and provide new evidence to help design future trials.

A focus on renal dysfunction

Acute renal dysfunction was reported to be the main harbinger of fatality in patients with Lassa fever in Nigeria [START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF][START_REF] Asogun | Molecular Diagnostics for Lassa Fever at Irrua Specialist Teaching Hospital, Nigeria: Lessons Learnt from Two Years of Laboratory Operation[END_REF], in contrast to older reports from Sierra Leone [START_REF] Mccormick | Effective therapy with ribavirin[END_REF][START_REF] Mccormick | A case-control study of the clinical diagnosis and course of Lassa fever[END_REF]. One of our objectives is to better understand the mechanisms leading to acute renal dysfunction in LF, as well as its prognosis, in order to better prevent or treat it. The hypothesis of primary intrinsic renal damage (either directly induced by Lassa virus or immune-mediated) has been advanced in previous studies [START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF] on the basis of a high serum urea/creatinine ratio and other indirect elements, in the absence of evidence of significant fluid loss in some patients (lack of vomiting, diarrhea or bleeding) [START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF]. Nevertheless, it remains difficult to assess the relative proportion of pre-renal and intrinsic mechanisms in the genesis of acute kidney dysfunction during LF because of limited research capabilities in treatment centers. The use of conventional biochemical urine tests is quite easily feasible in this setting and allows the calculation of simple parameters such as the excreted fraction of urea, which can help discriminate pre-renal and intrinsic kidney dysfunction more accurately than the simple serum urea/creatinine ratio [START_REF] Lima | Urinary Biochemistry in the Diagnosis of Acute Kidney Injury[END_REF][START_REF] Carvounis | Significance of the fractional excretion of urea in the differential diagnosis of acute renal failure[END_REF][START_REF] Dewitte | Fractional excretion of urea as a diagnostic index in acute kidney injury in intensive care patients[END_REF][START_REF] Hall | Risk of poor outcomes with novel and traditional biomarkers at clinical AKI diagnosis[END_REF]. This could be of added value to guide clinical management.

Indeed, in a context favoring hypovolemia (diarrhea, vomiting, fever) and thereby prerenal azotemia, the first challenge is to provide appropriate rehydration and correction of electrolyte disorders. Meanwhile, it is also important to optimize the use of renal replacement therapy, an expensive technique which can expose patients to adverse events [START_REF] Gaudry | Timing of Renal Replacement Therapy for Severe Acute Kidney Injury in Critically Ill Patients[END_REF] and health care workers to the risk of nosocomial transmission of LASV [START_REF] Ajayi | Containing a Lassa fever epidemic in a resource-limited setting: outbreak description and lessons learned from Abakaliki, Nigeria (January-March 2012)[END_REF].

To do this, patients progressing to intrinsic acute renal failure should be identified accurately and in a timely manner [START_REF] Lima | Urinary Biochemistry in the Diagnosis of Acute Kidney Injury[END_REF][START_REF] Carvounis | Significance of the fractional excretion of urea in the differential diagnosis of acute renal failure[END_REF][START_REF] Dewitte | Fractional excretion of urea as a diagnostic index in acute kidney injury in intensive care patients[END_REF][START_REF] Hall | Risk of poor outcomes with novel and traditional biomarkers at clinical AKI diagnosis[END_REF][START_REF] Gaudry | Timing of Renal Replacement Therapy for Severe Acute Kidney Injury in Critically Ill Patients[END_REF].

Pregnancy

Another important challenge is the management of LF during pregnancy. Pregnant women are thought to have a higher mortality in LF but discrepancies and knowledge gaps remain regarding both the prognosis of LF and its management in this population [START_REF] Price | A prospective study of maternal and fetal outcome in acute Lassa fever infection during pregnancy[END_REF][START_REF] Monson | Pediatric Lassa fever: a review of 33 Liberian cases[END_REF][START_REF] Keane | Lassa fever in Panguma Hospital, Sierra Leone, 1973-6[END_REF][START_REF] Okogbenin | New lessons from a case series review of Lassa fever in pregnancy[END_REF]. Importantly, pregnant women were excluded from the ribavirin arm in the Sierra Leone trial and assigned ex officio to a control group [START_REF] Mccormick | Effective therapy with ribavirin[END_REF]. Current recommendations include the administration of ribavirin in this population, even though it has never therefore been evaluated [START_REF]National Guidelines for Lassa Fever Case Management[END_REF]. Lastly, the management of obstetrical events, including deliveries, under isolation conditions imposed by Lassa fever, represents a challenge for health workers.

Capacity building

LASCOPE addresses the need to strengthen the clinical research infrastructure in Nigeria's major LF treatment centers, mainly situated in rural or peri-urban areas. Of these, only the ISTH (Edo State) has a long structured research activity [START_REF] Okokhere | Clinical and laboratory predictors of Lassa fever outcome in a dedicated treatment facility in Nigeria: a retrospective, observational cohort study[END_REF]. We opened the study at another care center, the FMCO (Ondo State), a regional hospital situated in an epidemic focus, but with no experience in clinical research.

Beyond the support given to patients' care, including free access to clinical care, the standardized framework of a research study promotes systematic clinical monitoring. It provides caregivers with tools originally designed for research but which can be integrated into the daily care process. In the same spirit, the opening of a BSL-3 laboratory on the Owo site made it possible to improve the biosafety conditions in which the analyzes dedicated to Lassa patients were carried out, while developing a team of biologists and technicians trained in good laboratory practices.

Conclusions

The LASCOPE study will provide health authorities and the scientific community with key data on LF course, prognostic factors, and management that will be useful both to refine clinical management guidelines and to design future efficacy trials evaluating innovative treatment strategies for LF. It will allow participating treatment centers to build multidisciplinary teams experienced in clinical research according to international standards. Lastly, it will favor the ownership of the Lassa fever research topic by national and local actors, in order to put them in real acting principal investigators positions in future clinical trials. 

  State. A second site will open in Nigeria in 2020 and discussions are underway to open a site in Benin. 150 to 200 new participants are expected per year.

Abbreviations

  Abbreviations

  The secondary objectives are to describe: -The clinical and biological course of LF with a particular focus on the frequency, prognosis clinical and biological patterns of acute kidney dysfunction; -Pregnancy outcomes; -Length of hospital stay; -Semi-quantitative viral load evolution; -Time to negative Lassa RT-PCR in blood; -Time to normalization of key clinical/biological parameters; Operational objectives are to:

  a. Absence of response to standard anti-malaria treatment and treatment for other common infectious causes of fever within 48-72 hours. b. History of recent contact with a probable or confirmed case of LF within 21 days of onset of fever. c. History of recent travel to high risk/burden area of LF within 21 days of onset of fever. d. Contact with body fluids or tissues of a dead patient with a febrile illness, symptoms and signs highly suggestive of LF leading to death within 21 days of onset of fever.Confirmed LF: any criteria for suspected LF AND positive Lassa RT-PCR from any body fluid.

  patients' clinical status. Mechanical ventilation, invasive hemodynamic monitoring and vasopressor drugs are not available. The minimum biological monitoring includes: Malaria Rapid Diagnostic Test (RDT) (admission [Day-0]); Lassa RT-PCR, full blood count, renal function, electrolytes (in blood and, if relevant, in urine) and liver function (Day-0, Day-5 and Day-10). Additional tests are performed if deemed useful by the treating physician (e.g. in patients undergoing renal replacement therapy or admitted to the Intensive Care Unit of the Lassa ward). Women of childbearing age undergo a urine pregnancy test at Day-0. During the first months of the study, Lassa RT-PCR testing was performed at Irrua Specialist Teaching Hospital (ISTH), Edo state, 110 kilometers from Owo. Laboratory equipment for Lassa RT-PCR was then installed on site in Owo, where the laboratory staff received appropriate training and where LF diagnosis is now performed as of March 2019.
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 1 Figure 1. Lassa fever confirmed cases reported in Nigeria per million of inhabitants for each State between January
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 2 Figure 2. (A) Patient care by a health worker wearing personal protective equipments at the Infection Control and
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Case Report Forms used for LASCOPE participants' data collection.