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Executive summary

Clinical question: Which interventions can improve patient outcomes from filovirus disease?

Rationale and scope
Filovirus disease includes infections caused by Bundibugyo, Ebola, Marburg, Sudan and Taï Forest viruses. Previous 
WHO clinical guidance focused on Ebola virus disease, and was based on expert-defined best clinical practice. These 
guidelines expand the scope to all filoviruses to reduce duplication, harmonize approaches and maximize impact 
across outbreaks. Recommendations have also been formulated using data from systematic evidence searches, and 
according to the GRADE (Grading of Recommendations Assessment, Development and Evaluation) framework to 
maximize transparency and to ensure implementation considerations have been carefully evaluated.

Methods
The guideline was developed in accordance with the WHO handbook for guideline development. A multidisciplinary, 
geographically representative Guideline Development Group (GDG) was convened, with representation across clinical 
disciplines, regions and genders. All members completed declarations of interest, which were reviewed and managed 
using standard WHO procedures.

Clinical questions were framed using the PICO (Population, Intervention, Comparison/Comparator, Outcomes) format. 
Evidence synthesis relied primarily on recent high quality systematic reviews. The GRADE approach was used to assess 
certainty of evidence and to determine the direction and strength of recommendations. For each recommendation, 
an evidence-to-decision framework was applied, incorporating: balance of benefits and harms; certainty of evidence; 
patient values and preferences; feasibility; resource use; equity; acceptability.

Draft recommendations underwent internal and external peer review and final approval by the WHO Guideline Review 
Committee.

Key recommendations
•	 Systematic patient monitoring should be established for patients with suspected or confirmed filovirus disease, 

using structured and documented clinical assessment at regular intervals, with frequency adapted to patient 
condition (Good practice statement).

•	 WHO recommends that for patients with suspected or confirmed filovirus disease, systematic laboratory monitoring 
be performed based on clinical assessment, rather than on routine testing (Strong recommendation for, low 
certainty of evidence).

•	 WHO recommends patients with suspected or confirmed filovirus disease with ongoing gastrointestinal fluid 
losses and some dehydration, be treated with a protocolized oral rehydration regimen (e.g. WHO Plan B) (Strong 
recommendation for, moderate certainty evidence).

•	 WHO suggests patients with suspected or confirmed filovirus disease with ongoing gastrointestinal fluid losses 
and severe dehydration be treated with a protocolized intravenous fluid regimen compared with no protocolized 
intravenous fluid regimen (Conditional recommendation for, low certainty evidence).
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•	 WHO recommends balanced crystalloids (such as Ringer’s lactate) rather than 0.9% sodium chloride for acute 
intravenous fluid resuscitation in patients with suspected or confirmed filovirus disease (Strong recommendation 
for, moderate certainty of evidence).

•	 WHO suggests for patients with suspected or confirmed filovirus disease and clinical signs of shock or circulatory 
impairment, the serial measurement of lactate as part of the assessment of perfusion to guide further intravenous 
fluid management (Conditional recommendation for, low certainty of evidence).

•	 WHO suggests for patients with suspected or confirmed filovirus disease and clinical signs of shock or circulatory 
impairment, capillary refill time should be used as part of the assessment of perfusion to guide intravenous fluid 
management (Conditional recommendation for, low certainty of evidence). 

•	 WHO suggests that patients with suspected or confirmed filovirus disease with shock who are being resuscitated 
with intravenous fluids, vasopressor treatment be initiated early rather than later (Conditional recommendation 
for, low certainty of evidence).

•	 WHO recommends that patients with suspected or confirmed filovirus disease requiring a vasopressor be treated 
with norepinephrine rather than dopamine (Strong recommendation for, moderate certainty evidence).

•	 WHO suggests that patients with suspected or confirmed filovirus disease requiring a vasopressor be treated with 
norepinephrine rather than epinephrine (Conditional recommendation for, very low certainty of evidence).

•	 WHO suggests that for patients with filovirus disease requiring initiation of vasopressors, peripheral intravenous 
catheters be used rather than central venous catheters (Conditional recommendation for, very low certainty of 
evidence)

•	 WHO recommends that for patients with suspected or confirmed filovirus requiring central venous access, 
ultrasound guided placement be used rather than non-ultrasound guided placement (Strong recommendation 
for, moderate certainty of evidence).

•	 WHO suggests for the use of presumptive broad-spectrum antibiotics in patients with confirmed filovirus disease 
in the presence of suspected sepsis or bacterial co-infection (Conditional recommendation for, low certainty of 
evidence).

•	 WHO suggests against the use of tranexamic acid in patients with confirmed filovirus disease and haemorrhage 
(Conditional recommendation against, very low certainty of evidence).

•	 WHO suggests for the use of tranexamic acid in patients with confirmed filovirus disease and postpartum 
haemorrhage (Conditional recommendation for, low certainty evidence).

•	 WHO recommends that persons who have survived/recovered from filovirus disease be offered structured follow-
up after discharge (Strong recommendation for, moderate certainty of evidence).

 
Practical applications
High-quality supportive care for filovirus disease can reduce mortality. Implementation of clinical interventions is 
complicated by resource availability, the suboptimal environment in which care is often delivered, the need for stringent 
infection prevention and control (IPC) procedures and limited staff training. This clinical guideline complements 
multiple other WHO guidance documents, which together address these challenges. As part of this multidisciplinary 
approach, applying clinical principles and delivering individualized person-centred care will save lives and improve 
the outcomes for patients.
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Introduction

These guidelines on filovirus disease have been developed in line with the WHO handbook for guideline development (1). 
Filovirus infections are caused by the family of filamentous, single-stranded RNA Filoviridae viruses. Within this family, 
viruses from two genera are known to cause severe, highly fatal disease in humans; Orthoebolavirus (including Ebola, 
Sudan, Bundibugyo and Taï Forest viruses) and Orthomarburgvirus (within which Marburg is the most important) (2).
These infections present highly demanding clinical challenges due to their transmissibility, mortality and the resource 
limitations in the environment in which clinical care is frequently delivered. For further detailed information, see reviews 
of the pathophysiology and clinical management of Ebola virus disease (3, 4, 5).

Transmission and infection prevention and control
Patients suffering from filovirus disease often produce copious amounts of infectious body fluids at the height of their 
illness (3, 6). Infection prevention and control (IPC) measures are key to preventing onward transmission, and avoiding 
health and care worker infection. These are not further detailed in this document, but are well described in WHO 
guidance (7, 8, 9, 10, 11).

Mortality
A meta-analysis covering cases of Ebola virus disease from 1976 to 2022 included 42 outbreaks and data from 
16 countries. The pooled case fatality rate (CFR) was 60.6% (95% CI 51.6–69.4). Ebola virus disease had highest CFR of 
66.6% (95% CI 55.9–76.8). In Sudan virus disease the CFR was 48.5% (95% CI 38.6–58.4), in Bundibugyo virus disease 
32.8% (95% CI 25.8–40.2) and in Taï Forest virus disease 0% (95% CI 0.0–97.5). Heterogeneity between outbreaks and 
settings was frequently greater than between viruses (12). This analysis did not include the most recent outbreaks, 
notably those in the Democratic Republic of the Congo (Ebola virus disease, 2025), Ethiopia (Marburg virus disease, 
2025) or Rwanda (Marburg virus disease, 2024).

Environment for providing clinical care
Over the past several decades, multiple outbreaks across diverse settings have provided quantitative and qualitative 
evidence on how best to deliver safe, effective and compassionate care. Each event has reinforced a central lesson: 
outcomes improve when skilled clinicians, well designed care structures and cohesive multidisciplinary teams work 
in concert with affected communities (13, 14). Within a single outbreak, mortality often declines as clinical organization 
matures, workflows stabilize and teams gain confidence in delivering early, targeted supportive care.

Patients often present with rapidly evolving physiological instability which requires vigilant monitoring, timely 
interventions and meticulous attention to safe clinical practice. The structure and design of care facilities, ranging from 
triage flow to infection prevention architecture, directly influence the safety of both patients and staff (14).

Purpose and scope of these guidelines
Even in the most constrained environments, foundational but high-quality supportive care can reduce mortality. More 
advanced care provision, including some organ support therapy may depend upon availability of resources and staff. 
This patient-centred guideline is anchored in clinical practice, and aimed at the clinicians who care for those with 
filovirus disease. It identifies key clinical interventions which may reduce mortality, and presents the evidence and 
the recommendations of the expert Guideline Development Group (GDG).

As described in the Methods section, priority questions were identified to define the guideline scope. During the 
guideline meeting, a number of practical issues and knowledge gaps were identified; these are listed in the Uncertainties 
and future research section.
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Accompanying WHO documents
•	 Optimized supportive care for Ebola virus disease (“OSoC manual”) (15) provides standard operating procedures 

for clinical management, including the treatment of diseaserelated complications. Although developed for Ebola 
virus disease, it is a practical resource that can be applied to the care of patients with other filovirus infections. The 
recommendations in these guidelines, Guidelines on the clinical management of filovirus disease, are closely aligned 
with the OSoC manual. However, they should be considered the authoritative reference where discrepancies exist, 
particularly regarding the recommendation against the use of tranexamic acid. An updated version of the OSoC 
manual is currently in development.

•	 Therapeutics for Ebola virus disease (16) describes the specific antiviral therapy for Ebola virus disease (caused 
by Ebolavirus Zaire ebolavirus), which in combination with supportive care reduces mortality.

•	 FiloTREAT online training for the clinical management and operational response to filovirus disease (17) is a useful 
practical training course which can be used in parallel to these guidelines.

•	 Guidelines for the management of pregnant and breastfeeding women in the context of Ebola virus disease (18).

Other WHO documents
The guideline does not directly address IPC, vaccination or broader aspects of outbreak investigation and control. A 
plethora of guidance exists on these topics to support filovirus outbreak response, and the broader delivery of care, 
for example:

Infection prevention and control
•	 Summary of WHO infection prevention and control Guideline for Ebola and Marburg disease: a call for evidence-based 

practice (8)
–	 full document Infection prevention and control guideline for Ebola and Marburg disease (19).

•	 Infection prevention and control and water, sanitation and hygiene in health facilities during Ebola or Marburg 
disease outbreaks: rapid assessment tool user guide (7).

•	 Steps to put on personal protective equipment (PPE) for Ebola/Marburg disease: coverall (9).

•	 Steps to remove personal protective equipment (PPE) for Ebola/Marburg disease: coverall (10).

•	 Guidance on regulations for the transport of infectious substances 2021–2022 (11).

•	 How to conduct safe and dignified burial of a patient who has died from suspected or confirmed Ebola or Marburg 
virus disease: interim guidance (20).

Diagnostic testing
•	 Diagnostic testing for Ebola and Marburg virus diseases: interim guidance (21).

Facility design
•	 Ebola and Marburg treatment centres: facility design and construction standards for preparing for and responding 

to outbreaks (14).

Communication with patients and communities
•	 Ebola disease – fact sheet (22).
•	 Ebola disease – questions and answers (23).
•	 Risk communication and community engagement readiness and response toolkit: Ebola disease (13).

Outbreak investigation tools
•	 Ebola virus outbreak toolbox (24).

Vaccination
•	 Extraordinary Meeting of the Strategic Advisory Group of Experts on Immunization on Ebola Vaccination, May 2024: 

conclusions and recommendations (25). 
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https://doi.org/10.1136/bmj.p2811
https://doi.org/10.1136/bmj.p2811
https://iris.who.int/server/api/core/bitstreams/cb212f34-2cba-43a7-9e6f-5f5ff32b18f7/content
https://iris.who.int/server/api/core/bitstreams/254311a9-dcb9-4588-a1bc-665502c17ab3/content
https://iris.who.int/server/api/core/bitstreams/254311a9-dcb9-4588-a1bc-665502c17ab3/content
https://www.who.int/multi-media/details/steps-to-put-on-ppe-for-ebola-marburg-disease-coverall
https://www.who.int/multi-media/details/steps-to-remove-ppe-for-ebola-marburg-disease-coverall
https://iris.who.int/server/api/core/bitstreams/bebbc361-e2f7-40d0-9e8f-6e4660869b64/content
https://iris.who.int/server/api/core/bitstreams/a93fddb2-243a-40ec-a0a0-27967bfb99ee/content
https://iris.who.int/server/api/core/bitstreams/a93fddb2-243a-40ec-a0a0-27967bfb99ee/content
https://doi.org/10.2471/B09221
https://iris.who.int/handle/10665/378261
https://iris.who.int/handle/10665/378261
https://www.who.int/news-room/fact-sheets/detail/ebola-disease
https://www.who.int/news-room/questions-and-answers/item/ebola-disease
https://iris.who.int/server/api/core/bitstreams/d03a216c-2d96-4cce-bc80-d72f896e8ffc/content
https://www.who.int/emergencies/outbreak-toolkit/disease-outbreak-toolboxes/ebola-and-marburg-virus-outbreak-toolbox
https://iris.who.int/server/api/core/bitstreams/e63242a8-463c-4533-a062-b8be790400c2/content
https://iris.who.int/server/api/core/bitstreams/e63242a8-463c-4533-a062-b8be790400c2/content
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How to access and use the guideline

How to access the guideline
WHO website in PDF format https://doi.org/10.2471/B09774
From the Magicapp website at https://app.magicapp.org/#/guideline/11037

How to use these guidelines
These guidelines can be used by policy-makers to enable the implementation of recommendations through adequate 
provision of medical supplies, biomedical equipment and human resources.

At the bedside, clinicians caring for patients can use these guidelines and its evidence tables to discuss with patients 
and families the benefits and risks of interventions enabling shared decision-making. 

It is important that the guideline be adapted for use according to local cultural contexts, espcially considering 
the uncertainty around patient preferences in the literature and the low certainty of evidence behind some of the 
recommendations. The recommendations should be implemented with a patient-centred, safety and ethical approach 
and adhering to quality of care principles: safety, timeliness, effectiveness, efficiency and equity. This is particularly 
important given that the guideline covers both adults, children (minors), pregnant women and outbreaks which 
commonly occur in fragile settings.

https://doi.org/10.2471/B09774
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Methods

These guidelines have been developed in accordance with the WHO handbook for guideline development (1).

Evidence identification and synthesis has undergone the following stages:

1.	 Prioritization of clinical questions

2.	 Framing of PICO questions and vetting by the GDG

3.	 Consensus on priority outcomes and minimal important differences

4.	 Consideration of the evidence by the GDG

5.	 Formulation of recommendations

6.	 Review of draft guidelines (internal and external)

7.	 Approval by the WHO Guideline Review Committee.
 
Guideline Development Group (GDG) composition and declarations of interest
GDG members were selected for global geographical representation, gender balance and appropriate technical and 
clinical expertise, with a minimum requirement that direct experience of a filovirus outbreak was mandatory. Written 
declarations of interest were obtained from all participants in the process using standard WHO forms and process. 
Submitted declarations were reviewed by the WHO technical team, and a further online search for potential conflict 
was performed. There were no identified conflicts which precluded participation.

Identification of guideline scope and priority questions
The guideline was explicitly conceived as a set of recommendations which could be applied to patients of any age due 
to an appreciation that clinical staff in many low- and middle-income countries (LMICs) are frequently generalists who 
encounter adults and children within their usual scope of practice.

Evidence identification and synthesis
PICO definition
Questions were codified using a PICO framework (identifying the population, intervention, comparison and outcomes 
of interest), and refined by the methodologist, technical team and clinical chairs.

Patient values and preferences
Existing systematic review and qualitative data are clear that, amongst survivors of filovirus disease, there are frequent 
and significant psychological distress (26, 27). It was inferred that interventions which reduced this would be valued 
highly, including those which reduced community stigmatization and promoted reintegration after discharge. It was 
noted that such qualitative work was necessarily selective for those who survived. Similarly, there were no published 
systematic reviews which specifically discussed patient values in relation to acute filovirus infection. The GDG discussed 
their experience of being patients, or treating patients with filovirus disease. It was acknowledged that treatment 
environments had changed considerably since the early West Africa outbreak 2013–2016, with an increasing emphasis 
over time on supportive care, and an increased availabilty of treatments proven to improve mortality. The panel drafted 
and agreed an overarching statement believed to capture the preferences of the patient population towards their 
treatment during most recent filovirus outbreaks.
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“Given the high mortality of filovirus disease, some patients may be willing to try an intervention with uncertain 
benefit; however, many would place high value on avoiding treatments with potential to worsen survival, especially 
when evidence of benefit is lacking.”

This was applied to each PICO, with the relevance considered and recorded.

Priority outcomes
Multiple WHO guidelines were identified which considered acute illness. Amongst these were guidelines for influenza, 
COVID-19, malaria and arbovirus. The outcomes used in these were extracted into a list, and the GDG members were 
asked to add any they felt might be missing. A prioritization exercise using an electronic survey of the GDG identified 
the most important according to the panel’s assessment of patient judgements. Critically important outcomes were 
identified as: mortality; relief of symptoms; major bleeding; prevention of disease spread; quality of life after discharge; 
kidney injury; stigma and mental health issues; costs to the patient and their family; serious adverse events (SAEs); and 
length of stay in treatment facilities. Important outcomes were identified as: renal replacement therapy; and invasive 
mechanical ventilation.

Minimal important differences
In the absence of empirical evidence on patient preferences and to maintain consistency across WHO guidelines 
wherever possible, values for minimal important differences from the identified guidelines of acute medical care 
were presented to the panel. These were discussed and subsequently adopted by consensus agreement as the initial 
estimates.

Identification of existing evidence
For these guidelines, existing recent systematic reviews were used where possible. These were identified using as a 
systematic search strategy developed by an information specialist. New systematic reviews were conducted in the 
absence of existing systematic reviews of sufficient quality. Where direct evidence was not available, indirect evidence 
was considered, including a “chain of evidence” approach, where possible, to make explicit the link from intervention 
to likely impact.

Where a potentially appropriate systematic review was identified for a single PICO, the following elements were 
reviewed:

•	 Population: was the defined population sufficiently similar to an expected population attending hospital for 
suspected or confirmed filovirus disease? 

•	 Intervention: was the intervention described in the review well aligned with the pre-defined PICO?

•	 Comparator: were any issues identified with the selection of control populations within the review which might 
introduce significant indirectness?

•	 Outcomes: to what degree did reported outcomes align with critical and important outcomes defined by the GDG? 

•	 Recency: where multiple systematic reviews met criteria for inclusion, the most recent was used unless there was 
a compelling quality reason. For all PICOs, a review of the more recent literature, limited to randomized controlled 
trials (RCTs) was performed by the informatics team, and the GDG was asked to identify any other sources of more 
recent evidence. Unless new evidence was identified, the published reviews were used.

•	 Reporting: reporting of indirectness, imprecision and risk of bias were mandatory criteria for use of the review. If 
these were not included, and could not be inferred, reviews were excluded.

•	 Systematic reviews conducted for WHO sepsis guidelines 2025 and WHO guidelines for fluid management in acutely 
ill children were used for questions pertaining to parenteral fluid use and type and timing of vasopressors. 
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Synthesis of evidence for these guidelines
For a limited number of PICOs, no recent published and relevant systematic review was available. Such reviews were 
undertaken and presented to the GDG by MP; they are published online with these guidelines. In these cases, GG acted 
as primary methodologist. In all cases, independent senior methodology oversight was provided by the MAGIC team.”

The following foreground questions required a de novo systematic review: 

1. In patients with filovirus disease, what effect does systematic laboratory monitoring compared with no laboratory 
monitoring have on patient-important outcomes?

2. In patients with filovirus disease, what effect does use of routine presumptive antibiotic treatment compared 
with no routine antibiotic treatment have on patient-important outcomes?

3. In patients with filovirus disease who require administration of a vasopressor, what is the effect of peripheral 
compared with central venous administration on patient-important outcomes?

Formulation of recommendations
Deliberations on the direction and strength of recommendations were facilitated by the methodologist and clinical 
chairs according to the GRADE (Grading of Recommendations Assessment, Development and Evaluation) methodology 
(1), and including review and deliberation of:

•	 absolute benefits and harms for important and critical outcomes through structured evidence summaries (e.g. 
GRADE summary of findings tables including effect estimates and confidence intervals (CI) where relevant, and 
lay summaries). Where outcomes were not available from the available evidence, this was highlighted to the GDG;

•	 certainty of the evidence;

•	 values and preferences of patients - in addition to the literature review, the GDG drew on their experience of how 
patients would balance the benefits, harms and burdens of treatment; and

•	 resources and other considerations (including feasibility, applicability, equity). When possible, research evidence 
was used to inform discussion around these key factors. The panel considered a population perspective in which 
feasibility, acceptability, equity and cost were important considerations. Specific deliberations on values and 
preferences and associated feasibility and resource-related considerations are presented for each recommendation.

A priori voting rules were in place if the GDG failed to reach consensus by discussion (requiring 70% for a strong 
recommendation, or simple majority for a conditional recommendation), but resolution by discussion was possible 
for all recommendations.

Formulation of good practice statements
Good practice statements are reserved for situations where compelling linked evidence could be found, but such a 
search would demand a disproportionate investment of limited time and energy to complete.

Review of draft guidelines
An external review group reviewed the final guideline document to identify, correct and clarify errors, include contextual 
issues, and check for unanticipated implications for implementation which needed additional consideration.
The final guideline was reviewed and approved by the WHO Guideline Review Committee.
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Monitoring

Effective clinical management of patients with suspected or confirmed filovirus disease relies on systematic and 
structured patient monitoring from the earliest point of contact.

Continuous and frequent reassessment is critical given the often rapid and unpredictable progression of filovirus 
disease. Monitoring should begin at first clinical contact and continue throughout all phases of care, including during 
patient transfer, movement within the facility and transitions between clinical zones. Regular reassessment helps 
clinicians detect early signs of shock, respiratory compromise, neurological changes or other complications. Core 
measurements typically include vital signs (temperature, respiratory rate, heart rate, blood pressure and oxygen 
saturation), neurological status, fluid balance, and assessment of gastrointestinal symptoms, hydration and perfusion. 
Where feasible, additional laboratory parameters, such as point of care tests for glucose, electrolytes, haemoglobin 
and lactate, can provide valuable information for guiding clinical decisions. To perform these assessments reliably, 
treatment centres require a set of essential equipment, including thermometers, pulse oximeters, blood pressure 
devices, clocks and point of care diagnostic tools.

Design
Design principles create an environment in which structured, frequent monitoring can be performed consistently and 
safely. This includes layouts that support clear communication between team members and safe donning and doffing 
processes, and optimize visibility, such as clear lines of sight into high dependency areas, and observation windows into 
the red zone. Adequate lighting and accessible monitoring equipment further facilitate safe and efficient assessment (14).
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Clinical monitoring

Systematic patient monitoring should be established for patients with suspected or confirmed filovirus disease, using 
structured and documented clinical assessment at regular intervals, with frequency adapted to patient condition.

[Good practice statement]

•	 This statement applies to all children and adults, including pregnant women.

•	 Abnormalities which are identified during an assessment and monitoring must be followed by immediate action which is expected 
to improve the patient’s outcome.

   Good practice statement

Justification
The panel unanimously emphasized the importance of monitoring, and that this be linked directly to clinical 
interventions, with individualized decision-making to ensure patients’ needs are met. The panel postulated very low 
frequency adverse events related to non-invasive monitoring, and trivial impact where these occurred. By contrast, 
the panel considered a potential for catastrophic harm when abnormal physiology is not recognized.

The panel were initially presented evidence from randomized controlled trials (RCTs) of continuous telemonitoring, 
which found very low certainty evidence for outcomes of mortality, major complications and length of stay (28). 
However, they felt these did not to reflect the real risk:benefit of broader patient monitoring, as this modality was not 
the expected method of delivering frequent, intermittent monitoring in filovirus outbreaks.

The lack of RCTs was considered to be due to lack of equipoise due to the fundamental principle of monitoring being 
applied throughout clinical practice. The panel discussed the possibility of creating a linked evidence profile to support 
a non-discordant strong recommendation. However, this would require disproportionate effort. Experiential evidence 
was shared about how early detection of abnormalities if acted upon does save lives, and there was universal agreement 
that patient observations are a fundamental part of delivery of high-quality medical care.

Supporting this were considerations of equity (all patients benefit) and demonstrated acceptability and feasibility as 
part of everyday practice. Resource needs were discussed including sufficient staff and training. The absolute human 
resource requirement would be determined by the level of care demanded in the treatment centre.

The panel advocated for improved treatment centre design to facilitate monitoring from the green zone, and 
communication between the green and red zones.

The panel underlined that the resulting good practice statement had the same strength as a strong recommendation 
in favour of systematic patient monitoring. The panel underlined the important principle that frequency of monitoring 
be based on disease severity.
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Laboratory monitoring

Practical info
Organization

•	 Laboratory facilities should be as close as possible to patient care areas. This is preferentially delivered using 
point-of-care devices where they are cheap and available.

•	 Organize laboratory availability as core laboratories then add on based on level of care.

•	 Put in place standard operating procedures for use, for training, and for staffing of the laboratory facilities. This 
will depend on the configuration and choices of assays and analysis platforms.
–	 Anticipate the needs in terms of disposables (such as cartridges), reagents and quality assurance.

Frequency of analysis
•	 Limit sampling to avoid bleeding risk from venepuncture sites.

•	 Avoid overtesting or “routine monitoring” without consideration of the resource use – this may decrease equity 
due to unnecessary costs and risk stock-outs which will mean essential care delivery to the highest risk patients 
is compromised.

Measurement of individual analytes
•	 Measure and record serum biochemistry and haematology on admission and daily during the resuscitation phase 

(typically the first 4 days of illness, or longer depending on the clinical condition of the patient) and as clinically 
indicated.
–	 This includes sodium, potassium, bicarbonate, urea/blood urea nitrogen, creatinine, liver transaminases, 

magnesium, glucose, complete blood count including haemoglobin, white blood cells and platelets, prothromin 
time/international normalized ratio (INR), creatine kinase, chloride, calcium, albumin and lactate.

•	 Glucose should be monitored daily as part of the biochemistry panel and at every shift when vital signs are 
performed as point-of-care testing, during the early phase of the disease.
–	 In patients with symptomatic or severe hypoglycaemia (< 3 mmol/dL = 54 mg/dL), patients should be treated 

immediately and glucose measured every 1–2 hours until stable (i.e. no evidence of hypoglycaemia confirmed 
by four checks over 4–8 hours, and no increase in glucose administration).

WHO recommends that for patients with suspected or confirmed filovirus disease, systematic laboratory monitoring be 
performed based on clinical assessment, rather than on routine testing.

[Strong recommendation, low certainty of evidence]

•	 This recommendation applies to all children and adults, including pregnant women.

•	 Laboratory monitoring should be linked to actionable clinical interventions intended to improve patient outcomes. The laboratory 
result turnaround time should be appropriate to inform clinical decision-making.

•	 The scope and frequency of laboratory testing should be tailored to the needs of the patient, with selection to use resources wisely 
and minimize venous punctures.

•	 The minimal set of available tests should include: point-of-care malaria rapid diagnostic tests, glucose, haemoglobin/haematocrit, 
complete blood count, pregnancy test, urinary dipstick, tests required for blood transfusion, electrolytes and biochemistry. Additional 
tests may be required based on level of care.

•	 Biosafety must be implemented during all phases, including sample collection, transport, laboratory manipulation and sample 
disposal.

   Strong recommendation for
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•	 In children, measure glucose on admission and, at a minimum, every 8 hours. Measure glucose more frequently 
in patients with symptomatic hypoglycaemia and in neonates.

•	 Point-of-care testing for glucose (glucometer), pregnancy and malaria rapid diagnostic testing should be available.

Polymerase chain reaction (PCR) diagnostics
This section is not focused on PCR diagnostics for filovirus disease, which are considered separately. However, it is 
noted that:

•	 WHO has strong recommendations for mba114 and REGN-EB3 for EBOV (Zaire). These are time critical therapeutics, 
with time delays in therapeutic administration leading to increased mortality. Therefore, for EBOV, where Xpert 
platform testing is available, the time from admission of suspected case to receipt of PCR result should be within 
6 hours.

•	 Immediate 24-hour access to diagnostic filovirus PCR and CT values are a critical component to drive clinical 
management including early initiation of antiviral therapies and patient prognostication.

•	 For confirmed admitted patients with filovirus disease, repeat PCR testing should be offered (for example on day 3) 
so that CT values can guide prognostication.

Benefits and harms Substantial net benefits of the recommended alternative

In patients with suspected or confirmed filovirus disease, there was moderate certainty 
evidence that life threatening biochemical abnormalities occur, including hyperkalaemia 
and acute kidney injury at a rate of 130 and 220/1000 respectively. The panel inferred that 
many of these are amenable to clinical interventions which would be expected to improve 
patient outcomes, and in some severe cases, save lives immediately (such as hyperkalaemia) 
and reduce harms (adjusting medicine dosing for extent of renal insufficiency or liver 
abnormalities).

Evidence on harms was not shown. The panel expected harm to be very infrequent and 
clinically insignificant, unless blood sampling and testing was overused or done without 
proper IPC.

Certainty of the 
evidence

Low

The evidence summary for this recommendation was informed by laboratory findings within 
observational cohorts of Ebola virus disease patients (29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42) 
(systematic review published as online appendix). This provided moderate certainty evidence 
for hyperkalaemia being associated with mortality, and high certainty for increased mortality 
risk in for rhabdomyolysis, asparate transferase > 525, elevated creatine and anaemia. The 
overall certainty including linkage of this evidence to improvement in patient outcome (i.e. 
mortality) was judged to be low.

Values and 
preferences

No substantial variability expected

Patients would be expected to want laboratory monitoring due to the overwhelming benefit/
harm balance.

Evidence to decision
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Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Laboratory testing would increase equity for patients admitted to the treatment centre 
both for suspected and confirmed patients, provided tests were performed on the basis of 
need, results made available to staff and acted on in a timely fashion.

Feasibility and acceptability: Testing was noted to be feasible and acceptable only if proximal 
to the treatment centre, enabling easier sample transfer, improved turnaround time for results 
and stronger IPC procedures. The panel advocated for improved treatment centre design to 
enable optimal use of laboratory testing (e.g. point-of-care or near point-of care-testing) inside 
or very near the treatment centre.

Resources/cost: We did not do a cost-effectiveness analysis. In general, the cost of clinical 
laboratory tests is difficult to ascertain, but includes both capital and operational costs, such 
as medical devices (laboratory equipment) and cartridges/reagents as well as, trained human 
resources. The panel noted that using testing wisely, based on the clinical needs of patients, 
would be important. Comments were made around sustainability outside of outbreaks, 
including storage of laboratory reagents, and laboratory equipment or near point-of-care 
laboratory tests. The WHO Model List of Essential In Vitro Diagnostics can guide the use of 
available tests in relation to the assay format, test purpose, specimen type and health care 
setting (43).

Justification
Evidence was derived from a systematic review commissioned by WHO, published as part of these guidelines (29).

The panel reasoned that laboratory monitoring is a tool which enables earlier recognition of important pathophysiologic 
abnormality, and provides key data related to disease. Through directly informing clinical action, laboratory results 
can improve patient outcomes.

The panel gave examples of hypoglycaemia, which is life threatening, and hyperkalaemia, which is both life threatening 
and impossible to detect without laboratory testing. In both cases, specific treatment can correct the abnormality, 
thereby reducing the risk of death. Other examples included the detection of kidney or liver impairment for which 
clinical adjustments in drug dosing are required to avoid iatrogenic harm.

Univariate analysis demonstrated a clear association between abnormality and in-facility mortality: for hyperkalaemia 
OR 11.11 (95% CI 2.70–45.66), moderate certainty; for rhabdomyolysis aOR 2.18 (95% CI 1.09–4.37); for creatinine aOR 
2.3 for each 100 mmol/L increase (95% CI 1.1–4.6), high certainty; and for haemoglobin aOR 0.67 (95% CI 0.47–0.93), 
high certainty.

Using this linked evidence, overall judged to be low certainty, the panel made a strong recommendation for laboratory 
monitoring. The panel noted that many life-threatening biochemical abnormalities had no good clinical correlation, 
but could be treated effectively when identified. A discordant recommendation was therefore justified on the basis of 
the high potential for catastrophic outcome without the ability to perform laboratory testing.

Experience from the most recent filovirus disease outbreaks demonstrated that laboratory monitoring was not 
“standard of care”, and may in some circumstances be aspirational leading to delayed recognition and adverse patient 
outcomes. The panel stated that a strong recommendation would be more likely to drive improvements in availability 
by sending a clear message to policy-makers, public health laboratory administrators and health facility administrators.

The panel listed a core set of laboratory tests that should be made available, and that additional tests be made available 
based on level of care provided in the treatment centre.
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Core tests included: sodium (Na+); potassium (K+); lactate; creatinine; glucose; complete blood count (red blood cells, 
white blood cells, haemoglobin, haematocrit, platelets); prothrombin time/activated partial thromboplastin time (PT/
APTT); malaria rapid diagnostic test (MRDT); HIV as per national protocol; human chorionic gonadotropin (bHCG) for 
pregnancy test, blood group and matching (for transfusion purposes); urinalysis (urine dipstick).

Comprehensive tests included core tests plus: urea; chloride; bicarbonate; calcium; phosphate; magnesium; creatinine 
kinase; liver transaminases; fibrinogen; platelets; blood culture; multiplex PCR pathogen testing; c-reative protein (CRP). 
In addition, in locations with high HIV prevalence, consideration of urinary lipoarabinomannan (LAM) and cryptococcal 
antigen for patients living with HIV.

PICO
Population: Patients with confirmed filovirus disease.

Intervention: Systematic laboratory monitoring#: glucose, haemoglobin, differential white count, liver transaminases/ 
bilirubin, albumin, urea/nitrogen, creatinine, CK, acid-base balance, other electrolyte (Na, K, Ca, Mg), CRP, PCT, and 
clotting screen, lactate.

Comparator: No laboratory monitoring.

Outcome Study results and measurements Comparator
No laboratory 
monitoring

Intervention
Systematic 
laboratory 
monitoring

Certainty of evidence
(Quality of evidence)

Raised aspartate
transaminase

Relative risk
(observational (non-randomized))

728 per 1000 CI 95% High

Hyponatraemia Relative risk 590 per 1000 CI 95% High

Raised alanine
transaminase

Relative risk 525 per 1000 CI 95% High

BUN >1x upper limit of 
normal

Relative risk 364 per 1000 CI 95% High

Renal impairment Relative risk 220 per 1000 CI 95% Moderate due to serious imprecisiona

Anaemia Relative risk 270 per 1000 CI 95% High

Rhabdomyolysis Relative risk 225 per 1000 CI 95% Moderate due to serious imprecisiona

Hypokalaemia Relative risk 190 per 1000 CI 95% Moderate due to serious imprecisiona

Hyperkalaemia Relative risk 130 per 1000 CI 95% Moderate due to serious imprecisiona

Severe hypoglycaemia Relative risk 84 per 1000 CI 95% Moderate due to serious imprecisiona

Severe thrombocytopaenia Relative risk 7 per 1000 CI 95% Moderate due to serious imprecisiona

a	 Imprecision: serious. Wide confidence intervals.
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Practical info
Start fluids early to prevent and mitigate fluid losses and organ damage.

•	 For initial treatment give oral rehydration salts (ORS) 75 mL/kg in the first 4 hours of treatment.

•	 Give additional ORS to replace on going losses. Recommended after each loose stool:
–	 < 2 years 50–100 mL
–	 2–9 years 100–200 mL
–	 ≥ 10 years and adults – as much as wanted.

Further tools may be modified from those for cholera: Clinical tools for cholera treatment facilities.

WHO recommends patients with suspected or confirmed filovirus disease with ongoing gastrointestinal fluid losses and 
some dehydrationa be treated with a protocolized oral rehydration regimen (e.g. WHO Plan B).

[Strong recommendation, moderate certainty evidence]

•	 This recommendation applies to both children and adults, including pregnant women.

•	 Systematic monitoring of vital signs including fluid input and output is required to identify those patients that may need escalated 
treatment with intravenous fluid.

•	 Peripheral venous catheter should be placed in all patients with filovirus disease in case there is need to augment with intravenous 
fluids. 

•	 This does not apply to patients with sepsis or septic shock, for which intravenous fluid therapy is indicated, nor those with severe 
acute malnutrition, for which other WHO guidelines should be used.

a	 In children: Some dehydration is defined as no signs of severe dehydration, with two or more of the following signs: restlessness; irritability; sunken eyes; thirsty 
and drinks eagerly; skin pinch goes back slowly. Severe dehydration is defined as two or more of the following signs: lethargy or unconsciousness; sunken eyes; 
unable to drink or drinks poorly; skin pinch goes back very slowly (≥ 2 seconds).

	 In adults: Some dehydration is less well defined than for children, but includes symptoms of: feeling thirsty; concentrated urine; infrequent urination; feeling dizzy 
or lightheaded; tiredness; dry mouth, lips and tongue; sunken eyes.

   Strong recommendation for

Fluid therapy in patients with 
gastrointestinal losses (not shocked)

https://iris.who.int/handle/10665/379760
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Benefits and harms Substantial net benefits of the recommended alternative

In patients with some dehydration and suspected or confirmed filovirus disease, protocolized 
oral rehydration regimens such as WHO Plan B probably reduced mortality (moderate certainty 
evidence).

Data on harms were not directly available from the evidence presented. The panel noted from 
their clinical experience that in some patient groups the liberal use of fluids could increase the 
risk of fluid overload (such as pulmonary oedema), and to mitigate these adverse outcomes 
more intensive monitoring with modifications in high-risk patients of fluid volumes and/or 
rates of administration would be required.

Certainty of the 
evidence

Moderate

The evidence summary on oral rehydration regimen for suspected and confirmed filovirus 
disease with some dehydration and ongoing fluid loss was informed by one observational 
study in which systematic administration of intravenous fluids was uncommon and 
1230 (70.8%) of 1737 patients with Ebola virus disease died (44). This contrasts with 5 of 
27 patients (18.5%) with the disease who were treated with intravenous fluid rehydration in 
the United States of America and Europe (RR 0.26, 95% CI 0.12–0.58; risk difference –52.4%, 
95% CI –62.3 to –29.7) (45, 46).

Though this study was observational, the certainty of evidence of the observation study data 
was upgraded due to large effect size to moderate.

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

No important issues with the recommended alternative

Equity: Use of oral rehydration regimens probably increases equity as appropriate use of 
oral rehydration will enable optimal use of resources for those patients who require more 
intensive care.

Acceptability: To health and care workers and patients, oral rehydration therapy is acceptable 
provided that the patient can swallow safely, does not have significant vomiting and is able 
to self-administer fluids by mouth.

From a health worker perspective, sufficient monitoring is needed to ensure prompt recognition 
of clinical deterioration and enable rapid corrections to the care plan.

Feasibility: Oral rehydration is feasible, as has been demonstrated in large-scale cholera 
outbreaks. It may have advantages in filovirus treatment centres where IPC considerations 
make frequent manipulation of intravenous fluid very resource intensive.

Resources: Oral rehydration salts (ORS) solution is widely available and low-cost compared 
with intravenous rehydration.

Evidence to decision
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Justification
Evidence was drawn from large observational cohorts from cholera, taken before and after the implementation of 
structured oral fluids (now codified as WHO Plan B). The certainty of evidence was upgraded due to large effect size. The 
panel discussed the applicability to filovirus disease, and noted that where some dehydration was present, the benefits 
were likely to be similar. The panel emphasized that most patients with some dehydration would place high value on 
moderate certainty evidence of mortality impact with an oral rehydration regimen (i.e. WHO Plan B), especially when 
the harms are insignificant relative to the mortality benefits. The panel recognized that clinically important differences 
would increase in patients with severe dehydration and/or sepsis and/or shock, or those at high risk of complications 
from high-volume fluid therapy such as those with pre-existing congestive heart failure, or severe acute malnutrition.

The panel emphasized that this recommendation was only applicable where patients could take oral fluids easily. 
They noted that for patients with filovirus disease who have the potential for rapid clinical deterioration, intravenous 
access should be placed even where oral fluids are being given, and close monitoring is required. Similarly, the panel 
stressed that the presence of sepsis and/or shock necessitates intravenous fluid therapy.
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WHO suggests patients with suspected or confirmed filovirus disease with ongoing gastrointestinal fluid losses and severe 
dehydrationa be treated with a protocolized intravenous fluid regimenb compared with no protocolized intravenous fluid 
regimen.

[Conditional recommendation, low certainty evidence]

•	 This recommendation applies to both adults and children.

•	 Systematic and frequent monitoring of haemodynamic status, fluid input and output, and signs of fluid overload is required to titrate 
and individualize fluid therapy.

•	 Modifications of WHO Plan C are required to enhance monitoring to enable more restrictive fluid regimen in cases where it is difficult 
to discriminate between severe dehydration and sepsis-induced hypoperfusion (see Practical info section).

•	 Once dehydration is corrected, administer maintenance fluids based on calculated requirements based on weight and insensible and 
ongoing losses.

•	 Patients that develop shock, need careful re-evaluation for etiology of shock to guide appropriate resuscitation.

a	 In children: Severe dehydration is defined as two or more of the following signs: lethargy or unconsciousness; sunken eyes; unable to drink or drinks poorly; skin 
pinch goes back very slowly (≥ 2 seconds).

	 In adults: Severe dehydration, which requires urgent resuscitation with intravenous fluid, is suggested by any of: systolic blood pressure is less than 100 mmHg; 
heart rate is more than 90 beats per minute; capillary refill time is more than 2 seconds; peripheries are cold to touch; respiratory rate is more than 20 breaths per 
minute.

b	 The panel emphasized that the majority of patients with severe dehydration and ongoing gastrointestinal losses would place high value on low certainty evidence 
of mortality impact with an intravenous rehydration regimen (such as Plan C) and expressed strong concern about the potential serious harms when clinical 
distinctions between sepsis and severe dehydration are evident in these recommendations. The panel noted that the use of Plan C was widely known by health and 
care providers treating patients with severe dehydration from other diarrhoeal causes and thus change of practice would require a stronger evidence base. However, 
adding modifications to the intravenous hydration regimen (modified Plan C, see Practical info) to mitigate harm and optimize effectiveness in populations where 
risk of harm may be greater such as patients with filovirus disease and sepsis and those with other chronic disease predisposed to volume overload (renal failure, liver 
failure, cardiac insufficiency, etc.).

	 This applies to adults, children and pregnant women. However, the panel noted that for children with coexisting severe acute malnutrition, other fluid protocols 
should be considered (47). For patients with filovirus disease and sepsis, see subsequent recommendations.  

   Conditional recommendation for

Practical info
Plan C is for severe dehydration: if there is clinical suspicion of sepsis or septic shock, use the Fluids in patients with 
shock section.

Modified Plan C for patients with filovirus disease
•	 Start intravenous fluid immediately.

•	 Use large cannulas.

•	 Reassess at least every 30 minutes, and monitor carefully for pulmonary oedema caused by fluid overload:
–	 features of pulmonary oedema include: dyspnoea/discomfort lying down (orthopnoea); worsening tachypnoea; 

increasing oxygen requirement; worsening hypertension or hypotension;
–	 for patients at higher risk of pulmonary oedema (those with pre-existing renal failure, pre-existing liver failure, 

or pre-existing cardiac insufficiency, or children with severe acute malnutrition), the rates and/or volume of 
fluid administration should be reduced;

–	 if pulmonary oedema is suspected, stop the infusion and perform a full clinical reassessment.

•	 When signs of severe dehydration have resolved, review the fluid regime and adjust it according to the patient’s 
latest clinical status and the ongoing losses.
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Initial fluid plan – review frequently, and adjust according to the patient’s response
•	 Write the start time on the intravenous bag to help track how quickly fluids are being given.

•	 Give ORS to replace ongoing losses as soon as the patient can drink safely.

Age First give 30 mL / kg in ... Then give 70 mL / kg in

Infants (< 12 months) 1 hour 5 hours

All others (12 months +) 30 minutes 2½ hours

A more detailed algorithm is in development.

Benefits and harms Small net benefit, or little difference between alternatives

In patients with severe dehydration and suspected or confirmed filovirus disease, protocolized 
intravenous rehydration regimens may reduce mortality (low certainty evidence).

Data on harms were not directly available from the evidence presented, but were elicited from 
the panel and their clinical experiences. There were strong concerns for the risks associated 
with the use of the WHO Plan C, as the regimen for intravenous fluid therapy includes very 
high initial fluid doses and that such liberal use of fluids could lead to fluid overload (such 
as pulmonary oedema). To mitigate these adverse outcomes, more intensive monitoring is 
required with careful modification and titration of fluid volumes and rates.

Certainty of the 
evidence

Low

The evidence summary was informed by one observational study in which systematic 
administration of intravenous fluids was uncommon and 1230 (70.8%) of 1737 patients 
with Ebola virus disease died, compared with 5 (18.5%) of 27 patients with the disease who 
were treated with intravenous fluid rehydration in the United States and Europe (RR 0.26, 
95% CI 0.12–0.58; risk difference –52.4%, 95% CI –62.3 to –29.7) (44, 45, 46).

The certainty of evidence of the observation study data was initially upgraded due to large 
effect size. However, the panel noted significant indirectness based on clinically important 
differences in pathophysiology between cholera and filovirus disease, especially in patients 
with sepsis and/or shock. The evidence certainty estimate was therefore downgraded to low.

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Evidence to decision
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Resources and
other considerations

No important issues with the recommended alternative

Equity: Use of protocolized intravenous fluid regimen with modification may increase equity 
by harmonizing the clinical approach to all patients.

Feasibility and acceptability: The panel noted that the use of protocolized intravenous fluid, 
such as WHO Plan C, would be acceptable and feasible as it is widely used. Modification to WHO 
Plan C to tailor fluid volumes and rate of administration would be acceptable as these would 
not change the underlying medical or nursing practice (careful observation remains necessary).

Cost resource: Intravenous fluids are widely available and low cost. However, the panel 
noted that investment in monitoring equipment was necessary to titrate intravenous fluids 
appropriately.

Justification
The panel emphasized that the majority of patients with severe dehydration and ongoing gastrointestinal losses would 
place high value on low certainty evidence of mortality impact with an intravenous rehydration regimen (such as Plan C) 
and expressed strong concern about the potential serious harms when clinical distinctions between sepsis and severe 
dehydration are evident in these recommendations. The panel noted that the use of Plan C was widely known by 
health and care providers treating patients with severe dehydration from other diarrhoeal causes and thus change of 
practice would require a stronger evidence base. However, adding modifications to the intravenous hydration regimen 
(modified Plan C, see Practical info) to mitigate harm and optimize effectiveness in populations where risk of harm 
may be greater such as patients with filovirus disease and sepsis and those with other chronic disease predisposed to 
volume overload (renal failure, liver failure, cardiac insufficiency, etc.).

This applies to adults, children and pregnant women. However, the panel noted that for children with coexisting severe 
acute malnutrition, other fluid protocols should be considered (47). For patients with filovirus disease and sepsis, see 
subsequent recommendations.
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Fluids in patients with shock

Filovirus infections are frequently associated with significant gastrointestinal involvement, with severe vomiting and 
diarrhoea driving rapid intravascular volume depletion. At the same time, the virus induces a systemic inflammatory 
response that increases vascular permeability, allowing plasma to leak into the interstitial space. This combination 
of external fluid loss and internal redistribution can lead to hypovolaemic shock with striking speed, particularly in 
patients who present late or deteriorate abruptly. Bleeding, which may not be overt, can be a significant contributor 
to shock. These are discussed in further detail below.

Sepsis syndrome, filovirus disease and fluid use
Sepsis-related capillary leak and vasoplegia contribute to reduced end-organ tissue perfusion and oxygen delivery, 
which if uncorrected lead to organ dysfunction and death. Intravenous fluid administration for sepsis aims to maintain 
tissue perfusion through judicious intravascular volume expansion which increases blood pressure, and reduces 
mortality and morbidity associated with hypoperfusion organ injury.

Choice of crystalloid fluid
Physiologically, the widely used 0.9% w/v sodium chloride (normal saline) has chloride concentrations of 154 mmol/L, 
which exceed usual human plasma concentrations of around 100 mmol/L (48). Large volumes induce hyperchloraemic 
metabolic acidosis and can cause renal injury (49). Balanced crystalloids replace some chloride ions with organic buffers 
such as lactate (such as Ringer’s lactate), acetate and/or gluconate. These buffers are metabolized to bicarbonate, 
predominantly by the liver (50). See Table 1 for the contents of different crystalloids.

Human plasma 0.9% w/v sodium chloride Ringer’s lactate Plasma-Lyte 148 , 
Normosol

Sodium (mmol/L) 135–145 154 130 140

Chloride (mmol/L) 95–105 154 109 98

Potassium (mmol/L) 3.5–5.0 0 4 5

Calcium (mmol/L) 2.2–2.6 0 2.7 0

Magnesium (mmol/L) 0.8–1.0 0 0 3

Buffer (mmol/L) Multiple, predominantly
bicarbonate (23–27)

None Lactate (28) Acetate (27)
Glucomate (23)

pH 7.35–7.45 5.5 6.5 7.4

Osmolarity (mOsm/L) 275–295 308 273 294

Table 1. Composition of crystalloid fluids

Haemorrhage
Haemorrhagic disease occurs in a substantial minority of patients with filovirus disease, although this proportion varies 
between outbreaks and depending on the causative viral species. Haemorrhage, while clinically most obvious from 
gingival, subconjuctival or vascular access sites, can be larger in volume, for example gastrointestinal bleeding. Initial 
clinical treatment of intravascular volume loss with organ hypoperfusion is based on intravenous fluid replacement 
with appropriate vasopressor therapy. These guidelines do not include explicit recommendations for transfusion. 
Management of haemorrhage should promote the rational and safe use of blood products in line with local guidelines 
or protocols, if blood and blood components are available. This can be extremely challenging in field settings where 
clinical and laboratory facilities are both limited in scope, low in resources and where IPC precautions make clinical 
pathways more complex.
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Intravenous fluid therapy

WHO recommends balanced crystalloids (such as Ringer’s lactate) rather than 0.9% sodium chloride for acute intravenous 
fluid resuscitation in patients with suspected or confirmed filovirus disease.

[Strong recommendation, moderate certainty evidence]

•	 This applies to children and adults including pregnant women, who have sepsis, septic shock and/or dehydration.

•	 Conditions where 0.9% sodium chloride may be preferred include patients with filovirus disease that have trauma including traumatic 
brain injury.

   Strong recommendation for

Practical info
Volume of fluid to be administered
This recommendation should be applied in the context of others, including those related to vasopressor initiation and 
monitoring of fluid response.

As for all medications, fluid should be prescribed at a dose (volume) and strength (concentration), route and duration. 
Titration of the dose should be frequently reviewed, especially during critical phases of resuscitation where the 
therapeutic window is narrow (that is, under- or over-dosing is easily possible without careful attention and review).

Previously, a fluid volume of 30 mL/kg was used as an initial guide within the first 3 hours of resuscitation, but 
individualized therapy is key. Clinicians should aim to use fluid volumes which minimize avoidable end-organ 
hypoperfusion injury and do not provoke clinically significant oedema (notably pulmonary oedema). Frequent 
monitoring and re-evaluation are necessary which take into consideration pre-existing comorbidity, and tailor each 
additional fluid intervention. In general terms, smaller and more frequent volumes of fluid (e.g. 250 mL) are appropriate, 
and this requires high staff:patient ratios.

Uses of fluids apart from intravascular volume expansion
Normal saline is frequently the necessary diluent for medications, or for flushing lines. This is because of potential 
pH changes, or precipitation of salts associated with balanced crystalloids, which can be harmful. Use only the 
recommended fluid to reconstitute or dilute medications.

Benefits and harms Substantial net benefits of the recommended alternative

From indirect evidence from patients with sepsis, treatment with balanced crystalloids, 
compared with 0.9% sodium chloride, was supported by moderate certainty evidence of 
lower mortality (42 fewer per 1000, 95% CI 42 fewer to 6 more) based on five trials enrolling 
6754 patients with sepsis (51). Using indirect evidence from critically ill patients more broadly, 
balanced solution has no important effect on ventilator-free days (high certainty, three RCTs, 
31 622 patients), and we are uncertain about the effect of balanced solution compared with 
0.9% sodium chloride on need for renal replacement therapy (very low certainty, five RCTs, 
33 554 patients).

Though harms were not reported in the systematic review, the panel noted in a subset of 
critically ill patients with traumatic brain injury, balanced solutions may increase mortality 
(OR 1.424, 95% CI 1.100–1.818, probability 0.975 in Bayesian analysis (52)).

Evidence to decision
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Certainty of the 
evidence

Moderate

Overall certainty was moderate judged from the critical outcome of mortality (42 fewer 
expected deaths per 1000 in those treated with balanced crystalloid compared with 0.9% 
sodium chloride, 95% CI 84 fewer to 6 more based on 6754 participants in five RCTs).

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

No important issues with the recommended alternative

Equity: No significant differences.

Feasibility and acceptability: Intravenous fluids are commonly used and there are no 
meaningful differences in logistics, transport, preparation, administration or monitoring of 
the two alternatives.

Cost and resources: The GDG were presented with data compiled from a convenience sample 
of LMICs sourced from the WHO Medicines unit. For the selected 11 countries, median costs 
of normal saline and Ringer’s lactate per 500 mL were US$ 0.75 and US$ 0.77 respectively.

Justification
The panel felt that the majority of patients would prefer treatment with balanced solution over normal saline, placing 
high value on the moderate certainty evidence of mortality benefit (using the 600/1000 baseline mortality risk, equating 
to 42 fewer per 1000, 95% CI 84 fewer to 6 more). In terms of harms, the panel discussed increased prevalence of 
hyperchloraemic acidosis with 0.9% sodium chloride as a potential mechanism. However, the panel also noted the 
possible increase in harm if balanced solutions were used in traumatic brain injury. The panel also discussed that 
monitoring electrolytes in filovirus patients with vomiting and diarrhoea may also impact choice of intravenous fluid. 
Consensus was achieved, but four panel members stated abstentions which related to specific circumstances in which 
Ringer’s lactate may not be superior to 0.9% sodium chloride. These have been noted in the recommendation remarks, 
but were expected to be rare in the primary presentation of filovirus disease and thus did not require a conditional 
recommendation.

Given the lack of sepsis-specific data on renal replacement therapy and ventilator-free days in the meta-analysis, the 
panel considered data from critically unwell patients more broadly. Additional indirectness in these endpoints was 
considered and resulted in rating down once, potentially mediated through differences in population (the more general 
critically unwell study populations included those with traumatic brain injury or advanced liver disease rather than 
sepsis only).

The panel judged that the recommendation would apply similarly in children, pregnancy and during breastfeeding. 
The concordance with WHO paediatric fluid guidelines was noted. This recommendation does not apply to patients 
with filovirus disease and trauma and traumatic brain injury.

The panel noted the cluster randomized trial that was recently published and not included in the systematic review 
that informed this recommendation (51). This study evaluated the use of balanced solution versus normal saline at 
hospital level and did not show difference on primary outcome of mortality and was thus deemed too indirect to 
include in the deliberations.
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Outcome
Timeframe

Study results and 
measurements

Comparator
0.9% sodium 
chloride

Intervention
Balanced 
crystalloid

Certainty of the evidence
(Quality of evidence)

Summary

Mortality (high baseline 
risk) 90 days or end of 
study

Relative risk 0.93
(CI 95% 0.86–1.01)
Based on data from 6754 
participants in 5 studies 
(Randomized controlled)

600 per 1000 558 per 1000
Moderate due to some 
imprecision

Balanced crystalloids 
probably reduce 90-day 
mortality compared with 
0.9% saline.Difference: 42 fewer per 1000

(CI 95% 84 fewer–6 more)

Mortality (low baseline 
risk) 90 days or end of 
study

Relative risk 0.93
(CI 95% 0.86–1.01)
Based on data from 6754 
participants in 5 studies 
(Randomized controlled)

300 per 1000 279 per 1000
Moderate due to some 
imprecision

Balanced crystalloids 
probably reduce 90-day 
mortality compared with 
0.9% saline.Difference: 21 fewer per 1000

(CI 95% 42 fewer–3 more)

Renal replacement 
therapy

Relative risk 0.99
(CI 95% 0.78–1.29)
Based on data from 
33 554 participants in 
5 studies (Randomized 
controlled)
Follow up: in hospital or 
30 days

64 per 1000 63 per 1000

Very low due to 
indirectness, serious 
imprecision, serious 
inconsistency, serious 
indirectnessa

We are uncertain if 
balanced crystalloids 
have an effect on renal 
replacement therapy 
compared with 0.9% 
saline.Difference: 1 fewer per 1000

(CI 95% 14 fewer–19 more)

Ventilator-free daysb 
(days)

Based on date from 
31 622 participants in 
3 studies (Randomized 
controlled)

Difference: 0.18 more 
(CI 95% 0.45 fewer–0.81 more)

Moderate due to serious 
indirectnessc 

Balanced crystalloids 
probably have no 
important effect 
on ventilator-free 
days compared with 
0.9% saline.

a	 Inconsistency: serious; indirectness: serious; imprecision: serious.
b	 Measured by: days lower better- critically ill patients
c	 Indirectness: serious.

PICO
Population: Patients with suspected or confirmed sepsis.

Intervention: Balanced crystalloid.

Comparator: 0.9% w/v sodium chloride.
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How to monitor intravenous fluid response

Physiological monitoring provides essential information that guides an assessment of haemodynamic status. Core vital 
signs such as heart rate, blood pressure, respiratory rate and oxygen saturation offer non-specific but clinically useful 
indications of whether the circulatory system is maintaining sufficient pressure and flow. For example, tachycardia 
may reflect compensation for reduced stroke volume, while hypotension can indicate impaired cardiac output or 
systemic vasodilation. Pulse oximetry may inform on the balance between oxygen delivery and demand. Urine output, 
another key physiological measure, reflects renal perfusion and is a sensitive marker of overall circulatory adequacy. 
These contribute to the overall clinical picture. More complex phsyiological scoring systems can objectively integrate 
a number of measures.

A number of measures have been postulated as primary indicators of the sufficiency of fluid resuscitation, which can 
be used to directly guide clinical decisions on fluid therapy. These vary in complexity and technological sophistication 
from bedside clinical tests (capillary refill time [CRT]) through non-invasive point-of-care and near patient tests (lactate 
and passive leg raise) to methods which require central venous and/or arterial access (for example central venous 
oxygen saturation).

In line with other WHO guideline panels (sepsis guideline), methods requiring central venous catheterization were 
not considered within scope due to their limited availability, and safety concerns outside of specialist critical care 
environments. Others, such as microvascular imaging techniques, are less invasive but not broadly established in 
clinical practice. Those methods which have been considered by the panel in these guidelines are outlined below.

Capillary refill time (CRT)
Capillary refill time is widely measured in children and adults as a routine measure of cardiovascular status, although in 
isolation its prognostic value is limited in both populations. In adults, a systematic review of CRT as a predictor of death 
or adverse events in a context at risk or confirmed acute circulatory failure demonstrated an area under the receiver 
operator curve (AUROC) of 0.66 (95% CI 0.59–0.76) based on 13 studies (54), suggesting poor predictive power in isolation. 
In children, a similar review examined the measure in the context of dehydration, and calculated a pooled sensitivity 
of 34.6% (95% CI 23.9–47.1%) and specificity of 92.3% (95% CI 88.6–94.8%) with considerable heterogeneity between 
the 24 studies (55). Both meta-analyses demonstrated that an abnormal CRT (using a 3-second or more threshold) 
might have value in identifying high-risk individuals, but that a normal value should not be necessarily reassuring. 
High-quality measurement is important (see Practical info) and clinicians should be aware that environmental factors 
affect the reliability including the room temperature (inverse correlation), lighting (difficulty in assessment) and the 
use of vasopressors (positive correlation) (56).

Lactate
Arterial lactate concentations are considered normal below 2 mmol/L. Lactic acidosis is frequently defined at levels of 
4 mmol/L and above, with higher concentrations being positively associated with mortality (57). Using lactate to improve 
recognition of sepsis has been suggested in pre-hospital and hospital settings (58). Lactate levels in blood are functions 
of the rate of production, and removal by excretion (including in urine) and metabolism (predominantly by the liver). 
The paradigm of “increased lactate results from impaired oxygen delivery to end-organ tissues” is limited by multiple 
other determinants of lactate concentration, and differential metabolic pathways. Similarly, changes in blood lactate 
are often inaccurately labelled “lactate clearance”. Additional limitations of its use as a marker of severity of sepsis 
relate to the complexity of sepsis physiology, including: alterations to hepatic metabolism; the normal physiological 
shuttling of lactate as a substrate for metabolism; pH changes (alkalosis increases glucose metabolism); drugs (for 
example, metformin, ethylene glycol); focal or regional tissue ischaemia; malignancy; alcohol use disorder; and, to a 
lesser degree, the direct administration in lactated intravenous fluid (59).
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WHO suggests for patients with suspected or confirmed filovirus disease and clinical signs of shock or circulatory impairment, 
the serial measurement of lactate as part of the assessment of perfusion to guide further intravenous fluid management.

[Conditional recommendation, low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Lactate is a marker of poor perfusion and when elevated is associated with poor prognosis.

•	 The assessment of perfusion also includes other clinical markers such as blood pressure, heart rate, urine output, mental status and 
capillary refill time.

•	 Reduction of lactate over time can be used to infer the effectiveness of fluid replacement. However, normalization of lactate should 
not be the target.

•	 There are situations where elevated lactate levels are not associated with poor perfusion and these include: advanced liver disease 
when lactate metabolism is impaired, excessive muscles activity, focal or regional areas of tissue ischaemia, and some drugs (for 
example metformin). Persistent raised lactate should prompt a search for other coexistent pathologies.

•	 Lactate can be measured in arterial, venous or capillary blood. The choice of sample type should follow local practice and be used 
consistently, especially when comparing lactate levels over time. Arterial puncture is the reference standard for accuracy, but it is 
not encouraged due to bleeding risk in filovirus disease.

   Conditional recommendation for

Practical info
•	 Minimize the use of tourniquet and direct pressure when collecting lactate sample to minimize artefactual high 

levels.

•	 Interpretation should use all clinical information available, including blood pressure, urine output, conscious 
level and skin changes.

•	 Consider other causes of hyperlactaemia for example seizure, drugs (notably metformin, ethylene glycol), 
malignancy, and alcohol use disorder (59).

•	 Trends in lactate are important, and should be interpreted in the context of the patient’s clinical condition and 
medical interventions. Take note particularly of the initiation of vasopressors (increasing adrenergic drive and 
increased lactate levels) and recent fluid therapy. If the trend is not improving, or unexpectedly increasing, consider 
potential underlying factors, including focal tissue ischaemia (for example bowel obstruction).

There was no strict protocolization of how information on lactate should be used across the studies. Cut points of 
2 mmol/L and 4 mmol/L have been frequently used to describe the upper limit of normal and the threshold of lactate 
acidosis respectively. Lactate can be used for identifying patients at high risk of adverse outcome.

The choice of arterial, venous or capillary measurement may be driven by available resources. These are not necessarily 
directly comparable, and therefore for serial measures in a single patient, the same test type should be used.
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Benefits and harms Substantial net benefits of the recommended alternative

In patients with filovirus disease and clinical signs of shock or circulatory impairment, the use 
of lactate as part of the assessment of perfusion to guide further intravenous fluid therapy 
may decrease mortality (low certainty evidence) and may decrease intensive care unit (ICU) 
length of stay (low certainty evidence).

Harms related directly to the intervention were not captured in the summary of findings 
tables, but would usually be limited to discomfort and potential bruising or bleeding relating 
to blood sampling, however for capillary and venous measurements these would be minimal.

Certainty of the 
evidence

Low

The evidence summaries for the mortality outcome was informed by two studies enrolling 
430 patients with sepsis, with certainty rated as low due to very serious imprecision. The 
baseline rate was 600/1000 and with lactic acid guided resuscitation it is estimated as 126 fewer 
deaths (95% CI 228 fewer to 6 more). The ICU length of stay outcome was informed by one 
study enrolling 82 participants with sepsis demonstrating an effect estimate of reduction in 
ICU length of stay by 1.5 days (95% CI 3 fewer to 0.1 fewer) certainty was rated as low due to 
serious risk of bias and serious imprecision.

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: No anticipated issues.

Feasibility and acceptability: The panel noted that lactate measurement was not usually 
available in filovirus disease treatment centres, but its use has increased in ICU settings at 
some referral hospitals in the region. The panel agreed that lactate measurement should be 
part of the minimal clinical laboratory package (see lactate recommendation) and that it 
would become acceptable as long as clinicians are trained on its use and interpretation and 
the results can be made available quickly to inform patient care decisions.

Resources and cost: The addition of lactate to the assessment of perfusion to guide fluid 
therapy would incur capital and operational costs which would depend on the implementation 
platform. At lower testing volumes, point-of-care devices have lower overall costs and minimal 
maintenance and may allow wider use in outbreak situations without a laboratory. However, 
laboratory-based machines might offer high-volume testing at lower per-test costs, and lactate 
measures as part of a panel of tests for no additional cost. These considerations make the 
implementation decision highly context specific.

Justification
The panel chose a conditional recommendation, judging that the majority of patients, would choose to have lactate 
added to assessment of perfusion as it may reduce mortality. However, this evidence was not compelling enough to 
warrant universal use where resource limitations were significant. The panel also noted that lactate is not used alone but 
rather as part of an assessment of perfusion, where serial measurements of lactate are used to guide fluid management 
and that normalization of lactate should not be a target. In the included RCTs, there were variable standards of care, and 

Evidence to decision
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many used mean arterial pressure (MAP), central venous pressure monitoring and other tools to monitor perfusion. The 
panel noted that there was uncertainty how this would apply in situations with more limited monitoring as “standard 
of care”. A strong emphasis was placed on instituting the best possible monitoring given local resources, using all 
the measures available, including basics such as blood pressure, heart rate, urine output and mental status and CRT 
(see next recommendation). The panel also raised concern about use of lactate in filovirus disease patients with liver 
dysfunction and should be considered as an area for further research.

In addition, lactate could be used for identifying patients at high risk of adverse outcome. The panel judged that the 
recommendation should apply to adults and children and pregnant women given similar associations with outcome, 
and the use of lactate as part of frequently used sepsis definitions and screening tools.

RCTs used mostly arterial measurements as these are considered most accurate, although other modalities were 
allowed. In field implementation, venous or capillary measures might be more frequently used. The panel considered 
that while this might introduce some indirectness, this was unlikely to be an important consideration especially where 
the lactate was used to consider dynamic changes in individual patients.

Outcome
Timeframe

Study results and 
measurements

Comparator
Standard of 
care

Intervention
Lactic acid 
guided 
resuscitation

Certainty of the evidence
(Quality of evidence)

Summary

Mortality (high baseline 
risk) 

Relative risk 0.79
(CI 95% 0.62–1.01)
Based on data from 430 
participants in 2 studies
(Randomized controlled)

600 per 1000 474 per 1000
Low due to very serious
imprecisiona

Lactic acid guided 
resuscitation may 
decrease mortality.

Difference: 126 fewer per 1000
(CI 95% 228 fewer–6 more)

Mortality (low baseline 
risk)

Relative risk 0.79
(CI 95% 0.62–1.01)
Based on data from 430 
participants in 2 studies 
(Randomized controlled)

300 per 1000 237 per 1000
Low due to very serious
imprecisiona

Lactic acid guided 
resuscitation may 
decrease mortality.

Difference: 63 fewer per 1000
(CI 95% 114 fewer–3 more)

ICU length of stay
(days)

Lower better
Based on data from 82 
participants in 1 study
(Randomized controlled)

6 days (mean) 4.5 days (mean) Low due to serious risk of 
bias, serious imprecisionb

Lactic acid guided 
resuscitation may 
decrease ICU length of 
stay.

Difference: MD 1.5 lower
(CI 95% 3 lower–0.01 lower)

a	 Imprecision: very serious. 95% CI including no benefits, 180 events overall.
b	 Risk of bias: serious. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias; inadequate/lack of blinding of outcome 

assessors, resulting in potential for detection bias. Imprecision: serious. 82 patients overall.

PICO
Population: Patients with suspected or confirmed sepsis that will receive intravenous fluid infusion (inpatient setting).

Intervention: Lactic acid guided resuscitation.

Comparator: Standard of care.
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WHO suggests for patients with suspected or confirmed filovirus disease and clinical signs of shock or circulatory impairment, 
capillary refill time should be used as part of the assessment of perfusion to guide intravenous fluid management.

[Conditional recommendation, low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 The assessment of perfusion also includes other markers such as blood pressure, heart rate, urine output, mental status and lactate.

•	 Use of capillary refill time can also be integrated into assessments using complementary technologies such as ultrasound, depending 
on availability, training and level of care.

•	 Use of standardized protocols for capillary refill time assessment will reduce variability in measurements and increase reliability and 
accuracy.

   Conditional recommendation for

Practical info
CRT is an accessible marker of end-organ perfusion. It measures the time for blood to return to the skin capillaries after 
they have been emptied by applying pressure. It is quick, visual and non-invasive test, although education of health care 
workers is paramount to ensure correct measurement and interpretation. It is used for recognition of hypoperfusion 
and for monitoring of fluid administration.

What factors affect CRT?
CRT can be affected by multiple factors, including room temperature, skin temperature, age, sex, room lighting, 
procedural technique, presence of underlying vascular disease, and the site of testing. Variability can be minimized 
through training, education and standardized protocols to mitigate the impact of ambient factors (56, 60).

CRT standardization protocol
Standardized procedures can enhance reliability and reduce interobserver variability (Fig. 1). To reflect the procedure 
in the research studies, in infants, children and adults:

•	 Check the environment:
–	 Ensure a warm room.
–	 Choose a site free from skin abnormalities.
–	 Place the patient’s hand at the level of the thorax/heart.

•	 Apply firm pressure to the ventral surface of the distal phalanx of the index finger for 10 seconds.

•	 Remove the pressure.

•	 Measure the time for the return of pre-existing skin colour.

•	 Use a chronometer.

•	 A CRT longer than 3 seconds should be considered abnormal (60).

A microscope slide was used to apply pressure in the RCTs as this enables visualization of skin blanching and ensures 
even pressure. The GDG panel recognized that usual clinical practice does not require a glass slide.
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Fig. 1. Suggested way to measure standardized capillary refill time

1.	 Place the patient’s hand at the level of their heart (mid chest).
2.	 Apply firm pressure to the ventral surface of the distal phalanx of one finger for 10 seconds. This can be done using 

your thumb or, if available, a glass microscope slide, so that blanching of the skin underneath can be confirmed.
3.	 Release the pressure and measure the time taken for the skin colour to return to the same as before.

Benefits and harms Small net benefit, or little difference between alternatives

Evidence was drawn from the ANDROMEDA-2 study (61). The use of CRT to guide fluid 
therapy may have little or no impact on mortality (1 fewer per 1000 than standard of care, 
95% CI 51 fewer to 56 more, low certainty), may increase vital support-free days (1.1 more, 
mean 16.5 days vs 15.4 days in standard of care, low certainty) and may have little or no 
impact on hospital length of stay (0.85 fewer days, mean 15.3 vs 16.2 in standard of care, low 
certainty). Harms were judged by these same endpoints, with no direct harms expected from 
the measurement of capillary refill itself.

Certainty of the 
evidence

Low

Overall certainty was low, due to a very serious imprecision in mortality estimate from a single 
trial of 1467 participants.

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Universal application of capillary refill assessment would be expected to increase 
equity, and improve the individualization of intravenous fluid therapy.

Feasibility and acceptability: Bedside assessment can easily and quickly incorporate CRT, 
and established practice in many areas of paediatric and adult practice has demonstrated 
acceptability.

Resources and cost: CRT is a simple bedside test which has no recurrent cost, although 
training is required. This is particularly to ensure standardized measurement which improves 
reliability, including optimizing conditions for measurement within treatment centres, for 
example, lighting for visibility and clocks for timing.

Evidence to decision
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Justification
The panel considered the ANDROMEDA-SHOCK2 study as the primary source of evidence (61). The addition of data 
from a second RCT of 30 patients was felt to be uninformative (62). The evidence from patients with septic shock was 
judged sufficiently direct to filovirus disease not to reduce level of certainty. The panel considered the data for separate 
endpoints (mortality, vital support-free days and hospital length of stay) although these were secondary endpoints 
within the trial. The panel noted that the primary (hierarchical) endpoint from the trial gave low certainty evidence of 
superiority of capillary refill-driven intravenous fluid treatment (win ratio 48.9% vs 42.1%), and that this was mostly 
driven by a difference in vital support-free days. In resource-limited settings, the panel judged that reduction in 
ventilation particularly, captured within the vital support-free days, would represent an important benefit.

Harms were not directed captured, although would be expected to be represented in the outcomes above, and the 
measurement itself has no important associated harms.

Given the simple and low-cost nature of the test, and universal ability to perform, the panel felt that a conditional 
recommendation for CRT was appropriate.

The panel noted that when implemented in clinical practice, CRT is not used alone, and rather should be used within 
a protocolized resuscitation which includes assessment of perfusion through blood pressure, heart rate, urine output 
and lactate, where available. It was suggested that the strength of pulse oximetry trace might also be incorporated 
by clinicians into a overall impression of circulatory sufficiency. Members noted that CRT is more established in the 
assessment of children but its use in adults was less common so standardization of measurement would be important 
(see Practical info).

The panel judged that the recommendation should apply to all ages in view of RCT evidence from adults which was 
felt to be relevant to children, and its incorporation as standard of care within paediatric clinical practice.
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Outcome
Timeframe

Study results and 
measurements

Comparator
Standard of 
care

Intervention
Capillary refill 
time guided 
resuscitation

Certainty of the evidence
(Quality of evidence)

Summary

Mortality Relative risk 0.99
(CI 95% 0.81–1.21)
Based on data from 1467 
participants in 1 study 
(Randomized controlled)
Follow up: 28 days

266 per 1000 265 per 1000
Low due to extremely 
serious imprecision, serious 
indirectness, serious risk 
of biasa

Capillary refill time 
directed therapy may 
have little or no effect on 
mortality compared with 
standard of care.

Difference: 1 fewer per 1000
( CI 95% 51 fewer–56 more )

Hierachical composite 
(mortality, duration of vital 
support, length of
hospital stay)

Measured by: win ratio 
High better
Based on data from 1501 
participants in 1 study 
(Randomized controlled)

42.1 48.9
Low due to serious 
indirectness, serious 
imprecisionb

Capillary refill directed 
therapy may reduce 
composite outcomes 
which include mortality, 
organ support and 
hospital stay compared 
with standard of care.

Vital support free days High better
Based on data from 1467
participants in 1 study 
(Randomized controlled)

15.4 (mean) 16.5 (mean) Low due to serious risk of 
bias, serious imprecisionc

Capillary refill time 
possibly improves the 
time spend on vital 
organ support therapy 
compared with standard 
of care.

Difference: MD 1.1 higher

Hospital length of stay Lower better
Based on data from 
30 participants in 1 study 
(Randomized controlled)

16.2 days 
(mean)

15.3 days 
(mean)

Low due to serious risk of 
bias, serious imprecisiond

Capillary refill time 
possibly has little to no 
effect on hospital length 
of stay compared with 
standard of care.

Difference: MD 0.85 lower
(CI 95% 1.8 fewer–0.1 more)

a	 Risk of bias: serious. Inadequate/lack of blinding of outcome assessors, resulting in potential for detection bias. Indirectness: serious. Imprecision: serious. 
5% CI including important benefits and harms. 16 events and 30 patients overall.

b	 Indirectness: serious. Imprecision: serious.
c	 Risk of bias: serious. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias. Inadequate/lack of blinding of outcome 

assessors, resulting in potential for detection bias. Imprecision: serious.
d	 Risk of bias: serious. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias. Inadequate/lack of blinding of outcome 

assessors, resulting in potential for detection bias.

PICO
Population: Patients with suspected or confirmed sepsis that will receive intravenous fluid infusion (inpatient setting).

Intervention: Capillary refill time guided resuscitation.

Comparator: Standard of care.
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Use of vasopressors in shock

Rationale for the use of vasopressors
Adequate perfusion of end organs requires sufficient arterial pressure. The mean arterial pressure (MAP) is a frequently 
used index of this “driving pressure” and approximates to (2 x diastolic + systolic)/3. It is influenced by cardiac output 
and systemic vascular resistance.

While both of these may be reduced in sepsis, a fall in systemic vascular resistance related to vasoplegia is a rationale 
for using vasopressors to maintain an adequate MAP, i.e. that which prevents end-organ hypoperfusion (63, 64).

Extensive investigation from physiological and animal studies have demonstrated the relationship between lower MAP 
and increased organ damage. There is variation by organ system of the optimal MAP – the brain, heart and kidneys, for 
example, are highly sensitive to hypoperfusion (65).

Target for vasopressor titration
The target MAP during vasopressor therapy has not been discussed in these guidelines. Retrospective cohorts 
demonstrated a correlation between MAP thresholds and survival (66, 67, 68), leading to a suggested lower threshold 
of acceptable MAP of 60–65 mmHg.

Physiological studies have suggested autoregulation compromise in cerebral vascular beds below 60 mmHg (69). Higher 
MAP (70–80 mmHg) compared with lower values are associated in prospective sepsis cohorts with lower rates of acute 
kidney injury (70, 71).

However, sufficient perfusion must be balanced against harmful vasoconstriction, and potential for other vasopressor-
associated adverse events such as cardiac arrhythmias. Higher doses of norepinephrine have been associated with 
mortality independent of MAP (72), although this may reflect the dose as a marker of cardiovascular severity. Clinicians 
should individualize therapy based on their knowledge of their patient’s specfiic circumstances.

Choice of vasopressor
In these guidelines the role as first-line agents of norepinephine, epinephrine and dopamine were considered by the 
panel. The pharmacology and clinical action of these agents has been recently reviewed (64), and is summarized briefly 
below.

Norepinephrine
Norepinephrine is a strong α‑ and β1‑adrenergic agonist with minimal β2 activity. Through receptor binding, it increases 
smooth‑muscle cytosolic calcium and produces arterial and venous vasoconstriction through α‑adrenergic stimulation. 
This raises diastolic arterial pressure and improves coronary perfusion. Norepinephrine raises mean systemic filling 
pressure and therefore venous return. To a lesser extent than the vasopressive effect, β1 activation induces a modest 
positive inotropic effect. Tachycardia, and therefore myocardial oxygen demand, is limited as the baroreflex response 
to vasoconstriction increases parasympathetic tone.

Epinephrine
Epinephrine is a potent β1‑ and β2‑adrenergic agonist with α‑adrenergic induced vasoconstriction. Its β1‑driven 
inotropic and chronotropic effects are stronger than those of norepinephrine. Activation of β2 receptors in skeletal 
muscle can cause lactic acidosis by stimulating Na+/K+‑ATPase activity and accelerating aerobic glycolysis, increasing 
pyruvate and lactate production; this represents a physiological metabolic effect rather than necessarily being a marker 
of shock severity.
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Dopamine
Dopamine, the immediate precursor of norepinephrine and epinephrine, has effects which are dose‑dependent. At 
low doses (< 5 µg/kg/ min), it causes vasodilation of cerebral, coronary, renal and mesenteric vessels via D1 receptor 
activation without altering arterial pressure. At intermediate doses (5–10 µg/kg/min), it produces β1‑mediated 
chronotropic and inotropic effects. At high doses (10–20 µg/ kg/min), it acts as an α‑adrenergic vasopressor similar 
to norepinephrine. Its clinical effects can vary widely due to a complex relation between infusion rates and plasma 
concentrations.

Timing of vasopressor
Septic shock with distributive shock is widely treated first with intravenous fluid to expand the circulating volume, 
followed by vasopressor infusion if blood pressure or circulatory indices are not attained. Retrospective studies noted 
an association of fluid volumes administered and adverse outcomes (73, 74). Systematic review has not demonstrated 
mortality differences in lower versus higher fluid volume administration (75). However, changing clinical practice 
resulting in part from early studies of goal-directed therapy, make observational studies difficult to interpret. The timing 
of initation of vasopressors is debated because early initiation of vasopressors may reduce the total fluid administered 
but, if this results in increased vasopressor dose, or time administered, this may expose patients to potentially increased 
drug-related adverse events including arrhythmias and vasconstriction-related ischaemia.



33Use of vasopressors in shock

WHO suggests that for patients with suspected or confirmed filovirus disease with shock who are being resuscitated with 
intravenous fluids, vasopressor treatment be initiated early rather than later.

[Conditional recommendation, low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Vasopressors should be used within a resuscitation strategy that includes: appropriate intravenous fluid therapy, frequent monitoring, 
including for arrhythmia, and individualized titration of the dose to desired effect (targeting arterial blood pressure).

•	 The recommendation does not apply to shock caused predominantly by severe dehydration with ongoing gastrointestinal losses, 
where fluid replacement should be the primary treatment for circulatory insufficiency.

   Conditional recommendation for

Practical info
Earlier use of vasopressors is used in combination with more restrictive fluid strategies for resuscitation. These can 
include (76):

•	 Lower thresholds for intravenous fluid resuscitation before vasopressor support is considered, for example routine 
assessment after 1000 mL to 2000 mL has been delivered.

•	 Adopting strict “rescue criteria” which limits fluid administration after the first 500 mL to specific triggers, 
for example severe hypotension (systolic blood pressure < 70 mmHg), tachycardia > 130/min, signs of severe 
hypoperfusion (such as mottled skin or new alteration of consciousness).

•	 Use of bolus intravenous fluid (250–500 mL) in place of “maintenance therapy” after initial resuscitation, triggered 
by specific indications such as: plasma lactate ≥ 4.0 mmol/L; MAP < 50 mmHg despite vasopressors; skin mottling; 
oliguria (urine output < 0.1 mL/kg/hour).

	 Note: this bolus use should be used in addition to fluid to correct ongoing losses, or to correct dehydration where 
the oral route is not possible.

•	 Reduction of intravenous fluid in administered medication through use of the oral route, or choice of low-volume 
alternatives. Use the lowest dose necessary to achieve perfusion target. Check markers of perfusion every 
30 minutes.

•	 In pregnant women and in children, these approaches may not be appropriate: the principles of individualized 
care based on high-frequency monitoring should be adopted, and specialist advice sought.

•	 All protocols aim to avoid end-organ hypoperfusion, and required active monitoring and management to do this. 
In RCTs, vasopressors were initiated after initial intravenous fluid therapy. Protocols varied but early treatment 
typically initiated norepinephrine after between 1000 mL and 30 mL/kg of initial intravenous fluid had been given. 
Late administration allowed more liberal fluid use, and typically used repeated boluses to reach a target MAP. In 
the largest trial, time from randomization to first vasopressor was 1.8 hours in the early group, and 3.2 hours in 
the liberal fluid group (76).
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Benefits and harms Small net benefit, or little difference between alternatives

In patients being resuscitated with intravenous fluid, we are uncertain if earlier initiation 
of vasopressor has any effect on mortality when compared with later initiation (very low 
certainty).

Early vasopressor initiation probably reduces pulmonary oedema compared with later 
initiation (moderate certainty). Early initiation probably has no important impact on ventilator-
free days (moderate certainty).

Certainty of the 
evidence

Low

This four RCTs containing 2073 patients provided evidence with significant imprecision 
for mortality based on septic shock (144 fewer per 1000 deaths in those treated earlier, 
95% CI 270 fewer to 30 more, when using a 600/1000 baseline risk).

Fewer pulmonary oedema events occur in early versus late administration (27 fewer episodes 
per 1000, 95% CI 37 fewer to 7 fewer) with moderate certainty after downgrading due to 
imprecision. Ventilator-free days were probably no different (0.29 more, 95% CI 0.42 fewer to 
1 fewer days, moderate certainty).

There was no evidence of increased harm in early treatment. ICU length of stay was possibly 
no different between interventions (mean difference 0.71 days higher with earlier vasoactive 
therapy, CI 95% 0.2 lower to 1.63 higher), given low certainty evidence.

Evidence for reduction of pulmonary oedema (a severe adverse event) in early treatment 
suggested the overall certainty was low.

Values and 
preferences

Substantial variability is expected or uncertain

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Increasing access to vasopressors may increase inequity if resources for other clinical 
activity are less available as a result. However, the panel felt that delivering higher level of 
care to filovirus disease patients would improve broader equity.

Feasibility and acceptability: In settings where the administration of vasopressors is already 
feasible, the difference between early and late treatment would have negligible feasibility 
or acceptability concerns (for example in many critical care units in the African Region). An 
appropiate facility design that facilitates frequent/continuous monitoring is needed.

Cost and resources: The cost associated with vasopressor therapy will be significant where 
this is not current practice, and will affect training needs, equipment and time-based staff 
costs. There would be an anticipated increase in costs with earlier treatment as more patients 
may be started on vasopressor treatment. It is uncertain how this would be offset by reduced 
costs associated with the reduction in pulmonary oedema. See also recommendations on 
vasopressors and mode of administration.

Evidence to decision
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Justification
While the very low certainty evidence of a mortality benefit of early administration was noted, the panel’s decision 
was primarily driven by moderate certainty evidence of a reduction in pulmonary oedema. Particularly in LMICs where 
access to invasive mechanical ventilation (as a “rescue therapy” for this complication) is particularly limited, the panel 
felt the avoidance of pulmonary oedema was particularly valuable. They noted, however, that this potential benefit was 
not reflected in the ventilator-free days outcome; the definition of pulmonary oedema within the studies was unclear. 
The panel emphasized that vasopressors should be given as part of the resuscitation package, after fluid therapy has 
been initiated, and at the lowest necessary dose to achieve the required target.

Systematic review of four studies underpinned the recommendation (77), which all employed norepinephrine as 
vasopressor of first choice. The panel felt that there was no reason to rate down for indirectness even if in practice other 
agents might be used. Odds ratios from the review were converted to risk ratios in order to estimate absolute effects. 
The evidence from sepsis trials was felt to be sufficiently direct to not rate down the certainty of evidence.

The panel considered that later administration might lead to fewer people requiring vasopressor therapy (because of 
sufficient response to fluids in the intervening period). In this case, resource use would be expected to be higher where 
an early intervention strategy were adopted. From the largest available study (CLOVERS, n=1563 (76)), use during the 
first 24 hours was 59% in the earlier (more fluid restrictive) group compared with 37% in the later (liberal fluid) group. 
However, the mean number of days free from vasopressor use at 28 days was 22.0 and 21.6 respectively (difference 0.4, 
95% CI -0.5–1.3) suggesting that earlier use was not significantly associated with increased use. It was not possible to 
quantify the likely effect in real-world practice.

Subgroups of interest to the panel were age (65 or more); chronic heart failure; and end-stage renal disease. These 
were addressed in the CLOVERS study (76), which provided no evidence of subgroup interaction. The panel therefore 
did not consider subgroups separately when forming a recommendation.

Data from two pilot RCTs in children suggest feasibility of early norepinephrine or epinephrine therapy in emergency 
departments and wards in high-income settings, and did inform definitively on outcomes (78, 79). An open-label RCT 
in 63 children provided supportive evidence that early vasopressor therapy (with a fluid restrictive strategy) might be 
beneficial compared with later initiation and liberal fluid use (80). This trial was underpowered to generate definitive 
results but reported lower mortality in early vs late initiation (RR 3.1, 95% CI 1–10), and less mechanical ventilation 
(RR 4, 95% CI 1.3–12).

While there were no direct data on the use in pregnancy, the panel judged that the clear mortality benefit in favour of 
norepinephrine would likely also apply to pregnant women. This is consistent with principles of obstetric practice in 
critical illness; optimizing maternal circulation is the most effective strategy to preserve fetal perfusion, and delays in 
vasopressor initiation may worsen outcomes for both mother and fetus (81).
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Outcome
Timeframe

Study results and 
measurements

Comparator
Later 
vasoactive 
therapy

Intervention
Early 
vasoactive
therapy

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality
End of study (mostly 
90 days)

Relative risk 0.76 
(CI 95% 0.55–1.05) based on 
data from 2073 participants in 
4 studies
(Randomized controlled)
Follow up: end of study 
(90 day mortaility in 2 RCTS 
involving 1663 patients; 
28 day or in-hosptial mortaility 
in remaining 2 RCTs with 
411 patients

600 per 1000 456 per 1000
Very low due to 
extremely serious 
imprecisiona

We are uncertain if 
earlier vasoactive 
therapy has any 
effect on mortality 
compared with later 
vasoactive therapy.

Difference: 144 fewer per 1000
(CI 95% 270 fewer–30 more)

Mortality
End of study (mostly 
90 days)

Relative risk 0.76 
(CI 95% 0.55–1.05) based on 
data from 2073 participants in 
4 studies
(Randomized controlled)
Follow up: end of study 
(90 day mortaility in 2 RCTS 
involving 1663 patients; 
28 day or in-hosptial mortaility 
in remaining 2 RCTs with 
411 patients

300 per 1000 228 per 1000
Very low due to 
extremely serious 
imprecisiona

We are uncertain if 
earlier vasoactive 
therapy has any 
effect on mortality 
compared with later 
vasoactive therapy.

Difference: 72 fewer per 1000
(CI 95% 135 fewer–15 more)

Pulmonary oedema Relative risk 0.43
(CI 95% 0.22–0.86) based on 
data from 1972 participants in 
3 studies
(Randomized controlled)
Follow up: end of study

48 per 1000 21 per 1000 Moderate due to serious 
risk of bias (subjective 
outcome assessment)b

Earlier vasoactive 
therapy reduces 
pulmonary oedema 
compared with later 
vasoactive therapy.

Difference: 27 fewer per 1000
(CI 95% 37 fewer–7 fewer)

Arrhythmia Relative risk 0.6
(CI 95% 0.29–1.25) based on 
data from 1873 participants in 
2 studies
(Randomized controlled)
Follow up: in hospital

33 per 1000 20 per 1000 Low due to serious
inconsistency and
extremely serious
imprecisionc

We are uncertain 
whether earlier 
vasoactive therapy 
increases or decreases 
arrhythmia compared 
with later vasoactive 
therapy.

Difference: 13 fewer per 1000
(CI 95% 36 fewer–24 more)

Renal replacement
therapy-free days
(higher better)

Based on data from 1884 
participants in 3 studies 
(Randomized controlled)

Difference: 0 fewer
(CI 95% 1.2 fewer–1.2 more)

Low due to very serious
imprecisiond

Earlier vasoactive 
therapy may have 
no important effect 
on duration of renal 
replacement therapy 
compared with later 
vasoactive therapy.

PICO
Population: Patients with sepsis needing vaspressors.

Intervention: Early vasoactive therapy.

Comparator: Later vasoactive therapy.

Summary: Data were from a systematic review of early vs late administration of norepinephrine for septic shock (77). 
Odds ratios were converted to relative risks, and applied to baseline risks of 600/1000 and 300/1000 as described in 
the methods section.
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Outcome
Timeframe

Study results and 
measurements

Comparator
Later 
vasoactive 
therapy

Intervention
Early 
vasoactive
therapy

Certainty of the 
evidence
(Quality of evidence)

Summary

Ventilator-free days
(higher better)

Based on data from 1953 
participants in 3 studies. 
(Randomized controlled)

Difference: 0.29 more
(CI 95% 0.42 fewer–1 fewer)

Moderate due to serious 
imprecisione

Earlier vasoactive 
therapy probably has 
no important effect 
on ventilator-free 
days compared with 
later vasoactive 
therapy.

ICU length of stayf

(days, fewer better)
Based on data from 409 
participants in 2 studies 
(Randomized controlled)

Difference: 0.71 more
(CI 95% 0.2 fewer–1.63 more)

Low due to very serious
imprecisiong

Earlier vasoactive 
therapy may have 
no important effect 
on ICU length of stay 
compared with later 
vasoactive therapy.

Use of vasopressors 
(in the first 24 hours)

Based on data from 1563 
participants in 1 studyh

372 per 1000 590 per 1000 Low due to serious 
inconsistency, serious 
imprecision; based on 
Permipikul et al. and 
CLOVERS studyi

a	 Imprecision: extremely serious.
b	 Risk of bias: serious.
c	 Inconsistency: serious. Imprecision: extremely serious.
d	 Indirectness: serious. Imprecision: very serious.
e	 Imprecision: serious.
f	 Measured by: days – lower better.
g	 Imprecision: very serious.
h	 Supporting references: (76).
i	 Inconsistency: serious. Imprecision: serious.
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WHO recommends that patients with suspected or confirmed filovirus disease requiring a vasopressor be treated with 
norepinephrine rather than dopamine.

[Strong recommendation, moderate certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Vasopressors should be used within a resuscitation strategy that includes: appropriate intravenous fluid therapy; frequent monitoring, 
including for cardiac arrhythmia.

•	 Individualize titration of the dose to desired effect (targeting arterial pressure as an indicator of perfusion).

•	 To minimize adverse effects, use the lowest dose possible for desired effect and discontinue vasopressors when no longer indicated.

   Strong recommendation for

Practical info
General considerations

•	 Establish large bore veinous access (16–18 gauge catheter) or intraosseous line or central venous catheter.

•	 Appropriate dilution in selected carrier and precise delivery mechanism, such as infusion pumps.

•	 Establish close haemodynamic monitoring, and adequate staffing to provide close monitoring.

•	 Close monitoring of the intravenous site is mandatory to identify any signs of extravasation:
–	 lf signs of extravasation, administer 5–10 mL of phentolamine diluted in 10 mL of 0.9% sodium chloride 

subcutaneously at the venous access site.

•	 Use the lowest dose necessary to achieve perfusion target. Check markers of perfusion every 30 minutes.

To make up norepinephrine and epinephrine solutions:

•	 Adults: add 4 mL of 1:1000 norepinephrine/epinephrine to 46 mL of 5% w/v dextrose solution to make 50 mL of 
80 µg/mL concentration.

•	 Children: use a more dilute solutions. Add 1 mL of 1:1000 norepinephrine/epinephrine to 49 mL of 5% w/v dextrose 
solution to make 50 mL of 20 µg/mL concentration.

•	 Peripheral administration: use a more dilute solution (equivalent to that used centrally for children). Add 1 mL of 
1:1000 norepinephrine to 49 mL of 5% w/v dextrose solution to make 50 mL of 20 µg/mL concentration.

Norepinephrine Epinephrine

Central vein Initial: 0.05 μg/kg/min
Increase by 0.1 μg/kg/min increments
Maximum dose 0.5–0.75 μg/kg/min

Initial: 0.05 μg/kg/min
Increase by 0.1 μg/kg/min increments
Maximum dose 0.5–0.75 μg/kg/min

Peripheral vein Same dosing regimen, use dilute solution (20 μg/mL) Same dosing regimen, use dilute solution (20 μg/mL)
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Benefits and harms Substantial net benefits of the recommended alternative

From evidence from patients with septic shock, treatment with norepinephrine probably 
reduced mortality (moderate certainty) and probably reduced the risk of arrhythmia (moderate 
certainty evidence) when compared with dopamine.

Certainty of the 
evidence

Moderate

In the 1768 patients from 11 RCTs of septic shock, mortality in patients given norepinephrine 
was lower than those receiving dopamine (56 fewer per 1000, 95% CI 97 fewer to 10 fewer, 
moderate certainty) (82). For each illustrative baseline risk, the mortality benefit exceeded the 
minimal important difference of 3 per 1000.

Risks of arrhythmias were reported in four RCTs including 1390 participants, giving moderate 
certainty evidence of lower rates with norepinephrine compared with dopamine (difference 
196 per 1000, 95% CI 226 fewer to 158 fewer). Similarly, reductions in severe adverse events 
were noted based on three trials (356 patients, difference 57 per 1000, 95% CI 74 fewer to 
14 fewer), with low certainty due to imprecision.

Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: No significant effect anticipated.

Feasibility: Access to central venous line placement, monitoring equipment and staff 
training may affect the ability to give vasopressors safely. Availability of norepinephrine 
varies and is dependent on national and local medicines policies and supply. Dopamine, but 
not norepinephrine, is included in the WHO Model List of Essential Medicines (EML) which 
may affect relative availability. An application to add norepinephrine has been programmed 
for the next EML review. If available, use of norepineprhine is feasible, as it can be delivered 
initially via peripheral venous catheter (see vasopressor route recommendation). However, 
for longer term use, norepinephrine would require central venous catheter placed under 
ultrasound guidance which may be challenging in many filovirus treatment centres. For 
children, appropriate equipment such as paediatric perfusion sets and appropriate sized 
equipment to assess perfusion are required.

Acceptability: No anticipated difference between the alternatives and patients would likely 
prefer to be treated with a beneficial drug with least harm.

Resource use and cost: There were no available data on cost differentials between 
norepinephrine and dopamine, although the panel noted that the placement of central 
catheters for administration was a major determinant of overall complexity and cost, 
and would be the same for either agent. Peripheral administration of each is feasible (see 
vasopressor route recommendation). There are specific training needs for staff who constitute, 
administer and monitor vasopressor administration which are common to either intervention.

Materials, including checklists and infusion calculation charts should be available to increase 
clinical safety.

Evidence to decision
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Justification
The panel’s strong recommendation for norepinephrine was driven by evidence of mortality reduction as a critically 
important outcome, and supported by lower rates of observed arrhythmias and serious adverse events. The evidence 
from sepsis trials was felt to be sufficiently direct to not rate down the certainty of evidence. The panel weighed the 
arrhythmia outcome in their decision as although it was not previously prioritized, it was judged an important and 
proximal marker of safety/harm.

No direct RCT comparisons were available for paediatric populations. The panel judged that this recommendation 
was appropriate to children and adults, considering the current clinical use of norepinephrine or epinephrine as first 
choice vasopressor in recent trials of early therapy (83, 84).

While there were no direct data on the use in pregnancy, the panel judged that the clear mortality benefit in favour of 
norepinephrine would likely also apply to pregnant women. This is consistent with principles of obstetric practice in 
critical illness; optimizing maternal circulation is the most effective strategy to preserve fetal perfusion, and delays in 
vasopressor initiation may worsen outcomes for both mother and fetus (81).

PICO
Population: Patients with filovirus needing vaspressors.

Intervention: Norepinephrine.

Comparator: Dopamine.

Summary: Most studies were open label, with attendant serious risk of bias. Data from systematic review and meta-
analysis of Avni et al. (85).

Outcome
Timeframe

Study results and 
measurements

Comparator
Dopamine

Intervention
Norepinephrine

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality 28–30 days 
(baseline risk from trials)

Relative risk 0.89
(CI 95% 0.81–0.98)
Based on data from 1768 
participants in 11 studies 
(Randomized controlled)
Follow up: 28–30 days

508 per 1000 452 per 1000
Moderate due to risk 
of biasa

Norepinephrine 
probably reduces 
mortality compared 
with dopmaine.Difference: 56 fewer per 1000

(CI 95% 97 fewer–10 fewer)

Mortality 28–30 days 
(higher baseline risk)

Relative risk 0.89
(CI 95% 0.81–0.98)
Based on data from 1768 
participants in 11 studies
(Randomized controlled)
Follow up: 28–30 days

600 per 1000 534 per 1000
Moderate due to risk 
of biasa

Norepinephrine 
probably reduces 
mortality compared 
with dopmaine.Difference: 66 fewer per 1000

(CI 95% 114 fewer–12 fewer)

Mortality 28–30 days 
(lower baseline risk)

Relative risk 0.89
(CI 95% 0.81–0.98)
Based on data from 1768 
participants in 11 studies 
(Randomized controlled)
Follow up: 28–30 days

300 per 1000 267 per 1000 Moderate due to risk 
of biasa

Norepinephrine 
probably reduces 
mortality compared 
with dopmaine.Difference: 33 fewer per 1000

(CI 95% 57 fewer–6 fewer)

Severe adverse events Relative risk 0.34
(CI 95% 0.14–0.84)
Based on data from 356 
participants in 3 studies 
(Randomized controlled)

86 per 1000 29 per 1000 Low due to serious 
risk of bias and serious 
imprecisionb

Norepinephrine 
may reduce risk of 
severe adverse events 
compared with 
dopamine.

Difference: 57 fewer per 1000
(CI 95% 74 fewer–14 fewer)



41Use of vasopressors in shock

Outcome
Timeframe

Study results and 
measurements

Comparator
Dopamine

Intervention
Norepinephrine

Certainty of the 
evidence
(Quality of evidence)

Summary

Arrhythmia Relative risk 0.48
(CI 95% 0.4–0.58)
Based on data from 1390 
participants in 4 studies 
(Randomized controlled)

377 per 1000 181 per 1000
Moderate due to serious 
risk of biasc

Norepinephrine 
probably reduces 
arrhythmias 
compared with 
dopamine.Difference: 196 fewer per 1000

(CI 95% 226 fewer–158 fewer)

a	 Risk of bias: serious. Inadequate sequence generation/generation of comparable groups, resulting in potential for selection bias. Incomplete data and/or large loss to 
follow up. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias. Inconsistency: no serious. Indirectness: no serious. 
Imprecision: no serious. Publication bias: no serious.

b	 Risk of bias: serious. Inadequate sequence generation/generation of comparable groups, resulting in potential for selection bias. Inadequate/lack of blinding of 
participants and personnel, resulting in potential for performance bias. Incomplete data and/or large loss to follow up. Selective outcome reporting. Inconsistency: 
no serious. Indirectness: no serious. Imprecision: serious. Wide confidence intervals. Publication bias: no serious.

c	 Risk of bias: serious. Use of unvalidated and/or subjective outcome measures. Inadequate sequence generation/generation of comparable groups, resulting in potential 
for selection bias. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias. Incomplete data and/or large loss to follow up. 
Inconsistency: no serious. Indirectness: no serious. Imprecision: no serious. Publication bias: no serious.
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WHO suggests that patients with suspected or confirmed filovirus disease requiring a vasopressor be treated with 
norepinephrine rather than epinephrine.

[Conditional recommendation, very low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 The choice of norepinephrine or epinephrine may depend on availability and local practices.

•	 For some patients, for example, those with cardiac systolic dysfunction, epinephrine may may be preferable to norepinephrine alone.

•	 Vasopressors should be used within a resuscitation strategy that includes appropriate fluid therapy, frequent monitoring, including 
early identification of arrythmia.

•	 Individualize titration of the dose to desired effect (improved perfusion).

•	 To minimize adverse effects, use the lowest dose possible for desired effect and discontinue vasopressors when no longer indicated.

   Conditional recommendation for

Practical info
Given the higher lactate levels in patients treated with epinephrine compared with norepinephine, the use choice of 
agent should be considered when using lactate monitoring (see lactate recommendation) (59).

Evidence to decision

Benefits and harms Small net benefit, or little difference between alternatives

Using evidence from septic shock, it is uncertain whether the choice of norepinephrine or 
epinephrine alters mortality or rates of arrhyhmias (very low certainty). However, the panel 
determined that in patients with filovirus disease requiring vasopressors, norepinephrine was 
preferred despite the uncertainty due to its predominance in clinical practice and clinicians’ 
widespread understanding of its use and adverse event profile.

Certainty of the 
evidence

Very low

Evidence for norepinephrine versus epinephrine was derived from a systematic review from 
2025 which incorporated four RCTs (comprising 560 patients with sepsis) (82). Absolute effects 
were considered using the baseline mortality risk from the trials, as they already reflecting 
individuals at high-risk of poor outcome.

There was very low certainty for mortality due to extremely serious imprecision and risk 
of bias (560 patients in four RCTs) with absolute mortality difference 5 per 1000 fewer with 
norepinephrine than epinephrine (95% CI 78 fewer to 82 more). Similarly, evidence for harms 
(arrhythmias) was also of very low certainty due to extremely serious imprecision and serious 
risk of bias.

Values and 
preferences

Substantial variability is expected or uncertain

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.
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Resources and
other considerations

No important issues with the recommended alternative

Equity: No significant differences anticipated.

Feasibility: Epinephrine is included on the EML, but norepinephrine is not. This is reflected 
in many similar national lists and is an important limitation to its use. Epinephrine is 
widely available due to its broad use for other indications such as anaphylaxis, making its 
feasibility superior to epinephrine in some countries. The panel noted that norepinephrine 
will be evaluated by the EML and if listed its availability will improve. There is no anticipated 
challenges with acceptability.

Resource use and cost: A limited convenience sample of available costs for wholesale or 
retail price from WHO procurement (whichever is cheaper) from 23 LMICs suggested that 
norepinephrine was approximately 1.6 times more expensive than epinephrine per milligram 
(US$ 12.93 vs US$ 7.89), although minimum and maximum costs ranged from US$ 0.20 to 
US$ 42.55 and from US$ 0.12 to US$ 52.99, respectively. The panel noted the significant fixed 
costs associated with vasopressor therapy related to personnel, ability to safely place central 
venous access and monitoring equipment.

Justification
The panel judged that a conditional recommendation for norepinephrine over epinephrine would ensure more 
consistent use of the vasopressor with the most evidence on efficacy, while leaving room for clinicians to use epinephrine 
in settings where norapinephrine is not available or where cardiac insufficiency may warrant epinephrine preferentially.
The panel weighed the arrhythmia outcome in their decision and, though it was not previously prioritized, it was 
judged an important and proximal marker of safety/harm. Estimates of absolute risk for mortality were used from the 
original meta-analysis, and were not corrected for different baseline risks given the very wide confidence intervals.

Theoretical considerations of harm were considered with use of epinephrine and its higher β-1 antagonism 
leading to enhanced arrhythmogenicity and splanchnic vasoconstriction. The panel also noted its previous strong 
recommendation for use of norepinephrine over dopamine based on moderate certainty evidence for mortality and 
this would increase its availability and use in general. The panel noted that trials which included norepinephrine as a 
comparator also included patients who received concurrent inotropic agents.

However, there was no subgroup interaction effect for norepinephrine alone compared with norepinephrine with 
another inotropic (e.g. dopexamine), p = 0.56. These data were consistent with a network meta-analysis (86) which 
estimated the odds ratio for mortality of norepinephrine (+/- dobutamine) versus epinephrine of 0.87 (95% CI 0.67–1.12).

The GDG judged that this recommendation should apply to adults and children. This was supported by data from an 
RCT of 67 children which suggested no difference in mortality between norepinephrine [+dobutamine] and epinephrine 
treatment (RR 0.59; 95% CI 0.28–1.25), but which was underpowered to confidently inform on benefits or harms (83).

While there were no direct data on the use in pregnancy, the panel judged there was no reason to believe that 
decisions on epinephrine versus dopamine in pregnant women with a life-threatening infection would have a different 
harm:benefit balance than the wider population, which is supported by current clinical practice (81).
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PICO
Population: Patients with sepsis needing vaspressors.

Intervention: Norepinephrine.

Comparator: Epinephrine.

Outcome
Timeframe

Study results and 
measurements

Comparator
Epinephrine

Intervention
Norepinephrine

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality, 90 days Relative risk 0.99
(CI 95% 0.83–1.18)
Based on data from 560 
participants in 4 studies 
(Randomized controlled)
Follow up: 90 days in 3 RCTs, 
unclear in 1 small RCT

458 per 1000 453 per 1000
Very low due to serious 
risk of bias and extremely 
serious imprecisiona

We are uncertain if 
norepinephrine alone or 
combined with inotropic 
agents (dobutamine or 
dopexamine) increases 
or decreases mortality 
compared with 
epinephrine.

Difference: 5 fewer per 1000
(CI 95% 78 fewer–82 more)

Arrhythmias, 90 days Relative risk 0.92
(CI 95% 0.59–1.45)
Based on data from 360 
participants in 2 studies 
(Randomized controlled)
Follow up: 90 days

176 per 1000 162 per 1000
Very low due to 
extremely serious 
imprecision, serious risk 
of biasa

We are uncertain whether 
norepinephrine alone or 
combined with inotropic 
agents (dobutamine or 
dopexamine) increases 
or decreases arrhythmias 
compared with 
epinephrine.

Difference: 14 fewer per 1000
(CI 95% 72 fewer–79 more)

a	 Risk of bias: serious. Inconsistency: no serious. Indirectness: no serious. Imprecision: extremely serious. Publication bias: no serious. 
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WHO suggests that for patients with suspected or confirmed filovirus disease requiring initiation of vasopressors, peripheral 
intravenous catheters be used rather than central venous catheters.

[Conditional recommendation, very low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Peripheral intravenous administration avoids the delay associated with central venous catheterization and enables more timely 
treatment which may improve outcomes.

•	 Use the largest bore peripheral intravenous catheter possible to minimize the risk of extravasation.

•	 Systematic and frequent monitoring of intravenous site is required.

•	 Transition to the use of central venous administration should be anticipated.

   Conditional recommendation for

Practical info
Managing a vasopressor such as norepinephrine through a peripheral line requires strict adherence to safety protocols 
to prevent tissue necrosis.

1.	 Pre-administration requirements
•	 Use a large-bore intravenous cannula. The preferred site is a large vein in the forearm – be careful of antecubital 

lines which can occlude if the elbow is flexed.

•	 Check patency: confirm brisk blood return and flush the line with 10 mL of 0.9% sodium chloride to ensure no 
resistance or swelling.

•	 Use a standard 4 mg in 250 mL concentration. Higher concentrations increase the risk of severe injury if 
extravasation occurs.

2.	 Initiation and titration
•	 Use a dedicated infusion pump.

•	 Pump settings and concentration should be verified by two clinical staff.

•	 Record blood pressure and heart rate immediately prior to starting.

3.	 Monitoring
•	 To detect extravasation early, monitoring must be frequent and documented. Check the administration site every 

30 minutes, including visual inspection and palpation of the site for coolness, blanching or oedema.

•	 Monitor physiological parameters according to standard operating procedures.

•	 Warning signs: if the patient complains of pain, burning, or if the skin appears pale/cold at the site, stop the 
infusion immediately.

4.	 Management of extravasation
•	 Leak into the subcutaneous tissue can causes intense local vasoconstriction, leading to ischaemia and necrosis.

•	 Immediately:
–	 Stop the infusion: do not remove the intravenous catheter immediately.
–	 Aspirate: attempt to aspirate as much residual drug as possible through the existing cannula.
–	 Notify: alert the clinical team.
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•	 Administer phentolamine
–	 Phentolamine is an alpha-adrenergic antagonist that reverses the vasoconstriction.
–	 Dose: 0.1–0.2 mg/kg, maximum 10 mg.
–	 Dilute in 0.9% sodium chloride to 10 mL volume.
–	 Inject the solution into the extravasated area using the existing cannula, and infiltrating into the soft tissue using 

a fine-gauge needle (25G or 27G).
–	 Remove the cannula.

•	 Consider how to administer the vasopressor through another site, and beware hypotension related to the 
phentolamine and the pause in vasoactive medication.

•	 Document the leak and the action you took in the patient notes.

Benefits and harms Small net benefit, or little difference between alternatives

From analysis of a single RCT, in patients requiring initiation of vasopressors it is very 
uncertain whether peripheral versus central venous administration affects mortality or major 
complications.

Additional data were sought from on absolute rates from observational studies, and are shown 
in Table 2 (data from ref (87)).

Studies Central venous route Peripheral venous route

Extravasation 4613 participants from 19 studies (88) 14.3 per 1000 
(95% CI 7.2–23.2)
[93 events]

Thrombosis 4613 participants from 19 studies (88) 14.7 per 1000 
(95% CI 3.2–31.8)
[117 events]

Catheter-related 
infections

3363 participants from 9 studies 7.2 per 1000 
(95% CI 1.4–16)
[61 events]

Catheter-related 
infections

2040 participants from 11 studies (89) 30 per 1000
(95% CI 13–47)

Any complication 2406 participants from 4 trials (90) 39 per 1000
(95% CI 23–70)

Arterial puncture 4388 participants from 22 trials (90) 26 per 1000
(95% CI 17–41)

Table 2. Rates of adverse events in peripheral and central venous catheters used for vasopressor 
administration

Certainty of the 
evidence

Very low

From a single randomized trial of 263 participants, there was very low certainty of evidence 
for mortality or complications (92). Observational evidence (Table 2) was of low certainty, but 
could not be used to directly compare the alternatives as the populations were likely to be 
considerably different (93, 94, 95, 96, 97) (systematic review published as online appendix).

Evidence to decision
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Values and 
preferences

Substantial variability is expected or uncertain

Given the likelihood of earlier treatment which could be life-saving, most patients would 
be expected to prefer peripheral initiation of vasopressors, although may prefer central 
administration only due to the risks of extravasation, which include the need for surgical 
intervention including amputation if not recognized and managed immediately. See the 
agreed consensus on patient values and preference in the Methods section which was judged 
to pertain here.

Resources and other 
considerations

Important issues, or potential issues not investigated

Equity: Initiation through peripheral catheters would be expected to increase equity through 
reducing barriers for patients to receive vasopressors promptly.

Feasible and acceptable: Nearly all patients with filovirus disease would have a peripheral 
cannula placed, and find this acceptable. An additional line would need to be placed for 
vasopressor administration, but staff would be expected to find this acceptable.

Cost and resources: The additional costs of peripheral cannulation are minimal, and part of 
routine clinical practice for patients with filovirus disease. Resources for careful observation 
and titration of the vasopressor would be similar irrespective of the choice of route, but 
standard operating procedures must be in place to recognize with minimal delay extravasation, 
and to enact medical countermeasures in case that it occurs.

Justification
Evidence was derived from a systematic review commissioned by the WHO, published as part of these guidelines (88).

The panel made a conditional recommendation on the basis of their field experience of the time taken to initiate 
treatment being shorter for peripheral administration, and in conjunction with evidence that earlier vasopressor 
treatment was likely to improve important outcomes (see early vasopressor recommendation).

The panel judged that initiation of vasopressors via peripheral rather than central venous catheters would be easier, 
faster and lead to more rapid initiation of life-saving medicine (see norepinephrine recommendation). Concerns were 
raised about the risk of extravasation with peripheral administration, which requires extremely careful monitoring and 
immediate clinical action to prevent serious harm. Meta- analysis of observational cohorts suggest this occurs at rates 
of 14 per 1000 (95% CI 7.2–23.2) based on 93 events in 4613 participants from 19 studies (88). The panel emphasized 
that peripheral administration would be a bridge to necessary placement of a central venous catheter.
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PICO
Population: Patients with confirmed filovirus disease and shock requiring administration of a vasopressor.

Intervention: Administration of vasopressors via peripheral venous or intraosseous route.

Comparator: Administration of vasopressors via central venous route.

Outcome
Timeframe

Study results and 
measurements

Comparator
Administration 
of vasopressors 
via central 
venous route

Intervention
Administration 
of vasopressors 
via peripheral 
venous or intraos

Certainty of the 
evidence
(Quality of evidence)

Summary

Overall mortality
(low baseline risk)

Hazard ratio 1.3
(CI 95% 0.84–2.01)
Based on data from 263
participants in 1 study
(Randomized controlled)

300 per 1000 371 per 1000
Very low due to 
extremely serious 
imprecisiona

We are very uncertain 
whether administration 
of vasopressors via 
PIVC reduces mortality 
as compared with 
administration via central 
venous catheter.

Difference: 71 more per 1000
(CI 95% 41 fewer–212 more)

Overall mortality
(high baseline risk)

Hazard ratio 1.3
(CI 95% 0.84–2.01)
Based on data from 263
participants in 1 study
(Randomized controlled)

600 per 1000 696 per 1000 Very low due to 
extremely serious 
imprecisiona

We are very uncertain 
whether administration 
of vasopressors via 
peripheral intravenous 
catheter reduces mortality 
as compared with 
administration via central 
venous catheter.

Difference: 96 more per 1000
(CI 95% 63 fewer–241 more)

Overall mortality Relative risk 0.95
(CI 95% 0.6–1.51)
Based on data from 2504
participants in 5 studies
(Observational (non-
randomized))

300 per 1000 285 per 1000 Very low due to 
extremely serious 
imprecisiona

We are very uncertain 
whether administration 
of vasopressors via 
peripheral intravenous 
catheter reduces mortality 
as compared with 
administration via central 
venous catheter.

Difference: 15 fewer per 1000
(CI 95% 120 fewer–153 more)

Overall mortality Relative risk 0.95
(CI 95% 0.6–1.51)
Based on data from 2504
participants in 5 studies
(Observational (non-
randomized))

600 per 1000 570 per 1000 Very low due to 
extremely serious 
imprecisiona

We are very uncertain 
whether administration 
of vasopressors via 
peripheral intravenous 
catheter reduces mortality 
as compared with 
administration via central 
venous catheter.

Difference: 30 fewer per 1000
(CI 95% 240 fewer–306 more)

Major complications Relative risk 1.28
(CI 95% 0.92–1.78)
Based on data from 263
participants in 1 study
(Randomized controlled)

311 per 1000 398 per 1000 Very low due to 
extremely serious 
imprecisiona

We are very uncertain 
whether administration 
of vasopressors via 
peripheral intravenous 
catheter reduces mortality 
as compared with 
administration via central 
venous catheter.

Difference: 87 more per 1000
(CI 95% 25 fewer–243 more)

a	 Imprecision: extremely serious. Wide confidence intervals. 
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WHO recommends that for patients with suspected or confirmed filovirus disease requiring central venous access, ultrasound 
guided placement be used rather than non-ultrasound guided placement.

[Strong recommendation, moderate certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Ultrasound guided central venous catheter placement requires trained health workers, essential equipment and supplies.

•	 Ensure appropriate IPC measures are in place to reduce risk of infection when using ultrasound.

•	 Systematically monitor the catheter site.

•	 Remove the catheter when no longer needed.

   Strong recommendation for

Benefits and harms Substantial net benefits of the recommended alternative

In patients requiring insertion of a central venous cannula, the use of ultrasound to guide 
placement probably reduces arterial puncture risk compared with landmark method (moderate 
certainty), probably reduces other complications such as pneumothorax (moderate certainty), 
possibly improves success (low certainty), and probably reduces risk of infection (moderate).

Certainty of the 
evidence

Moderate

Meta-analysis of RCTs gave moderate certainty evidence for outcomes of complications 
(including emphysema and pneumothorax; 20 fewer per 1000 for ultrasound guided compared 
with landmark guided, 95% CI 25 fewer to 7 fewer based on 3942 participants in 11 RCTs), and 
catheter-related infection (15 fewer per 1000, 95% CI 23 fewer to 6 fewer). Trials were limited 
by lack of allocation concealment, and for some outcomes ascertainment bias. Low certainty 
evidence for arterial puncture was due to serious risk of bias, but suggested superiority of 
ultrasound approach (68 fewer per 1000, 95% CI 77 fewer to 53 fewer).

Values and 
preferences

No substantial variability expected

Due to improved safety profile, nearly all patients would be expected to choose ultrasound 
guided rather than the landmark guided approach. See the agreed consensus on patient values 
and preference in the Methods section which was judged to pertain here.

Evidence to decision
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Resources and
other considerations

Important issues, or potential issues not investigated

Equity: The panel noted that mandatory use of ultrasound may reduce the number of patients 
able to access the treatment due to heterogeneity of skilled operators and equipment. 
However, the recommendation for peripheral administration of vasopressors might offset this.

Feasibility and acceptability: Both approaches to insertion of central venous catheters rely 
on experienced, trained staff and fastidious attention to IPC procedures. The availability of 
skilled staff will limit both interventions. Feasibility of sterile field and controlled environment 
for IPC at the insertion site can be challenging in filovirus treatment centres, and is made 
more complex by the need for additional manipulation of an ultrasound probe and machine. 
Safety and confidence of the operator is higher with ultrasound-guided approaches, which 
improves acceptability to staff and patients alike, especially given the prime “do no harm” 
consideration of medical practice.

Resource and cost: The difference between approaches is most obvious in the capital cost 
of ultrasound equipment which must be dedicated to the red zone. Central venous catheters 
have an associated cost to both approaches, although the degree to which more successful 
attempts (due to ultrasound) offset costs due to decreased wastage is unknown. Additional 
cost (and staff limitations) to establish and maintain ultrasound competence is ill-defined but 
likely to be significant.

Justification
The panel felt that the safety of patients could be impacted by their other recommendations for vasopressor use. 
Particularly that, while initial peripheral administration was preferred, the use of central venous catheterization would 
be more common if all the recommendations were enacted. The panel therefore considered the evidence for the mode 
of placement of central venous catheter, which might mitigate risks of placement of catheters.

Data were drawn from a systematic review of ultrasound vs landmark approaches for jugular vein cannulation which 
included multiple reasons for insertion (90). The evidence was considered to directly pertain to filovirus disease patients 
as the procedures’ risks and benefits were expected to be similar. The panel noted that bleeding in the context of 
filovirus-related haemorrhagic syndrome might be expected to worsen outcomes related to arterial puncture. Although 
outcomes had not been prioritized, the GDG had pre-agreed that SAE was a critical outcome. In the context of venous 
cannulation, SAE included arterial puncture, pneumothorax and severe subcutaneous emphysema.

The panel unanimously agreed that a recommendation for ultrasound-guided placement be made. A minority, citing 
feasibility concerns, felt that this should be a conditional recommendation despite moderate certainty evidence of 
benefit. However, after deliberation, a vote was taken in which 80% of the panel opted for a strong recommendation. 
The justification for this was the high risk of catastrophic outcomes if bleeding or pneumothorax occurred in the context 
of patients with increased bleeding risk, and within a complex environment constrained by resources and the need for 
procedures performed with full PPE. The panel felt that ultrasound and associated materials for IPC were essential, 
and noted that skilled workforce and safety protocols were also mandatory.
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PICO
Population: Patients requiring placement of a central venous catheter.

Intervention: Insertion of central venous catheter using ultrasound guidance.

Comparator: Insertion of central venous catheter using anatomical landmarks.

Outcome
Timeframe

Study results and 
measurements

Comparator
Landmark 
guided

Intervention
Ultrasound 
guided

Certainty of the 
evidence
(Quality of evidence)

Summary

Any complication Relative risk 0.29
(CI 95% 0.17–0.52)
Based on data from 2406 
participants in 14 studiesa 
(Observational (non- 
randomized))

135 per 1000 39 per 1000
Very low due to very 
serious risk of bias, 
serious inconsistencyb

We are uncertain if 
ultrasound guided jugular 
vein line placement reduces 
complications compared 
with landmark method.

Difference: 96 fewer per 1000
(CI 95% 112 fewer–65 fewer)

Arterial puncture Relative risk 0.28
(CI 95% 0.18–0.44)
Based on data from 4388 
participants in 22 studiesa

94 per 1000 26 per 1000 Low due to very 
serious risk of biasc

Ultrasound guided jugular 
vein line placement possibly 
reduces arterial puncture 
compared with landmark 
method.

Difference: 68 fewer per 1000
(CI 95% 77 fewer–53 fewer)

Other complication 
(emphysema, 
pneumothorax)

Relative risk 0.34
(CI 95% 0.15–0.76)
Based on data from 3942 
participants in 11 studies

30 per 1000 10 per 1000 Moderate due to 
serious risk of biasd

Ultrasound guided jugular 
vein line placement 
probably reduces other 
complications compared 
with landmark method.

Difference: 20 fewer per 1000
(CI 95% 25 fewer–7 fewer)

Success rate Relative risk 1.12
(CI 95% 1.08–1.17)
Based on data from 4349 
participants in 23 studiese

876 per 1000 981 per 1000 Low due to very 
serious risk of biasc

Ultrasound guided jugular 
vein line placement possibly 
improves success compared 
with landmark method.Difference: 105 more per 1000

(CI 95% 70 more–149 more)

Catheter-related 
infection

Relative risk 0.68
(CI 95% 0.53–0.88)
Based on data from 5052
participants in 11 studiesa 

48 per 1000 33 per 1000 Moderate due to 
serious risk of biasd

Ultrasound guided jugular 
vein line placement 
probably reduces catheter 
related infections compared 
with landmark method.

Difference: 15 fewer per 1000
(CI 95% 23 fewer–6 fewer)

a	 Supporting references: (89, 90).
b	 Risk of bias: very serious. Inconsistency: serious.
c	 Risk of bias: very serious.
d	 Risk of bias: serious.
e	 Supporting references: (89, 90). 
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Treatment of co-infection

WHO suggests for the use of presumptive broad-spectrum antibiotics in patients with confirmed filovirus disease in the 
presence of suspected sepsis or bacterial co-infection.

[Conditional recommendation, low certainty evidence]

•	 This recommendation applies to children and adults, including pregnant women.

•	 Presumptive antibiotics means use when there is clinical suspicion of sepsis and/or bacterial co-infection.

•	 Administration of intravenous antibiotics should occur without delay, where there is a suspicion of sepsis, or shock.

•	 When possible, antibiotic choice should be based on local antimicrobial resistance (AMR) patterns.

•	 This does not apply to patients with low likelihood of bacterial co-infection. These patients should not be routinely given antibiotics, 
but rather monitored and re-assessed for the presence of bacterial infection and sepsis to guide antibiotic treatment.

•	 Use available laboratory tools, including bacteriology and biomarkers, to guide microbiological diagnosis and antimicrobial therapy 
with appropriate de-escalation when possible.

   Conditional recommendation for

Benefits and harms Substantial net benefits of the recommended alternative

In patients with confirmed filovirus disease, antibiotic treatment may reduce mortality when 
compared with no antibiotic (low certainty). Antibiotic use in hospital may be associated with 
severe adverse events (low certainty) and may increase AMR (low certainty).

Certainty of the 
evidence

Low

Evidence was drawn from one non-randomized trial with 424 patients with Ebola virus disease 
(100). This provided low certainty of evidence for mortality endpoint (no up- or downgrading) 
through propensity-matched conditional logistic regression within an observation cohort 
(systematic review published as online appendix).

The blood culture positivity rate was informed by observational data from a single study 
reported at a medical conference (101). The certainty was very low due to very serious risk of 
bias and very serious imprecision.

Evidence summary for severe adverse events related to antibiotic administration to hospital 
inpatients was informed by 19 studies (9049 patients) which provided low certainty evidence 
due to risk of bias and imprecision (102). Within this analysis, rates of AMR were drawn from 
nine studies (2330 participants).

Evidence to decision
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Values and 
preferences

No substantial variability expected

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here. It was uncertain the degree to which individual patients would value 
AMR in their decision-making, but considerations of immediate mortality or adverse outcome 
were expected to be more important.

Resources and
other considerations

No important issues with the recommended alternative

Equity: No anticipated issues.

Feasibility: Intravenous access will be established in most patients with filovirus disease. 
The use of intravenous antibiotics would therefore be feasible, as would oral antibiotics if the 
patient is able to swallow and has no vomiting. The choice of antibiotics should be consistent 
with WHO AWaRe guidance (97) to maximize acceptability to health care workers and ensure 
availability is not a limiting issue.

Resource use and cost: The cost of antibiotics based on AWaRe list (specifically third-
generation cephalosporins) would be minimal. The panel felt strongly that laboratory testing 
(such as culture and biomarkers) which are not systematically available should be made 
available to support decision-making and antimicrobial selection (see [link]).

Justification
Evidence was derived from a systematic review commissioned by the WHO, published as part of these guidelines (98).

The panel determined that in patients with confirmed filovirus disease that presumptive antibiotics (the administration 
without objective clinical evidence of bacterial infection) may reduce mortality. They reasoned that the major clinical 
manifestation of severe filovirus disease is a sepsis-like syndrome, and bacterial co-infection cannot be excluded. 
There is also a postulated increased translocation of bacteria from the gastrointestinal tract, as is seen in other critical 
illness. Given the pre-existing high mortality rate, in a population with severe disease, the large expected benefit from 
antibiotics where undiagnosed bacterial infection takes place, the panel felt that the individual patient benefit was 
likely to outweigh potential public harms associated with AMR, and the individual concerns of adverse events.

The panel qualified that AMR was a global threat, but the number of patients to whom this recommendation would 
be applied would be very small, and their contribution as a driver of AMR would be negligible. However, good practice 
would determine that the most appropriate agent should be used for the shortest time possible.

For non-severe cases of filovirus disease, and where patients have no evidence of bacterial co-infection, the panel 
questioned the benefit and noted that the possible harms related to severe adverse events and AMR remained. This 
recommendation should not be applied under these circumstances. The panel noted that there was no formal tool 
which established a pre-test likelihood of bacterial infection, and that the physician should decide on the basis of an 
individualized risk assessment.

The panel judged that the same justification would apply to children and adults, including pregnant women.

The recommendation applies at the point of admission to the isolation unit for suspected cases and/or filovirus 
treatment centre. The possibility of subsequent hospital acquired infection, with later onset and alternative bacterial 
etiologies, necessitates an individualized approach. The panel noted that determining etiology through bacterial 
culture and antibiogram would be best practice outside of outbreaks, but rarely available to filovirus treatment centres.

https://app.magicapp.org/#/guideline/Lq0orj/rec/LAaJO3
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PICO
Population: Patients with confirmed filovirus disease.

Intervention: Routine administration of antibiotic therapy.

Comparator: No routine administration of antibiotic therapy (therapy at clinician discretion).

Outcome
Timeframe

Study results and 
measurements

Comparator
No routine 
administration 
of antibiotic 
therapy 
(therapy at 
clinic)

Intervention
Routine 
administration 
of antibiotic 
therapy

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality
(low baseline risk)

Odds ratio 0.48
(CI 95% 0.32–0.71)
Based on data from 424 
participants in 1 study
(Observational (non-
randomized))

300 per 1000 171 per 1000
Low Antimicrobials may reduce 

mortality as compared with 
no antimicrobials.

Difference: 129 fewer per 1000
(CI 95% 179 fewer–67 fewer)

Mortality
(high baseline risk)

Odds ratio 0.48
(CI 95% 0.32–0.71)
Based on data from 424 
participants in 1 study
(Observational (non-
randomized))

600 per 1000 419 per 1000 Low Antimicrobials may reduce 
mortality as compared with 
no antimicrobials.

Difference: 181 fewer per 1000
(CI 95% 276 fewer–84 fewer)

Blood culture 
positivity

Relative risk
Based on data from 32 
participants in 1 study
(Observational (non-
randomized))

94 per 1000
CI 95%

Very low due 
to serious risk of 
bias, very serious 
imprecisiona

We are very uncertain about 
the rate of blood culture 
positivity.

Adverse events in 
inpatient antibiotic 
use

Odds ratio 1.04
(CI 95% 1.02–1.07)
Based on data from 20 345
participants in 65 studies
(Randomized controlled)

199 per 1000
CI 95%

Moderate due to 
serious risk of biasb

Antibiotics used in hospital 
are probably associated 
with adverse events.

Serious adverse 
events in inpatient 
antibiotic use

Odds ratio 1.09
(CI 95% 1–1.19)
Based on data from 9049
participants in 19 studies
(Randomized controlled)

138 per 1000
CI 95%

Low due to serious 
risk of bias, serious 
imprecisionc

Antibiotics used in hospital 
may be associated with 
severe adverse events.

Antimicrobial 
resistance in 
inpatient antibiotic 
use

Odds ratio 1.03
(CI 95% 0.98–1.07)
Based on data from 2330
participants in 9 studies
(Randomized controlled)

106 per 1000
CI 95%

Low due to serious 
risk of bias, serious 
imprecisionc

Antibiotics used in hospital 
may be associated with 
antimicrobial resistance.

a	 Risk of bias: serious. Risk of bias could not be assess as this was a conference abstract. Inconsistency: no serious. Indirectness: no serious. Imprecision: very 
serious. Wide confidence intervals. Publication bias: no serious.

b	 Risk of bias: serious. Incomplete data and/or large loss to follow up. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance 
bias. Inconsistency: no serious.

c	 Risk of bias: serious. Inadequate/lack of blinding of participants and personnel, resulting in potential for performance bias. Incomplete data and/or large loss to follow 
up. Inconsistency: no serious. Indirectness: no serious. Imprecision: serious. Wide confidence intervals. Publication bias: no serious.
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Management of haemorrhagic disease

WHO guidance is also available on the safe use of blood products and the administration of patient blood management 
systems (102, 103, 104).

Tranexamic acid
Tranexamic acid is an antifibrinolytic, competitively inhibiting the activation of plasminogen to plasmin. This prevents 
plasminogen from attaching to fibrin, and therefore limits clot breakdown. Multiple RCTs have demonstrated effective 
reduction in blood loss and improvement in patient important outcomes, particularly in elective surgeries, emergency 
trauma and postpartum haemorrhage (105, 106, 107). In cases of severe traumatic haemorrhage, administering tranexamic 
acid within the first 3 hours reduces the risk of death due to bleeding, but may become disadvantageous if given after 
3 hours (108, 109).

The pathogenesis of bleeding in filovirus is still unclear, but disseminated intravascular coagulation (DIC) is implicated 
(110). The use of tranexamic acid in DIC is likely to stabilize disseminated clots preventing their breakdown. This limits 
recovery from DIC and is contraindicated in many haematological guidelines (111, 112) with the exception of rare cases 
where extreme fibrin breakdown is the cause of chronic DIC associated with aortic aneurysms or some cancers.

Management of postpartum haemorrhage
WHO guidelines for prevention and treatment of postpartum haemorrhage state: “Early use of intravenous tranexamic 
acid (within 3 hours of birth) in addition to standard care is recommended for women with postpartum haemorrhage 
following vaginal birth or caesarean section.” (113). Additionally, this should be given in the context of “A standardized 
and timely approach to the management of postpartum haemorrhage, comprising an objective assessment of blood 
loss and use of a treatment bundle supported by an implementation strategy, is recommended for all women having 
a vaginal birth. The care bundle for first-line treatment of postpartum haemorrhage should include rapid institution 
of uterine massage, administration of an oxytocic agent and tranexamic acid, intravenous fluids, examination of the 
genital tract and escalation of care.”
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WHO suggests against the use of tranexamic acid in patients with confirmed filovirus disease and haemorrhage.

[Conditional recommendation, very low certainty of evidence]

•	 This recommendation applies to adults and children with filovirus disease that have bleeding from intravenous sites, gastrointestinal 
tract and oral mucosa.

•	 This does not apply to patients with filovirus that are bleeding due to a condition for which tranexamic acid has a proven benefit, 
such as postpartum haemorrhage, surgical bleeding or trauma.

   Conditional recommendation against

Benefits and harms Important harms

In patients with filovirus disease and haemorrhage, there is no direct evidence for the use of 
tranexamic acid. Using indirect evidence from gastrointestinal bleeding, we are uncertain if 
tranexamic acid reduces mortality or controls bleeding (very low certainty). The same indirect 
evidence suggests treatment with tranexamic acid possibly increases risk of thromboembolism 
(low certainty). Indirect evidence from administration for trauma gives moderate certainty 
evidence that tranexamic acid increases mortality if given after 3 hours.

Certainty of the 
evidence

Moderate

There was no direct evidence for the use of tranexamic acid in filovirus disease. Presented 
evidence for benefits (from 13 432 patients in seven studies of gastrointestinal bleeding) was 
extremely indirect and imprecise and therefore rated down three times to very low certainty. 
For harms, which were judged to be less indirect, including thromboembolic events, the 
evidence was low certainty (114).

In the largest study of trauma, patients more than 3 hours post trauma (where DIC was likely to 
be a common factor) were at higher risk of mortality (translating to 264 more deaths per 1000, 
95% CI 72 more to 108 more, based on 600/1000 baseline mortality, moderate certainty) (109, 115).

Values and 
preferences

No substantial variability expected

Given the potential for harm, and in the absence of data suggesting benefit, nearly all patients 
would be expected to decline tranexamic acid. See the agreed consensus on patient values 
and preference in the Methods section which was judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Calls to scale up global availability of tranexamic acid in conditions for which evidence 
is strong (116, 117) could be undermined by its unproven use in filovirus disease, and therefore 
increase inequity. The panel agreed that investment in improving access to clinical laboratory 
testing of platelets and coagulation factors, and developing access to blood transfusion services 
would instead improve equity by allowing access to life-saving treatment to filovirus patients.

Feasibility and acceptability: Anecdotally, tranexamic acid has been used in recent filovirus 
outbreaks as a “last ditch” effort where tools are limited, and blood transfusion has been 
unavailable. The panel estimated that, presented with evidence of potential harm, health 
workers and patients would find non-administration of tranexamic acid acceptable.

Resources and cost: No anticipated issues.

Evidence to decision
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Justification
There is a clear need for more biological studies to understand the pathophysiological mechanisms of bleeding in 
filovirus disease. The panel agreed that the current mechanistic understanding from sepsis, where DIC is an important 
contributor to altered haemostasis, raises strong concerns about potential harm associated with tranexamic acid. The 
closest parallel source of evidence was judged to be from delayed treatment of patients after trauma, because DIC 
is likely to be a common pathophysiological process. Here, tranexamic acid is associated with increased mortality.

Additional concern was raised by the low certainty evidence of increased thrombosis in patients with gastrointestinal 
haemorrhage. These suggestions of harm, in the absence of direct evidence of benefit led the panel to make a 
conditional recommendation against tranexamic acid.

This recommendation applies to children and adults, and pregnant women who do not have postpartum haemorrhage; 
the panel decided to make a separate recommendation for the use in postpartum haemorrhage.

PICO
Population: Patients with confirmed filovirus disease and symptoms or signs of haemorrhage.

Intervention: Tranexamic acid.

Comparator: No tranexamic acid.

Outcome
Timeframe

Study results and 
measurements

Comparator
No tranexamic 
acid

Intervention
Tranexamic 
acid

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality
(high baseline risk)

Relative risk 0.77
(CI 95% 0.56–1.07)
Based on data from 13 432 
participants in 7 studies 
(Randomized controlled)

600 per 1000 462 per 1000
Very low due to serious 
indirectness, very serious 
imprecisiona

We are very uncertain 
whether tranexamic 
acid reduces mortality 
as compared with no 
tranexamic acid.

Difference: 138 fewer per 1000
(CI 95% 264 fewer–42 more)

Mortality
(low baseline risk)

Relative risk 0.77
(CI 95% 0.56–1.07)
Based on data from 13 432 
participants in 7 studies 
(Randomized controlled)

300 per 1000 231 per 1000
Very low due to serious 
indirectness, very serious 
imprecisiona

We are very uncertain 
whether tranexamic 
acid reduces mortality 
as compared with no 
tranexamic acid.

Difference: 69 fewer per 1000
(CI 95% 132 fewer–21 more)

Rebleeding Relative risk 0.64
(CI 95% 0.45–0.91)
Based on data from 13 449 
participants in 7 studies 
(Randomized controlled)

91 per 1000 58 per 1000 Very low due to serious 
imprecision, very serious 
indirectnessb 

Tranexamic acid may 
reduce rebleeding 
as compared to no 
tranexamic acid, as 
inferred from use 
in gastrointestinal 
bleeding.

Difference: 33 fewer per 1000
(CI 95% 50 fewer–8 fewer)

Failure to control 
bleeding

Relative risk 0.55
(CI 95% 0.32–0.93)
Based on data from 13 376 
participants in 6 studies 
(Randomized controlled)

116 per 1000 64 per 1000 Very low due to serious 
indirectness, serious 
imprecision, serious
inconsistencyc 

We are very uncertain 
about the effect of 
tranexamic acid on 
failure to control 
bleeding.

Difference: 52 fewer per 1000
(CI 95% 79 fewer–8 more)

Thromboembolic events Relative risk 1.52
(CI 95% 0.51–4.51)
Based on data from 13 473 
participants in 7 studies 
(Randomized controlled)

30 per 1000 46 per 1000
Low to serious 
indirectness, serious 
imprecisiond

Tranexamic acid may 
increase the risk of 
thromboembolic 
events as compared 
to no tranexamic acid, 
as inferred from use 
in gastrointestinal 
bleeding.

Difference: 16 more per 1000
(CI 95% 15 fewer–105 more)
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Outcome
Timeframe

Study results and 
measurements

Comparator
No tranexamic 
acid

Intervention
Tranexamic 
acid

Certainty of the 
evidence
(Quality of evidence)

Summary

Mortality 
(subgroup: physiologic 
fibrinolysis in trauma)

Relative risk 5.52
(CI 95% 2.59–11.76)
Based on data from 114 
participants in 1 study
(Observational (non- 
randomized))

110 per 1000 607per 1000 Very low to serious 
indirectnesse

We are very uncertain 
whether TXA 
reduces mortality 
as compared to 
no TXA in patients 
with physiologic 
fibrinolysis phenotype

Difference: 497 more per 1000
(CI 95% 175 more–1184 more)

Mortality due to 
bleeding 
(subgroup: >3 h in trauma)

Relative risk 1.44
(CI 95% 1.12–1.18)
Based on data from 6634 
participants in 1 study 
(Randomized controlled)

600 per 1000 864 per 1000 Moderate due to serious 
indirectnessf

TXA given in 
suspected thrombotic 
DIC may increase 
mortality due to 
bleeding

Difference: 264 more per 1000
(CI 95% 72 more–108 more)

Mortality due to 
bleeding 
(subgroup: >3 h in trauma)

Relative risk 1.44
(CI 95% 1.12–1.18)
Based on data from 6634 
participants in 1 study 
(Randomized controlled)

300 per 1000 432 per 1000 Moderate due to serious 
indirectnessf

TXA given in 
suspected thrombotic 
DIC may increase 
mortality due to 
bleeding

Difference: 132 more per 1000
(CI 95% 36 more–54 more)

a	 Inconsistency: no serious. Indirectness: serious. Differences between the population of interest and those studied. Imprecision: very serious. Wide confidence 
intervals. Publication bias: no serious.

b	 Inconsistency: no serious. Indirectness: very serious. Differences between the population of interest and those studied. Imprecision: serious. Wide confidence 
intervals. Publication bias: no serious.

c	 Inconsistency: serious. The confidence interval of some of the studies does not overlap with those of most included studies/the point estimate of some of the included 
studies. The magnitude of statistical heterogeneity was high, with I^2:... %.. Indirectness: serious. Differences between the population of interest and those studied. 
Imprecision: serious. Wide confidence intervals. Publication bias: no serious.

d	 Inconsistency: no serious. Indirectness: serious. Differences between the population of interest and those studied. Imprecision: extremely serious. Wide 
confidence intervals. Publication bias: no serious.

e	 Inconsistency: no serious. Indirectness: serious. Imprecision: no serious. Publication bias: no serious.
f	 Inconsistency: no serious. Indirectness: serious. Differences between the population of interest and those studied. Imprecision: no serious. Publication bias: no 

serious.



59Management of haemorrhagic disease

WHO suggests for the use of tranexamic acid in patients with confirmed filovirus disease and postpartum haemorrhage.

[Conditional recommendation, low certainty evidence]

•	 Employ standard care protocols for postpartum haemorrhage, including a uterotonic (oxytocin is preferred where available).

•	 Tranexamic acid should be given intravenously within 3 hours of birth.

   Conditional recommendation for

Evidence to decision

Benefits and harms Small net benefit, or little difference between alternatives

There is direct evidence of benefit from tranexamic acid in postpartum haemorrhage, 
underpinning a strong WHO recommendation in general guidelines for pregnancy (113).

Mechanistic reasons for concern, including the potential to worsen DIC related to filovirus were 
noted (see tranexamic acid in broader population). The risk of harm related to DIC in filovirus 
disease was not quantifiable from available data.

Certainty of the 
evidence

Low

From evidence used in WHO guidelines, the number of women needed to treat to prevent one 
maternal death from bleeding is 258 (95% CI 133–4052) (118).

Values and 
preferences

Substantial variability is expected or uncertain

See the agreed consensus on patient values and preference in the Methods section which was 
judged to pertain here.

Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Global advocacy for the use of tranexamic acid, in line with the WHO postpartum 
haemorrhage roadmap, suggests that its use in the treatment of postpartum haemorrhage 
would increase equity (116).

Feasibility and acceptability: Tranexamic acid is feasible and acceptable, based on trials and 
practical use in low-income countries (119).

Resources and cost: No anticipated issues.

Justification
Given the proven benefit in postpartum haemorrhage, the panel judged that implementation of tranexamic acid 
treatment in this specific subpopulation would be likely to be beneficial. While the potential for theoretical risk 
of harm related to DIC remained, this was not quantifiable and the availability of broader evidence for benefit in 
postpartum haemorrhage was robust. The panel judged that treatment should therefore be instituted in line with 
WHO recommendations (113). For those with filovirus disease, the panel felt there was indirectness of evidence from 
the general population, which resulted in reduced certainty (rated down to low), and a subsequent conditional 
recommendation.
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Post-discharge follow-up

WHO recommends that persons who have survived/recovered from filovirus disease be offered structured follow-up after 
discharge.

[Strong recommendation, moderate certainty evidence]

•	 This recommendation applies to children and adults.

•	 Structured follow-up includes access to free and comprehensive care to assess and treat complications such as mental health symptoms, 
ocular disease and persistence of virus in sanctuary sites; as well as ensure safe delivery for pregnant women who have recovered.

   Strong recommendation for

Practical info
Different elements of survivor support should be tied to interventions resulting from abnormal findings. The following 
were specifically noted:

1.	 Follow up to reduce onward transmission:

•	 viral screening of semen, breastmilk, vaginal fluids and appropriate counselling and care based on results to 
prevent sexual transmission;

•	 maternity care follow-up for enhanced IPC around birth given potential for persistent filovirus in amniotic fluid.

2.	 Medical follow up for complications:

•	 medical specialist support and escalation of therapy according to findings;

•	 neurological follow-up for neurological symptoms such as hearing impairment;

•	 nutritional assessment and support;

•	 mental health and psychosocial support for mental health symptoms;

•	 ophthalmology care for ocular issues;

The selection of interventions will depend on local capability and capacity, and the potential for specialist referral.

3.	 Concrete socioeconomic support for survivors, their families, and families of non-survivors, and support of the 
epidemic-affected vulnerable population.
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Benefits and harms Small net benefit, or little difference between alternatives

Benefits were inferred from the prevalence of symptoms amongst filovirus survivors, linked 
with evidence of the efficacy of treatment in depression as a key target, as follows:

•	 Among filovirus survivors, depression occurs at 150 per 1000 (95% CI 110–210) (126).

•	 Relative risk (RR) of “clinical response to treatment” 1.28 (95% CI 1.15–1.43) for selective 
serotonin reuptake inhibitors (SSRIs) compared with placebo. Number needed to treat 
for benefit = 7 (121, 122).

No structured follow-up Structured follow-up

People detected with 
depression

People successfully treated for 
depression

Additional successful treatmentsa

0 per 1000 0 per 1000 21 per 1000b

20 per 1000 3 per 1000 18 per 1000b

36 per 1000c 5 per 1000 16 per 1000b

40 per 1000 6 per 1000 15 per 1000b

80 per 1000 11 per 1000 10 per 1000

150 per 1000 21 per 1000 0 per 1000

a	 If all patients are followed up, and all those screened positive for depression are commenced on an SSRI antidepressant.
b	 Above the 15/1000 threshold for minimal important difference for “avoiding stigma and mental health issues”.
c	 Best estimate of likely diagnostic rates of depression applying a 76% non-treatment rate from LMICs more broadly (120).

Table 3. Expected number of patients benefiting from treatment of depression as a result of structured 
screening

Certainty of the 
evidence

Moderate

Linked evidence from RCTs of SSRI in depression is of high certainty (RR 1.28, 95% CI 1.15–1.43) 
(121). Rates of depressive symptoms after 150 per 1000 (95% CI 110–210) are consistent across 
multiple studies. Overall, the panel judged the linked evidence to be of moderate certainty, 
acknowledging that estimates of detection are uncertain.

Values and 
preferences

No substantial variability expected

It is expected that most patients would wish to receive structured follow-up care provided that 
screening and treatment could provide benefits they judged important, and that care could 
be provided close to their homes.

Evidence to decision
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Resources and
other considerations

Important issues, or potential issues not investigated

Equity: Not providing services is likely to reduce equity as people would be unable to access 
care (or incur higher costs) as a result of their illness. Particularly vulnerable populations 
include: children; pregnant women (infectious transmission at birth); mothers with young 
infants; older adults, patients with specific needs/disability. Stigma and fear among health 
care providers may compromise the quality of care they receive if structured follow-up is not 
in place, whereas a structured follow-up may address this and improve equity.

Feasibility and acceptability: After an outbreak, specialist care may be available directly or 
indirectly and should be integrated into local health services. Where used in recent filovirus 
disease outbreaks, this was highly valued by communities (26). However, the required resources 
have been significant, and supplied by bilateral donation agreements. Follow-up duration is 
likely to be an important determinant of feasibility, and unnecessary clinic visits should be 
avoided.

Costs: There are consequential costs to survivors and their families in their recovery from 
disease due to loss of productivity, ill-health, quality of life and health-related costs, which 
are not precisely described or quantified, but widely recognized. Costs borne by the health 
care system are likely to be considerable, especially for specialist care and treatments when 
needed. However, structured follow-up would enable earlier diagnosis of symptoms that need 
treatment, therefore reducing the longer term cost to survivors and families.

Justification
The panel originally considered evidence which included the prevalence of symptoms and medical abnormalities after 
filovirus infection. However, without evidence of interventions which would be expected to have a benefit, the evidence 
was considered of low certainty. Further work was therefore undertaken to identify multiple areas of linked evidence 
with the potential for significant improvement in patient-important outcomes. The panel agreed that the complexity 
of care required, together with high rates of post-infection chronic symptoms would be unlikely to be adequately 
treated in existing health systems without specific guidance. The interventions would be most efficiently delivered as 
a package of assessment and treatment at post-filovirus follow-up clinics, which could integrated into primary health 
services and potentially lead to local strengthening of capacity.

The following were identified in terms of evidence linking the incidence of disease with positive outcomes from its 
treatment:

1.	 Screening for depression, with subsequent initiation of SSRIs, which have been shown to improve patient-
important mental health outcomes (123). Depression was considered a critical outcome as “avoiding stigma and 
mental health issues” had a median score 8/9 on a prioritization exercise. The panel estimated that a maximum 
of 25% of those 150 per 1000 survivors with depression would receive treatment (i.e. would have depressive 
symptoms recognized and treated if typical usual care approaches were taken, i.e. reactive, patient-driven care-
seeking). This is consistent with WHO reported figures for the proportion of people with severe mental disorders 
who receive no treatment for their disorder in LMICs of 76–85% (120). Using the conservative estimate (76%), the 
number of expected additional cases of treated depression if structured follow-up were employed would be 
16/1000, and would exceed the minimal important difference of 15/1000.

2.	 Reduction of onward transmission related to sexual activity through structured counselling on safe sex practices 
and regular semen tests until virus RNA clearance has been verified. Viral persistence has been documented in 
Sudan virus disease (124), and in Ebola virus disease (125) where the median time to negative PCR was 204 days 
and where risk-reduction in sexual practices has the potential to reduce transmission (126). The absence of such 
a programme could have catastrophic consequences in the re-emergence of infection and potential for a new 
outbreak.
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3.	 Identification of visual loss known to occur at high rates as a result of uveitis following filovirus infection. Specialist 
treatment would be required, but the absence of a screening programme would necessarily mean patients did 
not receive any appropriate treatment [data not shown].

The risks of establishing this structured care environment were felt to be minimal, provided that significant costs (direct 
or indirect) were not incurred by patients or their families, and that stigma was reduced.

PICO
Population: Patients discharged from filovirus treatment centres. 

Intervention: Structured post-discharge medical follow-up.

Comparator: Usual care.

Outcome
Timeframe

Study results and 
measurements

Comparator
Usual care

Intervention
Structured post- 
discharge medical 
follow-up

Certainty of the 
evidence
(Quality of evidence)

Summary

Patients with improved 
mental health as inferred 
from successful treatment 
of depression

(Randomized controlled)
Follow up: Model based 
on effective screening for 
depression and initiation of 
SSRI antidepressant

5 21
Moderate due to serious 
imprecisiona

Structured follow-up 
probably improves 
mental health 
compared with no 
structured follow-up.

Difference: 16 more

a	 Imprecision: serious. Uncertainty around rate of detection where structured follow-up does not take place.
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Use of PPE by survivors working in 
treatment centres

Health and care workers who have recovered from filovirus disease and who work in a filovirus treatment centre should 
use PPE as outlined in Infection prevention and control guideline for Ebola and Marburg disease (19).

Anecdotally, people who have recovered from filovirus have been employed in the capacity of caregivers during ongoing 
outbreaks. This has potential advantages in increasing the availability of carers, particularly for children admitted to 
a filovirus treatment centre without a guardian or parent. This need for continuous surveillance of young children has 
led to longer stays in the red zone. Some panel members acknowledged that this has in some cases led to the practice 
of such carers using “light” PPE compared with other non-survivor carers.

The panel discussed this discrepancy, and raised a number of levels of concern:

1.	 While immune responses, including antibodies, are raised following infection, this gives incomplete protection. 
It is certain that immunity wanes with time, but the exact dynamics are unclear, as is the degree of protection 
afforded by natural infection. The consequences of reinfection would be severe for the person.

2.	 The use of non-standard PPE could increase inequity and stigma amongst health and care workers.

3.	 The disruption of usual systems and standardized IPC messaging within treatment centres could be detrimental 
to outbreak control.

4.	 Survivors wearing less than full (optimal) PPE who re-enter and then leave a filovirus treatment centre may be 
a vehicle for virus transmission to their community.

The panel strongly requested more advocacy for innovations in PPE and treatment centre design to allow for improved 
comfort of all health workers, including survivors, and potential to enable longer stays in the red zone and improved 
visibility of patients needing constant care, such as young children.

https://iris.who.int/server/api/core/bitstreams/cb212f34-2cba-43a7-9e6f-5f5ff32b18f7/content
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Uncertainties and future research

Throughout discussion of the recommendations, the GDG were faced with a lack of direct evidence from filovirus disease 
outbreaks/cases. A number of strategically important questions were raised as priorities for future research, as below.

Pathophysiology and mechanistic studies
•	 Haematological derangements: conduct pathophysiological studies of clotting and bleeding mechanisms in 

human subjects.

•	 Immunological correlates: demonstrate and define the correlates of protection against reinfection to understand 
long-term immunity.

Clinical epidemiology and outcome determinants
•	 Stratified mortality analysis: determine mortality rates within treatment centres, stratified by disease severity, 

patient presentation timing and delay to care.

•	 Comparative virology: perform cross-virus comparisons (e.g. Ebola virus vs Sudan virus vs Marburg virus) of clinical 
outcomes while controlling for confounding variables.

•	 Risk factor identification: conduct systematic reviews of non-laboratory risk factors to improve triage and 
community-level screening.

Optimized supportive care and haemodynamic management
•	 Cardiovascular support: evaluate the relative safety and efficacy of epinephrine vs norepinephrine as primary 

vasopressors, and track patient outcomes following inotrope use for shock.

•	 Renal replacement therapy: how to identify patients who may benefit from dialysis/haemofiltration, and how this 
can be delivered safely in the context of limited resource and complex IPC requirements.

•	 Rational antimicrobial use:
–	 describe bacterial co-infections in both severe and non-severe disease.
–	 identify low-risk patient populations to evaluate the necessity and benefit of empirical antibiotic therapy.

•	 Haemorrhage management: develop high-quality clinical trials for bleeding therapeutics once mechanistic 
understanding and safety is established.

Operational design and implementation
•	 Dignified, patient-centred care: improve facility design to allow for the humane care of young children who are 

admitted without a caregiver inside the “red zone”.

•	 Risk-based PPE: investigate the potential for “lighter” PPE protocols using a risk-based approach to improve 
clinician dexterity and patient connection.
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