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1. Foreword

The World Health Organization Health Emergencies Programme has been responding to scores of natural disasters, man-made 

disasters, armed conflicts and infectious disease outbreaks and pandemics. Experience has shown that these situations, particularly 

outbreaks of Ebola and Marburg disease, among other Viral Hemorrhagic Fevers, will continue. It is essential that Member States 

strengthen their capacity for efficient preparedness, readiness and response activities for emerging threats and outbreaks as they occur. 

As we continue to respond to outbreaks of Ebola and Marburg, it is evident that strong infection prevention and control (IPC) 

programmes and response activities enable provision of safe patient care and protect health and care workers. IPC plays a critical role in 

readiness and response to health emergencies and most importantly, saves lives.  

This guideline provides IPC recommendations for Ebola and Marburg disease outbreaks. While focusing on IPC in health-care facilities 

the guideline also considers the broader context of health delivery in community settings.  

When engaging in readiness or response activities for these outbreaks we encourage Member States, decision and policy makers, 

partners and stakeholders to follow this guideline for the implementation of IPC measures to protect the health and care workforce and 

ultimately save lives.   

Lastly, we call upon partners, stakeholders and researchers to invest in, and engage in, research activities that will continue to improve 

IPC response for Ebola and Marburg disease. 

Dr Nedret Emiroglu 

Director, Country Readiness and Strengthening 
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3. Glossary

Care workers: People who provide direct personal care services in the home, in a health-care or residential setting, assisting with 

routine tasks of daily life and performing  other tasks of a simple and routine nature. This term comprises: 

• Health-care assistants: Institution-based, personal-care workers who provide direct personal care and assistance with activities of

daily living to patients and residents in a variety of health-care settings, such as hospitals, clinics and residential nursing-care

facilities. They generally implement established care plans and practices under the direct supervision of medical, nursing or other

health professionals or associate professionals.

• Home-based personal care workers: who provide routine personal care and assistance with activities of daily living to persons who

are in need of such care due to effects of ageing, illness, injury, or other physical or mental conditions, in private homes and other

independent residential settings [2][1].

Cleaning: The physical removal of foreign material (e.g. dust, soil) and organic material (e.g. blood, secretions, excretions, 

microorganisms). Cleaning physically removes rather than kills microorganisms. It is accomplished with water, detergents and mechanical 

action. Cleaning is the first step in the decontamination process [3][4]. 

Contact transmission: The spread of an infectious agent caused by physical contact of a susceptible host with people or objects. This 

can occur via direct or indirect contact. Direct contact involves direct body-surface-to-body-surface contact and physical transfer of 

microorganisms between an infected or colonized person and a susceptible host. For example, unprotected touching of blood or other 

body fluids from a person infected with Ebolavirus or Marburgvirus. Indirect contact involves contact of a susceptible host with a 

contaminated intermediate object (e.g. a contaminated hand) that carries and transfers the microorganisms. For example, physical 

contact with objects contaminated by a patient with Ebola disease or Marburg disease and/or their body fluids (the environment, 

patient-care equipment, etc.)[5]. 

Decontamination: The removal of soil and pathogenic microorganisms from objects so they are safe to handle, subject to further 

processing, use or disposal. There are several steps to effective decontamination of medical devices and personal protective equipment 

(PPE), including but not limited to: cleaning, disinfection and sterilization [6]. 

Disinfection: A process to reduce the number of viable microorganisms to a less harmful level. This process may not inactivate bacterial 

spores, prions and some viruses. 

Droplet transmission: The spread of an infectious agent caused by the dissemination of droplets. Droplets are primarily generated from 

an infected (source) person during coughing, sneezing and talking. Transmission occurs when these droplets that contain 

microorganisms are propelled (usually < 1 metre) through the air and deposited on the conjunctivae, mouth, nasal, throat or pharynx 

mucosa of another person. Most of the volume (> 99%) comprises large droplets that travel short distances (< 1 metre) and do not 

remain suspended in the air [5]. Thus, special air handling and ventilation are not required to prevent droplet transmission. 

Ebola disease (EBOD): Formerly known as Ebola haemorrhagic fever, EBOD is a severe, often fatal illness affecting humans and other 

primates, and is caused by different species. Case fatality rates range from 25%-90%.The virus is transmitted from wild animals (such as 

fruit bats, porcupines and non-human primates) to people; it  then spreads in the human population through direct contact with the 

blood, secretions, organs or other body fluids of infected people, and with surfaces and materials (e.g. bedding, clothing) contaminated 

with these fluids [7]. 

Fomite: an object (such as a dish, doorknob, or article of clothing) that may be contaminated with infectious agents (such as bacteria or 

viruses) and serve in their transmission [8]. 

Health worker: Anyone primarily engaged in actions with the primary intent of enhancing health [9]. This document uses the phrase 

"health and care worker" to represent both health workers and care workers. 

Hygiene kits: Kits provided to families and those identified as part of an IPC ring (including churches, schools, communities) to prevent 

Ebolavirus transmission. These kits typically include personal and hand hygiene resources (e.g. hand soap, laundry soap) and educational 

and awareness materials. 

Infection Prevention and Control (IPC):  a practical, evidence-based approach to preventing patients and health and care workers from 

being harmed by avoidable infections [10]. 

Marburg disease (MARD): A highly virulent disease that causes haemorrhagic fever, with a case fatality rate of up to 88%. Marburgvirus, 

which causes MARD, is in the same family as the virus that causes Ebola disease. Human infection with Marburgvirus results from 

prolonged exposure to mines or caves inhabited by Rousettus bat colonies. Once a person is infected with the virus, it can spread 

through human-to-human transmission via direct contact (through broken skin or mucous membranes) with the blood, secretions, 

organs or other body fluids of infected people, or through indirect contact with surfaces and materials (e.g. bedding, clothing) 
contaminated with any of these fluids [11].  
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No-touch technique: A technique in which health and care workers conducting screening activities maintain at least 1 metre of distance 

from persons being screened and, through the use of engineering controls, do not touch those persons. 

Personal protective equipment (PPE): Specialized equipment used to prevent or minimize exposure to hazards such as biological 

hazards, chemical hazards, radiological hazards, electrical hazards or mechanical hazards. PPE protects health and care workers from two 

main hazards, radiological and biological [12]. 

Reprocessing: All steps needed to prepare a contaminated, reusable medical device for reuse. These steps may include cleaning, 

functional testing, packaging, labelling, disinfection and sterilization [6]. 

Screening: A process in which an individual is evaluated to see whether that person meets a standardized case definition [13][14]. 

Standard Precautions: Precautions that aim to protect both health and care workers and patients by reducing the risk of transmission of 

microorganisms from both recognized and unrecognized sources. They are the minimum standard of infection prevention and control 

(IPC) practices that should be used at all times and in all settings by all health-care workers during the care of all patients. When applied 

consistently, standard precautions can prevent the transmission of microorganisms between patients, health and care workers and the 

environment [15]. 

Spray: To project spray or something resembling spray onto or into a surface, item, or a device (such as an atomizer or sprayer) by which 

a spray is dispersed or applied [8]. 

Transmission-based precautions (TBP): Precautions used in addition to standard precautions for patients with known or suspected 

infection or colonization with transmissible and/or epidemiologically significant pathogens. The type of TBP assigned to a patient 

depends on the transmission route of the microorganism: contact, droplet, or airborne [5]. 

Triage: The process of sorting patients into categories based on the need for time-sensitive treatment using validated tools. Triage 

identifies those who require immediate medical intervention, and those who can safely wait. Triage may occur at a health post, primary 

health center, clinic or emergency unit. It typically requires close physical contact (within 1 metre) with the patient during the 

assessment [13]. 

Wipe: To clean or dry by rubbing with a cloth/paper towel. In health-care facilities, surfaces are wiped with cloths soaked with water/

detergent, then rinsed and wiped again in a systematic manner with an approved disinfectant [8]. 

Zoonotic transmission: The natural transmission of any disease or infection from vertebrate animals to humans [16]. 
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4. Abbreviations and acronyms

Abbreviations and acronyms 

AIDS Acquired immunodeficiency syndrome 

ABHR Alcohol-based hand rub 

CI  Confidence interval 

DOI Declaration of interest 

DRC Democratic Republic of the Congo 

EBOD Ebola disease 

EBOV Ebola virus (specifically Zaire ebolavirus) 

ECDC European Centre for Disease Prevention and Control 

EPRG External peer review group 

EID Emerging infectious disease 

ETC Ebola treatment centre 

ETU Ebola treatment unit 

EU European Union 

EVD Ebola virus disease caused by EBOV 

GDG Guideline Development Group 

GPS Good practice statement 

HAI Health care-associated infection 

HCF Health-care facility 

HIC High-income countries 

HIV Human immunodeficiency virus 

HW Health and care worker 

IPC Infection prevention and control 

KQ Key question 

LMIC Low- and middle-income countries 
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MARD Marburg disease 

MARV Marburg virus 

MOD Modified odds ratio 

MOR Matched odds ratio 

MVD Marburg virus disease caused by Marburg virus (MARV) or Ravn virus (RAVV) 

MSF Médecins Sans Frontières (Doctors Without Borders) 

NGO Non-governmental organization 

NIOSH National Institute for Occupational Safety and Health 

OR Odds ratio 

PAPR Powered Air Purifying Respirator 

PICO Population, intervention, comparator, outcome

PPE Personal protective equipment 

PPR Prevalence proportion ratio 

PVC Polyvinyl chloride 

RAVV Ravn virus 

RNA Ribonucleic acid 

RT-PCR Real-time reverse transcription polymerase chain reaction (RT-PCR) test 

SAR Secondary attack rate 

SOP Standard operating procedure 

SUDV Sudan ebolavirus 

TC Treatment centre- includes ETC, ETU, and centres/units for Marburg treatment 

UN United Nations 

UNICEF United Nations Children's Fund 

US CDC Centers for Disease Control and Prevention (of the United States of America) 

WASH Water, sanitation and hygiene 

WHO World Health Organization 
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5. Executive Summary 

Ebola disease and Marburg disease outbreaks continue to occur in Africa, with increased frequency. In addition to resulting in high 

mortality and morbidity, the outbreaks generate fear and mistrust about the response activities within the communities affected. 

Infection prevention and control (IPC) is a key pillar in the outbreak response; adherence to IPC practices can prevent and control 

transmission of infections to health and care workers, patients and their family members. 

During the 2014-2016 West African Ebola disease outbreak, there was an urgent need for rapid IPC guidance to help support ministries 

of health, health-care providers and non-governmental organizations (NGOs). In response, WHO produced several documents related to 

the outbreak based on expert opinion, including IPC-specific documents and documents on clinical management that also referenced 

key IPC principles and practices. Since that time, many practices in the field have become institutionalized. 

Three documents formed the basis for WHO’s IPC recommendations for Ebola and Marburg disease: 

• WHO Personal protective equipment for use in a filovirus disease outbreak: Rapid advice guideline (2016) [17] 

• Guideline on hand hygiene in health care in the context of filovirus disease outbreak response: rapid advice guideline (2014) [18] 

• Interim infection prevention and control guidance for care of patients with suspected or confirmed filovirus haemorrhagic fever in health-

care settings, with focus on Ebola (2014) [19] 

 

Since the publication of these documents, multiple outbreaks of Ebola disease and Marburg disease have occurred that have given 

policy-makers, health administrators and health and care workers more experience in managing these diseases from an IPC perspective. 

In 2021, the WHO Health Emergencies (WHE) IPC team reviewed existing WHO documents and identified a need to re-evaluate and 

update guidance. Hence, a WHO Guideline Development Group (GDG) has been working since mid-2021 to update the 2014 WHO 

interim IPC guidance on filovirus haemorrhagic fever with a focus on Ebola disease and Marburg disease. This update consists of a 

consolidated WHO guideline that follows the Grading of Recommendations Assessment, Development and Evaluation (GRADE) and 

evidence-to-decision (EtD) methodology. 

The objective of these guidelines is to provide clarity on key IPC recommendations as they pertain to settings that pose different risks 

to the health and care worker, including screening, triage and providing care to patients with Ebola disease or Marburg disease. In 

addition to preparing this guideline, the GDG Is creating tools to assist in the implementation of these guidelines. 

IPC considerations within Treatment Centres (TCs) may differ from IPC considerations within other health-care facilities (HCFs), both in 

the training/knowledge of the workers and access to appropriate supplies. This guideline aims to prepare members in all types of HCFs 

to prepare for Ebola disease or Marburg disease cases and to respond in a manner that protects the infected patients, health and care 

workers as well as any other patients/visitors/family members who may be in these facilities. 

WHO’s IPC GDG for Infection Prevention and control for Ebola and Marburg disease met via several virtual meetings and in person 

from 25-27 October 2022 in Geneva, Switzerland. 

The recommendations set forth in this guideline will be updated as more evidence becomes available. The focus of this first publication 

is on recommendations regarding the health-care facility setting. Future areas of focus will include community settings as well as 

settings used by special populations. The recommendations related to health-care settings that included discussions on community 

settings have been included here. While many recommendations have been updated in this version, some previous recommendations 

from the 2014 and 2016 IPC guidelines [19] [18] [17] have also been included. If a previous recommendation has been included in this 

current guideline, it has been flagged as such. A summary of nine previous recommendations that have been carried forward into this 

guideline is included in Table 1 (these are not included in the new recommendation summary table [Table 2] below). 

Table 1: Summary of previous IPC recommendations (included verbatim) in the guideline 

Recommendation Strength 

WHO recommends performing hand hygiene, by using either an alcohol-based hand rub or soap 

and running water, applying the correct technique recommended by WHO. Alcohol-based hand 

rubs should be made available at every point of care (at the entrance and within the isolation 

rooms/areas) and are the standard of care. If alcohol-based hand rubs are unavailable, hand 

hygiene should be performed with soap and running water whenever necessary. When hands are 

visibly soiled, hand hygiene should always be performed with soap and running water. 

Strong 

In settings where bleach/chlorine solutions are currently used for hand hygiene, WHO 

recommends implementing a strategy to change to alcohol-based hand rub or soap and water. 
Strong 

Bleach/chlorine solutions currently in use for hand hygiene and glove disinfection may be used in 

the interim period in emergency situations until alcohol-based hand rubs or soap and water 

become available. 

Conditional 
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The mucous membranes of eyes, mouth and nose should be completely covered by PPE. Strong 

Use either a face shield or goggles. Strong 

Use a fluid-resistant medical or surgical mask with a structured design that does not collapse 

against the mouth (e.g. duckbill or cup shape). 
Strong 

Use a fluid-resistant particulate respirator during procedures that generate aerosols of body fluids. Strong 

Nitrile gloves are preferred over latex gloves. Strong 

The choice of PPE for covering clothing should be either a disposable gown and apron or a 

disposable coverall and apron; the gown and the coverall should be made of fabric that has been 

tested for resistance to penetration by blood and other body fluids or by bloodborne pathogens. 

Conditional 

This first edition of this guideline, which addresses IPC in health-care settings, contains 11 new recommendations and 10 new good 

practice statements, all of which are summarized in Table 2. Details and further explanation including, but not limited to, remarks and 

implementation considerations for each recommendation can be found in the body of the document. 

Table 2: Summary of new IPC recommendations and good practice statements 

Recommendation Strength 

WHO suggests using the Infection Prevention and Control (IPC) ring approach in health-care 

facilities and communities during the management of cases of Ebola disease (EBOD) or Marburg 

disease (MARD). 

Conditional 

In geographic areas where Ebolavirus or Marburgvirus is circulating, all persons (patients, visitors, 

health and care workers) should be screened using a no-touch technique at the first point of 

contact with any health-care facility to enable early recognition of suspected cases and rapid 

implementation of source control measures. 

Good practice statement 

All patients, including those presenting for surgery, obstetrics or other invasive procedures, who are 

suspected of having Ebola disease or Marburg disease should be triaged to determine the severity 

of their illness and identify those in need of immediate care (and prioritize their care delivery). 

Good practice statement 

Patients with suspected or confirmed Ebola disease or Marburg disease should be isolated, 

preferably in a single room, and health and care workers should wear appropriate PPE. 
Good practice statement 

Once patients with suspected or confirmed Ebola or Marburg disease have been isolated, 

interaction with family and visitors should be facilitated to promote their well-being while providing 

education and preventing direct physical contact with others. 

Good practice statement 

All health and care workers who work in areas with patients who are suspected of having or 

confirmed to have Ebola or Marburg disease should wear medical scrubs (as opposed to personal 

clothing) and closed-toe shoes during their shift. 

Good practice statement 

In the context of an outbreak of Ebola disease or Marburg disease, where infection prevention and 

control measures (including adequate engineering and administrative controls) can be maintained, 

PPE is not required during screening activities in health-care settings where a distance of at least 1 

metre can be guaranteed and a no-touch approach is strictly followed. 

Good practice statement 

WHO suggests that health and care workers conducting screening for Ebola disease or Marburg 

disease, and not able to maintain a distance of least 1 metre, wear: 

• A medical mask in combination with eye protection1 (versus wearing eye protection1 alone)

• A fluid-resistant gown (versus a fluid-resistant coverall)

• One pair of gloves

1 Eye protection means the use of a face shield or goggles. 

Conditional 

WHO suggests that health and care workers conducting triage for patients with suspected or 

confirmed Ebola disease or Marburg disease wear: Conditional 
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• A medical mask in combination with eye protection1 (versus wearing eye protection1 alone) 

• A fluid-resistant coverall (versus a fluid-resistant gown) 

• Two pairs of gloves 

 

1 Eye protection means the use of a face shield or goggles. 

WHO suggests that health and care workers with contact with patients who have Ebola or Marburg 

disease wear: 

• A medical mask in combination with eye protection1 (versus wearing eye protection1 alone) 

• A fluid-resistant coverall (versus a fluid-resistant gown) 

◦ A head-and-neck covering (as part of their PPE in addition to covering their mucous 

membranes) if a gown is being used instead of a coverall 

• Two pairs of gloves 

• Either a disposable or reusable apron to cover the coverall (or gown, if used) 

 

1 Eye protection means the use of a face shield or goggles. 

Conditional 

Cleaners/hygienists1 and mortuary/burial workers2 should wear the same PPE recommended for 

other health and care workers, with the exception that 1) the outer pair of gloves should be heavy 

duty (utility) gloves, 2) aprons should be heavy duty, and 3) their shoes should be waterproof boots. 

1Cleaners/hygienists includes health and care workers handling linens or waste, cleaning the 

environment. 

2 Mortuary/burial workers include health and care workers involved in handling dead bodies. 

Good practice statement 

WHO suggests that health and care workers with direct contact and/or indirect contact with 

patients with Ebola disease or Marburg disease wear eye protection (goggles or a face shield) under

the head-and-neck covering versus over the head-and-neck covering. 

Conditional 

WHO recommends against the spraying of health and care workers who have direct or indirect 

contact with patients who have Ebola disease or Marburg disease during the removal of personal 

protective equipment. 

Strong 

WHO suggests that health and care workers providing direct and/or indirect care to patients with 

Ebola disease or Marburg disease in health-care facilities, including Treatment Centres (TCs), wash/

disinfect the outer pair of gloves, remove the outer pair of gloves and wash/disinfect the inner pair 

of gloves and put on a new outer pair of gloves between patients instead of: 

• Washing and disinfecting the outer glove only or 

• Washing and disinfecting the outer glove only, removing it and putting on a new outer glove. 

 

Conditional 

Any health and care worker with an occupational exposure1to Ebola disease or Marburg disease 

should immediately be assessed for exposure risk, including other potential exposures (e.g. HIV, 

HBV, HCV), and managed accordingly. 

1Occupational exposure: unprotected contact, including with non-intact skin; percutaneous or 

muco-cutaneous exposure to blood, body fluids, secretions, or excretions, from a patient with a 

suspect or confirmed Ebola disease or Marburg disease; or unprotected exposure to contaminated 

equipment or surfaces that may result from or be related to the performance of an employee's 

duties. 

Good practice statement 
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WHO suggests health and care workers who have had an exposure to Ebolavirus or Marburgvirus be 

excluded from work for 21 days. 
Conditional 

WHO suggests disinfecting surfaces in health-care facilities, TCs, isolation centres or community 

settings providing care to patients with Ebola disease or Marburg disease by using the wiping method 

over the spraying method. 

Conditional 

WHO suggests that heavily soiled linens resulting from care of patients with Ebola disease or 

Marburg disease in health-care facilities, TCs or community settings be safely disposed of (e.g. 

incinerated) following existing WHO guidelines on waste management, rather than disinfected/

decontaminated. 

Conditional 

All waste generated from the care of a patient with suspected or confirmed Ebola disease or 

Marburg disease, including waste generated during decontamination processes, should be treated 

as infectious waste. 

Good practice statement 

The handling of human remains of deceased individuals with suspected or confirmed Ebola disease 

or Marburg disease should be done safely, in a culturally sensitive manner, and only when necessary 

to reduce exposure and transmission. 

Good practice statement 

WHO suggests that disinfection of a dead body suspected or confirmed to be infected with 

Ebolavirus or Marburgvirus is not required prior to handling or placing the body into a body bag. 
Conditional 
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6. Purpose and target audience 

The recommendations made in these guidelines are intended to assist health and care workers to implement effective IPC measures and 

reduce the risk of transmission of Ebolavirus and Marburgvirus. 

This guidance is to be used by policy-makers, health-care administrators and managers, IPC specialists, logisticians, community workers, 

burial teams and all health and care workers. 
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7. Background

Ebolavirus and Marburgvirus are both enveloped RNA viruses[20] that are part of the Filoviridae family and cause Ebola disease and 

Marburg disease respectively. 

There are six species of Ebolavirus, four of which are known to cause disease (Ebola disease) in humans. The four species that cause 

human disease are Zaire ebolavirus (causing Ebola virus disease); Sudan ebolavirus (causing Sudan virus disease); Bundibugyo ebolavirus 

(causing Bundibugyo virus disease) and Taï Forest ebolavirus (causing Taï Forest virus disease) [21]. Reston ebolavirus seroconversions 

have been found in some animal handlers who have worked with infected animals; however, these infections were not associated with 

clinical disease [22]. Based on current data, Bombali ebolavirus is not known to be pathogenic in humans[23]. 

There is only one species of Marburgvirus; Marburg virus (MARV) and Ravn virus (RAVV), which are considered distinct viruses 

belonging to the same species [21]. 

Case fatality rates for both Ebola disease and Marburg disease are high, averaging about 50% (and can range from 24% to 90%) though 

can be lowered with treatment and optimized supportive care respectively [7][11]. The WHO guidelines for Optimized supportive care for 

Ebola virus disease: clinical management standard operating procedures [24] provide details on clinical management of patients with Ebola 

disease. Recommendations for specific therapeutics are currently recommended for Zaire ebolavirus. The WHO guideline Therapeutics 

for Ebola virus disease [25] provides detailed information about this. 

Although patient demographic information is available from past outbreaks, the impact of outbreaks of Ebola disease and Marburg 

disease across gender or age is not well understood. Societal roles across different genders and ages may play an important role in 

exposure risk factors [26][27][28][29]. 

Since the large and protracted 2014-2016 West African EBOD outbreak, WHO has produced several documents, including IPC-specific 

documents as well as documents on clinical management and others that reference key IPC elements as described in the Executive 

Summary above. 

Since the 2016 publication, several Ebola and Marburg disease outbreaks have occurred, providing health and care workers with more 

experience regarding the management of Ebola disease from an IPC perspective. Based on this and on review of existing interim 

guidance, WHO has identified the need to re-evaluate previous recommendations and guidance in order to develop a more robust 

guideline according to the GRADE methodology. 

This updated, consolidated guideline will be developed in three phases: Phase 1 focuses on IPC and WASH measures in health-care 

settings, including treatment centres (TCs); Phase 2 will focus on IPC and WASH measures in  community settings; and Phase 3 will 

focus on special populations and settings, such as maternal, child, survivors and surgical settings. 

Adapted from the WHO 2016 PPE guideline [17], the following guiding IPC principles are important to keep in mind: 

1. General IPC and PPE recommendations (standard and transmission-based precautions) should be adhered to.

The aim should be to achieve the best possible protection against filovirus infection while allowing health and care workers to provide

optimal care to patients with maximum ease, dexterity and comfort and minimum heat-associated stress.

1. Disposable items are preferred to minimize handling of potentially contaminated PPE.

2. Ease of removal, availability, ease of training and cultural acceptability are important factors.

3. Considering the lack of evidence to show that any one of the options recommended is superior or inferior to any other

recommended option in terms of health and care worker safety, the guidelines focus on providing options with acceptable minimum

standards.

Another important guiding principle is the hierarchy of infection prevention and control (IPC) principles that  should be adhered to and 

that  include engineering, environmental and administrative controls[30]. Figure 1 is a pictorial representation of the hierarchy of 

controls. PPE is one element of the IPC measures required to care for EBOD/MARD patients. Details on the hierarchy of controls for 

IPC can be found in Section10 of this document. 
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The GDG also agreed to the following principles when discussing the evidence presented for each PICO: 

1. Guidance needs to align with scientific evidence while also recognizing the experiences and sentiment in the field and giving

opportunities to build on that advice in the field based on a risk assessment.

2. What is currently happening in practice, in particular for Ebola disease outbreak responses, may not be based on best science and

yet may have become institutionalized. This is an opportunity to align advice with accepted, evidence-based standards and

transmission-based precautions. For example, evidence indicates that excessive PPE may lead to increased self-contamination, yet

excessive PPE is commonly used.

3. In situations where there is limited-to-no evidence, a detailed discussion among the GDG members is important if a proposed

recommendation differs substantially from existing guidance; the discussion is intended to ensure that the proposed change is justified,

well documented and well understood.
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The systematic literature reviews, undertaken as part of the guideline-development process, highlighted that the evidence base for 

Ebola disease (EBOD) and Marburg disease (MARD) infection prevention and control practices in the context of outbreaks is generally 

limited to low or very-low certainty evidence. Few studies, if any, met the research questions' inclusion criteria in the evidence base 

for this document. To address this evidence gap, WHO carried out a mixed-methods study on health workers' (HWs) perceptions 

related to infection prevention and control (titled “Mixed methods study assessing contextual factors related to infection prevention 

and control measures for Ebola disease”).  It included a survey component as well as in-depth interviews, which provided information 

to facilitate GDG members’ decision-making regarding IPC recommendations. The data from this study are not yet published. 

The guideline development process adhered to the WHO handbook for guideline development, 2nd ed [33]. All members completed 
declarations of interest (DOI) and no conflicts were identified. Information about GDG members is available here. 

Questions were formulated in the Population Intervention Comparator Outcome (PICO) format. For each PICO question, extensive 

discussions followed by voting were used to reach consensus on the judgements for each of the nine criteria of the Evidence to 

Decision framework under consideration (desirable effects, undesirable effects, values, balance of effects, resources required, cost-

effectiveness, equity, acceptability and feasibility); a final vote determined the direction and strength of the recommendation. The 

systematic review used the GRADE methodology to determine the certainty of evidence. For this document, several statements were 

identified as foundational, actionable and reflecting best practices in infection prevention and control and were therefore formulated 

into good practice statements. 

Research and development 

During the in-person GDG meeting, members advocated for identifying research needed to strengthen the certainty of evidence for 

future recommendations development. This led to a research prioritization exercise that was conducted through the Infection 

Prevention and Control Public Health Emergencies Working Group. Research gaps have been identified throughout the document and 

can be found in the “More info” tabs within the recommendations. 
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8. Methods

WHO Guideline Development Group (GDG) and External Peer Review Group (EPRG): 

The GDG convened to review the available evidence and to formulate the recommendations, good practice statements (GPSs) and 

implementation considerations that are contained in this document. 

The GDG was made up of a gender-balanced group of individuals with broad expertise spanning multiple specialties (e.g. infection 

prevention and control, infectious diseases, public health, tropical medicine, environmental health experts, water, sanitation and hygiene 

specialists, emergency response, ethics and health equity, anthropology) from different WHO regions. Additional information on the 

GDG member profiles can be found here. An external peer-review group (EPRG) was identified for specific technical areas and provided 

complementary review of the guideline. The EPRG also made suggestions that were reviewed and incorporated into the guideline. The 

guideline was also circulated to the WHO Regional Office Focal Points (ROFPs). The technical officer leading the development of the 

guidelines collected and assessed the declarations of interests (DOI) from GDG members and the external peer reviewers for any 

potential conflicts. 

In general, if a conflict of interest is identified, appropriate actions are taken in accordance with the WHO Handbook for guideline 

development [33]. These can include removal of the member from the GDG or recusal of the member from voting or discussion about a 

particular recommendation. Neither of those actions was required for any of the GDG members or external peer reviewers for this 

guideline.  

Guideline Review Committee (GRC) 

This guideline was reviewed and approved by the WHO GRC prior to publication. 

Methods for developing the recommendations: 

The certainty of evidence for each question was assessed using Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) [34] as outlined in the WHO Handbook for guideline development [33] (Table 1 provides the definitions for the four

levels of certainty of evidence). The GRADE assessment considers the risk of bias/study limitations, inconsistency, imprecision, 

indirectness and publication/reporting biases. 

Table 1: GRADE certainty of evidence 

Certainty level Definition 

High 
The Group is very confident in the estimate of effect and considers that further research is very 

unlikely to change this confidence. 

Moderate 
The Group has moderate confidence in the estimate of effect and considers that further 

research is likely to have an important impact on that confidence and may change the estimate. 

Low 
The Group has low confidence in the estimate of effect and considers that further research is 

very likely to have an important impact on that confidence and is likely to change the estimate. 

Very low The Group is very uncertain about the estimate of the effect. 

When reviewing the topics for inclusion in this guideline, the GDG Secretariat and Steering Committee consulted several existing 

guidance documents. Members of the Steering Committee and the GDG agreed to include  some existing recommendations from two 

guidelines. First, recommendations from the Guideline on hand hygiene in health care in the context of filovirus disease outbreak response: 

rapid advice guideline, November 2014 [18] have been incorporated into this guideline. The three recommendations it contains follow 

the 2009 WHO Guidelines on Hand Hygiene in Health Care [35] and were based on a systematic review of three key research questions 

followed by a GDG meeting, which was held in November 2014. In summary, the systematic reviews conducted for the 2014 guideline 

yielded no comparative studies using the use of bleach/chlorine solutions versus alcohol-based hand rub or soap and water for hand 

hygiene or glove disinfection. Very limited evidence was available on adverse reactions resulting from the use of bleach/chlorine 

solutions for hand hygiene, but more information could be derived from reports about the use of this disinfectant for other purposes. 

Only one study was identified on the effect of chlorine solutions on glove permeability, and it showed no permeation. No data were 

available from the literature on the values and preferences of health and care workers regarding the use of bleach/chlorine solutions for 

hand hygiene. Advice was gathered on the values and preferences of GDG members, including some professionals with field experience 

from the recent Ebola disease outbreak, as well as some who had extensive clinical experience from previous outbreaks of EBOD. 
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The second guidance document is the 2016 Personal protective equipment for use in a filovirus disease outbreak: rapid advice guideline [17]. 

This document was developed following the GRADE methodology process and in consultation with a GDG. Several PICO questions 

were developed and rapid literature reviews were undertaken, with no comparative studies found. As the rapid review found little 

evidence of the effectiveness of different types of PPE, the GDG considered other information, including the values and preferences of 

health workers in relation to PPE. A WHO Collaborating Centre for Occupational Health carried out a literature review of the values and 

preferences of health worker PPE, but found little information  on PPE use in the context of Ebola disease [36]. As a consequence, peer-

reviewed studies of the use of PPE in the context of other infectious diseases, e.g. hepatitis B virus infection, human immunodeficiency 

virus (HIV) infection and severe acute respiratory syndrome (SARS) were included. This 2016 document specifically targeted health and 

care workers, such as doctors, nurses and others who provide clinical care or take samples from patients with suspected, probable or 

confirmed filovirus infection. 

All recommendations in the existing guidelines as well as the interim guidance were reviewed and a prioritization exercise was 

conducted with the GDG to identify those that would be developed into new, formal recommendations or good practice statements, 

and those existing recommendations that would be carried forward verbatim into the new, updated guideline. For the recommendations 

that were carried forward verbatim, updated reviews of literature were not conducted as there was agreement during the guideline 

development process that it was unlikely there would be new evidence at this time and to focus on those areas determined to be higher 

priority. 

Methods for developing good practice statements 

Good practice statements are necessary, actionable and clear guideline statements [37]. For this document, several statements were 

identified as foundational, reflecting best practices in infection prevention and control. The GDG considered the good practice 

statements as essential to add clarity and specificity to certain practices required to maintain safe patient care. The GDG reviewed 

these statements and agreed to include them in this document as good practice statements. 

Background questions: 

During the development of the PICO questions, five key background questions arose, and a rapid review of the literature was 

conducted to address them. While the background questions may not result in recommendations, they may inform the GDG decision-

making process and have implications for implementation considerations. The five background questions were: 

1. What are the existing systems to classify the level of risk of exposure of a health and care worker to Ebolavirus and Marburgvirus, 

respectively? 

2. What is the chlorine concentration and contact time required to disinfect materials or surfaces soiled with Ebolavirus and 

Marburgvirus, respectively? 

3. What is the survivability of the Ebolavirus and Marburgvirus in the environment (e.g. water, septic systems, dirt) and on surfaces? 

4. Should chlorine with 0.05% or with 0.1% concentration be used for low-temperature laundry (manual or mechanical)? 

5. At what frequency should horizontal, high-touch surfaces in facilities providing care to patients be cleaned and disinfected? 

 

A comprehensive search string with terms that included combinations of Medical Subject Headings (MeSH) and text words for Ebola 

and Marburg viruses was created. This search strategy was applied against the following information sources: PubMed, Embase, Google 

Scholar, internet-based sources of international health organizations (e.g. WHO, CDC), references of the included literature, and grey 

literature. 

During the selection process, two reviewers independently screened titles and abstracts of the results of the search strategy for 

potentially relevant articles. While the studies included in the rapid review were all original research articles, the external team also 

reviewed grey literature for background information. Both the references included in this grey literature and the references of studies 

found through the systematic database searches were reviewed for additional studies that met inclusion criteria. 

All studies found through the review that related to the background questions were either 1) descriptive, real-world studies (i.e. 

environmental audits of various surfaces in operational ETCs) or 2) controlled, laboratory studies (e.g. experimental studies on the 

survivability of the Ebolavirus in controlled conditions). Since there are no validated risk-of-bias assessment tools for descriptive or 

controlled, experimental studies, the approach drew on both the Quality in Prognosis Studies (QUIPS) Risk-of-Bias tool when possible 

and an instrument developed by the reviewers to systematically review the evidence and implications of observational and experimental 

studies. 

Rapid Reviews: 

The WHO/HQ Country Readiness Strengthening department, Health Care Readiness unit, Infection Prevention and Control team 

formulated and finalized the key questions (KQs) and PICOS for each KQ with involvement from the Knowledge Synthesis Team. Key 

questions were related to three themes on infection prevention and control measures for filoviruses: (i) transmission/exposure, (ii) 

personal protective equipment (PPE), and (iii) decontamination and disinfection. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

19 of 188

https://apps.who.int/iris/handle/10665/251426


The Knowledge Synthesis Team first searched for systematic reviews that met the criteria for each of the key questions. Because the 

team did not find any systematic reviews that met the criteria, they conducted de novo rapid reviews of comparative primary studies for 

all research questions. 

The search strategy was developed by an experienced medical information specialist in consultation with the review team, with the 

Embase search strategy peer-reviewed by another librarian using the Peer Review of Electronic Search Strategies (PRESS) checklist. 

There were no time limits or language restrictions on the literature search. Data sources included Medline, Embase, bioRxiv and 

medRxiv pre-print servers, Global Index Medicus, Epistemonikos, China National Knowledge Infrastructure (CNKI) and Wangfang Data. 

Records from these data sources were merged into a single database and searched using an automation tool (CAL® tool). This tool was 

used to search and select potentially relevant systematic reviews and primary comparative studies simultaneously for title/abstract 

screening. 

Following a calibration exercise, a single reviewer screened titles and abstracts within the CAL® tool. Full-text screening, data 

extraction, risk-of-bias assessment, and the rating of the certainty of evidence following the GRADE approach were completed by a 

single reviewer, with verification by an additional reviewer. 

The Knowledge Synthesis Team used study design-specific tools for risk of bias assessment. For randomized, controlled trials, they used 

the Cochrane Risk of Bias 2 Tool; for non-randomized studies, they used the Risk Of Bias In Non-randomized Studies - of Interventions 

(ROBINS-I ) tool; and for observational, comparative studies, they used the Newcastle-Ottawa Scale. The results and the certainty of 

evidence were presented using GRADE, including GRADE Evidence Profiles and Summary of Findings tables. Due to a lack of data that 

would enable pooling, a descriptive summary of the patient characteristics, study characteristics, and risk of bias/methodological quality 

results was presented. Contextual data on cost effectiveness, equity, acceptability, resources required, and feasibility were captured and 

summarized narratively. 

Review on modes of transmission of Ebola disease and Marburg disease: 

In addition to the rapid reviews, the WHO/HQ Country Readiness Strengthening department, Health Care Readiness unit, Infection 

Prevention and Control team requested a review of EBOD/MARD modes of transmission. 

What is currently understood about the modes of transmission of Ebola and Marburg diseases from individuals infected with Ebola 

virus or Marburg virus? 

To respond to this question, the Knowledge Synthesis Team carried out a rapid scoping review. Data sources included Medline, Embase, 

bioRxiv and medRxiv pre-print servers, Global Medicus Index, and Epistemonikos. The CAL® tool was used to identify potentially 

relevant systematic reviews and primary studies for title/abstract screening; for possible aerosol transmission, all study designs were 

considered. Full-text screening and data extraction were completed independently by a single reviewer with verification by an additional 

reviewer. Any disagreements were resolved by consensus, with arbitration by a third reviewer, when needed. As the review was scoping 

in nature, no quality assessments of included studies were performed nor was the evidence for each outcome assessed for the overall 

certainty of evidence. Data were charted against the known modes of direct or indirect transmission and narratively synthesized by 

modes of transmission (contact - direct and indirect/fomite, droplet, sexual, vertical, airborne and zoonotic). 

Mixed-Methods study: 

A survey and in-depth interviews were conducted to assess valuation of outcomes and contextual factors related to infection-control 

and prevention-control measures for Ebola disease regarding the recommendations that would be made. This study was titled “Mixed-

methods study assessing valuation and contextual factors related to infection prevention and control measures for Ebola 

Disease.”(Honein-Abou Haidar G, Khabsa J, Willet V, Mearns S, and Akl E, . World Health Organization, unpublished, data available upon 

request, 2023). The perspective of the potential users on how much they value the outcomes considered in the key questions and on 

contextual factors aims to improve the overall quality of the guideline. 

User perspective is important for several reasons, including cultural factors, social and community factors, organizational factors, 

including feasibility, and individual factors influencing preferences for specific measures based on previous experience with the disease. 

This mixed-methods study was based on a quantitative, online survey and an in-depth qualitative survey, both guided by the Evidence 

to Decision (EtD) framework. It provided a comprehensive understanding of the following: 1-valuation of outcomes relevant to IPC 

measures in the context of an EBOD outbreak; 2-contextual factors related to decontamination and disinfection in the management of 

Ebola patients; 3-contextual factors related to PPE use in the management of Ebola patients. 

For the valuation of outcomes, three main outcomes of interest were discussed with participants: 

Outcome 1: Transmission of Ebola virus 

Outcome 2: Adverse effects from chlorine exposure 
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Outcome 3: Adverse events associated with PPE use 

For each PICO question, the participants were asked about four contextual factors: acceptability, feasibility, resource use (including 

health-care resources, and patient and informal caregiver resources), and impact on equity (i.e. what groups would be at a potential 

disadvantage when trying to implement the guidelines). 

Participants included key stakeholders mainly from African countries, such as the Democratic Republic of the Congo, Guinea and other 

West African countries, who have had experience in Ebola management. In addition, some participants were from Europe. Participants 

included decision-makers, WHO and UNICEF staff, representatives of NGOs, and health and care workers with experience in Ebola 

disease management. Convenience sampling followed by snowball sampling was adopted to recruit participants. Hence, members of the 

GDG and UN agencies were asked to share the invitation with members of their network who fit the inclusion criteria to participate in 

both the online survey and the in-depth interview. In addition, responders to the online survey were asked to contact the team via email 

if they were willing to be involved in the in-depth review. Ethics approval was obtained from the Ethics Review Committee (ERC) at 

WHO. 

The online survey was conducted first, and from there participants were invited to semi-structured interviews. There were 73 survey 

responses (41 males [56%] and 32 females [44%]) and six in-depth interviews conducted that were available for review during the GDG 

meetings.  An additional 10 in-depth interviews (cumulative: 16) were conducted after the meeting but data from these were not 

available at the time of the Guideline Development Group meeting and therefore were not included for this guideline. Of the total 

number of individuals interviewed, nine were male (56%) and seven were female (44%). These data have not yet been published. 

Data analysis: Descriptive and bivariate analyses and framework thematic analyses based on the Evidence to Decision (EtD) for the 

online survey and in-depth interview respectively. 

Evidence to Decision tables methodology: 

Following presentations from the Knowledge Synthesis team for each PICO question as well as results from the mixed- methods study, 

the GDG held discussions to formulate recommendations. 

GradePRO software was utilized to capture polling that occurred during the GDG discussions and to build consensus among GDG 

members. The polling was used to support the GDG judgements on elements of the evidence to decision tables, including evidence on 

health effects (desirable effects, undesirable effects, certainty of evidence, values, balance of effects) and evidence on contextual factors 

(resources required, cost effectiveness, equity, acceptability, feasibility). After all criteria were considered, a final recommendation and 

its strength were determined. 

During the discussions, research gaps were identified, which led to the further development of the IPC research agenda and research 

prioritization work that is currently in progress. 

Readership cues for statements: 

Table 2 presents the readership cues used for the statements in this living guideline. The green checkmark and red X symbols reflect 

statements that are developed using the GRADE evidence assessment methodology and the use of the evidence to decision framework 

to inform a recommendation or a GPS. The grey bar refers to implementation considerations that support statements through practical 

advice and are the product of expert consensus. 

Table 2. Readership cues used for statements in the living guideline 

The GREEN checkmark symbol denotes a recommendation or a good practice statement in favour of an intervention. 

The RED X denotes a recommendation or good practice statement against an intervention. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

21 of 188



9. Modes of transmission and communicability period

Modes of transmission 

The modes of filovirus (Ebolavirus and Marburgvirus) transmission provide the rationale for the IPC transmission-based precautions and 

recommendations and therefore an evidence review was undertaken to review the modes of transmission.  

Evidence review and synthesis 

During the rapid scoping review, 680 studies were screened at the title/abstract stage and 188 at the full-text review stage. In all, the 

rapid scoping review included 47 articles, seven of which were reviews that addressed both the direct and/or indirect modes of 

transmission. Four systematic reviews addressed viral persistence, sexual transmission and vertical transmission and three systematic 

reviews examined factors for transmission of Ebolavirus or Marburgvirus among health and care workers and among the general 

population. 

No systematic reviews or primary studies in humans were found that directly captured data on aerosol transmission. To fill these gaps, 

seven narrative reviews and three experimental studies on animals/particle dynamics were included.  

Entry into human circulation via zoonotic transmission 

Historically, Ebolavirus and Marburgvirus have been introduced into humans circulation through animal-to-human transmission (zoonotic 

transmission).  

The typical pattern of transmission of Ebola or Marburg disease which triggers an outbreak is a single primary virus introduction into 

humans from a wild animal source followed by human-to-human transmission [38] [39]. The presence of IgG antibody against Ebola 

virus indicating previous exposure has been associated with zoonotic exposures (including contact with bush meat), although the animal 

species associated with the highest rates of seroreactivity varied between studies and Ebolavirus species [40][41][42]. In 2018, a 

seropositivity study done in Uganda showed that touching duikers (small- to medium-sized brown antelope native to sub-Saharan 

Africa) was significantly associated with the presence of antibodies against EBOV, and that hunting primates and touching and/or eating 

cane rats was significantly associated with the presence of antibodies against SUDV (Sudan ebolavirus) [41]. Conversely, an earlier 

seroprevalence study in a pygmy population in the Watsa region of the Democratic Republic of the Congo (DRC) showed no association 

between contact with rats, bats, monkeys or entry into caves and presence of IgG antibodies against EBOV [42]. The authors of this 

study noted that this might be explained by not accounting for the level of exposure between participants [42]. 

Once Marburgvirus enters into the human population via zoonotic exposure, transmission patterns often show seasonal surges with 

multiple, short, independent chains of human-to-human transmission [43] [44] [38] . 

An accumulating body of evidence suggests that the Egyptian fruit bat (Rousettus aegyptiacus) is the reservoir of Marburgvirus, with 

exposure to these bats associated with several outbreaks, such as a 2007 outbreak in four Ugandan gold miners who were exposed to 

Egyptian fruit bats [45]. Marburg virus RNA and IgG antibodies have been isolated in Egyptian fruit bats in Gabon [46] and Marburg 

virus (RNA, antibodies or virus isolation) has been found in 2.5% and 5.0% of Egyptian fruit bats in Sierra Leone and Uganda 

respectively [47] [48]. Analysis of liver and spleen tissue from Egyptian fruit bats from a popular tourist attraction known as Python 

Cave in Queen Elizabeth National Park in Uganda found that 2.5% of 1622 captured bats were actively infected with Marburg virus and 

that the virus is genetically similar to virus isolated from infected tourists who had visited the cave [49]. 

Miners and other individuals with prolonged exposure in caves or mines inhabited by bats have been identified as a risk group for 

Ebolavirus and Marburgvirus infection. In 2020, a retrospective study found that Ugandan gold miners who worked in bat-inhabited 

caves were at 5.4 times higher risk of being seropositive for filoviruses compared to an unexposed control group in central Uganda [50]. 

In 2017, an epidemiological investigation of a Marburg disease outbreak in the Kween District of Eastern Uganda concluded that rock 

salt mining in a cave with bats resulted in spill-over into humans and thereby person-to-person transmission [51]. 

Human-to-human transmission via contact (direct/indirect) transmission 

Human-to-human transmission occurs via contact (direct or indirect, also known as fomite transmission) with an infected person during 

the period of acute illness. Since splashes/spray of blood and body fluids can occur (e.g. from vomiting),  the mucous membranes should 

also be used in addition to skin protection from direct/indirect contact. Sexual transmission can also occur from males who had 

previously been infected (see below). High-risk exposures for transmission included having had direct contact with an individual with 

confirmed or probable Ebola disease or Marburg disease, including through exposure to body 

fluids [52][51][50][53][54][55][56][57][58] [54]; participation in funeral practices that entailed exposure to the 

corpse; [59][52][56][60][61][62][63] touching bodies of a deceased person, [50][51][58][61][63][57] and care 

provision [54][58][60][61][62][63]. Studies reported higher transmission rates from direct exposure and when the primary contacts had 

wet rather than dry symptoms [58][64]. 
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A systematic review on risk factors for Ebolavirus and Marburgvirus transmission identified three behavioural patterns associated with 

increased risk of infection in the community: (1) close contact with individuals in the later stages of Ebola disease or Marburg disease, 

when viral loads in body fluids are usually highest, including activities such as sharing a meal, a bed or sleeping mat and touching body 

fluids; (2) caring for an individual with  Ebola disease or Marburg disease; and (3) preparing a recently deceased body for burial [65]. In 

this study [65] of household contacts who reported directly touching a case, the attack rate was 32% [95% confidence interval (CI) 

26%–38%]. Risk of disease transmission between household members without direct contact was low (1%; 95% CI 0%–5%). 

Another systematic review on Ebola virus transmission and pathogenicity among household contacts showed that the overall secondary 

attack rate (SAR), based on nine studies, was 12.5% (95% CI: 8.6%-16.3%). Immediate family members were at greatest risk, which was 

highest in those exposed to infectious body fluids while providing nursing care (SAR = 48% [95% CI: 25.5%-70.9%) [66]. 

In health and care workers, a lack of properly implemented IPC measures, including PPE; inappropriate risk assessment; and lack of 

environmental/engineering controls, such as lack of electricity or running water; poor waste management methods, including lack of 

sharps disposal boxes; and lack of supplies, such as soap and disinfectants (chlorine), were cited as significant risk factors for infection. 

Insufficient staffing of health and care workers and lack of IPC protocols were also contributing risk factors [67]. 

Evidence regarding fomite transmission, such as from clothing or linens contaminated with blood and/or other body fluids, is limited 

(fomite transmission) [54][53]. There have been reports of persistence of Ebola virus RNA in the vicinity of patients, such as the 

patient's bed, mattress and clothes/linens [68][69]. 

Blood appears to be the most infectious body fluid due to high viral loads, although Ebola and Marburg viruses have also been reported 

in most other body fluids, including breast milk, saliva, semen, sputum, stools, sweat, tears, urine and vomit. With the exception of 

delayed virus clearance in a few immunologically protected body sites, virus is cleared rapidly as the patient convalesces. Blood was 

seldom positive for the virus after 16 days post onset of illness [70]. 

Although EBOV and  SUDV transmission reports exist in which the mode of transmission was not specified and there was no apparent 

direct physical contact with a body fluid, no epidemiological or laboratory studies suggest respiratory or airborne transmission of 

 filoviruses between humans [71] [72][73][74]. In a study that looked at 23 household contacts of a patient with Ebola disease, none 

contracted the virus [74]. Use of a surgical [medical] mask that covers the oral mucosa has been shown to prevent nosocomial 

transmission of Ebola [75]. 

Various narrative and non-systematic reviews have discussed the possibility of inadvertent spread via droplets  through coughs or 

sneezes [76] and the potential for aerosol filovirus spread under laboratory conditions based on animal model studies [77]. While this 

aligns with some of the biological principles of aerosol transmission outlined by Jones et al [71], evidence from animal studies is 

inconsistent and aerosol filovirus spread has not been observed in human studies. A  2022 experimental study of EBOV transmissibility 

reported that aerosol EBOV-Makona-exposed non-human primates (NHPs) did not succumb to infection or demonstrate any observable 

signs of disease [78]. Additionally, although laboratory-based particle dynamic studies have suggested that some EBOV strains may 

remain viable for some time [79][80], there is limited research on the viability of filoviruses as respirable particles outside of controlled 

laboratory environments or in real-world, clinical situations. 

Taking all these findings into consideration current evidence indicates that filovirus transmission in humans does not naturally occur via 

the airborne route or via the respiratory droplet route. Although no studies address Ebola or Marburg virus transmission during aerosol-

generating procedures, extra precautions are recommended for this, given the high pathogenicity, morbidity and mortality of filoviruses. 

Viral persistence as a mechanism of transmission, including sexual transmission  

A  2018 review of the 2014-2016 Ebola disease outbreak reported that, in half of the ongoing chains of transmission, sexual intercourse 

was the most likely transmission route from male survivors who were confirmed or suspected to be persistently infected [81]. Viable 

EBOV has been shown to persist for up to 284 days, although persistence of this duration is not the norm [82]. A primary cohort study 

with 220 participants noted median EBOV RNA persistence in semen of 204 days [83]. Because virus persistence has been recorded in 

human semen, Ebola disease survivor programmes emphasize semen testing and safer sex practices, including consistent condom use, 

in order to prevent sexual transmission. 

While RNA has been detected by a real-time reverse transcription polymerase chain reaction (RT-PCR) test in vaginal fluid from one 

woman 33 days after symptom onset, infectious virus has to date not been isolated from vaginal fluids [82]. Data remain limited and it is 

unknown how long the virus typically persists in [84] vaginal fluids or whether it can be sexually transmitted [85]. More information on 

Ebola survivors can be found in WHO’s 2016 publication titled Clinical care for survivors of Ebola virus disease interim guidance, Interim 

advice on the sexual transmission of Ebola virus disease, and the 2018 document International meeting on persistence of Ebola virus RNA in 

semen and implications for public health [86][85][87]. There are two published reports of Ebola virus persistence or reactivation in 

sentinel sites (e.g. central nervous system, eye) neither of which led to further transmission [88]. However, Ebola virus transmission in an 

individual who had a relapse of infection has  been reported [89]. 

Additional research is required to better understand the dynamics of filovirus persistence in different body fluids to better quantify risk 
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and prevent transmission from survivors. 

Mother-to-child (vertical) transmission 

Evidence of mother-to-child transmission of Ebola virus remains limited, although infection during pregnancy has been associated with 

adverse outcomes for both mother and child, including elevated risk of maternal and neonatal death, miscarriage, stillbirth and preterm 

delivery [90]. In 2021, WHO published Guidelines for the management of pregnant and breastfeeding women in the context of Ebola virus 

disease [91]. Please refer to these guidelines for more information.  

Transmission during funeral practices 

Viral loads of body fluids tend to be higher in the later stages of Ebola or Marburg disease and at the time of death. A systematic review 

showed that contact  (including non-intimate contact) with deceased individuals or individuals in the later stages of Ebola disease or 

Marburg disease poses some risk of infection even after adjusted for direct contact [65]. Visiting or caring for an individual who was 

actively ill with a filovirus increased risk of transmission, with an OR of 13.33; (95% CI; 3.2-55.6) among people who cared for patients 

at home until the patients died [65]. 

A systematic review conducted by Brainard et al (2016) attempted to examine behaviours and quantify odds of acquiring infection with 

Ebola virus or Marburg virus. For example, direct contact with a corpse, its body fluids or soiled items, (OR 38.5 (4.2-352.1)) or 

preparing a recently decreased body for burial were noted as a high risk for transmission, whereas funeral attendance itself, without 

adjustment for other forms of contact, showed inconsistent risk (MOR 3, 95% CI: 1 .2-7.6; unadjusted OR 0.86, 0.41-1.79 [65]). One 

study reported that viewing the body at a funeral (without touching) increased risk of transmission (PPR 4.8), but this risk was 

attenuated after adjustment for direct physical contact during illness and contact with body fluids (PPR 1.6, CI: 0.5-4.9). Similarly, 

another study reported that sharing a communal meal as part of a funeral was not associated with risk of transmission after estimates 

were adjusted for contact with the deceased patient while alive (PPR 1.5, 95% CI: 0.98-2.28) [65]. 

Funeral-related activities that involved direct contact with the body showed a wide range of effect sizes across five studies, ranging 

from an OR of 1.07 (CI: 0.63-1.82) for preparing the cadaver to 38.5 (CI: 4.2-352.1) for direct contact with the corpse, its body fluids or 

soiled items. The strength of association was attenuated in the three studies that adjusted for other routes of exposure (e.g. contact 

with a live patient, providing care during illness), ranging from an OR of 1.16 (CI: 0.54-2.49) for ritual handwashing to 3.83 (CI: 

1.78-8.23) for washing and dressing the body. 

These findings suggest that, if funeral attendance is associated with increased risk of transmission, routes of exposure other than 

proximity to the corpse – such as direct contact with the body or body fluids or contaminated objects -- could account for the increased 

risk. 

Summary of Ebolavirus and Marburgvirus transmission: 

Based on the scoping review, Ebolavirus and Marburgvirus enter into circulation among humans via zoonotic transmission. Human-to-

human transmission then occurs via direct or indirect contact with blood or other body fluids of infected individuals. This chain of 

events is usually more sustained with Ebolavirus (more prolonged, resulting in ongoing transmission chains once humans are infected) 

than with Marburgvirus, suggesting that Marburgvirus is inherently less infectious. 

Although all body fluid can contain the virus, the highest-risk body fluids are blood and other body fluids contaminated with blood. 

Human-to-human transmission occurs via exposure to blood and other body fluids via contact (direct and/or indirect) and/or splashes 

or sprays of blood or other body fluids.  

Certain high-risk activities increase the risk of human-to-human transmission. Examples of high-risk activities include: 

• Exposure of mucous membranes (e.g. eyes, mouth) to Ebolavirus/Marburgvirus in the absence of appropriate PPE

• Exposure of broken skin to Ebolavirus/Marburgvirus in the absence of appropriate PPE

• Needlestick/sharps injuries with equipment contaminated with Ebolavirus/Marburgvirus

• Close contact (unprotected) with individuals in later stages of Ebola disease or Marburg disease, including caring for a sick person

with Ebola disease or Marburg disease without appropriate PPE.

• Preparing a recently deceased body for burial (washing, dressing and preparing for the funeral) without appropriate PPE, though

evidence was inconsistent.

Other important modes of transmission include sexual transmission, mother-to-child transmission and transmission during 

breastfeeding, though control of these modes of transmission is not the focus of this guideline. The previously published WHO 

guideline [91] provides recommendations to prevent the spread of EBOD during pregnancy and breastfeeding. 
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Communicability period 

The communicability period (the period when a patient infected with Ebolavirus or Marburgvirus is infectious or contagious) starts on the 

day of symptom onset. Neither Ebolavirus nor Marburgvirus is known to be transmissible prior to symptom onset. The duration of 

communicability, and therefore the duration of the IPC recommendations (which include PPE recommendations), lasts until the patient 

is ready for discharge from the TC [92]. 

Recommended criteria for discharge: 

When three or more days without fever or any significant symptoms have passed: 

Symptoms that suggest ongoing shedding of virus (e.g. diarrhoea, bleeding, etc.) should have completely stopped. Soft stools are not 

regarded as an ongoing shedding of virus in children < 5. 

Viral shedding known to occur in the semen of male patients and breast milk of lactating females need not preclude discharge, but must 

be taken into consideration when providing discharge instructions to the patient. 

AND 

Significant improvement in clinical condition. 

AND 

In relatively good condition: independently feeding and able to carry out other activities of daily life, like washing and walking, without 

assistance, taking into account any previous disabilities. 

AND 

Where laboratory testing is available, a negative blood PCR on day three or later following the resolution of symptoms. 

Note: Although the virus is no longer present in the blood, it may show persistence in sites including testes (semen), eyes and brain, in 

addition other body fluids (such as breast milk).  
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10. The role of infection prevention and control during outbreaks and routine service delivery

Infection prevention and control is crucial in mitigating and containing the spread of Ebolavirus and Marburgvirus. If appropriate IPC 

measures are not taken, transmission of these viruses can be amplified via health care-associated (nosocomial) infections within 

facilities. This can result in further spread into communities and across borders, resulting in increased morbidity and mortality. To 

prevent that, public health officials should ensure that robust IPC measures and practices accompanied by Water, Sanitation and 

Hygiene (WASH) services are in place at all health-care facilities, as well as in all communities. During an outbreak, support for IPC 

should include all relevant points of health-seeking practices within the local context, including government health facilities, private 

facilities, traditional healers and centres, such as treatment centres (TCs), established to manage the care of patients suspected of 

having or confirmed to have the pathogen of interest during an outbreak. 

Health-care facilities and communities may be at different emergency phases (preparedness, readiness, response, or recovery) of the 

outbreak, depending on their geographic location (proximity) to the Ebolavirus/Marburgvirus transmission area(s). Strengthening IPC 

preparedness and operational readiness will lead to more robust responses, contain outbreaks and prevent health systems from 

becoming overwhelmed. When an outbreak is imminent or underway, it is crucial to start the response by evaluating the existing IPC 

capacity to identify the critical areas that are missing or that need development. Thus, categorizing geographic zones and corresponding 

health-care facilities according to the emergency phase facilitates planning of IPC activities and support requirements. Additional 

information can be found in the Framework and toolkit for infection prevention and control for outbreak preparedness readiness and response 

at the National Level￼ [93] and the Framework and toolkit for infection prevention and control in outbreak preparedness, readiness and 

response at the health-care facility level [94]. 

IPC outbreak management is optimal where national or subnational IPC programmes have already been established, with dedicated 

support and trained IPC teams at the national, local and health-care facility level. Achieving the IPC minimum requirements [95] as well 

as more robust and comprehensive IPC programmes according to the WHO core components [96] across the whole health system in all 

countries is essential to sustain outbreak response efforts. The IPC core components help plan, organize and implement an IPC 

programme and should be implemented at both national and health-care facility levels in line with the priorities of the IPC programme 

and the resources available. 

Although Ebolavirus and Marburgvirus have some specific IPC considerations, it is important to follow the IPC hierarchy of 

controls [31] as well as standard and transmission-based precautions when caring for patients suspected of having or confirmed to have 

Ebola or Marburg disease. The hierarchy of controls is  used by IPC programmes as a framework to categorize different actions to 

reduce exposure risks [31][32]. 

Engineering controls include modifying equipment or infrastructure (ventilation, water and sanitation). Implementing engineering 

controls such as isolation rooms with ensuite bathrooms and designing facilities that promote a unidirectional flow to encourage 

movement of personnel and equipment from “clean” to “dirty” zones and prevent cross contamination.. Adequate access to water and 

sanitation is  also an important  element of engineering controls [31][32]. 

Administrative controls establish work practices that reduce the duration, frequency, or intensity of exposure risk and include training of 

health and care workers, implementation of policies and protocols and monitoring of practices. Examples include policies on hand 

hygiene and cohorting of suspect or confirmed patients. Concerns with cohorting suspect or confirmed cases together have been noted 

in the field during several Ebola disease outbreaks. Not all individuals in these categories present with the same epidemiological risk and 

therefore should not be mixed (or cohorted) with one another, as they may ultimately be found to have an alternate diagnosis or might 

have Ebola and coinfection with other pathogens, such as malaria. These individuals must not be mixed (or cohorted) together while 

awaiting laboratory confirmation. Different holding areas in health-care facilities or TCs are required for these individuals, and it is 

critical that the infrastructure needed to separate these individuals exist [31][32]. 

The lowest level of the hierarchy of control is the use of PPE, worn to protect health and care workers from exposure to blood and body 

fluids or equipment and environmental surfaces that may be contaminated. While PPE can be effective, this is only when it is worn, 

used and removed correctly and consistently. 
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11. General IPC measures during Ebola or Marburg disease outbreaks 

This section of the guideline focuses on general infection prevention and control measures that would apply to all health-care settings in 

the event of an outbreak of Ebola disease or Marburg disease. Subsequent sections focus on specific areas, tasks or specific health-care 

settings that may require different actions to be undertaken. 

During an outbreak, the IPC pillar must work collaboratively with other pillars in the response and attention must be paid to the cross-

cutting nature of IPC when implementing these guidelines. Some of the pillars with which IPC works regularly during an outbreak 

include clinical management, epidemiology/surveillance, WASH, logistics and risk communications, to name a few. It is important that 

IPC messaging be consistently communicated and followed by the different pillars. 

  

11.1 IPC ring approach 

The IPC ring approach is a strategy in which rapid, intensive and short-term IPC support is delivered to health-care facilities and 

community settings in areas of active Ebola virus transmission to help break the chain of transmission and prevent health care-

associated infections (HAIs). Once a case is identified at a health-care facility and/or the high risk area and associated health-care 

facilities are identified, a bundle of interventions is implemented that includes decontamination of affected health-care facilities 

and/or households; rapid assessment of IPC measures at health-care facilities using a standardized tool (e.g. IPC Ebola and Marburg 

scorecard) [97][98][99] followed by development of an improvement plan; IPC/WASH supply kit distribution; health and care 

worker (HW) IPC briefings; and a risk assessment of health and care workers who may have been exposed to Ebolavirus or 

Marburgvirus. This is then followed up with regular supportive supervision and mentorship and periodic re-evaluations. This 

approach was used in the West African Ebola disease outbreak of 2014-2016 [100] and in the Ebola disease outbreaks in DRC 

(2018-2020), Uganda in 2022 and the Marburg disease outbreak in Equatorial Guinea in 2023. 

Practical Info 

Implementation considerations: 

• A governance structure for the IPC ring intervention, such as an IPC Task Force led by the Ministry of Health, should be 

established and/or activated to coordinate IPC ring activities amongst other outbreak-response activities. 

• A systematic implementation of the IPC ring approach following standard operating procedures  would prioritize resources 

and thereby help maximize the benefits of this approach during an outbreak. Successful implementation of the IPC ring 

approach is dependent on sensitization on the ring approach, contact tracing and screening/triage capacities to identify 

cases promptly; therefore, these need to be functional if the IPC ring approach’s benefits are to be maximized. 

• Depending on the phase of the outbreak and the geography of the location affected (e.g., proximity to  the outbreak 

epicenter), the benefits of the ring approach might vary. 

• As the IPC ring approach comprises a bundle of interventions, the magnitude of its benefit will depend on baseline 

circumstances and resources available prior to its activation. 

• Logistical systems should be in place for mapping of health facilities and community sites and transport of supplies and staff 

to perform IPC ring activities. 

• There are four steps within the IPC ring approach with key interventions in each phase (see box below). Activities are done 

Conditional recommendation for , Very low certainty evidence 

WHO suggests using the Infection Prevention and Control (IPC) ring approach in health-care facilities and communities during 

the management of cases of Ebola disease (EBOD) or Marburg disease (MARD). 

Remarks: 

• The IPC ring approach requires the establishment of a governance structure such as an IPC Task Torce. 
• The ring approach may be more useful in health systems that are vulnerable and do not have the resources to scale for an 

outbreak response. 
• The ring approach may be more beneficial in primary care centres with limited resources. 
• The IPC ring approach should not replace existing efforts of partners supporting IPC activities or long-term existing IPC efforts; 

rather, it is additional support in the context of outbreak response. 
• Caution should be exercised to ensure resources are not diverted from existing efforts when implementing the IPC ring approach. 
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within an identified ring area according to a definition and within a specified timeframe. 

• PPE supplies for health and care workers and patients seeking help at target health facilities should be made available in

appropriate quantities.

• Training of health and care workers on screening, triage, isolation and PPE use is an important element of the IPC ring

approach.

Step 1-Preparations: Establish an IPC Task Force to coordinate the IPC ring approach (if one is not already functioning); once a 

case has been identified, activate the IPC ring; define the parameters (geographic area) of the ring based on where the case is 

located; identify health facilities, households and public places within the ring; establish teams to dispatch; coordinate logistics, 

security, etc.; communicate with health facilities, community leader(s) and households. 

Step 2-Health-care facility interventions: Decontaminate (clean and disinfect) surfaces and equipment; provide IPC kits, health 

and care worker briefings; conduct IPC rapid assessments (Scorecard); and create an improvement plan. 

Step 3-Household interventions: Decontaminate; distribute standardized hygiene and prevention kits; carry out health 

promotion activities. 

Step 4-Public places (community) interventions: Decontaminate public places within the ring; engage with the community by 

heightening awareness and sensitization in public places that the case may have been associated with such as markets, churches 

and schools; carry out a rapid water sanitation and hygiene (WASH) assessment; provide hygiene kits to households and 

community sites. 

Timelines IPC and additional considerations for IPC ring interventions 

• The process of setting up IPC rings around target health facilities should be initiated as soon as possible and with a target of

less than 24 hours after recognition that a facility provided care to a case.

• Timelines are not necessarily linear; given the availability of sufficient resources, many interventions may occur

simultaneously in both health facilities and community settings and are dependent upon resource availability. However,

decontamination should be the first intervention when there has been a confirmed case.

Evidence To Decision 

No comparative studies were identified that evaluated the IPC ring approach. One non-comparative study looked at the 

implementation of the IPC ring approach in 10 health-care facilities in Liberia, where one out of 166 exposed health 

workers developed Ebola virus disease [101]. Overall, the study found that IPC ring efforts appeared to be associated with 

an increase in identification and isolation of suspected or probable EVD patients, but triage was not always completely 

successful. Another study during the Ebola disease outbreak in Liberia reported that the average period from symptom 

onset to hospitalization was five days, whereas isolation of infected individuals who were in critical condition within four 

days of symptom onset could facilitate disease elimination (reduce transmission) [102][100]. 

The GDG members judged that the desirable effects of the ring approach were large for the outcome of Ebolavirus 

infection. 

The systematic review did not identify any evidence on adverse effects of the IPC ring approach. However, the GDG judged 

that the undesirable effects of the IPC ring approach were small. The GDG members felt that, in most circumstances, a 

systematic approach to enhancing IP measures may be of benefit. 

On the balance of benefits and harms, the GDG members judged that they were probably in favour of the IPC ring 

approach. 

Benefits and harms 

The certainty of evidence was judged to be very low due to risk of bias (lack of a comparator group and systematic data 

collection) and imprecision. 

Very low Certainty of the Evidence 
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Justification 

No comparative studies were identified to evaluate the IPC ring approach. One non-comparative study looked at the 

implementation of the IPC ring approach in 10 health-care facilities (HCFs) in the St. Paul Bridge Cluster (Liberia), where one of 

166 HWs exposed to Ebola virus developed the disease [100]. 

The systematic review did not identify any evidence about the value of the outcomes. The GDG judged that there was 

probably no important uncertainty or variability in how much people value the main outcomes, despite an absence of 

evidence. 

No substantial variability expected Values and preferences 

The systematic review did not identify any evidence on resources. Despite a lack of evidence, the GDG judged that there 

were moderate costs associated with the IPC ring approach. This was thought to be because the IPC ring approach requires 

extra staff time, supervision and training time, transportation time and supplies, such as thermometers and personal 

protective equipment (PPE). Although limitations in both supplies (PPE and infrared thermometers) and human resources 

(appropriately trained personnel) might inhibit a timely response to initiating IPC activities, the IPC ring approach might be 

used to prioritize allocation of these limited resources. 

From a cost-effectiveness perspective, although the systematic review identified no directly relevant information, the GDG 

judged that it probably favours the IPC ring approach. 

Resources 

The GDG members noted that an impact on equity would depend on whether there is a diversion of resources;  they 

 therefore judged that they did not know what the impact on equity could be. 

Equity 

The systematic review did not identify any evidence on acceptability. The IPC ring approach has been accepted when 

initiated in multiple settings in past outbreaks. For example, in Liberia, three febrile HWs were identified when screened for 

work; all were properly isolated and transferred to an ETC for testing. Sierra Leone integrated an IPC ring around clusters of 

Ebola patients in three districts. Guinea focused on minimizing transmission by rapidly investigating infected HWs and 

remediating IPC lapses [100][103]. 

In the 2018-2020 Ebola disease outbreak in eastern DRC, the IPC ring approach was endorsed as a key element of the 

response by the Ministry of Health and implemented across all the affected provinces by all IPC-implementing partners 

(NGOs and INGOs) [99]. 

A study from Uganda in 2014 found that the work of community-appointed Village Health Teams, which supported 

outbreak-response activities, contributed to the quick containment of Ebola and Marburg disease epidemics. This strategy 

of strong community mobilization also increased community acceptance of taking patients to isolation facilities [104]. 

GDG members judged that the IPC ring approach was probably acceptable to key stakeholders. 

Acceptability 

Flexibility in response to the changing epidemic and development of the IPC ring approach was essential in containing Ebola 

disease spread in July 2014–September 2015 [105]. 

Although no directly relevant information was identified during the systematic review, the GDG judged that the IPC ring 

approach was probably feasible to implement. Field experience during the 2022-2023 Uganda outbreak highlighted the 

importance of readily available resources (supplies, human and financial) as well as health and care worker and partner 

knowledge and training in order to successfully implement the IPC ring approach. 

Feasibility 
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Contextual data were limited and operating procedures for the implementation of the IPC ring intervention were not available in 

published literature, although WHO has provided such standard operating procedures (SOPs) to countries experiencing 

outbreaks. Providing rapid, intensive and short-term (21days) support to health-care facilities and communities in areas of active 

Ebola transmission had a good impact in Guinea and Liberia outbreaks [100][106] and more recently in the DRC. 

A potentially relevant conceptual framework that explores health-system building blocks to achieve and maintain preparedness 

was also found [107]. The IPC ring approach is based upon the premise that early cluster detection can trigger a rapid, localized 

response in the high-risk radius around one or several health facilities to reduce transmission sufficiently to contain an outbreak 

or limit its spread. This premise is the operating principle in case-area targeted interventions (CATI) during cholera outbreaks. 

The GDG members judged that the IPC ring approach offered a systematic approach to implementing IPC interventions during 

an outbreak of Ebola disease or Marburg disease and may be of benefit in vulnerable health systems.  Some GDG members 

noted that the efforts of partners supporting health systems should continue during an outbreak and complement the IPC ring 

approach while being mindful of potential diversion of resources. 

11.2 Isolation and management of suspect or confirmed cases 

Maintaining human rights principles that are balanced with public health principles is important to ensuring isolation is done in a 

safe but also dignified manner for patients, HWs and family members/visitors[108]. 

While special populations (including children and pregnant women) will be discussed in future guideline iterations, some preliminary 

considerations apply to the isolation of children. These considerations include but are not limited to how to isolate children in a way 

that promotes their development and sense of safety; where to isolate – together versus separately -- a child and mother who are 

both infected; and how to design "child-friendly” isolation facilities. 

It is important to acknowledge that patients and communities that are subject to isolation/containment measures might experience 

negative feelings and that escapes from TCs have been reported during outbreaks[109]. TCs can be seen both as positive (e.g. due 

to their use in the rapid isolation of individuals infected and the quality of care they make possible) and negative (e.g. due to anger 

towards TC workers, in particular those involved in burials)[110]. 

11.2.1 Patient placement 

Practical Info 

Implementation Considerations: 

• Ideally isolation of individuals with suspected or confirmed Ebola or Marburg disease should be done in single patient

rooms. There is a difference between confirmed versus suspected cases (the latter of which meet the case definition but

could have a broad differential diagnosis and/or co-infections) and therefore cohorting of suspect and confirmed cases

is not advised.

◦ If sufficient single isolation rooms are unavailable, and cohorting is required, cohort suspect patients separate from

confirmed patients.

• Restrict all non-essential staff from patient care areas to reduce potential exposure to HWs.

• Isolation areas should follow a unidirectional flow to encourage movement of personnel and equipment from “clean” to

“dirty” zones and not vice -versa.

• Isolation rooms/areas should have:

◦ clear signage at entrance

◦ where the design allows, a separate entrance and exit to the isolation area for staff and patients

◦ dedicated hand hygiene stations

• dedicated cleaning and disinfection supplies

• items and equipment that are not moved between isolation rooms/areas or into other areas of the HCF

Good practice statement 

Patients with suspected or confirmed Ebola disease or Marburg disease should be isolated, preferably in a single room, and 

appropriate PPE be worn by health and care workers. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

30 of 188



• waste bins

• a sharps container

• a dedicated patient toilet

• a separate area for putting on and taking off PPE for health and care workers that has adequate space to ensure

room for a during the process of taking off PPE

◦ Items and equipment should not be moved between isolation rooms/areas or into other areas of the HCF.

• Please refer to the section of the guideline on Personal Protective Equipment for details on PPE recommendations

Justification 

The GDG noted that the core elements of IPC include the implementation of standard and transmission-based precautions. 

Transmission-based precautions (TBPs) are used in addition to standard precautions for patients with known or suspected 

infection or colonization with transmissible and/or epidemiologically significant pathogens [5]. This includes physically 

separating patients with infectious symptoms from others and prioritizing single-patient rooms for patients likely to be most 

infectious. Due to the infectious nature of Ebolavirus and Marburgvirus, and the existing principles of IPC, the GDG judged 

that a good practice statement was appropriate. 

Practical Info 

Implementation considerations: 

• In general, visitors should not enter into high-risk zones, except to carry out essential cultural or social functions.

• Visitors should be screened before entering into the HCF, including TCs. If visitors are also considered close

contacts (e.g. household members) then they should be allowed to enter into HCFs only with caution, given the high

secondary attack rates of Ebola and Marburg disease. That caution should apply even to visitors who do not screen

positive for symptoms of Ebola or Marburg disease, since, as close contacts, they are at higher risk of infection with

Ebolavirus or Marburgvirus.

• Where possible, isolation rooms should be created to promote interaction with family members in a safe manner (e.g. in

isolation CUBEs --Biosecure Emergency Care Units for Epidemics) as utilized by some NGOs, which have increased

visibility for patients and visitors.

• Maintaining human rights principles that are balanced with public health principles are important considerations to

ensuring isolation is done in a safe (for patients, HWs and family members/visitors) but also dignified manner[108].

• Promote safe interaction with visitors/family in the built environment:

◦ Support communication with visitors/family.

◦ Provide education to the family/visitors to support them to follow IPC measures.

• Support for children in isolation is an important consideration. Consider the child's developmental needs, sense of

safety and caregiver input when deciding whether to isolate the child. Further updates to this section will be included in

the phase for special populations, once available.

Justification 

Several GDG members noted negative consequences of isolating patients and restricting visitors. It is well recognized that 

well-being of patients is essential to their recovery and that making allowances for interaction with family and visitors is 

essential to promoting well-being. Thus, the GDG determined a good practice statement was appropriate.  

11.3 Screening and triage recommendations 

During an outbreak, health-care facilities and communities may be at different phases, for example, in response, or in operational 

readiness phase, depending on their epidemiological situation and geographic proximity to the Ebola disease or Marburg disease 

transmission areas. Health and care workers should heighten their awareness of symptoms of the infectious disease of concern (e.g. 

Marburg disease or Ebola disease). Conducting activities to rapidly identify and implement source control for suspect, probable and/

or confirmed cases is an infection prevention and control measure that should be implemented to prevent amplification of 

Good practice statement 

Once patients with suspected or confirmed Ebola or Marburg disease have been isolated, interaction with family and 

visitors should be facilitated to promote their well-being while providing education and preventing direct physical contact 

with others. 
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transmission. 

In the context of an outbreak, screening processes are often implemented that may include observing the person; taking the 

person's temperature with an infrared (no-touch) thermometer; and asking them questions (e.g. about symptoms and potential 

Ebola/Marburg contact history) according to a standardized case definition. The key goal of screening is to determine if the person 

meets the standardized suspect case definition and then to act accordingly (i.e. to isolate the suspect case and to allow non-suspect 

cases to enter the health-care facility). 

11.3.1 Screening and triage activities 

Practical Info 

Implementation considerations 

• Ensure staff performing screening maintain a minimum of 1 metre distance when interviewing/interacting with the

patient/visitor/staff.

• Engineering controls such as a barrier (plexiglass or clear plastic window) between the person conducting the screening

and the person being screened should be used wherever possible to help limit contact. A minimum of 1 metre distance

can be achieved through the use of a barrier such as a table/desk between the screener and the person being

screened.

◦ Prevent crowding of individuals who require screening by:

▪ maintaining at least 1 metre distance spacing of chairs between individuals waiting for screening;

▪ ensuring that the screening area has a unidirectional flow

• Staff should follow a no-touch technique when assessing the patient/visitor/staff.

• Use of a thermometer that requires no contact with the skin is recommended for monitoring the temperature of the

person being screened (e.g. a non-contact thermometer).

• In instances where the no-touch technique and a minimum 1 metre distance cannot be maintained, despite making

every effort to do so, ensure that PPE is available/accessible.

• A standard Ebola disease or Marburg disease questionnaire and algorithm should be developed and made available in

the screening area.

• Hand hygiene points should be made available.

• Ideally, alcohol-based hand rub (ABHR) or soap and water should be used for hand hygiene. Soap and water should be

used for visibly soiled hands. In situations where neither ABHR nor soap and water are available, a chlorine solution of

0.05% can be used for:

◦ staff conducting screening activities

◦ individuals being screened in the screening area, at point of arrival

• Use table and chairs made from nonporous material so it is easy to clean and disinfect

• Additional supplies needed for screening areas include:

◦ Single-use towels (e.g., disposable paper towels) where soap and water (or 0.05% chlorine  solution)will be made

available for handwashing

◦ Posters depicting hand hygiene techniques

◦ Dedicated cleaning and disinfection supplies

◦ Waste bins.

• Ensure a mechanism/referral system (including validation, safe transport and temporary isolation) is in place to manage

screened persons who meet the suspect case definition.

Justification 

The GDG determined that rapid and early identification of suspect cases of EBOD/MARD was essential to enable source 

control, such as isolation of cases, and to prevent disease transmission. During Ebola disease or Marburg disease outbreaks, 

Good practice statement 

In geographic areas where Ebolavirus or Marburgvirus is circulating, all persons (patients, visitors, health and care workers) 

should be screened using a no-touch technique at the first point of contact with any health-care facility to enable early 

recognition of suspected cases and rapid implementation of source control measures. 
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symptoms may be similar to those caused by other circulating illnesses, such as malaria. 

Some indirect evidence that emerged from other PICOS was discussed as supporting the need for screening. For example, 

one study determined that health workers have a high chance of breaking the chain of transmission if they isolate 75% of 

individuals who are infected with Ebola virus and in critical condition within four days of symptom onset [102]. In a report of 

62 HWs involved in 10 clusters of infections in Liberia in 2014, 33 HWs were identified as having cared for the source 

patient in the cluster[111]. Early recognition and diagnosis of Ebola in patients who were the likely sources of introduction 

of the virus to the HWs was missed in four of these 10 clusters as well as in other clusters of HW infections [112][113]. 

Well established IPC principles in standard and transmission-based precautions emphasise rapid identification and 

implementation of control measures such as isolation of suspect or confirmed cases[5]. Therefore, the GDG judged that 

screening of all persons at the first point of contact with any healthcare facility, according to established case definitions, 

was essential to enable rapid implementation of IPC measures for transmission prevention. 

Practical Info 

Implementation considerations: 

• In some settings, screening and triage are implemented together within the same physical space and by the same

person. In other settings (particularly large facilities), screening and triage are performed separately, by different people.

• Every health-care facility in areas where Ebolavirus or Marburgvirus is circulating should have a dedicated, well-equipped

triage area that includes the following:

◦ At least 1 metre spacing between bed/assessment spaces;

◦ Sufficient space for putting on and taking off PPE, including space for a buddy to be present during the procedure for

taking PPE off;

◦ Hand hygiene stations;

◦ Sufficient patient care equipment to allow cleaning and disinfection between uses;

◦ Bins with lids for waste, as well as sharps containers.

Justification 

The GDG judged that triage is an established process for quality of care that should continue during outbreaks and for 

patients suspected of having symptoms of a pathogen of concern, such as Ebolavirus or Marburgvirus, to ensure safe, 

essential care is delivered. 

Good practice statement 

All patients, including those presenting for surgery, obstetrics or other invasive procedures, who are suspected of having 

Ebola disease or Marburg disease should be triaged to determine the severity of their illness and identify those in need of 

immediate care (and prioritize their care delivery). 
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12. Personal protective equipment (PPE)

This section contains Personal Protective Equipment (PPE) recommendations. PPE that is provided for health and care workers should 

meet the preferred product characteristics as outlined in the WHO  document, Preferred product characteristics for personal protective 

equipment for the health worker on the frontline responding to viral hemorrhagic fevers in tropical climates [114]. 

For example, gowns and coveralls should meet the fluid-resistance standards described in the document for protection against blood 

and other body fluids. If a gown or coverall is not designed to have high fluid resistance at its front, then an apron should be added. 

Fluid-resistant medical or surgical masks with a structured design that does not collapse against the mouth are preferred [17]. This is 

because medical masks tend to collapse when wet and fluids may then permeate. Availability of such masks tends to be only in the form 

of respirators, which are often dome-shaped, cup-shaped, duckbill-shaped or flat-paneled. Some manufacturers are now providing 

medical masks in a vertical fold, which may be more rigid but still quite breathable. In some cases, due to the desirability of an off-the-

face design, and not for protection from aerosols, respirators may be selected for use instead of medical masks [114]. 

Risk of transmission based on activities conducted: 

The activities that a health and care worker perform may affect their risk of exposure to Ebolavirus or Marburgvirus and subsequent 

transmission. Following IPC recommendations, which include PPE recommendations, will reduce the risk to the health and care worker. 

In this guideline, screening where at least 1 metre distance and a no-touch policy can be maintained is considered to present the lowest 

risk; this is the rationale for why PPE is not required. In the suboptimal situation, where at least 1 metre distance and a no-touch policy 

cannot be maintained during the screening process, the risk can be increased and is the basis for the PPE recommendations outlined in 

this guideline. For those who have contact (either direct or indirect) with individuals who are suspected of having or confirmed to have 

Ebola disease or Marburg disease (for example those who are providing direct clinical care), PPE recommendations include additional 

items than are recommended for those who are screening. Although triage does involve contact with individuals suspected and/or 

confirmed to have Ebola disease or Marburg disease, the risk is considered lower than among those providing patient care (this is why 

this guideline specifically covers  those conducting triage). 

12.1 Medical scrubs and footwear 

Practical Info 

Implementation considerations: 

Scrubs 

• Scrubs are considered regular on-duty wear and are not considered PPE.

• Specification of scrubs (trousers and tops) from 2016 guidance [17] is as follows: tightly woven with minimum linting. Can

be non-sterile, reusable or single use. The top or tunic should be short sleeved, and the trousers should have a drawstring

waist closure.

• Supply chain and access to medical scrubs are important considerations. In these situations, alternatives to scrubs could be

considered.

• Patient-contact areas include all areas where a health and care worker might have exposure to a patient. Risk might vary

depending on the area of contact. For example, those working in direct clinical care of patients would be at highest risk of

patient contact; however, a screener should, in general, not have patient contact. While scrubs might not be available in

sufficient quality and quantity, consideration for scrub use should be prioritized for those with the greatest likelihood of

patient contact.

• This good practice statement should be seen in the context of the consistent and rigorous application of standard

Good practice statement 

All health and care workers who work in areas with patients who are suspected of having or confirmed to have Ebola or 

Marburg disease should wear medical scrubs (as opposed to personal clothing) and closed-toe shoes during their shift. 

 Remarks: 

• Waterproof rubber boots are preferred in patient-care areas with suspect/confirmed Ebola disease or Marburg disease.
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precautions as well as other general IPC measures. 

• Different sizes of scrubs should be available.

• Scrubs worn when caring for suspect or confirmed patients with Ebola or Marburg disease should be removed when soiled

or at the end of the shift and laundered at the health facility, they should not be taken home by health and care workers for

laundering.

Footwear 

• At a minimum, health and care workers should wear closed shoes (slip-ons, without shoelaces, that fully cover the dorsum

of the foot and ankle).

• Different sizes of rubber boots should be available for health and care workers.

• Boots need not be removed when the health and care worker leaves the PPE doffing area, provided they have been cleaned

and disinfected;

• The same pair of boots can be worn throughout the working day or shift.

• If rubber boots are not available and where health and care workers do not provide direct patient care (e.g. in ETCs), closed-

toe coverings that are fluid resistant, cover the dorsum of the foot and ankle and are washable may be used instead.

Technical specifications 

The boots should be knee-high, to provide sufficient coverage. 

Waterproof boots 

Nonslip, with a PVC sole that is completely sealed 

Knee-high, to be higher than the bottom edge of the gown 

Optional light colour, for better detection of possible contamination 

A variety of sizes, to improve comfort and avoid trauma to the feet 

Justification 

The GDG judged that it is accepted practice for health and care workers to wear uniforms or medical scrubs and not personal 

clothing, particularly during outbreaks. To enhance safety by minimizing exposure to blood or other body fluids and to minimize 

the risk of injuries from sharps, for example, health and care workers typically wear closed-toe shoes. 

Patients with Ebola disease or Marburg disease often experience diarrhoea, vomiting and haemorrhaging, which may 

contaminate floors and other surfaces with faeces, vomit and blood, causing them to become wet and slippery. Therefore, the 

GDG noted that, while closed-toed shoes are a minimum requirement, waterproof rubber boots are preferred in settings where 

care is being provided to suspect or confirmed cases of Ebola disease or Marburg disease. In addition, rubber boots can protect 

wearers from sharps injuries and may be easier to decontaminate. 

12.2 PPE for screening and triage activities for Ebola virus disease or Marburg virus disease 

The following is a summary of the PPE that should be worn during screening and triage activities. Details are described in the 

subsequent recommendations: 

i) PPE for HWs conducting screening where a distance of at least 1 metre can be maintained:

• PPE is not required provided at least 1 metre distance can be maintained and a no-touch technique is followed.

ii) PPE for HWs conducting screening where a distance of at least 1 metre cannot be maintained:

• Scrubs

• Closed-toe shoes
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• One pair of gloves* (Nitrile)

• Medical mask in combination with eye protection (face shield or goggles)

• Fluid-resistant gown (or fluid-resistant coverall if gowns are not available)

ii) PPE for HWs during triage.

• Scrubs

• Closed-toe shoes

• Two pairs of gloves* (Nitrile)

• Medical mask in combination with eye protection (face shield or goggles)

• Fluid-resistant coverall (versus a fluid-resistant gown, although a gown may be considered if a coverall is not available)

*For more details on glove use during screening where a distance of at least 1 metre cannot be maintained and on triage, see

recommendation for gloves

12.2.1 PPE  when screening for Ebola or Marburg virus disease 

Practical Info 

Implementation considerations: 

• In the instances where the no-touch policy and a minimum 1 metre distance cannot be maintained, it is important to

ensure that PPE is available/accessible, though every effort to maintain the 1 metre distance should be made.

• Health and care workers should always conduct a risk assessment to determine if PPE is required and consider the use

of a medical mask, eye protection (if mucous membrane exposure is anticipated), gown and single pair of gloves (if

physical contact with the patient’s body fluids is anticipated) when performing screening activities and distance of 1

metre cannot be maintained.

• Hand hygiene is performed according to the WHO 5 moments [115].

• Continuously wearing PPE (e.g. gloves) without changing them between patient interactions can cause harm as it

decreases the emphasis on hand hygiene.

• Paradoxically, wearing excessive PPE can increase a person’s risk of infection.

• Individuals conducting screening activities should be properly trained on how to conduct screening and should use PPE

as needed (and as described above).

• In order to ensure 1 metre distance is maintained during the screening process, the appropriate directional flow of

individuals into and out of the screening facility should be maintained.

• Creation of a 1 metre distance can be achiedved through a variety of engineering controls, from installation of plexiglass

or using a table and chairs to create distance between the person screening and the person being screened.

Good practice statement 

In the context of an outbreak of Ebola disease or Marburg disease, where infection prevention and control measures 

(including adequate engineering and administrative controls) can be maintained, PPE is not required during screening 

activities in health-care settings, where a distance of at least 1 metre can be guaranteed and a no-touch approach is 

strictly followed. 

Remarks: 

• Although screening should be undertaken while maintaining a 1 metre distance and a no-touch policy, this may not always be
possible. Hence, PPE would be required in the following situations:
◦ If the screening is closer than 1 metre or it is anticipated that there will be a need to touch the patient (see PPE

recommendations for screening and triage);
◦ If there are other symptoms present based on risk assessment that would indicate the need for other PPE (for example, in

the context of the COVID-19 pandemic, where universal masking might be utilized as part of the hospital policy);
◦ If engineering/administrative controls are not present (examples include plexiglass, physical barriers, appropriate flow of

patients, good ventilation).
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Justification 

The GDG considered the Modes of transmission of Ebola or Marburg virus and noted that, when environmental controls are 

in place, such as maintaining a distance of at least 1 metre, including through use of physical barriers where applicable, and 

the use of the no-touch techniques, that standard precautions for IPC apply. Based on these principles, the GDG determined 

that this statement was applicable as a good practice statement. 

Practical Info 

Implementation considerations 

During screening activities, gloves (or any other PPE) are not required. However, in cases where the screener is  unable to 

maintain at least 1 metre distance or is unable to follow the “no-touch” policy, the following implementaiton 

considerations apply for PPE that is worn: 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

• Be attentive to the fact that there may be a misperception about risk by community members if health and care workers 

use a higher level of PPE than is needed for screening. 

• A distance of at least 1 metre should be maintained between the screener and the person being screened for Ebola 

disease or Marburg disease. If a distance of at least 1 metre can be maintained, PPE is not required for screening (see 

good practice statements). 

• Physical barriers (e.g. use of tables to create distance between the screener and the person being screened) or 

plexiglass can be used to ensure at least 1 metre distance is maintained. 

• Use of non-contact thermometers to facilitate the no-touch technique is important. 

• Masks should be changed when wet. If an off-the-face design is not available, use of a respirator may be considered. 

 

Gown versus coverall. 

• Depending on availability, accessibility, and cost, coveralls could be considered if gowns are not available. 

• If a gown is  not fluid-resistant at the front, consider adding an apron. 

• Staff should be trained on the use of no-touch technique and maintaining at least 1 metre distance for screening; in 

such cases, PPE would not be required. 

• Where 1 metre distance cannot be maintained, staff should be trained on PPE use, including procedures for putting on 

and taking off PPE. 

 

Single pair of gloves 

Conditional recommendation for , Very low certainty evidence 

WHO suggests that health and care workers conducting screening for Ebola disease or Marburg disease and not able to 

maintain a distance of least 1 metre wear: 

• A medical mask in combination with eye protection1 (versus wearing eye protection1 alone) 

• A fluid-resistant gown (versus a fluid-resistant coverall) 

• One pair of gloves 

 

1 Eye protection means the use of a face shield or goggles. 

Remarks 

• Facilities implementing screening should ensure that engineering and environmental controls (such as physical barriers and use 
of no-touch techniques) are in place to ensure that a distance of at least 1 metre can be maintained. 

• Ensure staff performing screening activities are trained in maintaining distance and a no-touch technique. 
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• One pair of gloves should be used.

• Gloves should be changed and hand hygiene performed between contact with each person.

Evidence To Decision 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence for the effects of wearing eye protection (compared to wearing eye 

protection in combination with a medical mask) on the outcome of infection with Ebola virus or Marburg virus. 

However, GDG members judged the desirable effects to be small. 

The systematic review did not identify any evidence for the effects of wearing eye protection (compared to wearing eye 

protection in combination with a medical mask) for the outcomes of PPE breaches or compliance and/or breaches 

(touching face) related to heat/humidity and comfort, human factors and health and care worker confidence. However, 

GDG members judged the undesirable effects to be small. 

On the balance of effects, the GDG judged that it probably favoured the use of eye protection combined with a medical 

mask over the use of eye protection alone. 

Coverall versus gown 

The systematic literature review did not identify any evidence for the effects of wearing a coverall (compared to wearing 

a gown) on the outcome of interest: infection with Ebola virus or Marburg virus. However, the GDG judged the desirable 

effects of wearing a coverall (compared to wearing a gown) to be small. 

No evidence was found for the effects of wearing a coverall (compared to wearing a gown) on the outcomes of PPE 

breaches and compliance related to heat and comfort, human factors and health and care worker confidence. GDG 

members judged the undesirable effects of wearing a coverall (compared to wearing a gown) to be small despite the lack 

of evidence. 

Single pair of gloves versus no gloves and hand hygiene 

The use of a single pair of gloves versus hand hygiene alone was discussed. The systematic review did not find any 

evidence on benefits or harms of a single pair of gloves versus no glove and hand hygiene for screening activities. 

Contextual data noted that risk of infection among health and care workers conducting screening activities is unknown 

and there are no data on effectiveness of PPE for this activity. The GDG judged that if distance of at least 1 metre 

cannot be maintained, then the use of contact precautions, which routinely include a single pair of gloves, would apply. 

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

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any primary studies that compared the effects of wearing eye protection in 

combination with a medical mask to wearing eye protection alone. Two non-comparative studies of potential interest 

were identified as part of contextual data [116][21][117]. While the reviews provided some contextual information, none 

of their included studies met the eligibility criteria. Therefore, the certainty of evidence was judged to be very low. 

Coverall versus gown. 

The systematic review did not identify any primary studies comparing coveralls with gowns. However, two non-

comparative studies were of potential interest and provided contextual data [116][21][117]. While the reviews provided 

some contextual information, none of their included studies met the eligibility criteria. Therefore, the certainty of 

evidence was judged to be very low. 

Single pair of gloves versus no gloves and hand hygiene 

No studies were found comparing  the use of a single pair of gloves to no gloves and hand hygiene when conducting 

screening activities. Therefore, the certainty of evidence was judged to be very low. 

Very low Certainty of the Evidence 
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Although the systematic review did not identify any evidence for values and preferences for any of the PPE items listed, 

GDG members judged that there is probably no important uncertainty or variability in how much people value the main 

outcomes. 

No substantial variability expected Values and preferences 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

While the systematic review did not identify any evidence on resources required, the GDG judged that there would be a 

moderate increase in costs associated with the use of eye protection combined with a medical mask, compared with the 

use of eye protection alone. 

GDG members did not know the effects of cost effectiveness, since no studies addressed this. 

Coverall versus gown. 

Although the systematic review did not identify any evidence on costs, the majority of GDG members judged that 

resources required for the use of coveralls would be moderate. 

The GDG judged that, although there was no evidence from the systematic review of the literature, the cost 

effectiveness probably favours gown use. 

Single pair of gloves versus no gloves and hand hygiene 

The GDG judged that cost effectiveness probably favours the intervention (no glove use). 

Resources 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not find any evidence on equity. GDG members could not judge if there would be an impact 

on health equity. 

Coverall versus gown. 

GDG members judged that, although there was no evidence from the systematic review of the literature, equity was 

probably reduced with the use of coveralls. The GDG discussed that equity might not be affected in high-income 

countries (HICs), but for low-middle income countries (LMICs), there might be inequities even within one country. 

Single pair of gloves versus no gloves and hand hygiene 

 

Although no studies addressed this specifically, the GDG judged this would probably increase equity. 

 

Equity 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shfield or 

goggles) alone. 

The systematic review did not find any evidence on acceptability. The GDG members judged that wearing eye 

protection and a medical mask was probably acceptable. 

Coverall versus gown. 

Although the systematic review did not find any evidence on acceptability, the GDG judged that coveralls were probably 

not acceptable for screening activities. The GDG noted that acceptability of coveralls might be higher due to perceived 

Acceptability 
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Justification 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The GDG judged that this should be a conditional recommendation due to the very low quality of evidence while balancing 

the risk of transmission (low for the screener) with a potential negative community perception and willingness to access 

health services. The emphasis should be on implementing engineering and environmental controls to reduce the need for 

use of PPE, recognizing that many individuals who conduct screening activities are not clinicians and may not have adequate 

training on its use. 

No studies met eligibility criteria and no contextual data that directly addressed the question were found. The systematic 

review team identified research that evaluated the effectiveness of varying levels of PPE, but no studies evaluated the 

impact of the addition of a medical mask during screening or triage activities. Some simulation studies noted that PPE with 

more protective gear offered slightly more protection against contamination, but health and care workers found it felt more 

uncomfortable. The tradeoff between more protection and usability (e.g. to be able to work comfortably for longer hours 

with the face shield alone) is unclear. Therefore, in the event that adequate engineering controls cannot be implemented, the 

GDG judged that individuals conducting activities such as screening should utilize additional PPE (i.e. a medical mask) to 

protect themselves. 

Coverall versus gown. 

The systematic review did not identify any evidence for the effects of wearing a coverall (compared to wearing a gown) on 

the following outcomes: infection with Ebolavirus or Marburgvirus, PPE breaches, compliance related to heat and comfort, 

human factors, health and care worker confidence. However, the GDG felt that protection of health and care workers from 

potential exposure to Ebolavirus or Marburgvirus when a distance of at least 1 metre cannot be maintained through use of 

contact and droplet precautions (e.g. use of a gown, gloves, mask and eye protection) was important. It was judged that the 

risk of exposure to blood and other body fluids during screening was low and use of a gown would provide the protection 

required and prevent health and care workers from potentially suffering from health exhaustion or dehydration as a 

consequence of wearing coveralls. 

Single pair of gloves versus no gloves and hand hygiene 

benefits but lower due to the undesirable effects (e.g., heat, inconvenience). Acceptability of coveralls probably 

decreases after use (due to discomfort) and might depend on the setting and task (e.g., TC). However, once staff 

understand the training requirements and complexity of coveralls, they conclude that a gown is generally more 

acceptable for screening where 1 metre distance cannot be maintained. 

Single pair of gloves versus no gloves and hand hygiene 

The systematic review did not find any evidence on acceptability, howeverthe GDG judged that  a single pair of gloves, 

as per  usual IPC practices for contact precautions, would probably be acceptable. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence on feasibility, however the GDG members judged that wearing eye 

protection, in addition to a medical mask, was probably feasible. 

Coverall versus gown. 

The systematic review did not find any evidence on feasibility, regardless the GDG judged that gowns were probably 

feasible to implement. 

Single pair of gloves versus no gloves and hand hygiene 

The systematic review did not find any evidence on acceptability, however. the GDG judged that a single pair of gloves, 

was probably feasible to implement when a distance of at least 1 metre cannot be maintained. 

Feasibility 
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The systematic review did not identify any evidence for the outcome of infection with Ebolavirus or Marburgvirus in health 

and care workers performing screening if wearing no gloves versus a single pair of gloves. Based on the established mode of 

transmission and IPC principles for transmission-based (specifically contact) precautions, the GDG judged that a single pair 

of gloves should be worn in the event that a person conducting screening activities is unable to maintain at least 1 metre 

distance from individuals being screened. 

 

Research Needs 

Simulation studies are needed with an appropriate experimental design to test choices of PPE. 

12.2.2 PPE for triage for Ebola or Marburg virus disease 

Practical Info 

Implementation Considerations 

Health and care workers should be trained on the use of PPE, including procedures for putting on and taking off PPE. 

Health and care workers should conduct a risk assessment prior to conducting triage activities to determine PPE 

requirements, depending on symptoms and contact with the patient. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

• Masks should be changed when wet. If an off-the-face design is not available, use of a respirator may be considered. 

• Anti-fog solution or alternatives to prevent fogging of goggles (e.g. soapy water) should be available for use. 

 

Coverall versus gown. 

• Use of a coverall versus a gown might also be dependent upon PPE availability, including the specifications (for example 

fluid resistance of the available gown or coverall). 

 

Two pair of gloves versus one pair 

• Given that quality of gloves may vary in the field, ensuring correct glove selection (following standards and quality 

control) is important. 

Conditional recommendation for , Very low certainty evidence 

WHO suggests that health and care workers conducting triage for patients with suspected or confirmed Ebola or Marburg 

disease wear: 

• A medical mask in combination with eye protection1 (versus wearing eye protection alone). 

• A fluid-resistant coverall (versus a fluid-resistant gown) 

• Two pairs of gloves 

 

1 Eye protection means the use of a face shield or goggles. 

Remarks: 

During triage, when at least 1 metre distance can be maintained, PPE is not required, similar to screening. 
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• Given that fatigue often results in an increased risk of making errors while removing PPE, it is important that HWs be

trained well and that they follow glove-use protocols consistently.

• Well-fitting gloves are important for comfort and ease of use; therefore, multiple glove sizes need to be available for

different hand sizes. Loose, ill-fitting gloves are not optimal for inserting lines, etc.

• Glove length is also an important consideration and should follow PPE standards. In some situations, (e.g. obstetrical),

longer cuff lengths are required.

• The preferred glove type, based on previous guidance, is nitrile gloves as per the recommendation below.

Evidence To Decision 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence for the effects of wearing eye protection in combination with a 

medical mask (compared to wearing eye protection alone) on infection with Ebola virus or Marburg virus. Despite the 

lack of evidence, the GDG members judged that the desirable effects of wearing eye protection in combination with a 

medical mask would be moderate for infection of the HW (compared to wearing eye protection alone). 

There was also no evidence for the effects of wearing eye protection in combination with a medical mask (compared to 

wearing eye protection alone) on the outcomes of PPE breaches and compliance and/or breaches (touching face) related 

to heat/humidity and comfort, human factors, health worker confidence. Despite the lack of evidence, the GDG 

judgement was that the undesirable effects of wearing eye protection in combination with a medical mask were small 

(compared to wearing eye protection alone). 

On the balance of effects of benefits and harms, the GDG judged that it probably favours wearing a medical mask in 

combination with eye protection rather than wearing eye protection alone during triage. 

Coverall versus gown. 

The systematic review of evidence did not identify any evidence for the effects of wearing a coverall (compared to 

wearing a gown) on the outcome of infection with Ebola or Marburg. The desirable, anticipated effects of wearing a 

coverall (compared to wearing a gown) on infection of the HW were judged by the GDG to be moderate, despite lack of 

evidence. 

There was no evidence for the undesirable effects of wearing a coverall (compared to wearing a gown) for the outcomes 

of PPE breaches and compliance related to heat and comfort, human factors, health and care worker confidence. The 

undesirable effects of wearing a coverall (compared to wearing a gown) were judged by the GDG to be moderate, 

despite lack of evidence. 

On balance of effects, GDG members judged that it probably favoured wearing coveralls. 

Two pairs of gloves versus one pair 

The systematic review did not identify any evidence on the desirable effects of wearing two pairs of gloves compared to 

one pair of gloves for the outcome of infection with Ebola or Marburg virus. 

None of these studies looked directly at transmission but looked instead at non-compliance and contamination as 

surrogate measures. 

The GDG judged that, despite the lack of evidence, the desirable effects were large for wearing two gloves versus one 

pair of gloves. 

The systematic review of the literature did not identify any adverse effects from PPE use for wearing two pairs of gloves 

versus one pair of gloves. A narrative study did identify some factors such as reduced dexterity and a cumbersome 

removal process of the PPE as disadvantages. Therefore, the GDG judged the undesirable effects of wearing two gloves 

versus one pair of gloves to be small. 

Substantial net benefits of the recommended alternative Benefits and harms 
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GDG members judged that the balance of effects favours the use of two pairs of gloves. 

 

 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any primary studies comparing the effects of wearing eye protection in 

combination with a medical mask  to wearing eye protection alone. Two systematic reviews of potential interest were 

identified. While the reviews provided some contextual information, none of their included studies met the eligibility 

criteria. Therefore, the certainty of evidence was judged to be very low. 

Coverall versus gown 

The systematic review did not identify any primary studies comparing the effects of wearing a coverall versus a gown. 

Two systematic reviews of potential interest were identified. While the reviews provided some contextual information, 

none of the included studies met the eligibility criteria. Therefore the certainty of evidence was judged to be very low. 

Two pairs versus one pair of gloves 

No evidence was identified for direct outcomes. Evidence is based on surrogate outcomes from simulation studies and 

therefore is deemed very low certainty evidence. 

 

Very low Certainty of the Evidence 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone 

The systematic review did not identify any evidence. However, the GDG judged that there was probably no important 

uncertainty or variability in how much people value the main outcomes. 

Coverall versus gown. 

The systematic review did not identify any evidence. However, the GDG members judged that there was possibly 

important uncertainty or variability in how much people value the main outcomes. 

Two pair of gloves versus one pair 

The main outcomes are transmission of Ebola or Marburg virus and adverse effects. GDG members judged that there is 

probably no important uncertainty or variability in how much people value the main outcomes. Glove type was not 

considered during GDG judgement.  

Values and preferences 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

Although the systematic review did not identify any evidence, the GDG judged that the utilization of a medical mask as 

well as eye protection involved moderate costs. 

There were no included studies on cost effectiveness and therefore for this category no GDG judgement was made 

based on GDG polling results. 

Coverall versus gown. 

Resources 
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The GDG judged that there were moderate costs associated with wearing a coverall (compared to wearing a gown). 

Although no studies were presented on cost-effectiveness, GDG members judged that it probably favours coverall use. 

Two pairs of gloves versus one pair 

The systematic review found no relevant contextual data related to resource use.  

The GDG discussed that the cost and resources depend on the type of gloves being used/recommended. The GDG 

judged that the use of two pairs of gloves was associated with moderate costs (compared with one pair) despite lack of 

evidence. 

There were no included studies for the cost effectiveness of two pairs of gloves versus one pair. Nonetheless, the GDG 

judged that the cost effectiveness probably favours the use of two pairs of gloves given the high cost/impact of a 

possibly resulting Ebola or Marburg virus infection if no appropriate measure were used. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone . 

The systematic review did not identify any evidence and GDG members could not make a judgement on this factor. 

Coverall versus gown. 

The systematic review did not identify any evidence. However, GDG members judged that there was probably an 

increased impact on health equity with the use of a coverall compared to use of gowns as all HWs caring for patients 

with Ebola or Marburg disease would use the same PPE regardless of role, gender. 

Two pairs of gloves versus one pair 

The systematic review found no relevant contextual data related to equity. The GDG discussed that equity 

considerations include the size and fit of the gloves with two pairs of gloves versus one pair of gloves, as well as 

availability in remote areas and urban centres. 

The GDG judged that health equity would probably be increased when using two pairs of gloves rather than one pair of 

gloves, despite lack of evidence. 

Equity 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone 

Although the systematic review did not identify any evidence, the GDG judged that wearing a medical mask as well as 

eye protection during the triage process was probably acceptable to the key stakeholders. 

Coverall versus gown. 

The systematic review did not identify any evidence. However, the GDG judged that coverall use was probably be 

acceptable to key stakeholders. 

Two pair of gloves versus one pair 

The systematic review found no relevant contextual data related to acceptability. 

Despite this, the GDG judged that the use of two pairs of gloves was acceptable compared to one pair of gloves. 

Acceptability 
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Justification 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence for the effects of wearing a face shield (compared to wearing a face 

shield in combination with a medical mask) on the following outcomes: infection with Ebolavirus or Marburgvirus, PPE 

breaches, compliance and/or breaches (touching face) related to heat/humidity and comfort, human factors, health worker 

confidence. 

Some GDG members noted that no studies demonstrated that the face shield designs conferred protection from droplets. 

Thus, extrapolating from analysis of dispersion of simulated spray from a cough (droplets) in SARS-CoV-2 and subsequent 

contamination indicated that no face shield provided adequate protection from droplets [119]. Protection of the health and 

care workers' nose and mouth (mucous membranes) may be insufficient with goggles/face shield alone. 

As the risk of health-worker exposure to splashes or sprays (e.g. vomit or blood/body fluids) is likely higher during triage 

activities, the GDG judged that use of a medical mask in combination with eye protection was warranted. 

Coverall versus gown 

The systematic review did not identify any evidence for the effects of wearing a coverall (compared to wearing a gown) on 

the following outcomes: infection with Ebolavirus or Marburgvirus, PPE breaches, compliance related to heat and comfort, 

human factors, health-worker confidence. 

However, the GDG felt that, during triage, it would be difficult to maintain a 1-metre distance and the risk of exposure of 

health workers to blood or other body fluids may be higher than during screening activities. For this reason, it was felt that a 

coverall may be preferred over the use of a gown. However, this may be dependent upon the technical specifications and 

availability of the PPE. 

Two pairs of gloves versus one pair 

This PICO question was developed late in the GDG process, and many of the other PICO systematic reviews were done 

prior to this question being reviewed, and therefore this review was done as part of a secondary analysis of articles already 

identified from searches for other key questions. 

 

The majority of the evidence and contextual data that were presented were simulation studies and were not likely to directly 

reflect real-world situations nor were they linked to any specific outbreak. Simulation studies do not assess such factors as 

stress, fear, heat and humidity. In discussing the simulation scenarios, the GDG noted that they may underestimate the risk 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

Although the systematic review did not identify any evidence, the GDG judged that it was probably feasible to 

implement wearing a medical mask and eye protection during the triage process. 

Coverall versus gown. 

The systematic review did not identify any evidence. However, coverall use was judged to be probably feasible by GDG 

members. 

 

Two pair of gloves versus one pair. 

One narrative review looked at the advantages and disadvantages of PPE used by health and care workers in high-risk 

settings, including Ebola disease outbreaks[118]. The review found that advantages of double gloves included: 1) 

decreases in the potential risk of transmission of highly virulent pathogens through glove holes or gloves damaged by 

disinfectants; 2) reduction in the risk of contamination of hands when removing gloves; 3) reduction in the risk of 

needlestick injury.  

Disadvantages described in this review were 1) decreased tactile sensation and dexterity and 2) a cumbersome removal 

process. 

The GDG judged that it was probably feasible to wear two pairs of gloves versus wearing one pair of gloves. 

 

Feasibility 
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of self-contamination (given that psychological and environmental factors might alter the results) and overestimate risk of 

self-contamination (given that some studies have very high levels of “inoculum” of the simulated materials, which are unlikely 

to be encountered in clinical practice). 

The GDG discussed the type of gloves used and the difference in quality based on the type of gloves selected (e.g. latex 

versus nitrile). It was also discussed that double gloves do not prevent needlestick injuries, but rather decrease the inoculum 

in cases where a needlestick occurs. It was also highlighted by GDG members that microbiological understanding of the 

amount of inoculum needed for Ebolavirus transmission to occur is lacking. Other key reasons for the selection of double 

gloves included the fact that gloves are not 100% impermeable, and the double-glove recommendation that currently exists 

is based on minimizing potential contamination during the PPE removal process. 

The GDG noted that HWs may be uncomfortable with only one pair of gloves for a number of reasons: 1) if they must 

remove a pair of gloves while in a TC due to contamination, they may not have not have another pair available; 2) given that 

the principles of IPC call for removing the dirtiest piece of PPE first, (and that would typically be the gloves), HWs who were 

wearing only one pair of gloves would find that they were wearing no gloves at all when removing the rest of their PPE, and 

would therefore risk contamination. 

Use of two pairs of gloves is important to the current IPC recommendations in TCs. It was discussed that glove use has two 

purposes, the first for the protection of the HW and the second for the protection of patients.  

The fit and comfort of gloves were discussed and it was noted that it takes about a day for a clinician to become accustomed 

to wearing two pairs of gloves. An important consideration is having gloves that fit well and available in different sizes. 

The GDG therefore judged in favour of a conditional recommendation for the use of two pairs of gloves when caring for 

suspect/confirmed cases of EBOD or MARD and when at least 1 metre of distance from the patient cannot be maintained. 

Research Needs 

For all elements of PPE individually and  as an ensemble, simulation studies are needed to test different choices of PPE. 

Research is needed on PPE designs that are suitable to women and men, according to their size, anatomy and hygiene needs 

(including menstrual hygiene management for women health and care workers). 

12.3 PPE for those providing direct and indirect care to patients 

Several of these recommendations have been extracted from the 2016 Personal protective equipment for use in a filovirus disease 

outbreak - Rapid advice guideline [17] and are labelled accordingly. 

Below is a summary of PPE worn during contact* with patients with suspect or confirmed Ebola disease or Marburg disease: 

• Scrubs

• Closed-toe shoes

• Two pairs of gloves (Nitrile)

• Medical mask in combination with eye protection (face shield or goggles)

• Coverall

• Head-and-neck covering. Note: eye protection (face shield or goggles should be worn under the head-and-neck covering)

• Apron (disposable or reusable)

*Contact refers to activities involving direct or indirect contact as described in the definition of contact transmission

Practical Info 

This recommendation is applicable to health workers involved in caring for patients suffering from filovirus disease. 

Strong recommendation for , High certainty evidence 

The mucous membranes of eyes, mouth and nose should be completely covered by PPE. 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline  [17]. 
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When health workers are removing PPE, those items that protect the mucous membranes should be taken off as late as possible, 

preferably at the end, to prevent inadvertent exposure of the mucous membranes when other potentially contaminated PPE 

components are being removed. 

When reusable goggles or face shields are used, appropriate decontamination procedures need to be in place. 

Implementation Considerations: 

• Training for health workers in appropriate size, 

• Provisions  for ensuring continuous availability of items for use, 

• Protocol for reuse of items or waste disposal, as appropriate, 

• WHO to develop recommendations for disposal. 

Evidence To Decision 

Justification 

Protection of the mucous membranes of the eyes, nose and mouth is an integral part of standard and droplet 

precautions [19][120][121]. Droplet precautions consist of IPC measures that aim to prevent infection with pathogens that can 

be transmitted by large-particle droplets (larger than 5 μm in size). Contamination of mucous membranes is probably the most 

important mode for filovirus transmission. Hence, PPE to protect mucosae is essential to prevent transmission. Because of the 

lack of effective viral-specific treatments and the high case-fatality rate, the GDG was of the opinion that a strong 

recommendation was warranted. 

Practical Info 

Applicability 

This recommendation is applicable to health workers involved in caring for patients suffering from filovirus disease. 

Technical specifications 

The critical factors in developing the technical specifications were the need to completely cover the eye mucosa (e.g. for 

goggles: good seal, cover eyes and surrounding areas, adjustable band, compliant with existing quality standards) while providing 

sufficient visibility (e.g fog- and scratch-resistant, accommodating prescription glasses, indirect venting) and creating no 

discomfort to the health worker (e.g. flexible frame). 

 

Goggles 

Good seal with the skin of the face. 

Flexible frame that easily fits all face contours without too much pressure. 

There was no comparative evidence available. 

Benefits and harms 

Strong recommendation; high-quality evidence for protecting mucous membranes compared with no protection. 

High Certainty of the Evidence 

Strong recommendation for , Very low certainty evidence 

Use either a face shield or goggles. 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline  [17]. 
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Cover the eyes and surrounding areas and accommodate prescription glasses. 

Fog- and scratch-resistant. 

Adjustable band that can be firmly secured and does not become loose during clinical activity. 

Indirect venting to reduce fogging. 

May be reusable (provided appropriate arrangements for decontamination are in place) or disposable. 

Quality compliant with standards: 

• EU standard directive 86/686/EEC, EN 166/2002, or

• ANSI/ISEA Z87.1-2010

or equivalent. 

Face shield 

Made of clear plastic and provides good visibility to both the wearer and the patient. 

Adjustable band to allow good fit around the head and snug fit against the forehead. 

Fog-resistant (preferable). 

Completely covers the sides and length of the face. 

May be reusable (made of material that can be cleaned and disinfected) or disposable. 

Quality compliant with standards: 

• EU standard directive 86/686/EEC, EN 166/2002, or

• ANSI/ISEA Z87.1-2010

or equivalent 
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Evidence To Decision 

There was no comparative evidence or estimates of effectiveness available for benefits versus harms between a face shield 

or goggles. 

Benefits and harms 

Strong recommendation; very low quality evidence comparing face shields and goggles. 

Very low Certainty of the Evidence 

Literature review 

One study found that barriers to use of protective eyewear, in general, included complaints of somatic effects (headaches 

and dizziness); interference with prescribed eyewear; and impaired vision related to fogging and scratches on the eyewear. 

A study reporting on an Ebola outbreak found that face shields were preferred to goggles by community members because 

they were considered less frightening, since they allowed the health worker to be recognized. They were 

also preferred by the health workers involved in an Ebola outbreak because they were thought to (1) offer better protection, 

by covering the nose and mouth; (2) be more comfortable; and (3) fog less easily than goggles. 

Survey questionnaire 

Of 38 respondents, seven had experience with face shields and 36 with goggles. 

• Of those using goggles, eight (22%) felt at high risk or extremely high risk compared with no one in the group using 

the face shield. 

• Nine of those using goggles (25%) considered them to be a major impairment to communication compared with 

none in the group using face shields. 

• In the goggles group, 75% thought there was an important or major reduction in their ability to provide patient care 

compared with 47% in the face shield group. 

• Personal discomfort (heat stress and dehydration) was a major issue or unbearable for 12 (34%) of the respondents in 

the goggles group compared with none in the face shield group. 

• Six people in the goggles group (17%) reported that the goggles were very uncomfortable, compared with none in the 

face shield group. 

 

Issues mentioned 

The biggest problem with the goggles was fogging. Fogging may increase the risk of accidental exposure to the virus, reduce 

ability to provide patient care, and reduce the time that can be spent in the high-risk area. 

Goggles: 

• were the wrong size or fitted badly 

• were of poor quality 

• moved easily or slid off 

• were difficult to wear together with glasses 

The fact that the face shield is worn outside the hood resulted in lower eye-and-face protection when the suit was being 

removed. 

Values and preferences 

In 2016: 

• Average cost of goggles, US$ 4.30 

Resources 
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Justification 

There is currently no scientific evidence on the comparative effectiveness of face shields and goggles for the prevention of 

filovirus transmission to health workers[116]. The GDG therefore assumed equal effectiveness. Although both the literature 

review and the online survey of health workers’ values and preferences indicated a preference for face shields (greater visibility, 

greater comfort and less fogging), the GDG decided that it was important to provide a choice and that either device may be 

used. Factors such as the personal preference of the health worker and local availability of good quality items meeting 

the technical specifications may determine the ultimate choice. Face shields and goggles should 

not be used together, as this does not offer additional protection and causes more discomfort and fogging affecting vision. 

Several considerations may influence the choice between face shields and goggles: 

Fogging 

• This affects both face shields and goggles, although it probably affects face shields to a lesser degree [36]. Fogging reduces 

visibility and may thus compromise both the ability of the health worker to provide patient care and his or her safety. 

Industrial- type anti-fogging sprays may be useful but may be less effective in hot and humid climates. 

Goggles with ventilation may have less fogging, but it is essential that the vents do not allow blood and other body fluids to 

contaminate the internal surface of the goggle or the eye. 

 

Visibility 

• Face shields do not conceal the face, facilitating communication and interaction between patients and health workers [36]. 

Face shields provide a wider field of view for the health worker, which may be safer. Goggles that allow panoramic vision 

offer a similar advantage. 

Prescription glasses 

• Health workers who wear prescription glasses should be given the choice between goggles and face shields; 

an adequate fit should be ensured and anti-fogging spray should be used. 

Implementation 

Specifications 

• Anti-fogging product (anti-fog spray) may be useful when using goggles  

• Training in use of PPE  

• Quality criteria  

• WHO to develop training materials for PPE use  

• WHO to develop protocols for safe disposal or decontamination prior to reuse, as appropriate 

Research Needs 

Surveys of barriers to use, effectiveness studies comparing different products. 

• Average cost of disposable full-face shield, US$ 2.70 

As noted in the survey, a greater proportion of goggle wearers than face shield wearers felt at increased risk. Goggles were 

also considered less comfortable, led to lower levels of well-being, and reduced ease of communication and of providing 

patient care. 

Acceptability 

Both options seem feasible. Consideration should be given to how face shields and goggles can be combined with other 

elements of PPE (e.g. do goggles prevent a good fit of the respirator? Should face shields be worn over or under a head 

cover?). It might be difficult to combine goggles with prescription glasses. 

Feasibility 
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Practical Info 

Technical specifications 

The biology and mode of transmission of Ebola virus informed the development of the technical specifications. The online 

survey of values and preferences of health workers indicated the importance of masks providing good breathability. The 

personal experience of GDG members with unstructured masks collapsing against the mouth contributed to the technical 

specification of a structured design. 

Fluid-resistant medical or surgical mask 

High fluid resistance. 

Good breathability. 

Internal and external faces should be clearly identified. 

Structured design that does not collapse against the mouth (e.g., duckbill or cup shape). 

Quality compliant with standards, including for fluid resistance level and breathability (differential pressure): 

• EN 14683 Type IIR performance, or 

• ASTM F2100 level2 or level 3, or equivalent. 

Duckbill or pouch 

Moulded or non-collapsible, with a half-sphere or cup shape 

Evidence To Decision 

Strong recommendation for , Low certainty evidence 

Use a fluid-resistant medical or surgical mask with a structured design that does not collapse 

against the mouth (e.g. duckbill or cup shape). 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline [17]. 

There was no comparative evidence found or estimate of effectiveness for benefits and harms of medical mask (fluid 

resistant) versus particulate respirators (N95 or equivalent) with a structured design. 

Benefits and harms 
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The survey conducted noted respondents found it hard to breathe when the mask or respirator was wet with condensation. 

There was an impact on communication, both verbal and non-verbal. 

Strong recommendation; low quality evidence comparing medical or surgical mask with particulate respirator. 

Low Certainty of the Evidence 

Literature review 

In general, surgical masks were preferred over respirators, because of 

their greater usability and lower associated discomfort, fatigue and odour; however, they offer limited protection during 

aerosol-generating procedures. Warmth and wetness around the face were often cited as a problem when using particulate 

respirators and can lead to increased anxiety for the user. However, there are some ways of decreasing the heat burden of 

protective face masks, including the promotion of nasal breathing and the use of exhalation valves. 

Survey questionnaire 

Ten survey respondents had experience using medical masks and 30 using N95 respirators. 

Two participants who had used an N95 mask felt at high risk or extremely high risk; all other respondents (both medical 

mask and N95 respirator) felt at low or extremely low risk. 

Communication impairment: this was considered to be more of a problem with the N95 

respirator: 

• no or minor impairment: medical mask, 33%; N95 respirator, 11%;

• major impairment: medical mask, 11%; N95 respirator, 39%.

Ability to provide patient care: this was more reduced for the N95 respirator: 

• no or minor reduction: medical mask, 100%; N95 respirator, 70%;

• important or major reduction: medical mask, 0%; N95 respirator, 30%.

Personal well-being (heat stress and dehydration): perceived to be a greater issue for 

the N95 respirator: 

• no or minor issue: medical mask, 75%; N95 respirator, 48%;

• significant or major issue or unbearable: medical mask, 25%; N95 respirator, 52%.

Comfort: N95 mask was reported as less comfortable: 

• comfortable or fairly comfortable: medical mask, 76%; N95 respirator, 39%;

• uncomfortable or fairly uncomfortable: medical mask, 25%; N95 respirator, 61%

Issues mentioned 

Respondents found it hard to breathe when the mask or respirator was wet with condensation. 

Two respondents thought that the N95 was excessive for Ebola. 

There was an impact on communication, both verbal and non-verbal. 

Values and preferences 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

52 of 188



Justification 

Rationale and remarks 

The GDG considered the biology and mode of transmission of Ebola virus when developing this recommendation. The purpose 

of the medical or surgical mask is to protect the nasal and oral mucosa from splashes and droplets of infectious material. Since 

filoviruses are not transmitted via the airborne route, respiratory protection with a particulate respirator is not required, except 

during aerosol-generating procedures. A strong recommendation is appropriate in view of the mode of transmission, lack of 

available treatment and high case–fatality rate of EVD. 

In hot or humid conditions, masks may become wet through respiration. In these conditions, a structured (e.g. duckbill or cup 

shape) mask that does not collapse against the mouth is safer and more comfortable than other designs. 

Implementation 

A medical or surgical mask should always be worn with appropriate eye protection (either with face shield or goggles; see 

recommendations 1 and 2). If used with goggles, the mask should be fluid-resistant. Fluid resistance is not essential if the mask 

is used together with a face shield. Wearing more than one mask at the same time does not provide additional protection and  is 

not recommended. 

Research Needs 

Comparison of masks with respirators and other alternatives, cross-sectional studies in different settings to understand 

protective effects, compliance surveys, perceptions of barriers. Further research into mode of transmission of Ebolavirus; can 

Ebolavirus be transmitted via airborne particles? 

Evidence To Decision 

Justification 

An aerosol-generating procedure is a medical procedure that can induce the production of aerosols of various sizes, including 

small (< 5 µm) particles. While surgical masks provide barrier protection against droplets, sprays and splashes of body fluids, 

they do not protect from exposure to airborne particles. Particulate respirators provide protection from exposure to particles, 

including small-particle aerosols and droplets, provided that the respirator is fit-tested and a seal check is done when the 

respirator is put on. While filovirus-specific evidence is lacking, there is a lot of evidence regarding other pathogens (e.g. 

Crimean-Congo haemorrhagic fever, SARS) indicating the need for a particulate respirator during aerosol-generating 

Respirators, half-sphere, duckbill or folded (N95/FFP2), US$ 1.53 

Mask, surgical with splash resistance, flat, rectangular with folds, US$ 0.01 

Resources 

Factors that were reported to negatively influence acceptability of medical masks and respirators included increased fatigue, 

impaired critical mental ability, discomfort, anxiety of the user, and difficulty communicating. 

Acceptability 

Feasibility, both in terms of availability and acceptability to users, needs to be considered. 

Feasibility 

Strong recommendation for , Moderate certainty evidence 

Use a fluid-resistant particulate respirator during procedures that generate aerosols of body fluids. 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline  [17]. 

Moderate Certainty of the Evidence 
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procedures[122][123]. 

Practical Info 

Implementation considerations: 

Health and care workers should be trained on the use of PPE, including procedures for putting on and taking off PPE. 

Health and care workers should conduct a risk assessment prior to conducting activities to determine PPE requirements; 

depending on symptoms and contact with the patient or the patient environment. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or goggles) 

alone. 

• Masks should be changed when wet. If an off-the-face design is not available, use of a respirator may be considered.

• Details on specifications of goggles or face shield can be found in the recommendation above on goggles and face shields.

• Anti-fog solution or alternatives to prevent fogging of goggles (e.g. soapy water) should be available for use.

Conditional recommendation for , Very low certainty evidence 

WHO suggests that health and care workers with contact with patients who have Ebola disease or Marburg disease wear: 

• A medical mask in combination with eye protection1 (versus wearing eye protection1 alone)

• A fluid-resistant coverall (versus a fluid-resistant gown)

◦ Head-and-neck covering (as part of their PPE in addition to covering their mucous membranes) if a gown is being used

instead of a coverall

• Two pairs of gloves

• Either a disposable or reusable apron to cover the coverall (or gown, if used)

1 Eye protection means the use of a face shield or goggles. 

Remarks: 

Coverall 

• Use of a coverall versus a gown may be dependent upon the type and specifications of PPE available.

Head-and-neck covering 

• Groups more likely to benefit from covering head-and-neck skin in addition to covering mucous membranes include:
◦ Those who do not have intact skin. Though Ebola is not transmitted via intact skin, the risk of transmission would increase with

the presence of broken skin (which might not be obvious at the time) and may be climate-dependent (e.g. more common in
areas of high humidity).

◦ Individuals working in certain settings such as “wet areas” might have more of a need to cover head-and-neck skin in addition to
mucous membranes if there is a risk of splashes/sprays.

◦ Individuals who are not vaccinated against the circulating species (if a vaccine is available) may benefit from use, though data
gaps exist on duration of protection from vaccine as well as from prior natural infection.

Two pairs versus one pair of gloves 

• Although this is a conditional recommendation and the certainty of the evidence is very low, the GDG members did not cite any
specific conditions where they would recommend one pair of gloves over two pairs of gloves.

• WHO guidance from 2016 included a strong recommendation in favor of the use of two pairs of gloves based on moderate-
certainty evidence. A reassessment of the evidence resulted in a lower rating of the certainty, warranting a conditional
recommendation.

Disposable versus reusable apron 

• Choice of disposable or reusable apron depends on the ability to safely dispose of (disposable) or safely decontaminate (reusable)
the used PPE.
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Coverall versus gown. 

• Use of a coverall versus a gown might be dependent upon PPE availability, including specifications of the available PPE (for 

example fluid resistance of the available gown or coverall). 

 

Two pairs versus one pair of gloves 

• Given that quality of gloves may vary in the field, ensuring correct glove selection (following standards and quality control) 

is important. 

• Given that fatigue often results in an increased risk of making doffing errors, it is important that HWs be trained well and 

that they follow glove-use protocols consistently. 

• Well-fitting gloves are important for comfort and ease of use; therefore, multiple glove sizes need to be available for 

different hand sizes. Loose, ill-fitting gloves are not optimal for inserting lines, etc. 

• Glove length is also an important consideration and should follow PPE standards. In some situations, (e.g obstetrical), longer 

cuff lengths are required. 

• The preferred glove type, based on previous guidance, is nitrile gloves as per the recommendation below. 

 

Head-and-neck covering 

• The decision to cover the head-and-neck skin in addition to covering mucous membranes should be based on a risk 

assessment. 

◦  Head-and-neck covering should be used if a gown is being worn (versus a coverall, which already includes a head-and-

neck covering). 

• When a coverall is used that covers the head and neck (most common type available), there is no need for an additional 

head-and-neck covering 

• Ensure common practices are in place, including steps for putting on and taking off PPE, as well as PPE selection across 

team members, that allows for a contextual point-of-care risk assessment, but not an individual risk assessment. 

• Training on how to use PPE appropriately, including choice of PPE and procedures for putting on and taking off PPE, should 

be provided to ensure that there is no variation in practice within the ETC. 

• PPE should be available that is appropriate for people with certain hairstyles or beards or who wear headscarves. 

• Different PPE exists in field settings; while most coveralls include head covering, some types of coveralls do not. 

• In the field, some organizations have utilized two head coverings, i.e. a coverall hood in addition to an additional separate 

hood. This practice should be discouraged as it is unnecessary, provided the head covering is well fitted. 

• Standard infection and prevention principles should always be followed. 

• Educate health and care workers about when to cover the head-and-neck skin, as well as about the potential unintended 

effects of covering head-and-neck skin and ways to prevent and reduce these effects. 

 

Disposable versus reusable apron 

• It should be made clear that disposable aprons should be single-use only in order to keep these items from being reused. 

• A disposable gown might be preferred for some patient-care activities whereas a reusable apron might be preferred when 

there is more heavy-duty contact or increased risk of exposure to splashes/sprays of body fluids (e.g. environmental 

cleaning, burials). 

• Aprons should be changed between patients whenever possible or, at a minimum, when they are visibly soiled. 

 

Evidence To Decision 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence for the effects of wearing eye protection in combination with a medical 

mask (compared to wearing eye protection alone) on infection with Ebola virus or Marburg virus. Despite the lack of 

Benefits and harms 
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evidence, the GDG members judged that the desirable effects of wearing eye protection in combination with a medical 

mask would be moderate (compared to wearing eye protection alone). 

There was also no evidence for the effects of wearing eye protection in combination with a medical mask (compared to 

wearing eye protection alone) on the outcomes of PPE breaches and compliance and/or breaches (touching face) related to 

heat/humidity and comfort, human factors, health worker confidence. GDG judgement was that the undesirable effects of 

wearing eye protection in combination with a medical mask were small (compared to wearing eye protection alone) despite 

the lack of evidence. 

On the balance of effects of benefits and harm, the GDG judged that it probably favors wearing a medical mask in 

combination with eye protection rather than wearing eye protection alone during triage. 

Coverall versus gown. 

The systematic review of evidence did not identify any evidence for the effects of wearing a coverall (compared to wearing a 

gown) on the outcome of infection with Ebola or Marburg. The desirable effects of wearing a coverall (compared to wearing 

a gown) were judged by the GDG to be moderate despite the lack of evidence. 

There was no evidence for the undesirable effects of wearing a coverall (compared to wearing a gown) for the outcomes of 

PPE breaches and compliance related to heat and comfort, human factors, health and care worker confidence. The 

undesirable effects of wearing a coverall (compared to wearing a gown) were judged by the GDG to be moderate, despite 

the lack of evidence. 

On balance of effects, GDG members judged that it probably favoured wearing coveralls. 

Two pair of gloves versus one pair 

The systematic review did not identify any evidence on the desirable effects of wearing two pairs of gloves compared to one 

pair of gloves for the outcome of infection with Ebola or Marburg virus. 

None of these studies looked directly at transmission but looked instead at non-compliance and contamination as surrogate 

measures. 

The GDG judged that the desirable effects were large for wearing two gloves versus one pair of gloves. 

The systematic review of the literature did not identify any adverse effects from PPE use for wearing two pairs of gloves 

versus one pair of gloves. A narrative study did identify some factors such as reduced dexterity and a cumbersome removal 

process of the PPE as disadvantages. Therefore, the GDG judged the undesirable effects of wearing two gloves versus one 

pair of gloves to be small. 

GDG members judged that the balance of effects favours the use of two pairs of gloves. 

Head-and-neck covering 

Four comparative studies were included in the analysis that looked at heat stress, simulation contamination and deviations 

(human factors) [124][125][126][127]. No comparative studies provided direct information on the transmission or incidence 

of Ebola or Marburg virus disease related to the use of personal protective equipment (PPE) for head-and-neck skin 

protection. 

Two non-randomized simulation studies addressed outcomes related to heat stress for health workers by comparing 

additional head/neck covering PPE (hoods) versus PPE ensembles with mucous-membrane covers alone and simulated 

various ambient conditions for West African countries [124][125]. Several heat-related outcomes were assessed and 

included time to reach critical core temperature, body surface skin temperature, heat sensation, discomfort, core 

temperature, skin temperature, heart rate, average sweat weight loss per hour, perceived exertion, breathing comfort, 

wetness with most heat-related outcomes being significantly worse in groups with the additional head-and-neck covering 

versus mucous-membrane covering alone. 

Two crossover RCTs simulated contamination events (fluorescent solution applied to participants to simulate contamination 

of PPE during clinical activities) for HWs while removing  PPE ensembles with and without additional neck 

covering [126][127]. These studies found that higher levels of contamination were generally observed in groups without 

head-and-neck coverage (i.e those using mucous-membrane protection alone in the absence of head-and-neck coverage). 

These RCTs also found that errors in PPE removal  appear to be higher in the groups with more PPE equipment (covering of 

head and neck as well as mucous-membrane coverage), but this was inconsistent across the above-mentioned outcomes. 

Based on review of the evidence, the GDG judged that desirable effects of covering the head-and-neck skin in addition to 

covering the mucous membranes were small, and that the corresponding undesirable effects were moderate. 
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On the balance of effects, the GDG judged that it probably favours covering the mucous membrane only (compared to also 

covering the head-and-neck skin). However, status quo in terms of current practice includes the head-and-neck skin 

coverage and stronger evidence is needed to change these practices. 

Disposable versus reusable apron 

No studies met the eligibility criteria to provide comparative data on disposable (e.g. biodegradeable) versus reusable types 

of aprons. 

Contextual data were reviewed from several studies. In some settings, aprons were included with PPE to increase protection 

to the front of the wearer, as this was considered a high-risk area for exposure to splashes or spills and the zipper of a 

coverall may not be impermeable [128]. 

Another study noted that plastic aprons had a higher chance of contaminating the environment than personal protective 

equipment such as a gown composed of water-resistant, non-woven material or a reusable cotton gown. Because plastic 

had the lowest water-absorbing properties, the droplets that cannot be absorbed by the surface of the plastic might then 

drop to the floor or spread to the surrounding area, which especially increased contamination [129]. 

In a study in 2015, 22 commercial, single-use isolation gowns were tested for barrier and strength properties using 

American Society of Testing and Materials International ASTM (D5034, D5733, D1683, F1671) and American Association 

of Textile Chemists and Colorists (AATCC 42 and 127) test methods and the Association for the Advancement of Medical 

Instrumentation (AAMI) PB70 liquid barrier classification standard requirements [132]. Testing results demonstrated that 

there is a large variation in the barrier and strength properties of existing isolation gowns in the marketplace. It was also 

found that nine (41%) of the 22 tested isolation gowns failed to meet the AAMI PB70 requirements for the liquid barrier 

performance at the level specified by the manufacturer. The results support the use of aprons for additional protection. 

A study of a convenience sample of 200 HWs in the United States of America found that HWs dispose of their PPE in a 

trash can in a health-care unit, and non-disposed PPE is laundered at home, which may expose family members to a health 

risk if proper precautions are not followed [123].  

The desirable effects of disposable over reusable aprons were judged to be small by the GDG members. The undesirable 

effects of disposable over reusable aprons were judged to be small by the majority of the GDG members. The GDG 

members judged that the balance of effects does not favour either disposable or reusable aprons. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any primary studies comparing the effects of wearing eye protection in combination 

with a medical mask  to wearing eye protection alone. Although two systematic reviews of potential interest were identified, 

they provided only contextual information, and none of their included studies met the eligibility criteria. Therefore, the 

certainty of evidence was judged to be very low. 

Coverall versus gown 

The systematic review did not identify any primary studies comparing the effects of wearing a coverall versus a gown. Two 

systematic reviews of potential interest were identified. While the reviews provided some contextual information, none of 

the included studies met the eligibility criteria. Therefore, the certainty of evidence was judged to be very low. 

Two pairs versus one pair of gloves 

No evidence was identified for direct outcomes. Evidence is based on surrogate outcomes from simulation studies and 

therefore is deemed very low-certainty evidence. 

Head-and-neck covering 

No studies provided direct information on the transmission or incidence of Ebola disease or Marburg disease related to the 

use of personal protective equipment (PPE) for head-and-neck skin protection. Two simulation studies that addressed 

outcomes related to heat stress for health-care workers (HCW) putting on extra head/neck covering PPE (hoods were 

included) and two crossover, randomized, controlled trials that simulated contamination events for HCWs while taking off 

Very low Certainty of the Evidence 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

57 of 188



PPE ensembles with and without neck covering. 

Overall, the evidence for outcomes of those studies (heat tolerance, human factors and contamination during procedure to 

take off PPE), when evaluated using the GRADE process was judged to be very low. 

Disposable versus reusable apron 

There were no eligible studies. There are very limited data to support the choice between  disposable andreusable types of 

aprons. The certainty of the evidence was judged to be very low. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone 

Although the systematic review did not identify any evidence, the GDG judged that there was probably no important 

uncertainty or variability in how much people value the main outcomes. 

Coverall versus gown. 

Although the systematic review did not identify any evidence, the GDG members judged that there was possibly important 

uncertainty or variability in how much people value the main outcome. 

Two pairs versus one pair of gloves 

For the main outcomes are transmission of Ebola or Marburg virus and adverse effects. GDG members judged that there is 

probably no important uncertainty or variability in how much people value the main outcomes. Glove type was not 

considered during GDG judgement. 

Head-and-neck covering 

Data from the mixed-methods study indicated that 90% of respondents highly valued the importance of reducing EVD 

transmission. Justification for the high value of this outcome included concerns related to the Ebola virus: highly infectious, 

high morbidity rate, high mortality rate; impact on health workers; protecting the community including family members and 

saving on countries’ economies. Those respondents that felt that this outcome was less important (three respondents) 

indicated so because proper IPC measures can control the risk of transmission and  vaccination was linked to decreased risk. 

HW participants rated the importance of adverse events from PPE as follows: 38% thought it was critical; 28% thought it 

was important,;and 34% thought it was not important. 

When assessing valuation of the outcomes of interest, 53% were more concerned about Ebola transmission than they were 

about adverse effects from PPE use and 47% were equally concerned. None of the participants was more concerned about 

adverse effects from PPE use than about Ebola transmission. The reason for being more concerned about Ebola 

transmission was the fact that infection with Ebola can be fatal and the adverse effects are less serious, preventable and can 

be managed. 

The GDG judged that there were no important uncertainty or variability in how much people value the main outcomes. 

Disposable versus reusable apron 

The systematic review did not identify any evidence. It was judged by the majority of GDG members that there was 

probably no important uncertainty or variability in how much people value the main outcomes. As described above for the 

PPE elements, HW participants in the mixed-methods study were generally more concerned about Ebola transmission than 

adverse effects of PPE. 

No substantial variability expected Values and preferences 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

Although the systematic review did not identify any evidence, the GDG judged that the utilization of a medical mask as well 

as eye protection involved moderate costs. 

Resources 
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There were no included studies on cost effectiveness and therefore no GDG judgement was made. 

Coverall versus gown. 

The GDG judged that there were moderate costs associated with wearing a coverall (compared to wearing a gown). 

Although no studies were presented on cost-effectiveness, GDG members judged that it probably favours coverall use. 

Two pairs of gloves versus one pair 

The systematic review found no relevant contextual data related to resource use.  

The GDG discussed that the cost and resources depend on the type of gloves being used/recommended. The GDG judged 

that the use of two pairs of gloves was associated with moderate costs (compared with one pair). 

There were no included studies for the cost effectiveness of two pairs of gloves versus one pair. Nonetheless, the GDG 

judged that the cost effectiveness probably favours the use of two pairs of gloves given the high cost/impact of a possibly 

resulting Ebola or Marburg virus infection if no appropriate measure were used. 

Head-and-neck covering 

Data from the mixed-methods study showed that, in terms of resources used, 49% of participants indicated that there was a 

larger cost or moderately larger cost when covering the head and neck as well as the mucous membranes versus mucous 

membranes alone. Cost implications will likely be more if the HWs use have a separate hood rather than a coverall, where 

the latter would cost less. Waste management costs might be increased with additional pieces of PPE (i.e. a hood). 

The GDG judged that there were moderate costs associated with the use of head-and-neck coverings in addition to 

covering the mucous membranes (compared with covering only the mucous membranes). 

Disposable versus reusable apron 

Data from the mixed methods study indicated that 34% of participants felt that there were higher costs associated with 

using disposable/biodegradable aprons versus reusable aprons; 14% felt there were moderately larger costs; 14% stated 

there was negligible costs and savings; 5% stated there were moderately larger costs; and 12% stated there were larger 

savings. Six percent said it varied and 15% did not know. Reasons for larger/moderately larger costs included the facts that 

replenishing supplies is costly and requires logistics (such as finding a supplier); it generates more waste; and high-quality, 

disposable aprons are costly. Those who indicated there was a negligible difference in costs and savings stated so because 

the cost of disposable aprons is higher and larger quantities need to be purchased, but decontamination and drying of the 

reusable aprons is as costly and needs manpower to do so. HWs who indicated that there were larger savings/moderately 

larger savings viewed the cost per unit of re-usable aprons to be higher, and that disinfecting is costly. Some proposed that 

resource use would vary depending upon on the setting and the facility. 

The GDG judged that  disposable aprons required moderate costs as compared to reusable aprons. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

The systematic review did not identify any evidence and GDG members judged that they did not know the impact on 

equity. 

Coverall versus gown. 

The systematic review did not identify any evidence. However, the GDG members judged that there was probably an 

increased impact on health equity with the use of a coverall compared to use of gowns. 

Two pairs of gloves versus one pair. 

The systematic review found no relevant contextual data related to equity. The GDG discussed that equity considerations 

include the size and fit of the gloves with two pairs of gloves versus one pair of gloves, as well as availability in remote areas 

and urban centres. 

The GDG judged that health equity would probably be increased when using two pairs of gloves rather than one pair of 

gloves. 

Head-and-neck covering 

Equity 
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Data from the mixed-methods study indicated that 25% of respondents were concerned about equity issues. Groups that 

might be affected include low-resource countries, rural areas, different types of health care providers, certain religious 

groups (who may have head coverings) and individuals with certain hairstyles (e.g. long hair, dreadlocks, etc.). Concerns were 

raised around low-resource countries, which  might not have enough PPE. 

The GDG judged that equity would be probably reduced for some groups when covering the head and neck in combination 

with covering mucous membranes (compared with covering only mucous membranes). 

Disposable versus reusable apron 

Data from the mixed-methods study showed that 16% of HWs felt that there were equity considerations with using 

disposable/biodegradable versus reusable aprons, while 64% felt there were none. An additional 20% did not know. Causes 

 of inequity and groups identified to have reduced access included those in low-resource settings where supply can be a 

problem and  where elimination methods such as incineration might not be available. It was also identified that the type of 

task (e.g. cleaning) might affect the type of disposable gown needed. Equity considerations might also include poor fit of 

existing PPE, and the fact that disposable PPE could be tripping hazards for some body types. Judgement by the GDG 

members on whether disposable aprons affected equity was that it varies, as there was a large distribution of votes. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

Although the systematic review did not identify any evidence, the GDG judged that wearing a medical mask as well as eye 

protection during the triage process was probably acceptable to the key stakeholders. 

Coverall versus gown. 

Although the systematic review did not identify any evidence, coverall use was judged by the GDG to probably be 

acceptable to key stakeholders. 

Two pairs of gloves versus one pair 

The systematic review found no relevant contextual data related to acceptability. 

The GDG judged that the use of two pairs of gloves was acceptable compared to one pair of gloves despite the lack of 

evidence. 

Head-and-neck covering 

Several studies [36][124][130][131] were reviewed that evaluated health and care workers’ tolerance, comfort and 

preference while wearing head-and-neck coverings. In one study [36], 64% of those surveyed found heat and dehydration 

to be a major issue when using a hood. Simulation studies conducted by Coca et al 2015 suggested that encapsulation of 

the head-and-neck region resulted in higher model-predicted, subjective impressions of heat sensation. Additional 

simulation studies conducted by Coca et al in 2017 [124] showed that heart rate and core temperature at the end of the 

exercise and perceptions of heat and exertion were significantly higher in individuals wearing goggles, coverall and separate 

hood or a highly impermeable coverall, separate hood and surgical mask cover over the N95 respirator compared to those 

wearing a face shield, no hood, and fluid-resistant surgical gown. 

The data from the mixed-methods study showed that 72% of respondents said that it was more acceptable or probably 

more acceptable to cover the head and neck as well as the mucous membranes for  reasons that included: increased sense 

of safety when protecting the mucous membrane; reduced risk of transmission through splashes into the mucous 

membrane; and reduced risk of transmission from other diseases. Individuals (8%) who found covering the head-and-neck 

skin was less acceptable or probably less acceptable cited reasons such as covering head and neck is not needed if the skin 

is intact, as the virus does not penetrate through intact skin and that covering the head and neck might scare the patient. 

Furthermore, covering the head and neck can interfere with patient communication and eventually impede the care. 

Seventeen percent responded that acceptability varied and risks should be evaluated based on the risk of transmission. If 

the HW is not performing an invasive procedure, head covers are unlikely to offer additional protection. 

The GDG judged that covering the skin on the head and neck in addition to covering the mucous membranes was 

acceptable. 

Acceptability 
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Disposable versus reusable apron 

Contextual data on feasibility/acceptability included a simulation study of 50 participants that examined body and 

environmental contamination rates during the removal of cotton gowns, water-resistant gowns, or plastic aprons, based on 

the individuals' typical PPE-removal  methods and gown-removal methods recommended by the CDC [References need to 

be added here]. Plastic aprons had a higher chance of contaminating the environment than did the cotton or water-resistant 

gowns and was thought to be due to the fact that plastic had the lowest water-absorbing properties and droplets were not 

absorbed by the surface and therefore might drop to the floor and spread to surrounding areas. The plastic apron resulted in 

a smaller protected area, which caused heavier contamination of the clothing under the apron. The conclusion of this study 

was that double gowns with an outer layer of absorbent cotton (to reduce spread of contaminants to the environment) and 

an inner water-repellent gown (which can resist contaminants and prevent penetration into the cloth underneath as well as 

skin), provided better protection than a single gown did in preventing contact with the patient's blood and body fluids during 

surgery and other splashing procedures. When using a Likert scale to look at PPE design in terms of body protection, such 

as fit, mobility, comfort, putting on and taking off PPE  and aesthetics, HWs felt that the current PPE recommendations in 

the hospital (in the convenience sample of 200 HWs in the USA), which included scrubs, gowns, coveralls and apron met 

their needs for fit, comfort, mobility, putting on and taking off PPE. 

Based on the data from the mixed-methods study, use of  a disposable/biodegradable apron was considered less acceptable 

compared to use of a reusable apron by 7% of participants; probably less acceptable by 10%; probably more acceptable by 

24%; and more acceptable by 44%. Thirteen percent felt that it varied and 3% did not know. 

Reasons for the disposable/biodegradable apron being more acceptable/probably more acceptable included that it was 

safer, lighter and easier to manage. There were also concerns that reusable aprons increased the risk of exposure during 

cleaning; might not always be accessible; and could increase the risk of transmission if not handled or disinfected 

appropriately. Those who found it less acceptable/probably less acceptable indicated that the disposable/biodegradable 

aprons could tear and result in exposure of the HW to the virus. It was also indicated that it involved more resources and 

was not environmentally friendly or sustainable. Those who indicated it varied saId that the use might depend on the type 

of care the health worker was providing, direct versus indirect care, etc. For example, disposable aprons are more acceptable 

during clinical procedures without large bodily fluids; heavy-duty aprons would be more acceptable when handling large 

amounts of potentially infectious fluids, as commonly generated during environmental cleaning procedures. Another 

example included the assertion that a disposable apron would be more acceptable for indirect care, whereas heavy-duty 

aprons would be more acceptable for direct care. 

GDG judgement indicated that the use of disposable aprons was probably acceptable. 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or 

goggles) alone. 

Although the systematic review did not identify any evidence, the GDG judged that it was probably feasible to implement 

wearing a medical mask and eye protection during the triage process. 

Coverall versus gown. 

The systematic review did not identify any evidence. Coverall use was judged to be probably feasible by GDG members. 

Two pairs versus one pair of gloves. 

One narrative review looked at the advantages and disadvantages of PPE used by health and care workers in high-risk 

settings, including Ebola disease outbreaks. Stated advantages of double gloves included: 1) decreases in the potential risk 

of transmission of highly virulent pathogens through glove holes or gloves damaged by disinfectants; 2) reduction in the risk 

of contamination of hands when removing gloves; 3) reduction in the risk of needlestick injury. 

Disadvantages described in this review were: 1) decreased tactile sensation and dexterity; and 2) a cumbersome removal 

process. 

The GDG judged that it was probably feasible to wear two pairs of gloves versus wearing one pair of gloves. 

Head-and-neck covering. 

Zamora et al. 2006 [127] conducted a prospective, randomized, controlled crossover study to compare two PPE ensembles. 

The PPE ensemble E-RCP (enhance respiratory and contact precautions) included a head covering (without covering the 

Feasibility 
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Justification 

Eye protection alone (face shield or goggles) versus wearing a medical mask in combination with eye protection (face shield or goggles) 

alone. 

The systematic review did not identify any evidence for the effects of wearing a face shield (compared to wearing a face shield 

in combination with a medical mask) on the following outcomes: infection with Ebola or Marburg virus, PPE breaches, 

compliance and/or breaches (touching face) related to heat/humidity and comfort, human factors, health worker confidence. 

Some GDG members noted that no studies have demonstrated that the face- shield designs conferred protection from droplets. 

Thus, extrapolation of an analysis of dispersion of simulated spray from a cough (droplets) in SARS- CoV-2 and subsequent 

contamination indicated that no face shield provided adequate protection from droplets [133]. Protection of the health workers' 

nose and mouth (mucous membranes) may be insufficient with goggles/face shield alone. 

As the risk of health- worker exposure to splashes or sprays (e.g., vomit, blood) is likely higher during activities where there is 

contact with patients, the GDG judged that use of a medical mask in combination with eye protection was warranted. 

Coverall versus gown. 

The systematic review did not identify any evidence for the effects of wearing a coverall (compared to wearing a gown) on the 

following outcomes: infection with Ebola or Marburg virus, PPE breaches, compliance related to heat and comfort, human 

factors, health- worker confidence. 

neck skin), goggles and a face shield. The PAPR system in use had outer and inner protective layers that included head-and-

neck coverings. Participants wearing the E-RCP were more likely to have some contamination sites on the neck and hands. 

However, putting on and taking off the PAPR system took longer than putting on  and removing E-RCP garments (p < 

0.0001) and participants experienced more errors in the removal process. In a study done in an IPC unit in a tertiary-care 

hospital in Malta, the preferred option by participants was the use of a PAPR rather than goggles and an N95 due to the 

sense of protection and comfort it conferred. A review done at the Jewish General Hospital in Canada discussed the 

advantages and disadvantages of using a PAPR versus an N95. Advantages to the PAPR included providing head-and-neck 

protection that did not require fit testing and could be used by  individuals with facial hair. They also allowed for continuous 

beside care of the patient. Disadvantages included difficulty in communicating while putting on the PAPR; the inability to 

use a stethoscope; and the requirement for batteries to ensure proper airflow rates in the hood[132]. 

The data from the mixed-methods study indicated that 61% of participants found covering the head and neck to be more 

feasible/probably more feasible given that covering the head and neck is not perceived as a complicated process and can be 

done easily to give a sense of safety. Nineteen percent of participants found it to be less feasible/probably less feasible 

since donning and doffing takes more time, is more complicated and is costly. Seventeen percent responded that feasibility 

of covering the head and neck varied and noted that PPE choice might be different in HICs than in LMICs (e.g. PAPR is more 

commonly utilized in HICs). 

The GDG judged that covering the skin on the head and neck in addition to covering the mucous membranes is probably 

feasible. 

Disposable versus reusable apron. 

Regarding feasibility, 10% of the mixed-methods survey respondents felt that it was less feasible to use disposable/

biodegradable aprons, and 8% felt it was probably less feasible. Eighteen percent thought it was probably more feasible and 

49% thought it was more feasible. Ten percent felt it varied, and 4% did not know. Reasons for it being probably more 

feasible/more feasible included that it was more practical than reuse because no cleaning and disinfection was used, and 

they are comfortable. There was also a consideration for weighing the risk of reusable versus disposable aprons in that 

reusable of aprons would result in more chlorine exposure and concern was noted that individuals (such as cleaners) may 

not be disinfecting the PPE properly. Respondents felt that the disposable/biodegradable aprons were more available and 

 that the risk of Ebola transmission was reduced, given the concern for risk of contamination if reusable aprons are used. 

Reasons for disposable/biodegradable aprons being less feasible/probably less feasible included that good-quality, 

disposable/biodegradable aprons cost more,  which would make their use less feasible in aresource-limited setting. Those 

who stated that it varied indicated that this depended on the availability of waste management (which is costly and requires 

equipment) and is also related to HW risk, given that the disposable gowns could rip,  are a source of waste, and pose a risk 

to waste collectors. 

GDG judgement was that disposable aprons were probably feasible. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

62 of 188



However, the GDG felt that, during triage, it would be difficult to maintain a 1-metre distance and the risk of exposure of health 

workers to blood or body fluids may be higher than during screening activities. For this reason, it was felt that the use of a 

coverall may be preferred over the use of a gown. However, this may be dependent upon the technical specifications and 

availability of the PPE. 

Two pairs versus one pair of gloves. 

This PICO question was developed late in the GDG process, when many of the other PICO systematic reviews were already 

done. Therefore, this review was done as part of a secondary analysis of articles already identified from searches for other key 

questions. 

The majority of the evidence and contextual data that were presented were simulation studies and are not likely to directly 

reflect real-world situations nor were they linked to any specific outbreak. Simulation studies do not assess such factors as 

stress, fear, heat and humidity. In discussing the simulation scenarios, the GDG noted that they may underestimate the risk of 

self-contamination (given that psychological and environmental factors might alter the results) and overestimate risk of self-

contamination (given that some studies have very high levels of “inoculum” of the simulated materials, which are unlikely to be 

encountered in clinical practice). 

The GDG discussed the type of gloves used and the difference in quality based on the type of gloves selected, e.g. latex versus 

nitrile. It was also clarified that double gloves do not prevent needlestick injuries, but rather decrease the inoculum in cases 

where a needlestick occurs. It was also highlighted that microbiological understanding of the amount of inoculum needed for 

Ebola virus transmission to occur is lacking. Other key reasons for the selection of double gloves included the fact that gloves 

are not 100% impermeable, and the double-glove recommendation that currently exists is based on minimizing potential 

contamination during the PPE removal process. 

The GDG noted that HWs may be uncomfortable with only one pair of gloves for a number of reasons: 1) if they must remove a 

pair of gloves while in an ETC due to contamination, they may not have not have another pair available; 2) given that the 

principles of IPC call for removing the dirtiest piece of PPE first, (and that would typically be the gloves), HWs who were wearing 

only one pair of gloves would find that they were wearing no gloves at all when removing the rest of their PPE, and would 

therefore risk contamination. 

Use of two pairs of gloves is important to the current IPC recommendations in ETCs. It was discussed that glove use has two 

purposes, the first for the protection of the HW and the second for the protection of patients. 

The fit and comfort of gloves was discussed, and it was noted that it takes about a day for a clinician to become accustomed to 

wearing two pairs of gloves. An important consideration is having gloves that are well-fitting and available in different sizes. 

The GDG therefore judged in favour of a conditional recommendation for the use of two pairs of gloves when caring for 

suspect/confirmed cases of EBOD or MARD. 

 

Head-and-neck covering. 

No studies provided direct information on the transmission or incidence of Ebola virus disease or Marburg virus disease related 

to the use of personal protective equipment (PPE) for head-and-neck skin protection. A review of existing WHO, US CDC, 

ECDC,[17][134] and US OSHA recommendations[135] on head-and-neck coverings helped provide contextual data to the GDG. 

The modes of transmission of Ebola virus and Marburg virus were discussed, with the GDG noting that transmission is primarily 

through contact with blood/body fluids. The skin provides a protective barrier from blood and other body fluids. However, HWs 

may have broken skin they may be unaware of.  

The GDG also discussed the values and preferences of health workers, noting that 90% of respondents valued the importance of 

reducing EVD transmission. Justification for the high value of this outcome included concerns related to the Ebola virus: highly 

infectious, high morbidity rate, high mortality rate; impact on health workers; protecting the community, including family 

members, and saving countries’ economies. The GDG judged that the use of a head covering was acceptable and probably 

feasible.  

Considering the lack of direct evidence and the health worker perceptions, the GDG judged in favor of a conditional 

recommendation for the use of head-and-neck coverings, emphasizing the importance of health worker risk assessment, 

presence of intact skin and HW vaccination status. The status quo in terms of current practice includes the head-and-neck skin 

coverage and the GDG judged that stronger evidence is needed to change these practices. 

Disposable versus reusable apron. 

The systematic review did not identify any evidence for the effects of wearing a disposable/biodegradable apron (compared to 

wearing reusable apron) on the following outcomes: Infection with Ebola or Marburg, Environmental impact of single-use 

disposable PPE, Exposure while cleaning and disinfecting aprons, Breaches in cleaning and disinfection practice, PPE breaches. 
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Contextual data included the review of current WHO guidance, which indicates that a disposable, waterproof apron worn over 

the gown or coverall should be used. If disposable aprons are not available, heavy- duty, reusable waterproof aprons can be used 

if appropriate cleaning and disinfection between patients is performed. When removing reusable aprons over the head, care 

must be taken to not disrupt face shield/goggles/mask. The WHO Personal protective equipment for use in a filovirus disease 

outbreak Rapid advice guidance from 2016 [17] indicates that the choice of apron should be, in order of preference: 1) a 

disposable, waterproof apron; 2) if a disposable apron is not available, a heavy-duty, reusable waterproof apron, provided that it 

is appropriately cleaned and disinfected between patients. 

The GDG reviewed a presentation by the WHO Supply Chain Technical Lead for Operations Support and Logistics that outlined 

the technical specifications of reusable versus disposable aprons. Aprons are not medical devices, and are not standardized. 

They maybe be considered PPE in some instances but generally are not seen as true PPE. Disposable versus reusable aprons are 

distinguished based on thickness. The minimum thickness for reusable aprons is 300 micrometers, and covering size is 

approximately 70-90cm width x 120-150cm length. The following document provides details on Preferred Product 

Characteristics for Personal Protective Equipment for the Health Worker on the Frontline Responding to Viral Hemorrhagic Fevers*in 

Tropical Climates [114] 

GDG members noted that the rationale for wearing an apron over the gown or coverall is that the risk of splashes from the 

patients’ vomiting, diarrhea or bleeding is high, and that it is easier to remove and replace a soiled apron than a gown or a 

coverall. There were some concerns noted that disposable aprons are “light” and health workers may not feel safe, in particular 

those, like burial teams, responsible for performing tasks that Involve heavy lifting. It was also noted that disposable aprons may 

cause an increase in waste disposal, which may have and an environmental impact . 

The GDG judged that a conditional recommendation should be made and that the choice of the type of apron should be based 

upon the ability to safely dispose of the item; safely decontaminate the item;and carry out a risk assessment for the task to be 

performed. 

The GDG noted that overall compatibility of different pieces of PPE used together should be considered, as there is a lack of 

safety data on combination PPE and effectiveness might decrease with non-compatible pieces of PPE. 

Research Needs 

• More evidence is needed about combined effect of PPE and evidence indicates that there might be harm with multiple

pieces of PPE (heat, errors with doffing).

• There is a need for better standards and evidence on effectiveness and safety of different combinations of PPE.

• More research is needed on effectiveness and need for head-and-neck coverings.

Practical Info 

Implementation considerations: 

Health and care workers should be trained on use of PPE, including procedures for putting on and taking off PPE. 

For detailed implementation considerations refer to the conditional recommendation above on PPE for contact with patients 

with suspect or confirmed Ebola or Marburg disease. 

Heavy-duty (utility) gloves 

• The inner glove should be a nitrile glove and the outer glove a utility or heavy-duty glove

• If the outer utility glove is to be reused, then a process for decontamination must be put in place.

• The outer glove should be disinfected(using either soap and water, alcohol-based hand rub or a 0.05% chlorine solution) in

Good practice statement 

Cleaners/hygienists1 and mortuary/burial workers2 should wear the same PPE recommended for other health and care workers, 

with the exception that 1) the outer pair of gloves should be heavy-duty (utility) gloves; 2) aprons should be heavy duty; and 3) 

their shoes should be waterproof boots. 

1Cleaners/hygienists includes health and care workers handling linens or waste, cleaning the environment. 

2 Mortuary/burial workers include health and care workers involved in handling dead bodies. 
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between environments and tasks. For example, outer glove disinfection should take place when moving from one patient 

environment to another. 

 

Waterproof boots 

For details on implementing the use of water proof boots please refer to the statement on footwear above. 

 

Justification 

The 2016 personal protective guideline specifically excluded health and care workers from roles such as hygienists, burial teams, 

waste management from the recommendations on PPE. 

The GDG desire this to be a comprehensive document and therefore feel it is important to include all health and care workers in 

all roles. The GDG discussed the risk of exposure for health and care workers performing activities where they may have indirect 

contact with patients with Ebola disease or Marburg disease, or the contaminated environment, such as through collection of 

contaminated waste; handling of soiled linens; cleaning and disinfection of the environment; and assisting with the handling or 

burials of the deceased. It was agreed that health and care workers performing these activities are at equal risk to clinicians 

providing direct care.  

The GDG agreed that the same level of protection should be required for health and care workers performing these activities. In 

addition, due to the nature and physical stresses of these activities, the GDG emphasized that the outer pair of gloves should be 

a heavy-duty, utility glove. In addition to a coverall (or gown), health and care workers should consider an apron and wear 

waterproof boots. The GDG agreed that a good practice statement was warranted. 

 

Practical Info 

Implementation considerations: 

• Eye protection should remain in place as long as possible and be removed as late as possible, regardless of type of eye 

protection used (goggles or face shield). 

• Staff should be trained in one system and stay consistent with those procedures as there would be an increased risk with 

variation in practice rather than consistency of practice. Posters and educational materials also need to be consistent. 

• Aligning practices according to country MOH and what other partners are doing in the field is important to reduce 

confusion and variations in practices. 

• PPE should to be put on and taken off properly and worn within time limits proposed for the PPE. 

• Anti-fog solution or alternatives to prevent fogging of goggles (e.g. soapy water) should be available for use. 

• When hood-and-neck covers are used, depending on the type used (e.g. hoods of different sizes/shapes), it might not be 

possible for the protection to be placed under the head-and-neck covering, and this should be taken into consideration 

when implementing recommendations for putting on and taking off PPE. 

• There are other mitigation strategies that can be used if the eye protection is taken off earlier in the removal sequence. 

Conditional recommendation for , Very low certainty evidence 

WHO suggests that health and care workers with direct contact and/or indirect contact with patients with Ebola disease or 

Marburg disease wear eye protection (goggles or a face shield) under the head-and-neck covering versus over the head-and-

neck covering. 

Remarks: 

• As part of general IPC principles, removing the mucous-membrane protection last remains a key principle balanced against  the risk 
of fogging and touching the eye protection unnecessarily as well as comfort and tolerance considerations. 

• Certain types of eye protection may be better suited to be worn over the head-and-neck covering. Examples may include a face 
shield that, if worn under a coverall hood, may increase a person's risk of touching the face to adjust the PPE. 
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Evidence To Decision 

No studies found during the literature search described above provided direct information on transmission or incidence of 

Ebola disease or Marburg disease. Two crossover, randomized, controlled trials (RCTs) were included in the analysis and 

looked at outcomes related to contamination and deviation rates during the process for putting on and taking off PPE, based 

on the eye protection worn under the head-and-neck covering compared to eye protection worn over the head-and-neck 

covering [136][126]. In both studies, fluorescent solutions were applied to participants to simulate contamination of PPE 

during clinical activities. Outcomes assessed included levels of contamination following removal of PPE (small- and large-

sized patches) on various areas (overall, hair and head, anterior/posterior neck) and the number of participants with patches. 

No clear pattern emerged for whether the head cover worn under or over the coverall resulted in greater contamination 

during the process of putting on or taking off PPE. 

Data from two studies found that there was no clear pattern for whether the head cover worn under or over the coverall 

resulted in greater contamination during the process of putting on or taking off PPE  [126] [136]. 

One RCT looked at human factors by assessing deviation rates during the process of putting on or taking off PPE, depending 

on whether the eye protection was worn under or over the head-and-neck covering, and found that errors appeared to be 

higher among those wearing the eye protection (face shields) under the hood than over the hood. However, they were also 

wearing more PPE [126]. 

The GDG judged that the desirable effects of goggles being worn under compared to over the head-and-neck skin covering 

were small and the undesirable effects of goggles being worn under compared to over the head-and-neck skin covering 

were also deemed to be small. On the balance of effects, the GDG judged that it probably favoured wearing the goggles 

under the head-and-neck skin covering rather than over the head-and-neck skin covering. 

Benefits and harms 

No studies provided direct information on the transmission or incidence of Ebola disease (EBOD) or Marburg disease 

(MARD) related to the order in which eye protection and head-and-neck covering were worn. Two crossover, randomized, 

controlled trials simulated contamination events for health and care workers (HCWs); contamination was recorded during 

the process of putting on or taking off of Ebola personal protective equipment (PPE) ensembles with differing equipment 

and orders in which the eye protection (face shields) and head-and-neck coverings (hoods) were worn. Deviation rates from 

the protocols for putting on or taking off PPE were also noted. However, the studies were downrated following GRADE 

assessments due to study design (simulation studies), high risk of bias, limited participant size, and optimal information size 

threshold not met. 

The evidence was judged to be of very low certainty. 

Very low Certainty of the Evidence 

The GDG judged that there was probably no important uncertainty or variability in how much people value the main 

outcomes. 

Values and preferences 

None of the participants of the online survey from the mixed-methods study indicated larger cost or moderate cost for 

wearing the eye protection under the head-and-neck skin covering. In all, 50% indicated a negligible difference in costs and 

savings, while 10% indicated there was a moderate or larger cost savings, and 20% did not know. All of the interview 

participants indicated that there was no difference. The reason for no difference mentioned by both survey and interview 

participants was that the same protection equipment is being used under and over. Survey participants who opted for more 

saving did so due to the fact that wearing eye protection under the head-and-neck skin covering may reduce the risk of 

transmission. The reason participants indicated that it varies was dependent on whether the eye protection could  be 

reused.  

The GDG judged that there were likely negligible costs and negligible savings regardless of if the goggles are worn under 

Resources 
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Justification 

Contextual data were considered by reviewing current WHO, US CDC and ECDC recommendations [17][134][138]  Current 

WHO guidance to date has recommended that PPE that covers mucosa be removed as late as possible in the PPE removal 

process and that the eye protection should be used under the head-and-neck skin covering. In contrast, the US CDC and ECDC 

recommend that eye protection be put over the head-and-neck skin protection. 

The initial PICO question discussed eye protection as a whole, which included goggles as well as face shields. There was a 

discussion on whether goggles and face shields are the same based on the data that came up during the qualitative study. It was 

versus over the head-and-neck skin covering. 

There were no studies on cost effectiveness. However, the GDG judged that the cost effectiveness for goggles worn under 

versus over the head-and-neck skin covering does not favor either option. 

Data from the mixed-methods study indicated that 12% of participants had some equity concerns; 52% had no equity 

concerns; and 36% did not know. Groups with reduced access identified during the survey included people who wear 

glasses or hearing aids, certain ethnicities (reverend sisters, Muslim women), women with long hair. 

The GDG judged that wearing the goggles under the head-and-neck skin covering compared to over the head-and-neck skin 

covering had probably no impact on health equity. 

Equity 

Data from the mixed-methods study indicated that 12% of participants responded that wearing eye protection under head-

and-neck skin covering was less acceptable and another 12% stated that it was probably less acceptable. Fourteen percent 

stated it was probably more acceptable; 35% stated that it was more acceptable; 14% indicated that it varied; and 14% did 

not know. Those 49% who stated that wearing eye protection under versus over the head-and-neck skin covering was more 

acceptable/probably more acceptable indicated so because it allowed for better protection to the mucous membranes and 

allowed for the eye protection to be removed last. Interview participants who viewed wearing eye protection under head-

and-neck skin covering as less or probably less acceptable indicated that it might be uncomfortable, and that eye protection 

worn over head-and-neck skin covering was easy to remove. Those who indicated it varies believed that the acceptability 

might depend on what type of eye protection was used (face shield versus goggles) and availability of resources, such as 

anti-fog formulations. They also felt that either would be acceptable if there was consistency. 

The GDG judged that there was equal acceptability between wearing the eye protection over or under the head-and-neck 

skin covering. 

Acceptability 

A non-comparative simulation study and consensus panel one in the UK provided contextual data on feasibility and 

reported no contamination event on a video exercise of wearing a unified PPE ensemble where a disposable full-face visor 

was worn over the hood [137]. 

Forty-five percent of online survey participants from the mixed-methods study thought it was more feasible or probably 

more feasible to wear eye protection under versus over the head-and-neck covering; 35% thought it was less/probably less 

feasible; and 9% said it varied.  Cited reasons for more feasible/probably more feasible by participants were because this is 

how they have been trained/is current practice for most and that it is easier.  Reasons for being less feasible were 

adjustments to  the face shield/goggles when they are under the hood can be challenging; distortion of shield when under 

the head covering, and unclear vision. For those who indicated varied, it was because feasibility depended on the type of 

eye protection used. They stated that the wearing of eye protection under the head-and-neck covering was more feasible 

for goggles and less feasible for the face shields. 

The GDG judged that there was equal feasibility between wearing eye protection under or over the skin-and-neck covering. 

Feasibility 
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agreed to start recommendation development with the goggles and then discuss face shields separately and to then see if there 

are any other considerations that might make the type of eye protection different. GDG polling was done initially for goggles 

and then was repeated for face shields. 

There was a prolonged discussion about whether a recommendation should indeed be made to wear the eye protection below 

or over the head-and-neck covering, including many of the implementation considerations. The recommendations made in 2014 

were made without a systematic review of data. However, after the 2022 systematic review was done, the data provided no 

evidence to assist with response to this question. While there was a consideration and discussion to abstain from making a clear 

recommendation, this was balanced with the fact that recommendations are important for training, posters and other 

educational materials. There has also been a lot of experience with Ebola since the 2014 guidance was released. 

A discussion of field experience, which included a variation of practice of either wearing eye protection under the head-and-

neck skin protection (according to WHO guidelines) and other key field partners who use eye protection over the head-and-

neck skin protection was undertaken during the GDG meeting. 

Discussions about face shield were held separately, as it was felt that there were different considerations in using the face 

shield. These included the fact that, depending on the type of head-and-neck skin covering (e.g. hood), it might be difficult to put 

a face shield on underneath and that distortion of the face shield, which might affect vision and protection, could occur. The 

concept of having the eyes, nose and mouth covered until the end of the PPE removal process was agreed to apply regardless of 

the type of eye protection. 

The GDG determined that the principle of protecting the mucous membranes of the eyes as long as possible was important and, 

as such, issued a conditional recommendation in favour of wearing eye protection under the head-and-neck covering, provided 

this was feasible with the PPE equipment available. 

Research Needs 

For all elements of PPE individually and  as an ensemble, simulation studies are needed to test different choices of PPE. 

Research is needed on PPE designs that are suitable to women and men, according to their size, anatomy and hygiene needs 

(including menstrual hygiene management for women health and care workers). 

Standardization of products is important to ensure that they will fit under the head and neck skin covering safely. 

Practical Info 

Technical specifications 

In the survey on values and preferences, health workers indicated that sometimes gloves were not long enough or slipped down, 

leading to possible exposure to fluids. This provided the rationale for recommending that outer gloves should reach mid-

forearm. Powder-free gloves are preferred because powder may cause sensitivity and can contaminate the environment. 

Gloves 

Nitrile 

Non-sterile 

Powder-free 

Outer gloves should preferably reach mid-forearm (minimum 280 mm total length) 

Different sizes 

Strong recommendation for , Moderate certainty evidence 

Nitrile gloves are preferred over latex gloves. 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline [17]. 
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Quality compliant with standards: 

• EU standard directive 93/42/EEC Class I, EN 455 

• EU standard directive 89/686/EEC Category III, EN 374 

• ANSI/ISEA 105-2011 

• ASTM D6319-10 

or equivalent. 

Evidence To Decision 

Justification 

Nitrile gloves are recommended because they resist chemicals, including certain disinfectants, such as chlorine, and 

because nitrile is more environmentally friendly than latex. There is a high rate of allergies to latex and contact dermatitis among 

health workers. Estimates vary, but up to 12% of health workers experience a range of reactions to latex, including 

skin irritation, local itching, burning sensation and allergic symptoms[139][140]. If nitrile gloves are not available, latex gloves 

may be used. Non-powdered gloves are preferred to powdered gloves. 

Practical Info 

Applicability 

Strong recommendation; moderate quality evidence on health worker tolerance of nitrile gloves compared with latex gloves. 

Moderate Certainty of the Evidence 

In the survey on values and preferences, health workers indicated that sometimes gloves were not long enough or slipped 

down, leading to possible exposure to fluids. This provided the rationale for recommending that outer gloves should reach 

mid-forearm. Powder-free gloves are preferred because powder may cause sensitivity and can contaminate the 

environment. 

Values and preferences 

Conditional recommendation for , Very low certainty evidence 

The choice of PPE for covering clothing should be either a disposable gown and apron, or a disposable coverall and apron; the 

gown and the coverall should be made of fabric that has been tested for resistance to penetration by blood and other body 

fluids or by bloodborne pathogens. 

Note: This recommendation is extracted verbatim from the 2016 Personal protective equipment for use in a filovirus disease outbreak 

- Rapid advice guideline [17]. 

Remarks 

For details on the  type of apron suggested, please see the recommendation for health and care workers with contact with patients who 

have Ebola or Marburg disease.  
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This recommendation is applicable to health workers involved in caring for patients suffering from filovirus disease. 

Technical specifications 

Protective bodywear must be fluid-resistant to reduce the likelihood of infected body fluids penetrating and contaminating the 

underlying clothes or skin, with possible subsequent transmission of the virus via the hands to the mucous membranes of 

the eyes, nose or mouth. On the advice of the medical anthropologist in the GDG, the Group specified 

that culturally unacceptable colours should be avoided. The specification to have thumb or finger loops to anchor sleeves 

in place was informed by the values and preferences survey, in which respondents indicated that without them sleeves may ride 

up and leave skin exposed. 

Disposable gown 

Single use 

Mid-calf length, to cover the top of the boots 

Avoid colours that are culturally unacceptable, e.g., black 

Prefer light colours to allow better detection of possible contamination 

Thumb or finger loops to anchor sleeves in place 

Quality compliant with either of two standards, depending on resistance of materials: 

• option 1: tested for resistance to fluid penetration: EN13795 high performance level, or AAMI

level 3 performance, or equivalent;

or 

• option 2: tested for resistance to bloodborne pathogen penetration: AAMIPB70 level 4 performance, or equivalent

Disposable coverall 

Single use 

Avoid colours that are culturally unacceptable, e.g., black 

Prefer light colours to allow better detection of possible contamination 

Thumb or finger loops to anchor sleeves in place 
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Different sizes available – large size especially important 

Quality compliant with either of two international standards, depending on resistance of materials: 

• option 1: tested for resistance to blood and body fluid penetration: meets or exceeds ISO 16603 class3 exposure pressure, 

or equivalent; 

or 

• option 2: tested for resistance to bloodborne pathogen penetration: meets or exceeds ISO16604 class 2 exposure pressure, 

or equivalent. 

Note: for each of the options mentioned above, different products may be available. The coverall material described in option 2 is 

associated with higher heat stress and less breathability; this reduces continuous wearing time and results in more frequent changes 

than option 1. 

Evidence To Decision 

There was no comparative evidence found or estimate of effectiveness for benefits and harms for use of disposable gown 

and apron versus disposable coverall and apron. 

Benefits and harms 

Conditional recommendation; very low-quality evidence comparing gowns and coveralls. 

Very low Certainty of the Evidence 

Literature Review 

Interference with work activities and heat stress were cited as issues related to the use of impermeable gowns and 

impermeable suits or coveralls. The MSF guidelines report that gowns are more comfortable as long as there is limited 

bending and lifting, and that gowns are more acceptable in environments where it is culturally inappropriate for women to 

wear trousers. 

Coveralls allow easier movement than surgical gowns; however, both may pose a significant threat of hyperthermia. One 

way of combatting the risk of hyperthermia is to limit the amount of time an individual wears impermeable clothing. A 

literature review by Health Sciences Laboratory suggested that the tolerance time for individuals wearing protective 

coveralls and engaging in moderate physical activity at 20 °C is approximately two hours; however, most of the studies 

reviewed did not take into account other factors that contribute to heat stress, such as the use of a respirator. 

Survey questionnaire: 

Values and preferences 
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Justification 

There is a lack of evidence on the comparative effectiveness of coveralls and gowns in reducing transmission of filovirus 

to health workers. The literature review on the values and preferences of health workers found that gowns are more 

comfortable as long as there is limited bending and lifting by the health worker. However, the online survey did not show any 

significant differences in comfort, perceived safety, ability to communicate, ability to provide patient care, heat stress and 

dehydration. It was therefore concluded that coveralls and gowns are equally acceptable forms of body protection and that 

the decision on which to use should be based on availability and health worker preference. 

Implementation 

• Specifications

• Training in use

• Quality criteria

• Protocols for reuse or disposal

• Different organizations have a preference for different types of coverall, which may lead to confusion among users

• Putting on and taking off

Several considerations may influence the choice between gowns and coveralls. 

• Gowns are considerably easier to put on and, in particular, to take off making them safer when being removed.

• Most survey participants (28) had experience with coveralls, followed by impermeable gowns (12) and surgical gowns

(2). Five respondents mentioned the use of other types of gowns, including aprons, disposable aprons, and yellow

hazardous material suits with thick aprons.

• Risk of transmission: survey participants generally felt at low or very low risk, irrespective of the gown they were

wearing (coverall, 88%; impermeable gown and surgical gown, 100%).

• Communication: this was more frequently considered to be impaired when using the coverall (42%) than the

impermeable gown (18%), as was ability to provide patient care (41% vs 27%).

• Personal well-being (heat stress and dehydration) and comfort: there was considerable variability among health workers

for both the coverall and the impermeable gown.

Quality and requested specifications of the gown: 

• A number of respondents commented that the coveralls and suits were often too small, leading to potentially

dangerous situations, such as exposed skin and difficulty undressing. One participant mentioned that a thumb or finger

loop with elastic at the hand-opening should be used to keep the suit in place; otherwise, gloves tended to slip out of

the suit because of sweat.

• One participant mentioned that metal hooks and clip systems on the aprons should be avoided (also because of

possible tearing of gloves) and that slipknots were the easiest to undo. Suits with attached foot covers were thought to

be a problem, because the foot covers were much longer than the boots, causing risk of tripping.

Average cost of coveralls with elastic wrists, ankles, hood, hidden zipper, disposable: 

• type 3, US$ 11.37,

• type 4, US$ 5.34

• type 5 and 6, US$ 5.00

Average cost of reusable heavy duty aprons, US$ 7 

Resources 

Heat and humidity severely reduce the time that health workers can wear the coveralls, especially the type 3 coverall. 

Feasibility 
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Health workers are generally more familiar with gowns and are hence more likely to use and remove them correctly. These 

factors also facilitate training in their correct use. 

• Heat stress may be lower for gowns, and they are more likely to be available in areas commonly affected by 

filovirus disease. 

• In some cultures, gowns may be more acceptable than coveralls for women. 

Research Needs 

There is a strong need for research on PPE materials. Suits that are lighter but stronger and that allow heat exchange (moisture 

evaporation, ventilation system) are urgently needed. Research is also needed on how suits can provide more integrated 

protection, e.g. by including a hood and mouth protection. 

Practical Info 

Implementation considerations: 

• Ensure training and education is in place to ensure best practice and maintaining IPC principles, including hand hygiene and 

procedures for putting on and taking off PPE.  

• Ensure that messaging around “no-spraying” of humans continues to be emphasized. 

• The use of an apron over a gown or coverall may reduce contamination of PPE. 

• HWs should leave the area if PPE is soiled or contaminated. PPE should be safely taken off following procedures and new 

PPE  put on to re-enter the area. 

Evidence To Decision 

Strong recommendation against , Very low certainty evidence 

WHO recommends against the spraying of health and care workers who have direct or indirect contact with patients who have 

Ebola virus disease or Marburg virus disease during the process of taking off personal protective equipment. 

Remarks: 

• Spraying refers to the use of disinfectants, such as chlorine products, throughout the PPE removal process. 

Two studies addressed the question: one non-randomized simulation study [141] and one retrospective cohort study of 

HWs [142]. 

In the non-randomized, parallel group simulation study, which  looked at extra glove sanitization with hypochlorite spray 

(n=5) versus ABHR (n=10) during a 16-step Ebola virus PPE-removal protocol, self-contamination with Phi6 and MS2 of 

inner gloves, hands, face or scrubs following the PPE-removal protocol was assessed as the main outcome of the 

study [141]. Results showed that there was no detectable transfer of Phi6 for any of the participants in either group 

(hypochlorite or ABHR). MS2 was detected on the inner gloves in 8/10 participants who used ABHR and in 0/5 of the inner 

gloves of  participants who used hypochlorite spray. MS2 was not detected on any of the hands of participants who used 

ABHR, and was detected in 1/5 of the hands of participants who used the hypochlorite spray. 

A retrospective cohort study of 268 participants who had responded to the 2014-2016 West Africa Ebola outbreak 

assessed Ebola virus IgG antibody levels and prior-exposure events [142]. This study collected information on PPE used, 

including if removal of PPE was performed with or without chlorine spray. While the study did report on outcomes, the data 

from this study were unreliable due to collinearity between use of spray and HW role. Almost all participants who reported 

performing clinical work used spray and almost all participants who did not use spray worked in the laboratory. The authors 

themselves indicated that the difference in the likelihood of exposure between these two occupational groups made it 

impossible to ascertain the independent effect of spraying PPE with chlorine. 

Contextual data relevant for implementation did not evaluate spraying versus not-spraying. Instead, the researchers noted 

how PPE was removed [143][144][145]. One study looked at a PPE-removal protocol, the last step of which involved the 

HW stepping on a rubber disinfection mat and scraping the soles of the boots on the mat, as well as repeated washing of 

gloved hands in 0.5% chlorine, followed by rinsing the tap with the chlorinated water before turning off the tap [143]. HWs 

then stepped out of the chlorine bath/boot-spraying area and exited. The study found that the PPE worn maximized 

Benefits and harms 
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dexterity and enabled personnel to work in hot temperatures (up to two hours), protected the mucosal membranes when 

removing the outer layers and, most relevant to the PICO question, minimized potential contamination of the PPE-removal 

area with infectious materials by reducing the requirement to spray PPE with hypochlorite. 

A 2016 cross-sectional survey  of 1550 volunteers (500 HWs, 550 Ebola survivors, 500 quarantined and asymptomatic 

Ebola contacts) who had  been sprayed directly with chlorine [145] looked at both implementation and acceptability. Those 

without a history of direct chlorine spray exposure were excluded. Some participants (HWs and quarantined individuals) 

were present when the surrounding environment was sprayed because it was impossible for them to get away from a 

chlorine-free environment. This study found that 92% of HWs were sprayed when leaving the ETU, but 23.5% were also 

exposed when they were spraying others and 23.6% were present when others were being sprayed. Some participants 

described being sprayed in their own homes or when visiting community dwellings. Strength of the chlorine solution and 

volume (quantity) of the spray were not clear. Although the recommended chlorine strength was 0.5%, there was no way to 

establish the exact concentration of the mixture. Spraying continued until the persons were totally soaked and all visible 

organic material was washed away for each Ebola exposure. Adverse events in HWs were common, including 64% reporting 

chest conditions (cough, difficulty breathing, chest tightness, burning throat) and 48% reporting  eye problems, including 

after a single chlorine exposure. Skin irritation was also common (33.6% of HWs) in those who were using chlorine for hand 

hygiene. Odds of chest symptoms, deterioration of eye and skin conditions increased in those who had multiple exposures 

to chlorine. Although PPE was worn in most instances of chlorine spraying, this was not always the case. While eye 

protection was reportedly “always” worn by most (82%), 14% had eye protection only sometimes, and 3% reported “never”. 

Skin protection consisting of gloves and coverall were “always” worn by >90% of HWs. Despite the use of PPE, some HWs 

experienced respiratory symptoms, suggesting that wearing PPE did not protect the HW from the adverse effects of 

chlorine. 

The GDG judged that the desirable effects of not spraying (versus spraying) were trivial and the undesirable effects of 

spraying versus not-spraying were moderate. Overall, GDG judgement was to not spray health workers. 

Based on the Casanova 2016[141] study, the certainty of evidence comparing effects of hypochlorite spray and ABHR for 

prevention of Phi6 transfer due to indirectness and imprecision was very low. There was also low certainty of evidence that 

glove sanitization with hypochlorite prevented transfer of MS2 compared with ABHR due to indirectness and imprecision. 

The Houlihan 2017 study[142] was also reviewed using GRADE and the certainty of evidence for the effectiveness of 

spraying PPE with chlorine prior to PPE- removal to risk of Ebola virus transmission was very low. 

Very low Certainty of the Evidence 

The mixed-methods study looked at the valuation of two main outcomes: Ebolavirus transmission and adverse effects of 

chlorine exposure. The large majority (90%) of respondents thought the Ebolavirus transmission outcome was critical. 

Adverse effects from chlorine exposure were deemed critical by 49% of respondents, important by 33% and less important 

by 18%. Those who felt it was critical/important cited reasons including the impact on HW and patient health; risk of 

misuse; contribution to environmental pollution; and increased risk of Ebolavirus transmission. 

Independent of the intervention, looking at outcomes (transmission and adverse events), GDG members judged that there 

was probably no important uncertainty or variability with spraying versus not spraying of HWs during the PPE-removal 

process. 

No substantial variability expected Values and preferences 

Data from the mixed-methods study regarding resource use for spraying versus not spraying of HWs during the PPE-

removal process indicated that 26% stated that there was a larger cost (with spraying); 30% stated that there were 

moderately larger costs; 18% felt any costs or savings were negligible; 3% felt there was a moderately larger savings; and 6% 

thought there was a larger savings. Three percent (3%) felt it varied and 14% did not know. 

Reasons for the larger/moderately larger costs for spraying versus non-spraying included the need for costly equipment and 

Resources 
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Justification 

Two studies met eligibility criteria and were included. One study only considered spraying of gloves with hypochlorite versus use 

of ABHR during the doffing process [141]. The second study did not include PPE removal methods in the analysis, as it was 

collinear with the health worker role. For example, almost all HWs in clinical roles were sprayed with chlorine and had assistance 

during the PPE-removal process whereas, almost all laboratory staff were not sprayed with chlorine and were not assisted 

during removal of PPE [142]. However, due to moderate - high risk of bias and due to indirectness, these studies were judged to 

higher cost (since more chlorine is needed for spraying, the human resource cost was higher and it was time-consuming). It 

was also mentioned that the costs to HWs of dealing with possible infections and adverse events were higher with spraying. 

Those who felt that there was negligible difference in costs and savings stated that not much disinfectant is needed to spray 

during the PPE removal process. Those who felt that there were larger or moderately larger savings with spraying stated 

that this was because spraying is less costly due to the benefits of avoiding infection. 

The GDG judged that resource requirements for spraying versus not spraying were moderate. Although no cost-

effectiveness studies were available, the GDG judged that it it was probably more cost effective to not spray. 

The mixed-methods study revealed that 21% of participants felt there were equity concerns with spraying versus not 

spraying HWs, while 49% felt there were no equity concerns. Thirty percent did not know. Equity concerns for those with 

health challenges, certain job types (e.g. cleaners) and those with allergies were raised during this study. 

GDG members judged that there was probably reduced equity for spraying. Groups identified for whom there could be 

reduced equity included cleaners and those with limited access to equipment needed for spraying. 

Equity 

Data from the mixed-methods study showed that most respondents felt that chlorine spraying was less acceptable or 

probably less acceptable (43%), and 39% felt it was probably more acceptable/more acceptable to spray the HWs. Three 

percent felt it varied and 4% did not know. Reasons for spraying being less acceptable/probably less acceptable included the 

opinion that spraying could increase risk of transmission of Ebolavirus and harm the HCWs if mucous membranes were not 

properly protected; that it required more time and effort; and that, if removal of PPE is done correctly, there is no need to 

spray nor does this practice confer any additional benefit. The respondents who felt that spraying was more acceptable/

probably more acceptable felt that this practice gives a sense of safety and reduces the risk of transmission. 

While the majority of GDG members voted that there was probably no acceptability for the intervention of spraying, some 

GDG members said that acceptability could vary in different locations. They noted that, in the DRC, where there had been 

prior training and where health and care workers and residents had been very accustomed to spraying, there might be 

decreased acceptability of not spraying. Further conversation indicated that revised training done more recently in DRC, 

where thousands of people underwent ministry-approved training, clearly supported not spraying in their protocols. 

The GDG judged that it was probably not acceptable to spray HWs with chlorine. 

No important issues with the recommended alternative Acceptability 

The mixed-methods study showed that  39% of HWs felt spraying was less feasible; 17% felt spraying was probably less 

feasible; 11% felt spraying was probably more feasible; 27% felt it was more feasible; 3% said it varied, and 3% did not 

know. 

Reasons that spraying was felt to be less feasible/probably less feasible were that it required more manpower, more 

technology, additional effort, more time, a dedicated area and that it had infrastructure challenges. The fact that spraying 

was easy to perform was the reason respondents felt spraying more feasible/probably more feasible. Those who felt the 

feasibility was varied said it depended on training. 

Spraying HWs versus not spraying HWs was judged by the GDG to probably not be feasible. 

Feasibility 
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be very low certainty evidence. The GDG noted that the difference in the likelihood of exposure between these two 

occupational groups makes it impossible to analyze the independent effect of spraying the PPE with chlorine. 

Contextual data were presented during the GDG meeting for review. The 2014 WHO guidance stated that ,considering its 

limitations, spraying should be used with caution, and spraying of people wearing PPE or street clothes and for the routine 

disinfection of rooms is not recommended. It also states that, if spraying chlorine solutions is utilized, staff should still maintain 

maximum attention while manipulating organic material, touching contaminated surfaces, and removing PPE, because these may 

still be contaminated by Ebola virus even after spraying. Other organizations such as the US CDC and the European CDC do not 

recommend spraying of the HW during PPE removal. MSF guidelines do still include spraying of HWs during the PPE-removal 

process. The chlorine spraying is done once at the beginning, immediately prior to PPE removal, and hand hygiene is performed 

during the remaining PPE-removal process. 

The GDG discussed issues related to spraying of a human with chlorine and no clear rationale for doing so could be identified. 

Spraying with chlorine for PPE removal does not replace the need for hand hygiene at identified points during the PPE-removal 

procedure. The absence of meeting a contact time (as discussed in disinfection of surfaces recommendation) when spraying 

individuals with chlorine for removal of PPE was also discussed and, theoretically, would make the practice of spraying for PPE 

removal irrelevant. This may lead to a false sense of protection by the HW performing the PPE removal. It was noted by the 

GDG that adherence to PPE-removal protocols is of utmost importance. 

Based on the very low certainty evidence for spraying of humans during PPE removal to reduce infection with Ebolavirus or 

Marburgvirus, and concerns regarding reported adverse events as a result of exposure to chlorine from spraying, the GDG felt 

that a strong recommendation was warranted against spraying of humans with chlorine [145]. 

Research Needs 

• Further study on other disinfectants that might be alternatives to using chlorine is needed

• Further study on effectiveness of spraying and consideration of other products, such as soap and water for spraying, may

be useful

• More field studies on risks of self-contamination and subsequent exposure and infection risks during PPE-removal

procedures is needed
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13. Hand hygiene and glove disinfection recommendations 

This section provides recommendations from existing guidance for hand hygiene practices to be performed by health and care workers 

providing care to or interacting with patients or their environment who are suspected/confirmed cases of filovirus infection: namely 

Ebolavirus or Marburgvirus. These recommendations are based upon the Guideline on hand hygiene in health care in the context of filovirus 

disease outbreak response: rapid advice guideline [18] and the WHO guidelines on hand hygiene in health care [35]. Additional literature 

reviews were conducted to address the issue of disinfection of gloves between patients when caring for suspected/probable/confirmed 

cases of Ebola disease or Marburg disease. 

13.1 Hand hygiene 

Practical Info 

Implementation considerations 

• Ensure staff are trained on appropriate techniques for hand rubbing and handwashing 

• Resources should be available for staff/patients and visitors at designated areas and points of care (e.g., alcohol-based hand 

rub, stations/sinks with soap and water) to perform hand hygiene. 

• Posters depicting proper technique for hand rubbing and handwashing should be available in identified areas such as 

screening and triage and patient-care areas. 

Evidence To Decision 

Justification 

This first recommendation is based on the WHO Guidelines on Hand Hygiene in Health Care [146]. The preferred use of alcohol-

based handrub for hand hygiene in health care is based on the following criteria for which evidence is provided in the WHO 

Guidelines and its related Summary [35], namely: 

• elimination of the majority of microorganisms (including viruses); 

• the short time required for microbicidal activity (20 to 30 seconds) for ABHR versus soap and water (40 to 60 seconds); 

• availability of the product at the point of care; 

• better skin tolerability; 

• there is no need for any particular infrastructure (clean water supply, washbasins, soap and hand towels). 

 

Handwashing with soap and water is also considered highly effective at removing microbial contamination, although no specific 

data are available for filovirus. According to experts’ consensus, handwashing with soap and water can be considered highly 

effective against enveloped viruses. The correct application technique and duration of the procedure are considered crucial to 

achieving the desired effect for both hand rubbing with an alcohol-based hand rub and handwashing with soap and water. 

Strong recommendation for , High certainty evidence 

WHO recommends performing hand hygiene by using either an alcohol-based hand rub or soap and running water, applying the 

correct technique recommended by WHO. Alcohol-based hand rubs should be made available at every point of care (at the 

entrance and within the isolation rooms/areas) and are the standard of care. If alcohol-based hand rubs are unavailable, hand 

hygiene should be performed with soap and running water whenever necessary. When hands are visibly soiled, hand hygiene 

should always be performed with soap and running water. 

Note: This recommendation is extracted verbatim from the “Guideline on hand hygiene in health care in the context of filovirus 

disease outbreak response:  rapid advice guideline, November 2014”. 

High Certainty of the Evidence 
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Evidence To Decision 

Justification 

This recommendation is based on the WHO Guidelines on Hand Hygiene in Health Care, which urge health-care administrators to 

provide access to a safe, continuous water supply to facilities to perform handwashing, and a readily accessible alcohol-based 

hand rub at the point of patient care [35]. The guidelines also urge national governments to make improved hand hygiene 

adherence a national priority and to consider providing a funded, coordinated implementation programme, while ensuring 

monitoring and long-term sustainability. 

Evidence To Decision 

Justification 

In 2014, when this recommendation was written, there was very limited evidence found to evaluate the efficacy of sodium 

hypochlorite (bleach/chlorine solutions) compared with other agents when used for hand hygiene or glove disinfection. No 

comparative study is available to show the efficacy of bleach/chlorine solutions in preventing the transmission of filovirus or 

other enveloped viruses to patients and health and care workers or in reducing the viral load on hands. 

Strong recommendation for , High certainty evidence 

In settings where bleach/chlorine solutions are currently used for hand hygiene, WHO recommends implementing a strategy to 

change to alcohol-based hand rub or soap and water. 

Note: This recommendation is extracted verbatim from the “Guideline on hand hygiene in health care in the context of filovirus 

disease outbreak response:  rapid advice guideline, November 2014”. 

High Certainty of the Evidence 

Conditional recommendation for , Very low certainty evidence 

Bleach/chlorine solutions currently in use for hand hygiene and glove disinfection may be used in the interim period in 

emergency situations until alcohol-based hand rubs or soap and water become available. 

Note: This recommendation is extracted from the “Guideline on hand hygiene in health care in the context of filovirus disease 

outbreak response:  rapid advice guideline, November 2014”. 

In terms of balancing benefits and harms, the conclusion is that the benefits outweigh the harms for the proposed 

recommendation. 

Benefits and harms 

Very low-certainty evidence for the comparative efficacy of bleach/chlorine solutions compared with alcohol-based hand 

rub or soap and water, and very low-certainty evidence about tolerance to bleach or chlorine solutions for hand hygiene and 

glove disinfection. 

Very low Certainty of the Evidence 

No major variability is expected with respect to the values and preferences of health and care workers and the use of 

chlorine solutions for hand hygiene. It was highlighted, however, that alcohol-based hand rubs are generally preferred 

because they are better tolerated and produce much less skin barrier impairment than do any other means of hand 

antisepsis mentioned in the present guideline. 

No substantial variability expected Values and preferences 
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However, according to expert consensus, bleach/chlorine solutions with a concentration of 500 ppm sodium hypochlorite 

(0.05% chlorine solution) can be considered efficacious against filovirus, including when used for hand hygiene. Furthermore, 

available data indicate that, for hand hygiene efficacy, there is a link between bleach/chlorine solutions’ concentration and 

contact time. A concentration of 0.05% chlorine solution applied for a minimum time of 40 seconds to 60 seconds until hands 

are dried is considered appropriate for hand-hygiene practices. To perform the correct technique, the same steps as for hand 

rubbing should be followed. 

There is extremely limited evidence showing that bleach/chlorine solutions used for hand-hygiene purposes can cause skin 

irritation or lesions. There is no evidence that low concentrations of bleach/chlorine solutions used for hand hygiene cause 

respiratory irritation, other respiratory symptoms or asthma. However, respiratory symptoms are clearly reported and described 

in patients, health and care workers and other users as a consequence of exposure to bleach/chlorine solutions used for 

environmental decontamination. Finally, there is evidence for risk of irritative conjunctivitis as a result of exposure to bleach/

chlorine solutions. Therefore, the experts concluded that the use of bleach/chlorine solutions at the concentrations currently 

used for hand hygiene (500 ppm sodium hypochlorite or a 0.05% chlorine solution) can be acceptable from a tolerability point of 

view, when other hand-hygiene agents are unavailable. However, in terms of adverse effects on the skin, alcohol-based hand 

rubs are considered the best option for hand hygiene. In addition, using chlorine is not advised for people with pre-existing skin 

conditions (e.g., contact dermatitis). 

Although best IPC practices dictate that gloves should be changed between patients, in the specific context of EBOD outbreaks, 

the decontamination of gloves has been considered for the purpose of avoiding changing both pairs of gloves between patients 

within the isolation area, given the high risk of health and care workers’ hand contamination with a patient’s blood and/or other 

body fluids. Experts convened by WHO to develop recommendations on PPE to be used for the care of EBOD patients agreed 

that glove disinfection could help facilitate changing gloves safely while providing clinical care for patients with filovirus disease 

and/or when gloves become compromised. In these cases, a two-step procedure should be followed: 1) disinfect the outer 

gloves before removing them safely; and 2) keep the inner gloves on and disinfect them before putting on a fresh outer pair. 

Alcohol-based handrubs are preferred when disinfecting gloved hands. However, if these are unavailable, bleach/chlorine 

solutions are acceptable in the interim. 

13.2 Glove disinfection 

Practical Info 

Implementation Considerations 

• These recommendations apply to actions taken by the health and care worker between patients. 

• Alcohol-based hand rub or soap and water are the recommended methods for hand hygiene and are the preferred methods 

for glove disinfection between patients. 

• If chlorine solutions are used, regular testing of chlorine solutions should be in place to ensure they contain adequate 

chlorine concentration. 

• Staff should be trained on the WHO 5 Moments for Hand Hygiene and the recommended technique for hand cleaning (hand 

rubbing and hand washing). 

• Hand-hygiene stations should be available in the screening and triage areas, areas for putting on and taking off PPE areas as 

well at points of care throughout health facilities and TCs. 

• Posters for hand-hygiene moments and technique should be made available. 

Conditional recommendation for , Very low certainty evidence 

WHO suggests that health and care workers providing direct or indirect care to patients with Ebola disease or Marburg disease 

in health-care facilities, including Treatment Centres (TCs), wash/disinfect the outer pair of gloves; remove the outer pair of 

gloves; wash/disinfect the inner pair of gloves; and then put on a new outer pair of gloves between patients instead of: 

• Washing and disinfecting the outer glove only or 

• Washing and disinfecting the outer glove only, removing it and putting on a new outer glove. 

Remarks 

• The decision on glove disinfection may be dependent upon availability of gloves. 
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• When washing/disinfecting gloves, it is important to note that pathogens other than Ebolavirus/Marburgvirus can be

transmitted, (e.g. HIV, HBV, HCV, etc.), and therefore glove reuse may still carry some risk.

• The setting (e.g. health-care facility versus TC) may affect the process for glove disinfection. In some settings (e.g. TCs),

health and care workers may be reluctant to remove gloves or may have difficulty putting new outer gloves over inner

gloves that may have become wet during decontamination with soap and water or chlorine solutions (0.05%) and may

choose one of the alternate methods.

Evidence To Decision 

The systematic review did not identify any evidence that met the inclusion criteria. A simulation study looking at PPE-

removal practices by Casanova et al 2018 [147] noted that, because gloves are repeatedly touching PPE during the removal 

process, even the use of ABHR on the outside of the gloves between removal steps may not completely prevent inner-glove 

contamination. 

Three options were discussed: 

Option A: Wash/disinfect the outer glove between patients. 

Option B: Wash/disinfect the outer glove, remove it, and put on a new outer glove between patients. 

Option C: Wash/disinfect the outer glove, remove it, wash/disinfect the inner glove and put on a new 

outer glove between patients. (From 2014 guidance and current standard of practice). 

Two comparisons were discussed (Option A versus C, Option B versus C) with Option C being accepted as the current 

standard of practice. In terms of transmission, Option C focuses on the protection for the health and care worker and the 

patient, whereas Option A tends to favour only health and care worker protection rather than the protection of the patient. 

The GDG judged that the desirable effects were small for Option A compared to Option C and trivial for Option B compared 

to Option C and that the undesirable effects were moderate for Option A and Option B when compared to Option C. 

Overall, the GDG judged that the balance of effects favoured option C (wash/disinfect the outer glove, remove it, wash/

disinfect the inner glove and put on a new outer glove between patients) over option A (wash/disinfect the outer glove 

between patients), and favoured Option C over Option B (wash/disinfect the outer glove, remove it, put on a new 

outer glove between patients). This was also in line with the 2014 WHO guidance and current practice. 

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

The certainty of evidence was deemed to be very low as the systematic review did not identify any evidence for the effects 

of the options on the following outcomes: 

• Infection with Ebolavirus or Marburgvirus

• Adverse effects (e.g. dermatitis)

• PPE breaches

• Compliance

Very low Certainty of the Evidence 

The data from the mixed-methods study indicated that 53% of participants were more concerned about Ebola or Marburg 

virus transmission than about adverse effects from PPE use, whereas 47% were equally concerned about Ebola or Marburg 

virus transmission and adverse effects from PPE use. HWs indicated that reducing the risk of transmission of the virus was a 

critical outcome, one that can be achieved only with proper implementation of IPC measures. 

GDG members judged that there was probably no important variability or uncertainty in how much people value the main 

outcomes. 

No substantial variability expected Values and preferences 
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Most participants in the mixed-methods study indicated that Option C requires more resources. 

The GDG judged that Option A (wash/disinfect the outer glove between patients) would result in moderate savings when 

compared to Option C (wash/disinfect the outer glove, remove it and wash/disinfect the inner glove and put on a new outer 

glove between patients), and that Option B (wash/disinfect the outer glove, remove it, put on a new outer glove between 

patients) would result in negligible cost or savings when compared to Option C. 

There are no studies on cost effectiveness, but the GDG judged that cost effectiveness probably favours Option C (wash/

disinfect the outer glove, remove it and wash/disinfect the inner glove and put on a new outer glove between patients) over 

Option A and Option B. 

Resources 

The qualitative data from the mixed-methods study showed that Option A and Option B have fewer equity concerns over 

Option C. Health and care workers in some LMICs may have insufficient access to hand hygiene facilities, including 

consistent water supply; in some areas, the supply and quality of gloves can be sources of inequities. In addition, those with 

sensitivities to ABHR or chlorine solution may be at a disadvantage using Option C. 

The GDG also noted that that, with Option A, health and care workers might transmit infections to vulnerable groups (i.e. 

those who are sick). 

The GDG judged that health equity would probably be reduced with Option A (wash/disinfect the outer glove between 

patients) compared to Option C (wash/disinfect the outer glove, remove it and wash/disinfect the inner glove and put on a 

new outer glove between patients), and that Option B (wash/disinfect the outer glove, remove it, put on a new outer glove 

between patients) would have probably no impact on health equity. 

Intervention likely increases inequity Equity 

It was highlighted that Options A and B were not consistent with WHO’s My 5 Moments for Hand Hygiene [115]. Option A 

would not be considered ideal when considering the risk of transmission of other pathogens (such as HIV). 

The data from the mixed-methods study showed that 17% of participants found Option C acceptable while 44% indicated 

that removing both pairs of gloves, cleaning hands and putting on new gloves was acceptable. Those favouring this option 

indicated that this would be more acceptable as it reduces cross contamination among patients, conditional upon the inner 

glove not being contaminated. Some participants raised concerns over the time it takes to go through the process between 

patients. While 19% of participants responded that Option A was acceptable, the GDG noted this was not ideal and 

determined not to further consider this option, as it did not align with the WHO's My 5 moments for hand hygiene.

Meanwhile, another 19% of participants indicated that Option B was acceptable. 

Based on the mixed-methods study, HWs were in favour of removing outside gloves to protect patients and washing inner 

gloves to protect themselves from any potential risk of contamination due to poor integrity of the glove, However, they 

raised concerns over the feasibility of that option, since it can sometimes be a challenge to place a new outer glove over a 

wet inner glove and it can be time-consuming to do so in high-workload areas. The following points were raised during the 

GDG discussions about the different options and GDG members felt that not specifying a method of disinfection might 

affect the recommendations that have been made. 

For Option C, the GDG noted that there was a risk of ripping the outer pair of gloves during removal; the group also 

discussed that there could be deleterious effects to the inner glove during the Option C disinfection process. The group 

noted further that, because this option is more time consuming, it might shorten the time available for patient care. 

Although some of the participants indicated that washing the outer gloves alone would be acceptable, some suggested this 

would be acceptable as the default only for “low-soiling” events. Concerns were expressed over possible tears/rips of the 

inner glove when removing the outer glove and exposure of skin in an ETC setting if changing both gloves. 

GDG members noted that patients are another key stakeholder to consider, as the different options have different impacts 

on them in terms of transmission risks. Hence, acceptability to patients might  differ from acceptability to health and care 

workers. 

Acceptability 
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Justification 

Three key questions were examined in the systematic review done by the Knowledge Synthesis team: 

1. Should health and care workers providing direct or indirect care to patients with Ebola or Marburg disease in ETCs or other

health-care facilities wash their hands (soap and water) OR wash their gloves (soap and water) between patients?

2. Should health and care workers providing direct or indirect care to patients with Ebola or Marburg disease in ETCs or other

health-care facilities disinfect their hands with ABHR OR disinfect their gloves with ABHR between patients?

3. Should health and care workers providing direct or indirect care to patients with Ebola or Marburg disease in ETCs or other

health-care facilities disinfect their hands with chlorine OR disinfect their gloves with chlorine between patients?

These questions were then narrowed to the following options for discussion: 

A. Wash and disinfect the outer glove between patients only

B. Wash and disinfect the outer glove, remove it, put on a new outer glove (between patients only)

C. Wash and disinfect the outer glove, remove it and wash/disinfect the inner glove, and put on a new outer glove between

patients (current guidance)

D. Wash/disinfect the outer glove, remove both gloves, clean hands, put on new gloves, was removed from the options for

consideration.

The GDG removed Option D from the discussion based on the mixed-methods study results and field experience, as they judged 

that HWs would not be comfortable having skin exposed while working with patients suspected of having or confirmed to have 

Ebola or Marburg disease in TCs and this option would not be considered acceptable. 

Additionally, participants were asked about acceptability of different products for hand hygiene between patients who have 

Ebola disease or Marburg disease. In all, 45% of participants found ABHR to be acceptable; 34% found use of chlorine to be 

acceptable; and 21% found use of soap and water to be acceptable. Survey participants commented that ABHR is highly 

effective, less corrosive than chlorine, not as harsh on skin and very quick to use. Some indicated that use of soap and water 

should be the first choice if hands/gloves are visibly soiled, although, when using soap and water, splashing can occur and 

the method requires time for the hands to dry. 

GDG members judged that Options A (wash/disinfect the outer glove between patients) and B (wash/disinfect the outer 

glove, remove it, put on a new outer glove between patients) are probably acceptable. 

The qualitative data from the mixed-methods study showed that about half the study participants found Option A to be the 

most feasible of the choices presented. 

Participants in the mixed-methods study indicated that keeping the inner glove is less wasteful, provided it is still intact; 

however, it is more time consuming, especially in high-workload areas. Participants also mentioned that this option would 

be the most feasible in settings where there is limited glove availability. Participants who rated Option B as the most feasible 

noted that, because the outer glove is often soiled, it will often need to be replaced. 

In terms of feasibility of use of different products for glove disinfection/hand hygiene, 38% of survey participants found use 

of ABHR to be feasible; 37% found chlorine solutions to be feasible to implement; and 25% found soap and water to be 

feasible. Those who were in favour of soap and water indicated that it was their best option because it is typically readily 

available and the cheapest of the options, but there were concerns over possibly contaminating the water supply. Those in 

favour of ABHR indicated that it is easy to use, dries quickly, is portable, available, can be made locally, and does not require 

access to running water. Those in favour of chlorine stressed its effectiveness in killing the virus, however concerns were 

raised over chlorine’s potentially adverse effects. 

Some GDG members noted that, in large TCs with high volumes of patients, Options A or B would be more feasible than 

Option C. 

Overall, the GDG judged that Option A (wash/disinfect the outer glove between patients) is feasible, and that option B 

(wash/disinfect the outer glove, remove it, put on a new outer glove between patients) is probably feasible. 

Intervention is likely difficult to implement Feasibility 
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The systematic review did not identify any evidence for the effects of any of the key questions or additional options on the 

following outcomes: 

• Infection with Ebolavirus or Marburgvirus 

• Adverse effects (e.g. dermatitis) 

• PPE breaches 

• Compliance 

 

Given that Option C (wash/disinfect the outer glove, remove it and wash/disinfect the inner glove and put on a new outer glove 

between patients) is the current WHO recommendation, the GDG decided to retain this as an option to consider and noted that 

this would be used as the intervention arm during the process for evaluation of the EtD tables and development of the 

recommendation. The objectives of hand hygiene/glove disinfection between patients are twofold: to protect the health and 

care worker and to protect the patient. 

The GDG extensively discussed the findings from the mixed-methods study. In light of the lack of evidence, these results and 

the experience of the GDG members weighed heavily in the decision-making. In particular, the GDG considered the values and 

preferences, for example, concerns regarding transmission of Ebola virus being higher than concerns about possible adverse 

events. The GDG also acknowledged that, while Option C may prove difficult to implement, it is acceptable to health and care 

workers. 

A conditional recommendation was made, therefore, to uphold the existing 2014 guidance: wash/disinfect the outer pair of 

gloves; remove the outer pair of gloves and wash/disinfect the inner pair of gloves; and put on a new outer pair of gloves 

between patients. 

Research Needs 

• Testing of chlorine solution concentration in TCs as part of a research study 

• Consideration of decontaminants/disinfectants like methylene blue that do not have the toxicity/corrosive effects that 

chlorine has 

• Consideration of multiple different scenarios and disinfectant types on the different types of gloves that are aged and 

unaged, seeded with organisms Phi6 and MS2. Ultimate consideration to consider small-scale confirmation sampling with 

Ebolavirus rather than surrogates. 

• Studies on different glove types (e.g. different biodegradable gloves, different thicknesses of gloves, etc. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

83 of 188



14. Health and care worker exposures

Health and care worker exposure risks to Ebolavirus and Marburgvirus 

Understanding health and care worker risk of exposure to Ebolavirus or Marburgvirus and the methods of classifying those occupational 

risks was identified as a key background question. The West African Ebola disease epidemic appears to have been the first outbreak 

during which researchers attempted to develop a risk-assessment algorithm for health workers. 

During the West African outbreak, a substantial number of local health and care workers became infected with the EBV [148][149], in 

contrast to international staff representing different organizations who were also potentially exposed but only a few of whom became 

infected. Studies of local health workers are difficult to interpret because community exposure cannot always be distinguished from 

workplace exposure in the absence of systematically gathered information that would enable stratification based on exposure risk. The 

disparities between expatriate health worker and national health worker infection rates may be due to inadequate personal protective 

equipment in impoverished health systems; inadequate infection prevention and control practices and protocols for routine health care 

in the context of an EBOD outbreak [67]; or community transmission of EBOD among national health and workers. Multiple studies 

have looked at rates of exposure among expatriate health workers in Ebola treatment units. While there were high rates of reported 

exposures (linked to breaches in protocols and inadequate or improper use of PPE), none of the participants in these studies developed 

evidence of Ebola virus infection (PCR or antibody), which further complicates efforts to make evidence-based algorithms for health 

worker exposure risks [142][150]. 

In summary, there are no evidence-based risk assessment algorithms that can be used to classify levels of health worker exposure risk. 

Practical Info 

Implementation considerations: 

• Facilities should undertake an assessment of health and care workers who have had an occupational exposure as a result of

direct/indirect contact with a patient suspected of having or confirmed to have Ebola disease or Marburg disease.

• Instructions/SOPs for health workers who have an exposure, including those with percutaneous or muco-cutaneous exposure

to blood, body fluids, secretions, or excretions from a patient with suspected or confirmed Ebola disease or Marburg disease

should be available including:

◦ immediately and safely stop any current tasks;

◦ wash the affected skin surface immediately with soap and water (before leaving patient care area);

◦ leave the patient care area, and safely remove PPE, then repeat washing the affected skin surface once doffing has been

completed and occurs in a safer environment;

◦ report the exposure to their immediate supervisor.

• All health workers should have an exposure assessment conducted by an occupational health or infection prevention and

control focal point that that includes evaluation of the risk of level of exposure (non-exposure, low or high) and subsequent

management.

Justification 

The GDG considered WHO's existing guidance, Caring for those who care: guide for the development and implementation of 

occupational health and safety programmes for health workers, noting the risks to health workers for several blood borne pathogens 

from workplace exposures (e.g. needle-sticks, blood splashes and cases of violence) [152]. The GDG determined that, while 

assessment of risks of an Ebolavirus or Marburgvirus exposure is essential to allow for possible vaccination of health workers (where 

applicable) or other treatments (where available), the ongoing risks associated with other bloodborne pathogens (e.g. HIV, HBV, 

HCV) should also be evaluated and managed according to established protocols. 

Good practice statement 

Any health and care worker with an occupational exposure1 to Ebola disease or Marburg disease should immediately be assessed 

for exposure risk, including other potential exposures (e.g. HIV, HBV, HCV), and managed accordingly. 

1Occupational exposure: unprotected contact, including non-intact skin, percutaneous or muco-cutaneous exposure to blood, body 

fluids, secretions, or excretions, from a suspect or confirmed patient with Ebola disease or Marburg disease, or unprotected 

exposure to contaminated equipment or surfaces, that may result from or be related to the performance of an employee's 

duties[151]. 
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Practical Info 

Implementation considerations 

• Health-care facilities that exclude health and care workers who have had an exposure at work should consider the following 

implementation measures: 

◦ conduct an assessment of the type of exposure 

◦ implement a process to monitor the health and care worker for symptom development 

◦ where resources (laboratory) exist, consider adding testing of exposed health and care workers to shorten the exclusion time 

frame 

◦ pay health and care workers who are excluded from work 

◦ offer community and health and care worker sensitization and engagement to reduce stigmatization 

◦ assess impact on equity 

◦ evaluate the situation - it may be dynamic and the number of workers might change throughout the outbreak 

• The decision to exclude heath and care workers who have had an exposure to Ebolavirus or Marburgvirus needs to be flexible to 

adapt to the evolving situation of an outbreak and the operational considerations for health-service delivery. 

• Date of exclusion of the HW should be 21 days from the last exposure to Ebolavirus or Marburgvirus. 

◦ For example, if the last date of exposure was January 1, then this would count as day = 0. Therefore, a full 21 days would be 

January 22 and the HW could return to work on January 23. If they were to develop symptoms during this period, they 

should be assessed fully by a medical provider (ideally at a TC) and their work exclusion would be extended if they were 

found to be infected with Ebolavirus or Marburgvirus. 

• HWs who are excluded from work as a result of an exposure should self-quarantine and be followed daily. 

• Exposed health workers should be provided instructions on self-monitoring for signs and symptoms of Ebola disease or 

Marburg disease infection for 21 days post exposure and instructed to seek immediate medical attention if symptoms develop. 

• Vaccination should be offered where available (for health workers not already vaccinated) in accordance with current 

guidelines. 

Evidence To Decision 

Conditional recommendation for , Very low certainty evidence 

WHO suggests health and care workers who have had an exposure to Ebolavirus or Marburgvirus be excluded from work for 21 

days. 

Remarks: 

Exclusion is likely to be adopted when: 

• The health and care worker has not been previously vaccinated within the recommended time frame. 
• The exposure is assessed to be a high risk for transmission. 
• The health-care facility has adequate staffing available to provide health services if workers are excluded from work. 
• There is a low risk of stigmatization for the health and care worker. 

The systematic review did not identify any evidence of the effects of exclusion from work (versus no exclusion) for the following 

outcomes: health-worker infections or health-care-associated transmission of the Ebolavirus or Marburgvirus. 

Six studies provided information on occupational risks of Ebola virus acquisition and 

transmission[153][154][155][156][157][158] and two of these [153][157] provided additional information related to vaccination 

status of health and care workers (HWs). 

GDG members noted that the desirable effect of excluding a health and care worker is to prevent onward transmission to other 

staff or patients. However, vaccination status of the health and care worker may have an impact in reducing this risk. In addition, 

risk of transmission may be less if the exposure was not high-risk. 

Although the systematic review did not identify any evidence of harms for exclusion from work, GDG members noted that 

exclusion of health and care workers may lead to reduced staffing levels and difficulty for facilities to maintain health services to 

Benefits and harms 
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the community.  Depending upon the setting, some facilities may be able to mitigate staffing reductions, but others may not. 

Some health workers may face stigmatization within their communities if excluded from work. An additional undesirable effect 

may occur as health workers may not receive pay for their required time off, leaving a negative impact on the health and care 

worker. 

Therefore, the GDG judged the benefits of exclusion to be small and harms to be variable, depending upon the context. On 

balance of effects, the GDG judged that it was probably in favor of not excluding HWs from work. 

Four studies [154][155][156][158]provided information on occupational risks of Ebolavirus acquisition and transmission and 

were included, as were two studies with information related to vaccination status. The certainty of evidence was judged to be 

very low. 

Very low Certainty of the Evidence 

There was no evidence found through the systematic review. The GDG discussed how communities and health and care 

workers may experience the outcomes related to work exclusion (e.g. impact on care) versus avoiding onward transmission. 

However, the perception of the community also needs to be considered when making a decision to exclude health and care 

workers. The GDG judged that there is possibly important uncertainty or variability in this domain as it will be very dependent 

upon the context. 

Values and preferences 

The systematic review did not identify any evidence on resources required. The GDG noted that costs of excluding health and 

care workers from work may include payment to the excluded staff member as well as to replacement staff. Health facilities may 

also have to take on the cost of monitoring the health worker. Support to health-care facilities through partners such as 

nongovernmental agencies may also have an impact on resources (e.g. availability of staff). 

Resources required were judged by the GDG to be variable, depending upon the setting, while cost effectiveness would 

probably favor not excluding the health and care worker. 

Resources 

There was no evidence found through the systematic review. However, the GDG noted that issues of equity may be very 

subjective, depending upon the size of the outbreak, the health-care services available and the number of potentially excluded 

health and care workers. Equity may be different for the patient versus the health worker or health-care system. There was a 

concern that, with potentially reduced staffing, certain health services could be limited, leading to an equity issue. For example, 

health workers excluded may be those who work in high-risk areas such as labour and delivery services leading to limited access 

to health care for women who are pregnant. 

The GDG judged that the impact on equity is variable. 

Equity 

The systematic review did not find any evidence on acceptability. The GDG discussed that health worker and community 

support for the decision is essential and will be context-specific and, therefore, their judgement was that it varies. Engagement 

with social mobilization and a strategy for community acceptance for either exclusion or no exclusion will be essential. The GDG 

judged that the acceptability of work exclusion is variable. 

Acceptability 
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Justification 

The systematic review did not find any evidence to support the practice of health-worker exclusion versus no exclusion from work 

after an exposure to Ebolavirus or Marburgvirus. There were also very limited data to support the practice of identifying health 

workers’ risk of infection as a result of exposure based upon various patient-care activities. It is challenging to match risk-

assessment data (e.g. odds-ratio estimates of seropositivity) with the prescribed care activities. It was noted in studies that 

vaccination of health workers may eliminate the risk of Ebola virus (EBOV) acquisition among health workers [67][159]. 

The GDG judged that work exclusion (up to 21 days) of health and care workers exposed to Ebolavirus or Marburgvirus may protect 

staff and patients. However, vaccination status of the health and care worker should be evaluated. Resources and ability to continue 

to provide health services to the community were identified as important considerations. 

Based on the very low certainty evidence and the variability of factors such as acceptability, feasibility, resources, health worker 

vaccination status, etc., the GDG determined a conditional recommendation to be appropriate. 

Research Needs 

• The GDG members noted that the issue of whether to exclude health and care workers from work after an exposure to 

Ebolavirus or Marburgvirus, and an evidence-based process to determine risk according to exposure have been identified as gaps 

for several years. 

• There is a clear absence of data to stratify exposure risk (e.g. screening involves minimal contact versus a needlestick injury). 

• The impact of vaccination as post-exposure prophylaxis needs further evaluation. 

• Research protocols to address these gaps, including data collection tools, are needed. 

The systematic review did not find any evidence on feasibility. The GDG noted that the ability to exclude health workers will be 

dependent upon availability of replacement staff. The capacity to pay health workers excluded from work also needs to be 

considered. The GDG judged that work exclusion is probably feasible. 

Feasibility 
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15. Environmental cleaning and disinfection recommendations

Evidence was derived from experimental studies that have assessed the survivability of the viruses in a variety of controlled conditions 

as well as from real-world environmental audits. Fewer studies exist for Marburgvirus than for Ebolavirus. Many of the studies are 

descriptive and the experimental studies are subject to limitations of the control conditions in which the studies were carried out. 

Findings of the review are described below. 

Survivability of Ebolavirus and Marburgvirus in the environment and on surfaces. 

• Ebolavirus and Marburgvirus have similar survivability, thus recommendations for disinfection practices can be applied to both

viruses [79].

• Viruses on nonporous surfaces (e.g. steel, plastic, Tyvek1 ) have similar survivability times and longer survivability than on porous

surfaces (e.g. cotton gowns). Ebolavirus has been shown to survive up to 365 hours (more than 15 days) on nonporous surfaces in a

low-humidity, 22-degree Celsius setting. The decay rates of EBOV are dependent on the fluid matrix (e.g. vomit, faeces, blood) and

the environment (e.g. temperature, humidity), not on the surface itself [160][161][162].

• Ebolavirus survives longer in low-humidity, low-temperature settings (generally different from African settings) [162].

• Ebolavirus has been shown to survive in wastewater; although viable virus concentrations rapidly diminish after 24 hours, the virus

may be recovered for up to eight days. Standard levels of chlorine used for water disinfection inactivate Ebolavirus in

wastewater [163].

• Ebolavirus survival is significant in dried blood; the virus has been shown to survive for up to 16 days in a dried organic substance

on a nonporous surface [162].

• In real-world studies, Ebola virus RNA has been found only on visibly soiled surfaces and in the immediate vicinity of patients.

Disinfection practices are generally effective in such cases [68][69][164][165][166][167][168].

Six studies were found that report the results of environmental audits, during which high- and low-risk surfaces from Ebola treatment 

units were swabbed and tested for the presence of viral RNA and, in some cases, culturable virus [68][69][164][165][166][167][168]. 

Ebola virus was recovered only from areas in the immediate vicinity of patients or from visibly soiled surfaces. While Youkee et 

al. [164] suggested that some viral RNA may have been displaced in the process of cleaning (as the bedframe was found to harbour viral 

RNA only after a routine cleaning, not before), these studies suggest that, while EBOV may survive for an extended period of time on 

surfaces, current disinfection procedures are generally effective. All of these studies are descriptive, with limitations that have potential 

biases, and the experimental studies are subject to the limitations of the assays and the controlled conditions in which they are carried 

out. Discrepancies in the implications of the findings from the experimental studies (which suggest potentially weeks-long survivability 

of Ebolavirus) versus the real-world studies (which suggest that disinfection protocols are effective and that Ebolavirus is unlikely to be 

found outside of direct patient-care areas) suggest an urgent need for further high-quality research. 

Effectiveness of hypochlorite and contact time 

Evidence was sought to determine the chlorine concentration and contact time required to disinfect materials or surfaces contaminated 

with Ebolavirus or Marburgvirus. A number of experimental studies were reviewed, and all had limitations, such as low validity (e.g. 

limited applicability in real-world settings) and issues with the study methodology. Some real-world studies found a low risk of 

recoverable, infectious virus after routine disinfection protocols and several studies corroborated the efficacy of 0.5% chlorine 

disinfection. A summary of findings is below: 

• 0.5% hypochlorite solutions (1000 ppm of available chlorine (avCL)) are effective for surface disinfection [160][169][170][171].

• On nonporous, contaminated surfaces without visible spills, 10 minutes of contact time is consistently effective [170][169][172].

• For surfaces with visible spills, complete disinfection can be achieved by covering the spill with a paper towel or cloth and pouring

hypochlorite solution of 0.5% on it and then allowing 15 minutes of contact time [160][169].

• The use of peracetic acid on dried spills should be considered but needs further investigation [172].

No evidence was found for the required frequency of cleaning and disinfection of horizontal surfaces in facilities providing care to 

patients infected with Ebolavirus or Marburgvirus. However, indirect evidence suggests indications for cleaning and disinfection 

immediately after a patient discharge and whenever there is visible contamination of surfaces with blood or body fluids [68]. 

1 Tyvek is a registered brand of synthetic, flashspun, high-density polyethylene fibers; Tyvek® is breathable, yet resistant to water, abrasion, bacterial penetration 

and aging[173]. 

15.1 Environmental cleaning and disinfection 
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Practical Info 

Implementation considerations: 

• An example of a list of products approved as disinfectants for Ebola virus and viruses that cause other emerging infectious 

diseases can be found on the U.S. Environmental Protection Agency website [175]. 

• IPC principles of cleaning (to remove the organic load) prior to disinfection is a core principle in order to reduce the organic 

load before disinfection. 

• Dead-body management is not covered in this recommendation but is covered the section on Safe management of dead 

bodies. 

• A key IPC principle is that, in health-facility settings, non-porous surfaces are recommended. But community settings are 

less likely to be able to control for non-porous surfaces and, therefore, porous surfaces could be more common (e.g. dirt or 

wood surfaces, cloths and uncovered mattresses, etc.). 

• In areas that need disinfection, cleaners should focus on high-priority/high-touch surfaces (e.g. door knobs, beds, chairs) 

and patient-contact areas. For example, if there are areas such as a surface of an ambulance where no person or body fluid 

contact may occur, disinfection of this area would be a lower priority or not required. 

• Visibly soiled surfaces require cleaning followed by disinfection as part of general IPC principles. 

• Spraying when there are people (patients) in the area was not advised, since it may not always be feasible to remove all 

patients from a location where spraying is occurring. 

• Contact time (the time that the surface is wet with the product e.g. chlorine) is a key concept regardless of what method is 

being used (spraying versus wiping). Enough product must be applied to create a “film” of disinfectant on the surface. 

• If using chlorine for a disinfectant, consider the following concentrations: 

◦ 0.5%  chlorine solution for a contact time of 10 min for general, non-porous surfaces; 

◦ 0.5%  chlorine solution for 15-minute contact time for blood/body fluid spills.  

• Training is encouraged on how to achieve adequate chlorine concentrations as well as education on the fact that higher 

chlorine concentrations than required can actually cause harm. 

• Spraying of chlorine can cause corrosive damage to materials in the area and may result in items being exposed to chlorine 

other than those intended. 

• In situations where spraying is done, a low-pressure spray should be utilized in order to help reduce the risk of aerosol 

generation. 

◦ If spraying is conducted, those who are conducting the spraying need to be properly protected with  PPE and have 

received training on the technique. 

• This recommendation relates to patient-care areas, including home (community) and other health-care settings, including 

ambulances, etc. 

Evidence To Decision 

Conditional recommendation for , Very low certainty evidence 

WHO suggests disinfecting surfaces in health-care facilities, TCs, isolation centers or community settings providing care to 

patients with Ebola disease or Marburg disease using the wiping method over the spraying method. 

Remarks: 

• The surface type (porous versus non-porous) likely affects the ability to achieve appropriate contact time. For non-porous surfaces 
there might not be a difference in wiping versus spraying, whereas in porous areas spraying might be more effective, though data 
for Ebolavirus are lacking (see research gap). 

• Although the most common product used for environmental cleaning in the field is chlorine, a variety of other products can be 
used for disinfection that are considered efficacious and less corrosive. 

• The quality of wiping and the capacity to do this properly and with adequate contact time is important to ensure appropriate film 
is created over the surface of whatever is being wiped. This concept is also applicable to spraying. 

The systematic review did not identify any studies that met the eligibility criteria for the effects of spraying surfaces 

(compared to wiping surfaces) on the outcome of infection with Ebola or Marburg nor for adverse events. 

Benefits and harms 
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Contextual data was also reviewed based on a total of 10 studies identified during the study selection process. 

A systematic review was conducted that looked at chlorine-based surface disinfection efficacy to inform recommendations 

for low-resource outbreak settings [174].  Because disinfection is often combined with cleaning procedures, wiping was 

investigated and was found to have an effect on viruses and spores in the absence of disinfectant use, suggesting that the 

mechanical action of wiping contributes to reducing contamination levels of surfaces. 

The same study also compared wiping and spraying and results showed similar efficacies against C.difficile (bacterial) spores, 

though spraying was considered less appropriate for health-care settings as it required extended drying times and would not 

remove dirt and debris [174]. 

An experimental study looked at the efficacy of disinfectants to prevent emerging infectious disease transmission [176]. The 

results suggest that: (1) surface type influenced disinfection efficacy; (2) chlorine type and soil load did not affect 

disinfection efficacy when using 0.5% chlorine; (3) contact time did affect efficacy against Phi6; and (4) wiping or covering 

did not increase disinfection efficacy, but the latter could limit splashing. The authors suggest that surface cleaning with 

0.5% chlorine solutions with a 15-min exposure time is efficacious in reducing transmission risk. 

GDG judgement was that  the desirable effects of spraying versus wiping as it relates to transmission were  small. 

The systematic review did not identify any evidence for the effects of spraying surfaces (compared to wiping surfaces) for 

the outcome of adverse effects of the use of disinfectants. A judgement by the GDG members on the undesirable effects of 

spraying versus wiping was deemed to be moderate. Some of the undesirable effects  included the risk of droplet and 

aerosol formation when spraying and thereby inadvertent exposure to the health workers; perceived lack of respect for the 

dead body by family members/community members;  as well as inhalation risk to those spraying or in the area where the 

spraying is taking place. 

The balance of discussion compared the above benefits and harms, the GDG members judgement probably favours wiping 

(rather than spraying). 

The certainty of the evidence was found to be very low. 

Very low Certainty of the Evidence 

Data from the mixed-methods study found that 82% of health workers considered adverse events related to chlorine 

exposure as critical (49%) or important (33%), and 90% felt that Ebolavirus transmission was a critical outcome. 

The GDG judged that there was important or possibly important uncertainty or variability in how much people value the risk 

of Ebola transmission and adverse effects of the intervention. It was noted that patients are more concerned about adverse 

effects; however, the HWs are more concerned about transmission, rather than the adverse effects of the chlorine. 

Substantial variability is expected or uncertain Values and preferences 

Based on data from the mixed-methods study, 17% of respondents felt there was a larger cost; 25% a moderately large cos; 

32% a negligible difference in costs and savings; 14% stated there was a larger savings/moderately larger savings; and 5% 

stated that it varies. Seventeen (17%) did not know. 

The rationale stated by the participants for the larger/moderate costs was that spraying requires specialized device and 

technique, more disinfectant and more manpower. Rationale for the negligible difference in costs/savings was that spraying 

requires little time and a pump and the product, while wiping requires buckets, clothes and other products as well. Those 

who thought that there was a larger cost savings/moderate large savings for spraying indicated that wiping was more 

expensive, given the materials and human resources needed, as spraying can reach anywhere. 

There is a huge cost effect on metals since those materials are no longer usable due to corrosion and destruction of the 

equipment and that wiping takes more personnel. 

Resources 
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Justification 

The systematic review did not identify any evidence for the effects of spraying surfaces (compared to wiping surfaces) on the 

The GDG judged that there was a moderate cost associated with spraying. 

Data from the mixed-methods study found that, regarding equity, 59% of participants said there were no equity issues and 

17% said they're were; the rest did not know. The reasons for equity concerns cited by the participants included low-

resource settings, individuals with respiratory issues and those who cannot stand the smell of disinfectants. 

Equity issues stated by participants in the study included low-resource settings, affordability of spraying materials and 

cleaners (particularly if there was a misconception that higher concentration of chlorine is better). There was a concern that 

cleaners/hygienists do not get to negotiate their working conditions. 

Some felt that equity could be reduced in particular depending upon the socioeconomic status in terms of affordability of 

products. Individuals with respiratory issues and those who can't stand the smell of disinfectant could face reduced equity 

by spraying versus wiping. 

The GDG judged that there is probably reduced equity for spraying versus wiping. 

Equity 

The mixed-methods study showed that, for spraying versus wiping, 67% of HWs said it was less acceptable/probably less 

acceptable. Seven percentstated it was probably more acceptable and 18% said it was more acceptable; 7% said it varied 

and 1% did not know. Those who said it was more acceptable/probably more acceptable stated this was because it was 

more effective and more reassuring since it increases the coverage of the surfaces and penetration of cracks; would help 

cover heavily soiled areas; and the equipment used for wiping could be a source of contamination. Reasons for the spraying 

versus wiping on surfaces being less acceptable/probably less acceptable included that it increases the risk of aerosol 

production; that spraying might miss spots, and that wiping was generally more effective at “physically” removing the virus, 

reaching surfaces, and that it causes disinfectant to stay longer on the surface.Those who stated it varied indicated they did 

not like spraying, given the risk of breathing in the disinfectant and possible infection. They also stated that the danger to 

the sprayers is less if they stay back and spray from farther away, but added that it could be harmful for people in the area. 

This decision is made in a variety of settings so might not necessarily be in the absence of other patients. GDG judgement 

indicated that the acceptability of spraying varies. Acceptability of spraying might be better if no people are around when 

spraying is occurring so there isn’t a risk of inadvertent exposure. Points were raised that patients would typically prefer 

wiping, but that hygienists would prefer spraying. 

Acceptability 

The mixed-methods study data regarding spraying versus wiping surfaces found that 31% said it was less feasible; 10% 

probably less feasible; 18% probably more feasible; 31% more feasible; 7% said it varied; and 1% said they did not know. 

Reasons stated for more feasible/probably more feasible included the fact that a sprayer does not need cloth/wipe; the 

procedure is easy to perform; requires less energy and less time; can be done at a distance; and is adaptable to all surfaces, 

even non-cement floors . 

Those who thought it less feasible/probably less feasible noted that wipes are easily stored and used, and that wiping takes 

less time and is more economical. 

Those who stated it varied indicated that it depended on the surface and the equipment, time available for decontamination 

as well as training. 

The GDG judged that it is probably feasible to conduct wiping but added that sustainability is also an important 

consideration to remember within feasibility. 

Feasibility 
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following outcomes of Infection with Ebolavirus or Marburgvirus. 

Current infection prevention and control standard practices for environmental cleaning and disinfection are to wipe surfaces 

with soap and water, rinse with clean water, then apply disinfectant for required contact time. The contact time between the 

disinfectant and the entirety of the surface is important and it is critical that the surface remains wet for the required contact 

time of the disinfectant used. Ensuring contact between disinfectant and test organisms can be challenging with spraying. In 

addition, chlorine loss during spraying − from spray nozzle to the targeted surface − is a concern, especially in light of the fact 

 that the type of spraying used is typically low-pressure. 

A systematic review of chlorine-based surface disinfection efficacy to inform recommendations for low-resource outbreak 

settings found that, because disinfection is often combined with cleaning procedures, wiping was investigated and was found to 

have an effect on viruses and spores even in absence of disinfectant, suggesting that the mechanical action of wiping 

contributes to reducing contamination levels on surfaces [174]. 

Results of an experimental study to test the efficacy of disinfectants to prevent emerging infectious disease transmission 

suggested that: (1) surface type influenced disinfection efficacy; (2) chlorine type and soil load did not affect  disinfection 

efficacy when using 0.5% chlorine; (3) contact time did affect efficacy against Phi6; and (4) wiping or covering did not increase 

disinfection efficacy, but the latter could limit splashing [176]. The authors suggest that surface cleaning with 0.5% chlorine 

solutions with a 15-min exposure time is efficacious in reducing transmission risk. 

As no data were found on the efficacy of wiping compared to spraying for any disinfection agent, the GDG based its decision 

upon accepted standard environmental cleaning and disinfection practices while considering that the balance of benefits and 

harms probably favours wiping over spraying and that health workers indicated they find wiping more acceptable. It was noted 

that a false sense of security can also occur with the act of spraying with chlorine. 

The GDG acknowledged that, in some settings such as in ambulances, it is hard to wipe all surfaces. However, the focus should 

be on high-touch areas, i.e. on surfaces/areas that are in contact with the patient and not on surfaces/areas that are not 

frequently touched or exposed (i.e. the ceiling of an ambulance). Wiping would be required for removal of any  organic matter 

and spraying chlorine may provide better access to difficult-to-reach surfaces and surfaces that are challenging to wipe. 

Research Needs 

• Better surrogates are needed in the lab for organic material (e.g. vomit, etc.) surrogates, to better simulate the field, given

that the ASTM lab standards are not indicative of what is occurring in the field.

• Consideration for continuous decontamination of PPE.

• Is spraying better in achieving a better film than wiping? How do they compare when considering different surfaces (porous

versus non-porous)?

• Although there are data for other pathogens and Phi6, data on the effect of surface type (porous surfaces versus non-

porous surfaces) and superiority of spraying versus wiping for Ebolavirus/Marburgvirus are lacking.

• Field data are needed to support laboratory data with key outcomes of Ebolavirus/Marburgvirus transmission and if this is a

risk with current disinfection protocols and disinfection methods (spraying vs wiping).

• Even when virus is found on surfaces in lab data, it is not clear whether this is associated with transmissibility.

• Research into other products as alternatives to chlorine should be conducted.

15.2 Linen and laundry 

Providing a safe method for decontaminating linen/laundry, mainly those items that may be heavily soiled with blood or body fluids 

of individuals infected with Ebola virus or Marburg virus, presents unique challenges, primarily in LMICs. In most HICs, methods 

such as machine washing and/or autoclave technology reduce the handling required to clean  linens, thereby providing safer 

methods for their decontamination and reuse. In many LMICs, however, where outbreaks of Ebola or Marburg tend to occur, these 

technologies are restricted or not available. In such cases, the capacity to safely decontaminate these items in health facilities, TCs 

and community settings is limited. 

Current disinfection practices, in particular the use of chlorine, differ widely among  organizations that provide support to countries 

experiencing these outbreaks. The background question, "Should chlorine with 0.05% or with 0.10% concentration be used for low-

temperature laundry (manual or mechanical)?" was developed and a rapid evidence search was undertaken as described in the 

Methods section. No direct evidence was found. One laboratory study that tested disinfection characteristics of Ebola virus variants 

found that, with 0.05% chlorine, a three log10 TCID50/ml of virus was still recovered even after 10 minutes of contact. It could 

 therefore be inferred that 0.05% chlorine may not be effective for low-temperature laundry [160]. Some disinfectant activity and 

less virus detected with the use of 0.10% chlorine and 0.50% chlorine for 10-minute contact was described. However, real-world 

studies are needed to confirm the presence of virus upon decontamination of laundry with different disinfectants, different 
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concentrations and different methods, including machine washing versus handwashing. 

Practical Info 

Implementation considerations: 

• Though incineration is the ideal method of elimination, various methods for elimination can be considered and should 

follow existing WASH recommendations [184]. 

◦ Cost of some elimination methods (e.g. incinerators) is high and may not be available at all sites. 

• In community settings, items deemed as "waste," e.g soiled linens that are to be eliminated, should be marked as infectious 

waste, and transported for elimination to a treatment facility/appropriate elimination facility with the capacity for this. 

◦ Open burning using burn-pits in the community settings should be discouraged. 

◦ The disposal of the incinerated material should follow WASH processes. 

◦ A conversation should be held with sensitivity towards the family whose items are being eliminated, as stigma can occur 

even if waste elimination is occurring away from the community. 

◦ Materials that have been eliminated should be replaced. 

◦ Final elimination of soiled linens should take place at a designated facility (whether at a health-care facility or elsewhere) 

by trained health workers and not at the home/community site itself. 

• In health-care settings and TCs, a risk assessment should be conducted to determine if soiled linens can be safely 

decontaminated (safely handled, washed and disinfected by machine or by hand) or if they should be eliminated. 

◦ Staff should have access to the required PPE for handling soiled linens for patients suspected/confirmed to have 

Ebolavirus or Marburgvirus. 

◦ Training of health and care workers should include how to handle, wash and disinfect linens, how to use PPE 

appropriately and how to perform hand hygiene. 

◦ Linen/laundry should be washed and then disinfected. 

• Other items such as non-linen items, e.g. cell phones and other personal items, might be appropriate for disinfection/

decontamination. 

Evidence To Decision 

Conditional recommendation for , Very low certainty evidence 

WHO suggests that heavily soiled linens resulting from care of patients with Ebola disease or Marburg disease in health-care 

facilities, TCs or community settings be safely disposed of (e.g. incinerated rather than disinfected/decontaminated) following 

existing WHO guidelines on waste management. 

Remarks: 

• This recommendation is conditional due to very low certainty of evidence rather than specific conditions where reuse would be 
appropriate. 

• Depending on the degree of soilage (e.g. if the mattress is not visibly soiled and is of nonporous material), disinfection/
decontamination might be considered in the community setting. 

• In situations where the cost to replace destroyed items is high, disinfection/decontamination via other methods (such as 
desiccation with ultraviolet (UV) light, etc.) might be considered. 

• Engagement with community or family members is essential prior to determining if items such as mattresses will be disposed of or 
decontaminated. 

The systematic review did not identify any evidence for the effects of elimination of heavily soiled linen (compared to 

disinfection) on the outcomes of infection with Ebolavirus or Marburgvirus or adverse effects of disinfectants. 

Contextual data were presented and included six studies that looked at implementation of current practices for disinfection/

decontamination of heavily soiled/highly contaminated waste from Ebolavirus or Lassa fever 

patients[177] [144][178][179] [180][181]. A hazard-analysis study identified waste products from the care of patients with 

Ebola disease and found that collection, transportation, cleaning and shared use of blood-soiled fomites and the use of 

latrines contaminated with blood and bloodied faeces appeared to be associated with particularly high levels of risk of 

Benefits and harms 
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Ebolavirus transmission [177]. Most moderate levels of risk were associated with the collection and transportation of 

material contaminated with body fluids other than blood, shared use of latrines soiled with such fluids, the cleaning and 

shared use of fomites soiled with such fluids, and contamination of the environment during the collection and 

transportation of blood-contaminated waste. 

In a description of the Johns Hopkins biocontainment and treatment unit, autoclave protocols were developed and validated 

through a rigorous process that used biological indicators embedded within mock patient trash loads[180]. This ensured that 

effective killing of organisms was achieved in solid trash, liquid waste and soiled linens. Items that were reused on the unit 

were transported into a room off the waste-handling area, where they underwent disinfection with a hydrogen peroxide 

vapor system. This system also decontaminated the patient-care area after discharge. A subsequent validation study by the 

same author was conducted on autoclave protocols for successful decontamination of category-A medical waste generated 

from the care of patients with serious communicable diseases [181]. This study found the most difficult loads to sterilize 

were those containing saturated linens (soaked with 1 liter of water) comprising a cotton blanket, sheets, pillowcases, which 

required a vacuum cycle of at least 60 minutes to achieve adequate sterilization using settings as described for dry waste. 

One hundred percent of the nine runs containing multiple saturated linens and using a shorter sterilizing time (three runs 

each of 1, 30 and 45 minutes) failed. While autoclave sterilization may be an effective and safe way to process infectious 

waste for transport for disposal, this study shows that factory-default settings and laboratory-waste guidelines are likely to 

be insufficient to adequately sterilize pathogens in the center of medical waste autoclave loads. 

The undesirable effects of elimination versus disinfection including potential toxicity of fumes to the community and 

stigma/shame (regardless of where the elimination process is taking place) were judged to be moderate by the GDG. 

Although there were limited data, on review of contextual data, the GDG judged that the desirable effects of elimination 

compared to disinfection was thought to be large. 

No studies met the eligibility criteria. The majority of studies excluded at the full-text were excluded because they were 

non-comparative studies that did not compare outcomes for incineration vs. disinfection of heavily soiled linens. The GDG 

judged the certainty of evidence to be very low. 

Very low Certainty of the Evidence 

There were no direct data presented from the mixed-methods study on values and preferences. The GDG judged that there 

was probably no uncertainty/variability. 

Values and preferences 

Based on the data from the mixed-methods study regarding incineration versus disinfection of heavily soiled linens, 37% felt 

that there was a larger cost associated with incineration; 19% thought there was a moderately larger cost; 12% said it there 

was a negligible difference in cost and savings; 20% indicated there was a moderately larger savings or larger savings. Seven 

percent stated it varied and 6% did not know. In the in-depth interview, the respondents stated that the reasons for larger/

moderately costs included cost is high for equipment needed for incineration, electricity, and needs high technical expertise. 

There was also a need to replenish the supplies during incineration. No data are available for those who felt there was a 

negligible difference in cost and savings. Reasons for larger savings/moderately larger savings included more reagents/

water/chemicals would be required to disinfect the linens. Those who stated that it varies said they did so because it was 

difficult to evaluate the costs and that this might depend on the extent of the contamination of the linen. 

The GDG judged that there were moderate costs for elimination versus disinfection/decontamination. 

Resources 

The mixed-methods study showed that 20% of participants felt that there were equity concerns when comparing 

Equity 
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Justification 

There was no evidence found. Contextual data were reviewed and included the current 2014 WHO guidance, which provides 

procedures for low-temperature machine washing. In these guidelines, washing by hand is not recommended. However, 

procedures were provided as it was recognized that washing by hand may the only option available in many LMICs. The use of 

0.05% chlorine for 15-minute contact time was advised for disinfection.  Contextual data from MSF guidelines found from the 

MSF 2008 Filovirus Haemorrhagic Fever (FHF) Guideline – IPC practices in Ebola/Marburg outbreaks[182], based on “lessons 

learned” from Ebola disease outbreaks in 2007 in DRC and Uganda were reviewed. However, GDG members representing MSF 

noted that, with the current MSF recommendations, anything in the TC would be destroyed since cleaning/disinfecting is time-

consuming and disinfection cannot be guaranteed. Disinfection of linens is sometimes done in outreach settings (ambulances) 

and if the linens are not visibly soiled. 

incineration versus disinfection of heavily soiled linen. Fifty percent felt there were no equity concerns and 30% did not 

know. Reasons for equity concerns included groups in low-resource settings where incinerators may not be available. 

Pros and cons of equity effects were discussed. GDG discussion included considerations that elimination of soiled linens 

improves equity across genders, as washing of linens would likely decrease equity as often this is not done by men. 

Another consideration is that when linens in the home(community setting) are eliminated this can result in inequity. The 

environmental impact where the elimination is occurring might result in equity issues. In addition, funds for the system for 

elimination might be taken from other areas. The stigmatization when elimination is done in the community on site can 

affect the families directly but also the overall public health response due to fear. 

Overall, the GDG judged that the effect on equity varied. 

Data from the mixed-methods study indicated that 25% found incineration versus disinfection of heavily soiled linen to be 

less acceptable; 10% probably less acceptable; 17%  probably more acceptable; and 42%  more acceptable. Six percent 

stated that it varies. For the respondents who  stated it was more/probably more acceptable to incinerate, reasons given 

included that it reduces transmission;reusing linen is difficult; and there could be a risk of exposure to the laundry staff. It 

was also indicated that disinfecting linen is very difficult and that incineration was easier. 

The reasons stated for incineration being less acceptable included that this resulted in a waste of linen, a need to replace 

linens, and that the virus can be killed with disinfection. The risk to the community of incineration and the implementation 

and challenges associated with it were also cited in the qualitative study. Reasons that the acceptability varies included 

consideration for the facility policies, the incinerator capacity, availability of new linens and cost. 

The acceptability of elimination versus disinfection/decontamination for stakeholders (community members, patients, 

families and HWs) probably did affect acceptability. Acceptability concerns included risk of stigma associated with burning in 

the community.  The GDG judged that the acceptability might depend on which stakeholder is being asked. 

Acceptability 

The mixed-methods study showed that 20% of HWs stated incineration was less feasible than disinfection; 9% thought it 

was probably less feasible; 21% stated it was probably more feasible; and 37% said it was more feasible. Ten percent felt 

that it varied and 3% did not know. The reasons given for incineration being more feasible/probably more feasible (58% of 

survey, 5 interviewees) included that it likely reduces transmission and risk of exposure; it requires less effort as it is easier 

to burn linens than to wash them; and it would do away with any risk  that linens are not disinfected properly. 

Some of the 29% of survey respondents who felt it was less feasible stated that, in some settings, incinerators are not 

available; they cost money to run and consume resources; they cause pollution; and there is a risk of contamination. 

Reasons cited by the 10% of survey respondents and one interviewee who stated that the feasibility varies included facility 

polices and limited availability of new linen. 

The feasibility of elimination versus disinfection/decontamination, which includes things like pooling of incineration, 

transport to incineration facilities, etc. was thought to be probably favourable by the GDG . 

Feasibility 
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The GDG noted that, for the limited evidence presented, some information is missing regarding what biological markers were 

used to determine decontamination in the autoclave; there was a lack of information on temperature and pressures used in the 

decontamination process; and the studies presented were carried out in completely different contexts (HICs versus LMICs) and 

therefore the decontamination done in the studies presented in HICs is unlikely to be available in LMICs [181]. 

The GDG noted that, in many LMICs, washing machines are not readily available in health facilities or in households. They would 

be expensive to install during an outbreak and would require WASH infrastructure. The issue of availability of functioning 

incinerators in LMICs was also discussed. 

The GDG discussed the implications of elimination of linens versus decontamination with a focus on impact in the community 

setting and the environment. Historically, when burning of linens has occurred at community/household sites, concerns about 

toxicity in the community have been raised. In many settings, WASH colleagues caution against use of burn pits, as burn pits 

may contain fly ash. The GDG discussed balancing risk of transmission when waste/soiled linens are transported elsewhere to 

be eliminated or managed versus the shame and humiliation that can be felt by families as their belongings are being burned in 

front of their homes, as well as possible lack of clarity on what happens to the waste/soiled linens once they are removed. 

WASH has provided some guidance, which can be found in the Ebola Virus Disease (EVD): Key questions and answers 

concerning health-care waste [183]. Although burn pits are often used in the field, WASH teams operating in health-care 

settings have been moving toward using actual incinerators, particularly in health-care settings. With incineration, temperatures 

exceed 850 degrees C, hotter than what is typically being done in the field. 

The GDG noted that it is difficult to define “heavily soiled” linen. The risks of exposure of staff handling contaminated linen 

versus the costs, risks to communities and potential environmental impact of “eliminating" soiled linens compared to 

decontaminating them were discussed. Based on the uncertainty of the evidence presented that there is a safe and effective 

way to safely decontaminate/disinfect linen for reuse in the field, the GDG determined that a conditional recommendation in 

favour of elimination of "heavily soiled" linen was warranted, particularly in areas where safe decontamination practices may not 

be implementable or consistent.  

Research Needs 

More research is needed on effectiveness of washing/disinfection of linen/laundry including appropriate chemicals and 

methods. 
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16. Waste management 

According to infection prevention and control standard precautions, health-care facilities should have a policy for minimizing, 

segregating, collecting, treating and disposing of waste. 

The background question on survival of Ebolavirus or Marburgvirus in the environment found that: 

• Ebolavirus survives for longer periods of time in low-humidity, low-temperature settings (less likely to be realized in an African 

context). 

• Ebolavirus maintains viability longer in liquid substrate than dried. Ebolavirus survival is significant in dried blood and has been 

shown for up to 16 days in a dried, organic substance on a nonporous surface. 

• Ebolavirus has been shown to survive in wastewater. Though viable virus rapidly diminishes after 24 hours, it may still be recovered 

after as many as eight days. Standard levels of chlorine used for water disinfection inactivate Ebola virus in wastewater. 

This section addresses general considerations for waste management for items or wastewater generated during the care of a patient 

suspected of having or confirmed to be infected with Ebolavirus or Marburgvirus. Please use additional existing WHO recommendations 

on waste management available below as supplementary information. 

1. Ebola Virus Disease (EVD): Key questions and answers concerning health-care waste.[183] 

2. Safe management of wastes from health-care activities [185], 

3. Ebola Virus Disease (EVD) Key questions and answers concerning water, sanitation and hygiene.[186] 

 
For details on appropriate treatment and disposal methods of health-care associated waste, including infectious waste, please refer to 

“Overview of technologies for the treatment of infectious and sharp waste from health care facilities. World Health Organization.[187]” 

Practical Info 

Implementation considerations: 

• Waste should be segregated at the point of generation to enable appropriate and safe handling.  

• Ideally, waste should not be stored for longer than 24 hours before being destroyed.  

• Sharp objects (e.g. needles, syringes, glass articles) and tubing that has been in contact with blood or body fluids should be 

placed inside puncture-resistant waste containers and sealed.  

• All solid, non-sharp, infectious waste should be collected using leak-proof waste bags in covered bins. 

• Where possible, transportation of infectious waste is discouraged. If transportation is required, then appropriate IPC 

precautions should be followed to prevent infection in those transporting the waste. 

• Safe disposal of infectious waste is important. 

• Appropriate PPE recommendations should be followed when handling infectious waste.  

• Though incineration is the ideal method of elimination, various methods for elimination can be considered that  follow existing 

WASH recommendations [184]. 

Justification 

There are well-established, globally recognized categories of health-care waste. Considering these established categories and the 

survivability of the Ebolavirus and Marburgvirus in the environment, the GDG judged that a good practice statement classifying such 

waste as infectious waste was warranted. 

Good practice statement 

All waste generated from the care of a patient with suspected or confirmed Ebola disease or Marburg disease, including waste 

generated during decontamination processes, should be treated as infectious waste.  
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17. Safe management of dead bodies

As noted in the Modes of Transmission section, behaviours that involve direct physical contact with an Ebola patient or Marburg 

patient, including contact with body fluids from infected patients or touching deceased bodies, are associated with risk of infection with 

Ebolavirus or Marburgvirus. Those engaged in behaviours such as washing, dressing and preparing a body for a funeral are at high 

risk [65]. However, the evidence is inconsistent (range from unadjusted OR 1.07, 95% CI 0.63–1.82, to matched OR 13.1, 95% CI 

1.4–631) and not all studies reviewed on transmission (direct contact and fomite) found an association between attending funerals and 

disease risk. For more details, review the Modes of Transmission section specific to transmission during funeral practices. 

This section of the document addresses elements specific to safe handling of the deceased and does not address use of personal 

protective equipment when conducting burials in a community setting. 

Practical Info 

Implementation considerations: 

• Deceased individuals should be correctly identified and handled with dignity.

• Only trained personnel should handle remains during an outbreak.

• The handling of human remains should be kept to a minimum (e.g. only for post-mortem specimen collection, transport or burial

of the body).

• Post-mortem examination of patient remains should be limited to essential evaluations only and should be performed by a

trained person; alternatives to post-mortem examinations (e.g. needle biopsies) should be considered.

• IPC and safe-burial recommendations should be adhered to in principle, but may need to be adapted to take into account

cultural and religious concerns (e.g. discussion with religious leader/local chief or equivalent about their practices and

adaptations to ensure that the greatest respect is given to removal and disposal of the deceased).

• PPE should be put on at the site of collection of human remains; worn during the process of collection and placement of the

body into a body bag; and removed immediately afterwards.

• PPE is not required for individuals driving or riding in a vehicle to collect human remains, provided that neither drivers nor

riders will be handling a dead body of someone who was suspected of having or confirmed to have Ebola disease or Marburg

disease.

Justification 

When developing this good practice statement, the GDG took into consideration the modes of transmission; the fact that viral load 

for Ebolavirus is often highest at time of death; and the behaviours associated with increased risk, such as contact with blood and 

body fluids when touching bodies of deceased individuals who were infected with Ebolavirus or Marburgvirus, and determined that 

handling of human remains should be kept to a minimum to reduce exposure risks [65]. 

Good practice statement 

The handling of remains of deceased humans with suspected or confirmed Ebola disease or Marburg disease should be done in a 

safe, culturally sensitive manner, and only when necessary in order to reduce exposure and transmission. 

Remarks: 

• The family and community have agreed to adhere to procedures for safe and dignified burials, including not touching (no contact with)
the body.

• The team or individuals involved in the burial are not undressing or redressing the deceased.
• Standard and transmission-based precautions can be followed.
• Individuals who will conduct the handling of the body and the burial are wearing the recommended PPE and are working in an

environment where they can follow safe procedures for putting on and taking off PPE.
• The body will be placed into an appropriate body bag.

Body bag parameters include: 

• Impermeable, vinyl, minimum thickness 400 microns
• Able to hold 100-125 kilos (220-275 lbs)
• Equipped with at least four handles to allow safe hand carry
• Fully contain bloodborne pathogens
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Practical Info 

Implementation considerations 

• The burial team should be able to adapt to the context and negotiate the safe and dignified burial process with the family and 

community. Religious leaders may influence safe burial behaviours. 

• The body should be handled by trained personnel wearing the recommended PPE (eye protection, medical mask, coverall, two 

pairs of gloves [outer glove should be heavy duty] and rubber boots). 

• Minimal handling of body is needed to minimize exposure. 

• The body bag used should meet recommended parameters. 

• There should be capacity for the burial team to perform hand hygiene. 

• In situations where IPC practices cannot be implemented or there is concern the body bag containing the deceased may be 

reopened by the family or community, disinfection of the body prior to placing in the body bag may be considered if deemed 

culturally acceptable by the family and community. 

Evidence To Decision 

Conditional recommendation against , Very low certainty evidence 

WHO suggests that disinfection of a dead body suspected or confirmed to be infected with Ebolavirus or Marburgvirus is not 

required prior to handling or placing the body into a body bag. 

The systematic review did not identify any evidence on the desirable effects of disinfection when compared to no disinfection 

on the outcomes of exposure during handling of dead bodies or infection with Ebolavirus or Marburgvirus. 

Regardless of lack of evidence, the GDG judged that the desirable effects (benefits) of disinfection were large. 

The systematic review did not identify any evidence for the undesirable effects of disinfection (compared to no disinfection) on 

the outcomes of symptoms of chemical exposure from spraying dead bodies. Although evidence did not identify specific harms 

(or undesirable effects) with disinfecting a body, the GDG identified that such practices may give those involved in the burial a 

false sense of security, leading to breaches in infection prevention and control. It is unclear if a body can be disinfected. In some 

situations, there are challenges with implementing a safe and dignified burial procedure, depending upon negotiations with the 

family and community members and events that may occur. For example, moves by family members to open the body bag to 

insert  mementos may increase transmission risks. 

The GDG judged that the undesirable effects (harms) of disinfection were small. 

On the balance of effects, the GDG judged that it probably favoured no disinfection of the dead body. 

Benefits and harms 

On initial screening, only three studies were deemed to provide information on the risk of EVD acquisition/exposure from post-

mortem contact [55][61][188]. The systematic review also identified five additional studies comparing the risk of transmission 

after contact with a dead body to contact with a person alive but infected with Ebolavirus or Marburgvirus (for a total of eight 

studies)[189][190][191][63][192], but, following a GRADE assessment, the certainty of evidence was judged to be very low. 

Very low Certainty of the Evidence 

The systematic review did not find any evidence on values and preferences. The GDG discussed whether communities and 

health and care workers would value the benefits of the intervention (disinfection of dead bodies) in terms of reducing 

transmission, compared to risk of harm of chemical exposure, and judged that there was probably important uncertainty or 

variability in how much people value the main outcomes. 

Values and preferences 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

99 of 188



Justification 

In the absence of published evidence, the GDG noted that adherence to infection prevention and control measures, including 

minimal handling of the body, wearing the recommended PPE, and hand hygiene, were essential to preventing transmission. The 

GDG agreed that, if the infection prevention and control measures are in place and applied appropriately, there is likely no benefit to 

disinfecting a dead body. 

There are some behaviours that may present higher risk for transmission, such as touching a dead body without PPE and having 

contact with blood and other body fluids of the deceased [65]. Communication and negotiation with the family and community 

throughout the process are critical to preventing transmission. 

When comparing the handling of dead bodies to contact with living patients, the GDG found eight studies that provided information 

Although the systematic review did not identify any evidence on resource use, the GDG judged that the costs and 

savings associated with disinfection (by either spraying or wiping) were negligible (compared with no disinfection). 

Although the systematic review did not identify any evidence on cost effectiveness, the GDG members judged that there was 

no difference in cost effectiveness. 

Resources 

Although the systematic review did not identify any evidence related to the impact on health equity, the GDG members judged 

that there was probably no impact on health equity. 

Equity 

There was some indirect evidence related to burial practices and behaviours that may be associated with risk of transmission. 

Some barriers to community acceptance of safe and dignified medical burials during an Ebola disease or Marburg disease 

outbreak include fears about how bodies are handled; the lack of ability to view the body or participate in the burial; and the 

potential for quarantine and stigma following a burial[193]. In addition, the use of plastic body bags; failure to change to burial 

clothes; and the absence of women from the burial team have been seen as showing a lack of honour for the deceased[194]. 

Some cultures require the deceased to be changed into different clothes and the burial team may prefer to disinfect the body 

prior to changing the clothes[194][193]. 

Factors that can improve acceptability of safe, dignified burials may include community participation in digging the grave and 

participating in the burial team (with appropriate training). Allowing an opportunity for community prayer; involving community 

members and religious leaders under the supervision of community health workers may improve 

acceptability[195][193][194][196]. 

Changing burial practices has been identified by communities as one of the most difficult practices to accept during an Ebola or 

Marburg outbreak. 

When community leaders, religious leaders, community members and community HW supervisors were asked which unsafe 

practice was the most difficult to give up, they most-frequently cited dead-body management and greetings by touching such as 

shaking hands[197][195]. 

Based on this indirect evidence and the experiences of many GDG members in relation to the acceptability of conducting safe, 

dignified burials, the GDG judged that acceptability of disinfection of a body as part of a safe, dignified burial varies, and is 

context dependent. 

Acceptability 

The systematic review did not find any direct evidence on feasibility of disinfecting or not disinfecting bodies of deceased 

individuals suspected or confirmed to be infected with Ebolavirus or Marburgvirus. Some indirect evidence found public health 

messages promoted by community and religious leaders may have influenced safe-burial behaviour during the Ebola disease 

outbreak in Sierra Leone[195]. The GDG judged that community and family engagements in the process were important factors 

and, if implemented, the intervention was feasible. 

Feasibility 
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on the risk of Ebola disease acquisition or exposure through contact with a dead body. Those studies included some evidence of a 

slightly increased transmission risk from contact with dead bodies[191][192][55][190][189][63][188][61]. Evidence does suggest 

that the viral load is often highest at the time of death. 

Evidence regarding the effectiveness of disinfecting a dead body (with chlorine solution, for example) was not found and only some 

indirect evidence was identified related to burial practices during past outbreaks[190]. Considering issues with acceptability, equity 

and potential harms, the GDG judged that a conditional recommendation against disinfection of a dead body was required. 

There were no specific benefits identified. It is generally accepted that chlorine is inactivated in the presence of organic material (e.g. 

blood and other body fluids), although there is some emerging laboratory evidence that suggests 0.5 % chlorine (50,000 ppm) is not 

rendered ineffective in the presence of organic material. However, the GDG noted this has not been demonstrated on dead bodies 

which, when infected with Ebolavirus, are often contaminated at death with blood and other body fluids. Furthermore, viral load is 

high at time of death and evidence has shown a slightly increased risk of transmission. 

Research Needs 

Research gaps 

• The lack of available evidence on the risk of transmission from handling dead bodies highlights the need for additional 

research. 

Some additional area for research includes: 

• Amount of virus potentially on PPE as a result of preparing a body compared to other care activities for patients (alive) 

confirmed to be infected with Ebolavirus or Marburgvirus. 

• Ability to disinfect bodies, including use of Phi6 as a surrogate for Ebolavirus. 
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10. The role of infection prevention and control during outbreaks and routine service delivery

11. General IPC measures during Ebola or Marburg disease outbreaks

11.1. IPC ring approach

Clinical Question/ PICO 

Population:  Staff, communities, and organizations responsible for management of Ebola or Marburg disease cases 

Intervention:  Implementation of the ring approach, which includes identification of nearby health centres, 

household and public places visited by the positive case for case finding; environmental cleaning/decontamination; IPC 

assessment; education; PPE supplies 

Comparator:  Single intervention, single health facility prioritization 

Summary 

Initially, 141 studies were screened in the CAL tool software and 16 studies were included for full-text screening. Of 
these 16 studies, none met the eligibility criteria. However, one non-comparative study was included to provide rates of 
Ebolavirus infection associated with the initiation of the approach[100]. 

A review of contextual data noted the following: 

• The IPC ring approach is based upon the premise that early cluster detection can trigger a rapid, localized response
in the high-risk radius around one or more health-care facilities to reduce transmission sufficiently to extinguish an
outbreak or reduce its spread. This premise is the operating principle that guides case-area targeted interventions
against cholera epidemics[198].

• Although the IPC ring approach showed promise for outbreak control in Liberia, Guinea, Sierra Leone and the
Democratic Republic of the Congo, it is critically dependent on IPC training, contact tracing and triage
capacities[199][100][101][200] [201].

• IPC ring is an IPC approach that requires effectiveness evaluation. It was developed rapidly and collaboratively in
response to an urgent public health need; as such, data were not collected and aggregated systematically across all
facilities, potentially limiting the generalizability of these results [100].

A conceptual framework potentially relevant to the implementation of IPC ring intervention was developed. It includes 
six core constructs:(1) Surveillance, (2) Infrastructure and medical supplies, (3) Workforce, (4) Communication 
mechanisms, (5) Governance, and (6) Trust, all of which are described in detail below[107]. 
(1) Surveillance 

• Gaps in event-based Ebola disease surveillance systems in Guinea and Ghana led to inadequate early case
detection and response preparedness to prevent Ebola virus outbreaks and spread. An absence of Ebola
surveillance systems was noted during a 2014 assessment of emergency preparedness in south-eastern Liberia and
Guinea. This led to a series of surveillance training workshops and creation of an Ebola incident management
system, which enhanced preparedness and reduced Ebola case burden in the region, compared to other areas of
these countries.
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• Collaboration amongst contact tracing teams, active case-finding teams and case investigation teams resulted in
the detection of previously unidentified EVD contacts and the locations of missing contacts in a 2015 cluster
outbreak in Monrovia, Liberia.

• Community health monitors in active (and early) case finding, contact tracing and the quarantine of high-risk
individuals led to the eventual 2014–15 control of Ebola transmission in Liberia.

• The work of community-appointed Village Health Teams in supporting outbreak response activities resulted in the
quick containment of the Ebola and Marburg disease outbreak in Uganda. This strategy of strong community
mobilization also increased the willingness of community members to take patients to isolation facilities.

(2) Infrastructure and medical supplies 

• Existing studies stress the presence of operationally ready isolation centres that are able to treat patients in as safe
an environment as necessary. Studies also reinforce the need to ensure that patients have both geographic and
financial access to health-care facilities.

• One study described the important role of a government-NGO partnership in strengthening existing health facility
infrastructure for the scale up of services for Ebola virus disease patients at the height of the 2014 outbreak in
Sierra Leone. That partnership resulted in the bolstering of PPE supply chains. A lack of basic supplies of gloves,
gowns and intravenous fluids were noted in another study as limiting the abilities of front-line HWs. The authors
commented that the systems required for high-quality care during a crisis are the same as those required for
effective routine health care and chronic disease management. The impact of weak existing medical supply chain
systems was revealed in a qualitative study of community HWs in Liberia, where the Ebola virus disease outbreak
response interrupted the district supply of essential medicines for community case management of diarrhoea and
pneumonia.

(3) Workforce 

• Three articles reinforced the need for a strong health workforce appropriately distributed at the sub-national level,
rather than just a target aggregate number of HWs nationally. Continuity of HW training, particularly around
infection, prevention and control, was stressed as a critical aspect of emerging infectious disease prevention.

(4) Communication mechanisms

• A scoping review found 23 articles illustrating communication mechanisms underpinning effective emerging
infectious disease prevention and response. Ten of these reinforced the necessity of devising a risk-communication
strategy to guide a timely, coordinated and standardized approach to information sharing during outbreak
management. The importance of partnerships between national health organizations and media agencies to ensure
dissemination of clinically accurate messages supportive of prevention and control efforts during public health
emergencies was confirmed in a further eight articles.

• The valuable role of community members as key players in risk communication activities was widely acknowledged.
• Established and documented protocols, guidelines and procedures were widely affirmed by the literature as integral

elements of the communications mechanisms associated with emerging infectious disease preparedness. For
secondary and tertiary health facilities, these included a HW protocol for infectious disease management, security
protocols for both facility infrastructure and personnel, and procedures for patient isolation.

(5) Governance 

• Governance here refers to a relational view emphasizing the making, changing, monitoring and enforcing of the
rules that govern the demand for and supply of health services. Leadership and coordination across global, regional,
national and sub-national levels were presented as critical enablers of an effective, cohesive response to emerging
infectious disease threats.

• The capacity of governments to engage and collaborate with non-state actors and civil society was another facet of
good governance identified as supporting health system preparedness for emerging infectious diseases. Central to
such effective engagement and partnerships is the ability, in the event of an outbreak, to mobilize additional
resources – including emergency teams of clinicians and logistics personnel, community resources, and national and
international non-government organizations.

(6) Trust 

The concept of trust – from the community level through to global governance – emerged as a fundamental element of
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11.1. Isolation and management of suspect or confirmed cases 

11.1.1. Patient placement 

11.2. Screening and triage recommendations 

11.2.1. Screening and triage activities 

12. Personal protective equipment (PPE)

12.1. Medical scrubs and footwear

12.2. PPE for screening and triage activities for Ebola virus disease or Marburg virus disease 

12.2.1. PPE  when screening for Ebola or Marburg virus disease 

health system preparedness for an emerging infectious disease (EID) outbreak, extending across each of the five 
identified core constructs. The notion of trust has been defined as encompassing both interpersonal trust between, for 
example, patient and provider, as well as institutional trust between individuals/communities and the health system or 
government. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
Single 

intervention, 
Single health 

facility 
prioritization 

Intervention 
Implement the 
ring approach, 
which includes 
identification of 

n 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: serious. 4/9 on NOS; downrated for lack of comparator group, no demonstration that the outcome of 

interest was not present at the start of study and a lack of reporting of outcome follow-up for study participants. due to 

[reason]. Inconsistency: no serious. Indirectness: no serious. Imprecision: serious. Only data from one study.

Transmission of 
Ebola or 

Marburg, score 
of IPC standard 

in the HCF 

(Observational (non-
randomized)) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 1 

We are uncertain 
whether implementing 

the ring approach, 
increases or decreases 

transmission of Ebola or 
Marburg disease, or 

improves IPC scores in 
health care facilities 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

117 of 188



Clinical Question/ PICO 

Population:  Health workers conducting Ebola disease or Marburg disease related screening activities when a 

distance of at least 1m cannot be maintained 

Intervention:  Face shield and medical mask 

Comparator:  Face shield alone 

Summary 

Initial searches and screening for key questions on face shields versus masks and gowns versus coveralls were 
performed together due to the similarity of the questions under the theme of personal protective equipment use for 
health and care workers during screening and triage activities. A total of 393 studies were screened in the CAL tool 
software and 86 studies were included for full-text screening. Two systematic reviews were identified to be of 
potential interest [116][117].The included studies in these reviews were reviewed to determine if they addressed the 
key questions. While the reviews provided some contextual information, none of the 86 reviewed studies or the 
studies included in the two systematic reviews met the eligibility criteria for either key question. 

With respect to the extraction of contextual data, the key findings are as follows: 

• Basic PPE ensemble (gloves,surgical mask and visor)did not seem to work as well as more protected PPE
ensemble('gown model’ or a ‘coverall model')[202].

• PPEs with more protective gear protected against contamination in simulation studies slightly better but felt
more uncomfortable to health and care workers including [117]:
◦ gowns led to less contamination than aprons
◦ two pairs of gloves led to less contamination than only one pair of gloves.

• The peak of contagiousness is around the time of death but patients presenting to health-care facilities and
undergoing screening/triage often do so after the onset of symptoms, or they are contagious at the time of
screening and triage [7].

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
face shield 

alone 

Intervention 
face shield and 
medical mask 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg. 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 
combination with 
a medical mask) 
on the following 

outcomes: 
Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with ebola or marburg. 

PPE 
breaches,(touch

ing face) 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 

No studies were found 
that looked at ppe 

breaches,(touching face) 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
face shield 

alone 

Intervention 
face shield and 
medical mask 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

combination with 
a medical mask) 
on the following 
outcomes: PPE 

breaches. 

Compliance 
and/or 

breaches 
(touching face) 
related to heat/

humidity and 

comfort, 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 
combination with 
a medical mask) 
on the following 

outcomes: 
Compliance 

related to heat/
humidity and 

comfort, human 
factors, health 

worker 

confidence. 

No studies were found 
that looked at 

compliance related to 
heat/humidity and 

comfort, 

Clinical Question/ PICO 

Population:  Health workers performing screening activities in health care facility or ETU ;Health care facilities, 

ETU  *Contexts to consider: ETU use vs. healthcare facility; outbreak vs readiness vs. high alert scenario. 

Intervention:  Wearing a gown  (in addition to medical scrubs, mask and face shield, gloves) 

Comparator:  Wearing coverall  (in addition to medical scrubs, mask and face shield, gloves) 

Summary 

Initial searches and screening for key questions on face shields versus masks and gowns versus coveralls were 
performed together due to the similarity of the questions under the theme of personal protective equipment use for 
health and care workers during screening and triage activities. A total of 393 studies were screened in the CAL tool 
software and 86 studies were included for full-text screening. Two systematic reviews were identified to be of 
potential interest [116][117]. The included studies in these reviews were reviewed to determine if they addressed 
the key questions. While the reviews provided some contextual information, none of the 86 reviewed studies or the 
studies included in the two systematic reviews met the eligibility criteria for either key question. 

With respect to the extraction of contextual data, the key findings are as follows: 

• Basic PPE ensemble (gloves, surgical mask and visor) did not seem to work as well as more protected PPE
ensemble ('gown model’ or a ‘coverall model')[202].

• PPEs with more protective gear protected against contamination in simulation studies slightly better but felt
more uncomfortable to health and care workers including [117]:
◦ gowns led to less contamination than aprons
◦ two pairs of gloves led to less contamination than only one pair of gloves.
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• The peak of contagiousness is around the time of death but patients presenting to health-care facilities and
undergoing screening/triage often do so after the onset of symptoms, or they are contagious at the time of
screening and triage [7].

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
wearing 

coverall  (in 
addition to 

medical scrubs, 
mask and face 

Intervention 
wearing a 
gown  (in 

addition to 
medical scrubs, 
mask and face 

s 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg. (Observational (non-
randomized)) 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 
wearing a gown) 
on the following 

outcomes: 
Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with Ebola or Marburg. 

PPE breaches. 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 
wearing a gown) 
on the following 
outcomes: PPE 

breaches 

No studies were found 
that looked at ppe 

breaches. 

Heat and 
comfort, human 
factors, health 

worker 

confidence. 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 
wearing a gown) 
on the following 

outcomes: 
Compliance 

related to heat 
and comfort, 

human factors, 
health worker 

confidence 

No studies were found 
that looked at heat and 
comfort, human factors, 

health worker 
confidence. 
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12.2.2. PPE for triage for Ebola or Marburg virus disease 

Clinical Question/ PICO 

Population:  Health workers conducting screening activities where 1 m distance and no touch technique can 

be maintained and PPE (such as gown, and facial protection) is not expected 

Intervention:  No gloves and perform hand hygiene 

Comparator:  1 pair of gloves 

Summary 

A total of 273 studies were screened in the CAL tool software and 74 studies were included for full-text 
screening.No studies met the eligibility criteria. The majority of studies at the full-text stage were excluded because 
HWs in the studies were not performing screening or triage activities, or because there was no relevant 
intervention/comparator.  

A summary of contextual data is below: 

• Infection risk among health workers conducting screening while distancing is unknown.
• Infection risk among health workers conducting triage is virtually unknown
• Among 82 contacts identified in Sierra Leon 2014, 6 contacts (7%) involved taking vital signs with short gloves

and none of the six contacts developed EVD[158].
• No data on the context for PPE screening as well as its effectiveness.
• In a simulation study of contact precaution PPE, which consists of gloves and a gown, deviations from doffing

protocol and self-contamination were common.

Outcome 
Timeframe 

Study results and 
measurements 

Comparator Intervention 
Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

EVD/Marburg 
transmission to 
health workers 

conducting 
screening 

activities 

Very low 
No studies met 

the eligibility 

criteria. 

No studies were found 
that looked at evd/

marburg transmission to 
health workers 

conducting screening 
activities  wearing no 

gloves versus 1 pair of 
gloves 

Clinical Question/ PICO 

Population:  Health workers conducting EVD or Marburg virus disease related triage activities . 

Intervention:  Face shield and medical mask 

Comparator:  Face shield alone 
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Summary 

Initial searches and screening for key questions on face shields versus masks and gowns versus coveralls were 
performed together due to the similarity of the questions under the theme of personal protective equipment use for 
health and care workers during screening and triage activities. A total of 393 studies were screened in the CAL tool 
software and 86 studies were included for full-text screening. Two systematic reviews were identified to be of 
potential interest [116][117]. The included studies in these reviews were reviewed to determine if they addressed 
the key questions. While the reviews provided some contextual information, none of the 86 reviewed studies or the 
studies included in the two systematic reviews met the eligibility criteria for either key question. 

With respect to the extraction of contextual data, the key findings are as follows: 

• Basic PPE ensemble (gloves,surgical mask and visor) did not seem to work as well as more protected PPE
ensemble('gown model’ or a ‘coverall model')[202].

• PPEs with more protective gear protected against contamination in simulation studies slightly better but felt
more uncomfortable to health and care workers including [117]:
◦ gowns led to less contamination than aprons
◦ two pairs of gloves led to less contamination than only one pair of gloves.

• The peak of contagiousness is around the time of death but patients presenting to health-care facilities and
undergoing screening/triage often do so after the onset of symptoms, or they are contagious at the time of
screening and triage [7].

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
face shield 

alone 

Intervention 
face shield and 
medical mask 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg. 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 
combination with 
a medical mask) 
on the following 

outcomes: 
Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with Ebola or Marburg. 

PPE 
breaches,(touch

ing face) 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 
combination with 
a medical mask) 
on the following 
outcomes: PPE 

breaches. 

No studies were found 
that looked at ppe 

breaches,(touching face) 

Compliance 
related to heat/

The systematic 
review did not 

No studies were found 
that looked at 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
face shield 

alone 

Intervention 
face shield and 
medical mask 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

humidity and 
comfort, human 
factors, health 

worker 

confidence 

identify any 
evidence for the 

effects of 
wearing a face 

shield (compared 
to wearing a face 

shield in 
combination with 
a medical mask) 
on the following 

outcomes: 
Compliance 

related to heat/
humidity and 

comfort, human 
factors, health 

worker 

confidence 

compliance related to 
heat/humidity and 

comfort, human factors, 
health worker 

confidence 

Clinical Question/ PICO 

Population:  Health workers conducting Ebola or Marburg virus disease related triage activities 

Intervention:  Coverall 

Comparator:  Gown 

Summary 

Initial searches and screening for key questions on face shields versus masks and gowns versus coveralls were 
performed together due to the similarity of the questions under the theme of personal protective equipment use for 
health and care workers during screening and triage activities. A total of 393 studies were screened in the CAL tool 
software and 86 studies were included for full-text screening. Two systematic reviews were identified to be of 
potential interest [116][117]. The included studies in these reviews were reviewed to determine if they addressed 
the key questions. While the reviews provided some contextual information, none of the 86 reviewed studies or the 
studies included in the two systematic reviews met the eligibility criteria for either key question. 

With respect to the extraction of contextual data, the key findings are as follows: 

• Basic PPE ensemble (gloves, surgical mask and visor) did not seem to work as well as more protected PPE
ensemble ('gown model’ or a ‘coverall model')[202].

• PPEs with more protective gear protected against contamination in simulation studies slightly better but felt
more uncomfortable to health and care workers including [117]:
◦ gowns led to less contamination than aprons
◦ two pairs of gloves led to less contamination than only one pair of gloves.

• The peak of contagiousness is around the time of death but patients presenting to health-care facilities and
undergoing screening/triage often do so after the onset of symptoms, or they are contagious at the time of
screening and triage [7].
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
gown 

Intervention 
coverall 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg, 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 

wearing a gown) 

No studies were found 
that looked at infection 
with Ebola or Marburg 
wearing a gown versus 

a coverall when 
conducting triage 

PPE breaches 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 
wearing a gown) 

for PPE breaches. 

No studies were found 
that looked at ppe 

breaches 

Compliance 
related to heat 
and comfort, 

human factors, 
health worker 

confidence 

The systematic 
review did not 

identify any 
evidence for the 

effects of 
wearing a 
coverall 

(compared to 
wearing a gown) 
on the following 

outcomes: 
Compliance 

related to heat 
and comfort, 

human factors, 
health worker 

confidence 

No studies were found 
that looked at 

compliance related to 
heat and comfort, 

human factors, health 
worker confidence. 

Clinical Question/ PICO 

Population:  Health workers conducting screening and/or triage activities where at least 1 m distance cannot 

be maintained, and PPE (such as gown, and facial protection) is expected 

Intervention:  2 pair of gloves 

Comparator:  1 pair of gloves 

Summary 

A total of 273 studies were screened in the CAL tool software and 74 studies were included for full-text screening. 
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12.3. PPE for those providing direct and indirect care to patients 

Two systematic reviews were identified to be of potential interest[116][117]. The included studies in these reviews 
were reviewed to determine if they met the eligibility criteria for either key question. No studies met the eligibility 
criteria. The [118] majority of studies at the full-text stage were excluded because HWs in the studies were not 
performing screening or triage activities, or because there was no relevant intervention/comparator.  

From the Verbeek at al. systematic review [117], one additional article was identified which discussed the compared 
effect of wearing double gloves versus single gloves on Ebola contamination rates while performing PPE donning/
doffing activities [118]. Although it did not meet the eligibility criteria (not in HWs performing screening/triage 
activities), the results were noted and are discussed in the contextual data. 

Double vs. Single Gloves during Doffing  

Casanova et al 2012 compared HCW self-contamination after the simulation of doffing PPE (not performing 
screening or triage activities) with single gloves versus double gloves, using MS2 as a marker. Although double 
gloves reduced viral transfer, MS2 was still recovered from the hands of 23% of HCWs after doffing double gloves. 
This is compared to participants who wore single gloves, where MS2 was recovered from hands in 78% of HCWs. 
The authors concluded that glove removal appears to be a high-risk opportunity for HCW self-contamination [118]. 

Honda et al. published a narrative review of advantages/disadvantages of PPE used among HCWs in high-risk 
settings including EVD outbreaks. Regarding double gloving, potential advantages mentioned were that (1) it 
decreases the potential risk of transmission of highly virulent pathogens through glove holes or glove damage due to 
using disinfectant, (2) reduces the risk of contamination of hands when removing gloves, and (3) it reduces the risk of 
needlestick injury. Disadvantages mentioned were (1) decreased tactile sensation and dexterity, and (2) a 
cumbersome removal process [203]. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1 pair of gloves 

Intervention 
2 pair of gloves 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

EVD/Marburg 
transmission to 
health workers 

conducting 
screening and/

or triage 

activities 

Very low 
No studies met 

the eligibility 
criteria The 
majority of 

studies at the 
full-text stage 
were excluded 

because HCWs in 
the studies were 
not performing 

screening or 
triage activities, 
or because there 
was no relevant 

intervention/

comparator. 

We are uncertain 
whether 2 pair of gloves 
increases or decreases 

evd/marburg 
transmission to health 
workers conducting 

screening and/or triage 
activities 

Clinical Question/ PICO 

Population:  Health workers in health care facilities 
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Intervention:  Goggles 

Comparator:  Face shield 

Summary 

No comparative evidence found. No estimate of effectiveness 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
Face shield 

Intervention 
Goggles 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. No comparative evidence. No estimate of effectiveness

2. No comparative evidence. No estimate of effectiveness.

Prevention of 
virus 

transmission to 
health care 

provider 1 
Very low 

No studies were found 
that looked at 

prevention of virus 
transmission to health 

care provider 

Fogging, 
reduced 

visibility. 2 
Very low 

No studies were found 
that looked at fogging, 

reduced visibility. 

Inadvertent 

touching of face 
Very low 

No studies were found 
that looked at 

inadvertent touching of 
face. 

Clinical Question/ PICO 

Population:  Health workers in health care facilities 

Intervention:  Particulate respirators (N95 or equivalent mask) for use by staff for whom the respirators have been 

fit-tested, who are medically cleared and trained. 

Comparator:  Medical (surgical) mask. 

Summary 

No comparative evidence. No estimate of effectiveness. 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
medical 

(surgical) mask. 

Intervention 
particulate 
respirators 

(N95 or 
equivalent 

mask) for use 
by sta 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Prevention of 
virus 

transmission to 
health care 

providers 

Low 
Low quality 

evidence 
comparing 
medical or 

surgical mask with 
particulate 

respirator. 

No studies were found 
that looked at 

prevention of virus 
transmission to health 

care providers 

Comfort and 
dexterity with 

use under 
conditions of 
high ambient 

temperature 

Low 
Low quality 

evidence 
comparing 
medical or 

surgical mask with 
particulate 

respirator 

No studies were found 
that looked at comfort 
and dexterity with use 

under conditions of high 
ambient temperature 

Clinical Question/ PICO 

Population:  Health workers conducting Ebola or Marburg virus disease related triage activities 

Intervention:  Coverall 

Comparator:  Gown 

Summary 

Initial searches and screening for key questions on face shields versus masks and gowns versus coveralls were 
performed together due to the similarity of the questions under the theme of personal protective equipment use for 
health and care workers during screening and triage activities. A total of 393 studies were screened in the CAL tool 
software and 86 studies were included for full-text screening. Two systematic reviews were identified to be of potential 
interest [116][117]. The included studies in these reviews were reviewed to determine if they addressed the key 
questions. While the reviews provided some contextual information, none of the 86 reviewed studies or the studies 
included in the two systematic reviews met the eligibility criteria for either key question. 

With respect to the extraction of contextual data, the key findings are as follows: 

• Basic PPE ensemble (gloves, surgical mask and visor) did not seem to work as well as more protected PPE ensemble
('gown model’ or a ‘coverall model')[202].

• PPEs with more protective gear protected against contamination in simulation studies slightly better but felt more
uncomfortable to health and care workers including [117]:
◦ gowns led to less contamination than aprons
◦ two pairs of gloves led to less contamination than only one pair of gloves.

• The peak of contagiousness is around the time of death but patients presenting to health-care facilities and
undergoing screening/triage often do so after the onset of symptoms, or they are contagious at the time of
screening and triage [7].
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
gown 

Intervention 
coverall 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg, 

The systematic 
review did not 

identify any 
evidence for the 

effects of wearing 
a coverall 

(compared to 

wearing a gown) 

No studies were found 
that looked at infection 
with Ebola or Marburg 

wearing a gown versus a 
coverall when 

conducting triage 

PPE breaches 

The systematic 
review did not 

identify any 
evidence for the 

effects of wearing 
a coverall 

(compared to 
wearing a gown) 

for PPE breaches. 

No studies were found 
that looked at ppe 

breaches 

Compliance 
related to heat 
and comfort, 

human factors, 
health worker 

confidence 

The systematic 
review did not 

identify any 
evidence for the 

effects of wearing 
a coverall 

(compared to 
wearing a gown) 
on the following 

outcomes: 
Compliance 

related to heat 
and comfort, 

human factors, 
health worker 

confidence 

No studies were found 
that looked at 

compliance related to 
heat and comfort, human 

factors, health worker 
confidence. 

Clinical Question/ PICO 

Population:  Health workers conducting screening and/or triage activities where at least 1 m distance cannot be 

maintained, and PPE (such as gown, and facial protection) is expected 

Intervention:  2 pair of gloves 

Comparator:  1 pair of gloves 

Summary 

A total of 273 studies were screened in the CAL tool software and 74 studies were included for full-text screening. Two 
systematic reviews were identified to be of potential interest[116][117]. The included studies in these reviews were 
reviewed to determine if they met the eligibility criteria for either key question. No studies met the eligibility criteria. 
The [118] majority of studies at the full-text stage were excluded because HWs in the studies were not performing 
screening or triage activities, or because there was no relevant intervention/comparator.  
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From the Verbeek at al. systematic review [117], one additional article was identified which discussed the compared 
effect of wearing double gloves versus single gloves on Ebola contamination rates while performing PPE donning/
doffing activities [118]. Although it did not meet the eligibility criteria (not in HWs performing screening/triage 
activities), the results were noted and are discussed in the contextual data. 

Double vs. Single Gloves during Doffing  

Casanova et al 2012 compared HCW self-contamination after the simulation of doffing PPE (not performing screening 
or triage activities) with single gloves versus double gloves, using MS2 as a marker. Although double gloves reduced viral 
transfer, MS2 was still recovered from the hands of 23% of HCWs after doffing double gloves. This is compared to 
participants who wore single gloves, where MS2 was recovered from hands in 78% of HCWs. The authors concluded 
that glove removal appears to be a high-risk opportunity for HCW self-contamination [118]. 

Honda et al. published a narrative review of advantages/disadvantages of PPE used among HCWs in high-risk settings 
including EVD outbreaks. Regarding double gloving, potential advantages mentioned were that (1) it decreases the 
potential risk of transmission of highly virulent pathogens through glove holes or glove damage due to using 
disinfectant, (2) reduces the risk of contamination of hands when removing gloves, and (3) it reduces the risk of 
needlestick injury. Disadvantages mentioned were (1) decreased tactile sensation and dexterity, and (2) a cumbersome 
removal process [203]. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1 pair of gloves 

Intervention 
2 pair of gloves 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

EVD/Marburg 
transmission to 
health workers 

conducting 
screening and/

or triage 

activities 

Very low 
No studies met 

the eligibility 
criteria The 
majority of 

studies at the full-
text stage were 

excluded because 
HCWs in the 

studies were not 
performing 

screening or 
triage activities, 
or because there 
was no relevant 

intervention/

comparator. 

We are uncertain 
whether 2 pair of gloves 
increases or decreases 

evd/marburg 
transmission to health 
workers conducting 

screening and/or triage 
activities 

Clinical Question/ PICO 

Population:  Staff working in health care facilities, ETU 

Intervention:  Wear a disposable waterproof apron 

Comparator: 1) Wear a reusable waterproof heavy-duty apron, 2) wear a biodegradable waterproof apron

Summary 

A total of 120 studies were screened in the CAL tool software and 39 studies were included for full-text screening. No 
studies met the eligibility criteria. 
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With respect to the extraction of contextual data, the key findings are as follows: 

Disposable (single-use) isolation gowns are designed to be discarded after a single use and are typically constructed of 
nonwoven materials alone or in combination with materials that offer increased protection from liquid penetration, such 
as plastic films. They can be produced using a variety of nonwoven fiber-bonding technologies (thermal, chemical, or 
mechanical) to provide integrity and strength rather than the interlocking geometries associated with woven and knitted 
materials. The basic raw materials typically used for disposable isolation gowns are various forms of synthetic fibers (e.g. 
polypropylene, polyester, polyethylene). Fabrics can be engineered to achieve desired properties by using particular fiber 
types, bonding processes, and fabric finishes (chemical or physical treatments[204]. 

Reusable (multi-use) gowns are laundered after each use. Reusable isolation gowns are typically made of 100% cotton, 
100% polyester, or polyester/cotton blends. These fabrics are tightly woven plain weave fabrics that are chemically 
finished and may be pressed through rollers to enhance the liquid barrier properties. Reusable garments generally can be 
used for 50 or more washing and drying cycles. The number of laundering/drying cycles is suggested by the 
manufacturer. According to a guidance by the Association for the Advancement of Medical Instrumentation, a verifiable 
tracking system, such as a manual check off, bar code, or radio frequency chip, a verifiable tracking system, must be in 
place[204]. 

According to the setup of a simulation study[129], personal protective clothing PPC2 was composed of absorbent 
cotton fabric (zero value for water repellency and liquid penetration pressure) with the greatest thickness. PPC1 and 
PPC3 had grades 4 and 5 of water repellency, high resistance to liquid water penetration, and thinner fabric. PPC2 
carried the lowest contaminative hazards to the hands, shoes, and surroundings compared with PPC1 and PPC3. Cotton 
through its material and properties can absorb droplet contaminants and thereby reduce opportunities for such 
contaminants to spread to the environment. However, the absorbent fabric likewise increased underwear contamination 
by liquid crossing outerwear.  

Plastic aprons (PPC3) had a higher chance of contaminating the environment than PPC1 and PPC2[129]. Because plastic 
had the lowest water-absorbing properties, the droplets that cannot be absorbed by the surface of the plastic might 
then drop to the floor or spread to the surrounding area, which especially increased contamination with large patches. 
The plastic apron had a smaller covered area, which also caused heavier underwear contamination (or the contamination 
of the next layer of the PPE ensemble). 

The results of this simulation study indicate that the traditional cotton surgical gown (woven gown) can absorb liquid 
contaminants and thus reduces environmental contamination. The other gown (nonwoven gown) can resist the 
absorption of liquid contaminants when the covered area is sufficient and thus provides better physical barrier 
protection than the woven gown. However, the nonwoven gown has weak liquid absorption ability. The liquid 
contaminant may easily drop to the floor or splash to the surrounding environment during movement. More important, 
an extra force added to the movement, such as by pulling off the isolation gown without unfastening the ties, tearing off 
the plastic apron, or removing the gown or apron forcefully, spreads droplet contaminants that can splash not only to 
the surrounding environment but also to nearby patients[129]. 

The present results suggest that double gowns with outer absorbent cotton reduce the spread of contaminants to the 
environment, whereas inner water repellency gowns can resist contaminants and prevent them from penetrating into 
underwear and even the skin, providing better protection than a single gown in preventing HW from coming into 
contact with patients’ blood and body fluids during splashing procedures[129]. 

Lee et al. 2021 assessed PPE needs for health workers by surveying a convenient sample of 200 HWs in the US [205]. 
PPE design features were assessed on a five-point Likert-type scale, ranging from “strongly disagree” (1) to “strongly 
agree” (5). The mean values of PPE were higher than 3 (on the 1-5 scale) for fit (mean = 3.45, SD = 0.56), comfort (M = 
3.38, SD = 0.72), mobility (M = 3.44, SD = 0.69), and donning and doffing (M = 3.71, SD = 0.87), suggesting that HWs 
think that current PPE (scrubs, gowns, coveralls, and apron) for body protection meet their needs of fit, comfort, 
mobility, and donning and doffing.  

With respect to body protection, 31% of the participants considered comfortability as the biggest challenge when 
wearing PPE, followed by sizing and fit (27%), donning and doffing (14%), movement (12%), material durability (12%), 
and others (3%) such as easy to use and PPE weight. HWs are more likely “Strongly agree” than “Strongly disagree” to 
accept PPE based on the donning and doffing feature, odds ratio = 2.37, 95% confidence interval [0.48, 11.61], which 
means that the donning and doffing feature plays a vital role on HWs' overall PPE acceptance [205]. 

Poller et al 2018[137]conducted a simulation study and organized a consensus panel to identify a unified PPE ensemble 
for clinical response to possible high consequence infectious diseases in the United Kingdom. The consensus ensemble 
provided full protection against contamination in the simulation study. This ensemble included wide, extra-long medium 
thickness plastic apron (such as those worn for endoscopy). A higher fit to protect the upper chest is desired and no 
such apron existed. Tearing the neck loop in the middle so both the neck and waist areas were tied was deemed an 
acceptable and simple modification, which significantly improved protection. 

Kilinc-Balci et al. 2015 [206] tested 22 commercial single-use isolation gowns for barrier and strength properties using 
American Society of Testing and Materials International ASTM (D5034, D5733, D1683, F1671) and American 
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Association of Textile Chemists and Colorists (AATCC 42 and 127) test methods and the Association for the 
Advancement of Medical Instrumentation (AAMI) PB70 liquid barrier classification standard requirements. Testing 
results demonstrated that there is a large variation in the barrier and strength properties of existing isolation gowns in 
the marketplace. It was also found that nine (41%) of the 22 tested isolation gowns failed to meet the AAMI PB70 
requirements for the liquid barrier performance at the level specified by the manufacturer. The results support the use 
of aprons for additional protection. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1) wear a
reusable 

waterproof 
heavy-duty 

apron, 2) Wear 
a biode 

Intervention 
Wear a 

disposable 
waterproof 

apron 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Environmental 
impact of single-
use disposable 

PPE, 

No studies met 
the eligibility 

requirements. 

No studies were found 
that looked at 

environmental impact of 
single-use disposable 

ppe. 

Exposures while 
cleaning and 
disinfecting 

aprons, 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at exposures 

while cleaning and 
disinfecting aprons, 

Breaches in 
cleaning and 
disinfection 

practice 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at breaches 

in cleaning and 
disinfection practice 

Infection/
transmission of 

EVD, 
No studies met 

the eligibility 

criteria. 

No studies were found 
that looked at infection/

transmission of evd, 

PPE breaches/
exposures, ease 

of doffing PPE 
No studies met 

the eligibility 

criteria. 

No studies were found 
that looked at ppe 

breaches/exposures, 
ease of doffing ppe. 
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Clinical Question/ PICO 

Population:  Health workers in direct contact and/or indirect contact to patients with Ebola Virus Disease (EVD) or 

Marburg virus disease 

Intervention:  A cover for the head and neck 

Comparator:  No cover for the head and neck 

Summary 

Initially, 137 studies were screened in the CAL tool software and 42 studies were included for full-text screening. Four 
studies met the eligibility criteria and were included. 

No studies provided direct information on the transmission or incidence of EVD or Marburg virus disease related to the 
use of personal protective equipment (PPE) for head and neck skin protection.  Two simulation studies that addressed 
outcomes related to heat stress for health care workers (HCW) donning extra head/neck covering PPE (hoods) were 
included [124][125]. Additionally, two crossover randomized controlled trials that simulated contamination events for 
HCWs while doffing PPE ensembles with and without neck covering were included[126][127].  

Overall, for heat tolerance outcomes,  very low certainty evidence that PPE ensembles with additional head/neck 
covering increased both physiological and subjective measures of heat exhaustion, compared to PPE with no cover of 
the head and neck was found. Low to very low certainty of evidence that PPE ensembles with head/neck covering 
resulted in less contamination than PPE with no cover for the head and neck and low to very low certainty evidence that 
PPE ensembles that covered the head/neck resulted in more human errors during donning/doffing of equipment, 
compared to ensembles without head/neck cover was found.  

With respect to the extraction of contextual data, the key findings are as follows . 

• Zamora et al. 2006 [127] conducted a prospective, randomized, controlled crossover study to compare two PPE
ensembles. The PPE ensemble E-RCP (enhance respiratory and contact precautions) included a head covering
(without covering the neck skin), goggles and a face shield. The PAPR system in use had outer and inner protective
layers. According to the results, participants wearing E-RCP were more likely to experience skin and base-clothing
contamination; their contamination episodes measuring ≥1 cm2 were more frequent, and they had larger total
areas of contamination (all p < 0.0001> The anterior neck, forearms, wrists and hands were the likeliest zones for
contamination. Participants donning powered air-purifying respirator (PAPR) committed more donning procedure
violations (p = 0.0034). Donning and removing the PAPR system took longer than donning and removing E-RCP
garments (p < 0.0001).

• Suen et al. 2018 [36] conducted an experimental study using a group of 59 participants who randomly performed
PPE donning and doffing. The study consisted of PPE donning, applying fluorescent solution on the PPE surface,
PPE doffing of participants, and estimation of the degree of contamination as indicated by the number of
fluorescent stains on the working clothes and environment. They monitored protocol deviations during PPE
donning and doffing. They tested three PPE ensembles: PPE1 consists of a neck-to-ankle outfit, N95 respirator,
hood, disposable face shield, surgical gown, boots and double gloves. PPE2 consists of a head-to-ankle coverall, N95
respirator, hood, disposable face shield, boots and double gloves. PPE3 consists of neck-to-ankle outfit, N95
respirator, no hood, disposable face shield, isolation gown, shoes and single latex gloves. Everything else being
equal, PPE1 differed from PPE3 with respect to hood (PPE1) vs no hood (PPE3), double gloves (PPE1) vs single
gloves (PPE3), and boots (PPE1) vs shoes (PPE3). During doffing of the PPE, PPE1 was less contaminated in regions
purportedly protected by the hood, including hair, head and neck than PPE3. The results seemed to support
covering the head and neck skin.

• Coca et al. 2015 [125] conducted a simulation study using a thermal manikin to assess the time to achievement of a
critical core temperature of 39°C while wearing 4 different PPE ensembles similar to those recommended by the
World Health Organization and Médecins Sans Frontières at 2 different ambient conditions: temperature/humidity
of 32°C/92% relative to 26°C/80%). The results suggest that encapsulation of the head and neck region resulted in
higher model-predicted subjective impressions of heat sensation.

• Coca et al. 2017 [124] conducted a simulation study with six healthy individuals in an environmental chamber
(32°C, 92% relative humidity) while walking (3 Metabolic equivalent of tasks, 2.5 mph, 0% incline) on a treadmill for
60 minutes. All subjects wore medical scrubs and PPE items. Ensemble E1 had a face shield, no hood, and fluid-
resistant surgical gown; E2 additionally included goggles, coverall, and separate hood; and E3 also contained a
highly impermeable coverall, separate hood, and surgical mask cover over the N95 respirator. They showed that
heart rate and core temperature at the end of the exercise were significantly higher for E2 and E3 than for E1.
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Subjective perceptions of heat and exertion were significantly higher for E2 and E3 than for E1. 

 

• Den Boon et al. 2014 [36] conducted a survey of frontline physicians’ and nurses’ perspectives about PPE use 
during the 2014-2016 EVD outbreak in West Africa. The aim was to incorporate these findings into the 
development process of a WHO rapid advice guideline. They surveyed 44 frontline physicians and nurses deployed 
to West Africa between March and September of 2014. They report that heat and dehydration were a major issue 
for 64% of the surveyees using a hood. In terms of preferences, a hood was perceived as pausing extremely low risk 
or low risk in term of safety by 93% (38/41) of surveyees, none or minor impairment in term of communication by 
58% (18/42), no reduction or minor reduction in term of the ability to provide patient care by 60% (18/30), no 
issues or minor issues in term of personal wellbeing (heat or dehydration) by 13% (4/30), and comfortable or fairly 
comfortable by 53% (16/30). 

 

• Grélot et al. 2016 [130] assessed thermal strain of 25 HWs in the 2014 Ebola virus disease outbreak. The PPE was 
used in accordance with the World Health Organization regulations. Its ensemble was comprised of waterproof 
garments from head to toe (DuPont Tychem), European standard EN 143–approved class 2 respirators (3M 
Company), 2-layered gloves, surgical hoods covering the head and neck, leg-covering waterproof boot covers, and 
waterproof aprons covering the torso to the level of the mid-calf. They report a mean (standard deviation) working 
ambient temperature of 29.6°C (2.0°C) and a mean relative humidity of 65.4% (10.3%), a mean time wearing PPE of 
65.7 (13.5) minutes, and a mean core body temperature increase of 0.46°C (0.20°C). Four HCWs (16%, 4/25) 
reached or exceeded a mean core body temperature of ≥38.5°C. The results suggest that HWs wearing PPE for 
approximately 1 hour exhibited moderate but safe thermal strain. 

 

• Sprecher et al. 2015 [131] report on a meeting convened by Médecins Sans Frontières in 2014 to address concerns 
with PPE. Meeting participants included representatives from the CDC Viral Special Pathogens Branch, the World 
Health Organization, the National Institutes of Health’s Integrated Research Facilities at Frederick, Maryland and 
Rocky Mountain Laboratories, the Galveston National Laboratory, the Public Health Agency of Canada’s Special 
Pathogens Unit, the PPE divisions of DuPont, 3M, and Microgard, and the CDC National Institute for Occupational 
Safety and Health. According to the meeting deliberation, polyethylene fabric hoods that fully covered the head and 
neck became favored over surgical head covering. The meeting attendants called for better evidence in the 
selection of PPE’s. 

 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
No Head/Neck 

Cover 

Intervention 
Head/Neck 

Cover 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Overall 
deviation rate 

(%) during 
donning of PPE 

- PP1 vs PPE3 

 

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

37 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 1 

Head/neck cover may 
have little or no 

difference on overall 
deviation rate (%) during 
donning of ppe - pp1 vs 

ppe3 

Overall 
deviation rate 

(%) during 
donning of PPE 

- PPE2 vs PPE3 

 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

37 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 2 

Head/neck cover may 
have little or no 

difference on overall 
deviation rate (%) during 
donning of ppe - ppe2 vs 

ppe3 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
No Head/Neck 

Cover 

Intervention 
Head/Neck 

Cover 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Deviation rate 
(%) during 

donning of hood 

- PPE1 vs PPE3 Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 3 

Head/neck cover 
probably has little or no 
difference on deviation 
rate (%) during donning 
of hood - ppe1 vs ppe3 

Deviation rate 
(%) during 

donning of hood 

- PPE2 vs PPE3 Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 4 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during donning 
of hood - ppe2 vs ppe3 

Deviation rate 
(%) during 
donning of 
faceshield - 

PPE1 vs PPE3 

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

67 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 5 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during donning 
of faceshield - ppe1 vs 

ppe3 

Deviation rate 
(%) during 
donning of 
faceshield - 

PPE2 vs PPE3 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

67 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 6 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during donning 
of faceshield - ppe2 vs 

ppe3 

Overall 
deviation rate 

(%) during 
donning of PPE 

- PPE1 vs PPE3

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

35 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 7 

Head/neck cover may 
have little or no 

difference on overall 
deviation rate (%) during 
donning of ppe - ppe1 vs 

ppe3 

Overall 
deviation rate 

(%) during 
donning of PPE 

- PPE2 vs PPE3
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

35 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 8 

Head/neck cover may 
have little or no 

difference on overall 
deviation rate (%) during 
donning of ppe - ppe2 vs 

ppe3 

Deviation rate 
(%) during 

doffing of hood 
Based on data from 118 
participants in 1 studies. 

0 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during doffing of 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
No Head/Neck 

Cover 

Intervention 
Head/Neck 

Cover 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

- PPE1 vs PPE3 

 

(Randomized controlled) imprecision 9 hood - ppe1 vs ppe3 

Deviation rate 
(%) during 

doffing of hood 

- PPE2 vs PPE3 

 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 10 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during doffing of 

hood - ppe2 vs ppe3 

Deviation rate 
(%) during 
donning of 
faceshield - 

PPE1 vs PPE3 

 

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

100 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 11 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during donning 
of faceshield - ppe1 vs 

ppe3 

Deviation rate 
(%) during 
donning of 
faceshield - 

PPE2 vs PPE3 

 

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

100 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 12 

Head/neck cover may 
have little or no 

difference on deviation 
rate (%) during donning 
of faceshield - ppe2 vs 

ppe3 

Total donning 

errors, n (%) 

 

Relative risk 9.5 
(CI 95% 2.33 — 38.7) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

40 
per 1000 

Difference: 

380 
per 1000 

340 more per 
1000 

( CI 95% 53 more 
— 1,000 more ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 13 

We are uncertain 
whether head/neck 
cover improves or 

worsen total donning 
errors, n (%) 

Total doffing 

errors, n (%) 

 

Relative risk 0.42 
(CI 95% 0.17 — 1.03) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

240 
per 1000 

Difference: 

101 
per 1000 

139 fewer per 
1000 

( CI 95% 199 
fewer — 7 more ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 14 

We are uncertain 
whether head/neck 
cover improves or 

worsen total doffing 
errors, n (%) 

Error in 
application of 
goggles during 

donning, n (%) 

 

Relative risk 5 
(CI 95% 0.25 — 101.6) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 15 

We are uncertain 
whether head/neck 
cover improves or 

worsen error in 
application of goggles 
during donning, n (%) 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
No Head/Neck 

Cover 

Intervention 
Head/Neck 

Cover 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

2. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

3. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

4. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

5. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

Failure to zip up 
coveralls or put 
hood over head 
during donning, 

n (%) 
Based on data from 50 

participants in 1 studies. 

(Randomized controlled) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 16 

We are uncertain 
whether head/neck 
cover improves or 

worsen failure to zip up 
coveralls or put hood 

over head during 
donning, n (%) 

Error in 
application of 
bouffant hair-
cover during 

donning, n (%) 
Based on data from 50 

participants in 1 studies. 

(Randomized controlled) 

20 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 17 

We are uncertain 
whether head/neck 
cover improves or 

worsen error in 
application of bouffant 

hair-cover during 
donning, n (%) 

Error in removal 
of face shield 

during doffing, n 

(%) Based on data from 50 
participants in 1 studies. 

(Randomized controlled) 

20 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 18 

We are uncertain 
whether head/neck 
cover increases or 
decreases error in 

removal of face shield 
during doffing, n (%) 

Error in removal 
of hair-cover 

during doffing, n 

(%) Based on data from 50 
participants in 1 studies. 

(Randomized controlled) 

40 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 19 

We are uncertain 
whether head/neck 
cover increases or 
decreases error in 

removal of hair-cover 
during doffing, n (%) 
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6. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

7. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

8. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

9. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

10. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

11. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

12. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

13. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

14. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

15. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

16. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

17. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

18. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 
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information size (OIS) threshold not met. . Publication bias: no serious. 

19. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious.

Clinical Question/ PICO 

Population:  Health care workers in direct contact or indirect contact to patients with EVD or Marburg 

Intervention:  A cover for the head and neck 

Comparator:  No cover for the head and neck 

Summary 

See summary  in Health workers in direct contact and/or indirect contact to patients with Ebola Virus Disease (EVD) or 
Marburg virus disease;Intervention-A cover for the head and neck;Comparator-No cover for the head and neck. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Overall 
contamination 

during doffing of 
PPE, any size, n 

(%) 

Relative risk 0.27 
(CI 95% 0.17 — 0.43) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

960 
per 1000 

Difference: 

259 
per 1000 

701 fewer per 
1000 

( CI 95% 797 
fewer — 547 

fewer ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 1 

We are uncertain 
whether a cover for the 
head and neck increases 

or decreases overall 
contamination during 

doffing of ppe. 

Face 
contamination 

during doffing of 
PPE, any size, n 

(%) 

Relative risk 0.2 
(CI 95% 0.01 — 4.064) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

40 
per 1000 

Difference: 

8 
per 1000 

32 fewer per 
1000 

( CI 95% 40 fewer 
— 123 more ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 2 

We are uncertain 
whether a cover for the 
head and neck improves 

or worsen face 
contamination during 

doffing of ppe. 

Back of the 
head 

contamination 
during doffing of 
PPE, any size, n 

(%) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 3 

We are uncertain 
whether a cover for the 
head and neck improves 
or worsen back of the 
head contamination 

during doffing of ppe. 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

138 of 188

https://app.magicapp.org/widget/pico/?gId=EZVOaE&picoId=jxQYmw&tab=outcome


Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Neck (anterior) 
contamination 

during doffing of 
PPE, any size, n 

(%) 

 

Relative risk 0.12 
(CI 95% 0.038 — 0.353) 
Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

960 
per 1000 

Difference: 

115 
per 1000 

845 fewer per 
1000 

( CI 95% 924 
fewer — 621 

fewer ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 4 

We are uncertain 
whether a cover for the 
head and neck improves 
or worsen neck (anterior) 

contamination during 
doffing of ppe. 

Neck (posterior) 
contamination 

during doffing of 
PPE, any size, n 

(%) 

 

Relative risk 0.13 
(CI 95% 0.017 — 0.98) 

Based on data from 100 
participants in 1 studies. 

(Randomized controlled) 

180 
per 1000 

Difference: 

23 
per 1000 

157 fewer per 
1000 

( CI 95% 177 
fewer — 4 fewer ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 5 

We are uncertain 
whether a cover for the 
head and neck improves 

or worsen neck 
(posterior) contamination 

during doffing of ppe. 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE1 vs PPE3 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 2 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 6 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 
overall contamination 
during doffing of ppe: 

small sized contaminated 
patches (< 1 cm2), 

median - ppe1 vs ppe3 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE2 vs PPE3 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

CI 95% 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 7 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 
overall contamination 
during doffing of ppe: 

small sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe3 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE1 vs PPE3 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 1.5 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 8 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe1 vs ppe3 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE2 vs PPE3 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 0.5 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 9 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe3 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 8.5 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 10 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (anterior) 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE2 vs PPE1 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 6 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 11 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (anterior) 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 

Neck (posterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE3 vs PPE1 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 16.5 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 12 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe3 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

 

[DIFFERENCE 
OF MEDIANS] 

Neck (posterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median - 

PPE2 vs PPE1 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 17.5 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 13 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (posterior) 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE3 vs PPE1 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 8 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 14 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: small 
sized contaminated 
patches (< 1 cm2), 

median - ppe2 vs ppe3 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE2 vs PPE1 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 4 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 15 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 
overall contamination 
during doffing of ppe: 

extra large sized 
contaminated patches (≥ 
5cm2), median - ppe2 vs 

ppe1 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

CI 95% 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 16 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

patches (≥ 
5cm2), median - 

PPE3 vs PPE1 median - ppe3 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE2 vs PPE1 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 17 higher 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 17 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

hair and head 
contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 

median - ppe2 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE3 vs PPE1 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 24 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 18 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (anterior) 
contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 

median - ppe3 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE2 vs PPE1 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

Difference: MD 24 lower 

( CI 95% 0 higher 
— 0 higher ) 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 19 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (anterior) 
contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 

median - ppe2 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 

Neck (posterior) 
contamination 

Lower better 
Based on data from 118 
participants in 1 studies. 

CI 95% 
Low 

Due to serious 
indirectness, Due 

to serious 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (posterior) 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

2. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

3. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

4. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

5. Risk of Bias: serious. Downrated due to concerns with risk of bias. Unclear risk of bias for several domains, including 

allocation bias, blinding of participants, and unclear if all outcomes were reported. . Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome, other differences in 

evaluated PPE equipment other than just head/neck cover vs. no cover.. Imprecision: serious. Few participants and optimal 

information size (OIS) threshold not met. . Publication bias: no serious. 

6. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE3 vs PPE1 

 

(Randomized controlled) imprecision 20 

contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 

median - ppe3 vs ppe1 

[DIFFERENCE 
OF MEDIANS] 

Neck (posterior) 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 
5cm2), median - 

PPE2 vs PPE1 

 

Lower better 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

CI 95% 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 21 

A cover for the head and 
neck may have little or 

no difference on 
[difference of medians] 

neck (posterior) 
contamination during 
doffing of ppe: extra 

large sized contaminated 
patches (≥ 5cm2), 

median - ppe2 vs ppe1 
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Publication bias: no serious. 

7. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

8. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

9. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

10. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

11. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

12. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

13. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

14. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

15. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

16. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

17. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

18. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

19. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

20. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.
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21. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a 

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious.

Clinical Question/ PICO 

Population:  Health care workers in direct contact or indirect contact to patients with EVD or Marburg 

Intervention:  A cover for the head and neck 

Comparator:  No cover for the head and neck 

Summary 

See summary in Health workers in direct contact and/or indirect contact to patients with Ebola Virus Disease (EVD) or 
Marburg virus disease;Intervention-A cover for the head and neck;Comparator-No cover for the head and neck. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Time (min) to 
reach critical 

core 
temperature of 

39°C under 
condition A - E4 

vs E2 

High better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 16 lower 

( CI 95% 30.78 
lower — 1.22 

lower ) 
Very low 

Due to serious 

imprecision 1 

Time (min) to 
reach critical 

core 
temperature of 

39°C under 
condition A - E3 

vs E2 

High better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 13 lower 

( CI 95% 25.2 
lower — 0.79 

lower ) 
Very low 

Due to serious 

imprecision 2 

Time (min) to 
reach critical 

core 
temperature of 

39°C under 
condition A - E4 

vs E1 

High better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 18 lower 

( CI 95% 27.7 
lower — 8.2 lower 

) 
Very low 

Due to serious 

imprecision 3 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Time (min) to 
reach critical 

core 
temperature of 

39°C under 
condition A - E3 

vs E1 

High better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 15 lower 

( CI 95% 27.7 
lower — 8.2 lower 

) 
Very low 

Due to serious 

imprecision 4 

Body surface 
skin 

temperature (°C) 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E4 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.7 higher 

( CI 95% 0.62 
lower — 2.02 

higher ) 

Very low 
Due to serious 

imprecision 5 

Body surface 
skin 

temperature (°C) 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E3 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.6 higher 

( CI 95% 0.14 
higher — 1.05 

higher ) 

Very low 
Due to serious 

imprecision 6 

Heat sensation 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E4 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.3 higher 

( CI 95% 0.05 
lower — 0.65 

higher ) 
Very low 

Due to serious 

imprecision 7 

Body surface 
skin 

temperature (°C) 

Lower better 
Based on data from 6 

participants in 1 studies. 

Difference: MD 1.1 higher 

( CI 95% 0.26 
lower — 2.46 

higher ) 

Very low 
Due to serious 

imprecision 8 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

at time to reach 
critical core 

temperature of 
39°C under 

condition A - E4 

vs E1 

 

(Observational (non-
randomized)) 

Body surface 
skin 

temperature (°C) 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E3 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1 higher 

( CI 95% 0.42 
higher — 1.57 

higher ) 

Very low 
Due to serious 

imprecision 9 

Heat sensation 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E3 

vs E2 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.2 higher 

( CI 95% 0.15 
lower — 0.55 

higher ) 
Very low 

Due to serious 

imprecision 10 

Heat sensation 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E4 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.2 higher 

( CI 95% 0.15 
lower — 0.55 

higher ) 
Very low 

Due to serious 

imprecision 11 

Heat sensation 
at time to reach 

critical core 
temperature of 

39°C under 
condition A - E3 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.1 higher 

( CI 95% 0.25 
lower — 0.45 

higher ) 
Very low 

Due to serious 

imprecision 12 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Discomfort at 
time to reach 
critical core 

temperature of 
39°C under 

condition A - E4 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.2 lower 

( CI 95% 0.42 
lower — 0.02 

higher ) 
Very low 

Due to serious 

imprecision 13 

Discomfort at 
time to reach 
critical core 

temperature of 
39°C under 

condition A - E3 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.2 lower 

( CI 95% 0.42 
lower — 0.02 

higher ) 
Very low 

Due to serious 

imprecision 14 

Core 
temperature (°C) 
after 80 minutes 
of activity under 
condition B - E4 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.57 higher 

( CI 95% 0.21 
higher — 0.92 

higher ) Very low 
Due to serious 

imprecision 15 

Core 
temperature (°C) 
after 80 minutes 
of activity under 
condition B - E3 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.37 higher 

( CI 95% 0.14 
higher — 0.59 

higher ) Very low 
Due to serious 

imprecision 16 

Core 
temperature (°C) 
after 80 minutes 
of activity under 
condition B - E4 

vs E1 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.85 higher 

( CI 95% 0.49 
higher — 1.2 

higher ) Very low 
Due to serious 

imprecision 17 

Core 
temperature (°C) 
after 80 minutes 

Lower better 
Based on data from 6 

participants in 1 studies. 

Difference: MD 0.65 higher 

( CI 95% 0.42 
higher — 0.87 

higher ) 

Very low 
Due to serious 

imprecision 18 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

of activity under 
condition B - E3 

vs E1 

 

(Observational (non-
randomized)) 

Body surface 
skin 

temperature (°C) 
after 80 minutes 
of activity under 
condition B - E4 

vs E2 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.2 higher 

( CI 95% 0.29 
higher — 2.1 

higher ) 
Very low 

Due to serious 

imprecision 19 

Body surface 
skin 

temperature (°C) 
after 80 minutes 
of activity under 
condition B - E3 

vs E2 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.5 higher 

( CI 95% 0.21 
lower — 1.21 

higher ) 
Very low 

Due to serious 

imprecision 20 

Body surface 
skin 

temperature (°C) 
after 80 minutes 
of activity under 
condition B - E4 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.8 higher 

( CI 95% 0.64 
higher — 2.95 

higher ) 
Very low 

Due to serious 

imprecision 21 

Body surface 
skin 

temperature (°C) 
after 80 minutes 
of activity under 
condition B - E3 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.1 higher 

( CI 95% 0.08 
higher — 2.11 

higher ) 
Very low 

Due to serious 

imprecision 22 

Heat sensation 
after 80 minutes 
of activity under 
condition B - E4 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-

Difference: MD 0.7 higher 

( CI 95% 0.66 
lower — 2.06 

higher ) 

Very low 
Due to serious 

imprecision 23 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

vs E2 

randomized)) 

Heat sensation 
after 80 minutes 
of activity under 
condition B - E3 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0 higher 

( CI 95% 1.15 
lower — 1.15 

higher ) Very low 
Due to serious 

imprecision 24 

Heat sensation 
after 80 minutes 
of activity under 
condition B - E4 

vs E1 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.8 higher 

( CI 95% 0.45 
lower — 2.05 

higher ) Very low 
Due to serious 

imprecision 25 

Heat sensation 
after 80 minutes 
of activity under 
condition B - E3 

vs E1 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.1 higher 

( CI 95% 0.92 
lower — 1.12 

higher ) Very low 
Due to serious 

imprecision 26 

Discomfort after 
80 minutes of 
activity under 

condition B - E4 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.6 lower 

( CI 95% 1.31 
lower — 0.11 

higher ) Very low 
Due to serious 

imprecision 27 

Discomfort after 
80 minutes of 
activity under 

condition B - E3 

vs E2 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.4 lower 

( CI 95% 1.11 
lower — 0.31 

higher ) Very low 
Due to serious 

imprecision 28 

Discomfort after 
80 minutes of 
activity under 

condition B - E4 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-

Difference: MD 0.9 lower 

( CI 95% 1.47 
lower — 0.32 

lower ) 

Very low 
Due to serious 

imprecision 29 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

vs E1 

 

randomized)) 

Discomfort after 
80 minutes of 
activity under 

condition B - E3 

vs E1 

 

Lower better 
Based on data from 6 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.7 lower 

( CI 95% 1.27 
lower — 0.12 

lower ) Very low 
Due to serious 

imprecision 30 

Core 
Temperature 
(°C) at end of 

exercise - E3 vs 

E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.73 higher 

( CI 95% 0.14 
lower — 1.6 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 31 

Core 
Temperature 
(°C) at end of 

exercise - E2 vs 

E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.6 higher 

( CI 95% 0.33 
lower — 1.53 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 32 

Skin 
Temperature 
(°C) at end of 

exercise - E3 vs 

E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.8 higher 

( CI 95% 0.75 
higher — 2.88 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 33 

Skin 
Temperature 
(°C) at end of 

exercise - E2 vs 

E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.09 higher 

( CI 95% 0 higher 
— 2.18 higher ) Very low 

Due to serious 
risk of bias, Due 

to serious 

imprecision 34 

Heart Rate 
(beats per 

minute) at end 
of exercise - E3 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-

Difference: MD 27.43 higher 

( CI 95% 9.59 
lower — 64.45 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 35 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

vs E1 

randomized)) 

Heart Rate 
(beats per 

minute) at end 
of exercise - E2 

vs E1 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 20.43 higher 

( CI 95% 15.61 
higher — 56.47 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 36 

Average sweat 
weight loss (kg) 
per hour - E3 vs 

E1 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.54 higher 

( CI 95% 0.44 
lower — 1.52 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 37 

Average sweat 
weight loss (kg) 
per hour - E2 vs 

E1 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.32 higher 

( CI 95% 0.74 
lower — 1.38 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 38 

Heat Sensation 
at end of 

exercise - E3 vs 

E1 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.57 higher 

( CI 95% 0.42 
lower — 1.56 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 39 

Heat Sensation 
at end of 

exercise - E2 vs 

E1 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.57 higher 

( CI 95% 0.42 
lower — 1.56 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 40 

Thermal 
Comfort at end 
of exercise - E3 

vs E1 

High better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0 higher 

( CI 95% 4.28 
lower — 4.28 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 41 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Thermal 
Comfort at end 
of exercise - E2 

vs E1 

 

High better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0.86 higher 

( CI 95% 0.89 
lower — 2.61 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 42 

Rated perceived 
exertion at end 
of exercise - E2 

vs E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 3.43 higher 

( CI 95% 1.82 
lower — 8.68 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 43 

Rated perceived 
exertion at end 
of exercise - E3 

vs E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 2.57 higher 

( CI 95% 3.45 
lower — 8.59 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 44 

Breathing 
comfort at end 
of exercise - E3 

vs E1 

 

High better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.57 higher 

( CI 95% 0.74 
lower — 3.88 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 45 

Breathing 
comfort at end 
of exercise - E2 

vs E1 

 

High better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 1.72 higher 

( CI 95% 0.98 
lower — 4.42 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 46 

Wetness at end 
of exercise - E3 

vs E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0 higher 

( CI 95% 0.86 
lower — 0.86 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 47 

Wetness at end 
of exercise - E2 

vs E1 

 

Lower better 
Based on data from 12 

participants in 1 studies. 

(Observational (non-
randomized)) 

Difference: MD 0 higher 

( CI 95% 0.86 
lower — 0.86 

higher ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 48 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

153 of 188



Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
NO COVER 
FOR THE 

HEAD AND 
NECK 

Intervention 
A COVER FOR 

THE HEAD 
AND NECK 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

2. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

3. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

4. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

5. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

Discomfort at 
time to reach 
critical core 

temperature of 
39°C under 

condition A - E4 

vs E1 

Lower better 

Difference: MD 0.2 lower 

( CI 95% 0.42 
lower — 0.02 

higher ) 

Discomfort at 
time to reach 
critical core 

temperature of 
39°C under 

condition A - E3 

vs E1 

Lower better 

Difference: MD 0.2 lower 

( CI 95% 0.42 
lower — 0.02 

higher ) 
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to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

6. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

7. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

8. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

9. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in the 

quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

10. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

11. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

12. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

13. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 
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simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

14. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

15. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

16. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

17. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

18. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

19. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

20. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

21. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/
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neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

22. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

23. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

24. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

25. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

26. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

27. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

28. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 

Publication bias: no serious. 

29. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in 

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable 

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to 

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . 
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Publication bias: no serious. 

30. Risk of Bias: no serious. Coca et al., 2015 was judged to be at moderate risk of bias. The mannequins were treated in

the quality assessment, as if the mannequin were a volunteer. There was a lack of information reported for several ROBINS-I 

domains, including outcome measurement. There was no outcome assessor blinding, though outcomes were less vulnerable

to bias, due to simulated nature of the study. . Inconsistency: no serious. Indirectness: very serious. Downrated due to

simulation study and non-human participants, as well as other differences in evaluated PPE equipment other than just head/

neck cover vs. no cover. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. .

Publication bias: no serious.

31. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

32. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

33. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

34. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

35. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

36. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

37. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

38. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation,

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. .

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

39. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability
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for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

40. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

41. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

42. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

43. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

44. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

45. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

46. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

47. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-

human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

48. Risk of Bias: serious. We rated Coca et al., 2017, at a high risk of bias because of no demonstration of data availability 

for all the study participants and lack of blinding of the outcome assessor. Outcomes like thermal comfort, heat sensation, 

rating of perceived exertion, breathing comfort, and wetness were subjective measures which could potentially be more 

vulnerable to bias.. Inconsistency: no serious. Indirectness: very serious. Downrated due to simulation study and non-
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human participants, as well as other differences in evaluated PPE equipment other than just head/neck cover vs. no cover. . 

Imprecision: serious. Few participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

Clinical Question/ PICO 

Population:  HCWs providing direct/indirect care during EVD/Marburg outbreaks 

Intervention:  Eye protection be worn under head/neck covering 

Comparator:  Eye protection be worn over head/neck covering 

Summary 

Initially, 122 studies were screened in the CAL tool software and 33 studies were included for full-text screening. No 
studies provided direct information on the transmission or incidence of Ebola virus disease (EVD) or Marburg virus 
disease related to the order in which eye protection and head/neck covering was worn. Two crossover randomized 
controlled trials that simulated contamination events for health care workers (HCWs) were included. Contamination was 
recorded during the donning/doffing of Ebola personal protective equipment (PPE) ensembles with differing equipment 
and orders in which the eye protection (face shields) and head/neck covering (hoods) was worn. Deviation rates from 
the donning/doffing protocols were also noted.  

With respect to the extraction of contextual data, the key findings are as follows: 

• Chughtai et al. 2018 [136] conducted a simulation study in which they tested 10 different PPE donning and doffing
protocols recommended by various health organizations for Ebola. Ten participants were recruited for this study
and each was randomly assigned to use three different PPE protocols. After donning of PPE, fluorescent lotion and
spray were applied on the external surface of the PPE to simulate contamination, and ultraviolet light was used to
count fluorescent patches on the skin after doffing.
◦ Two PPE protocols were tested in which the eye-protection PPEs were worn under the head/neck protection

PPEs, with 1 protocol (WHO, coverall and N95) was observed with 4 large patches. There were no small patches
observed with these two protocols.

◦ Eight PPE protocols were tested in which the eye-protection PPEs were worn over the head/neck protection
(Table 3).  One protocol (North Carolina, coverall and N95 ) was observed with 1 large patch on a front forehead
and 1 large patch on a front right forearm. Two PPE protocols were observed with small patches, including the
“CDC, coverall and N95” with 1 small patch on the back of a right hand and the “Health Canada, gown and N95”
with 1 small patch on a front forehead and 1 large patch on a front right forearm.

• Suen et al. 2018 [126] conducted an experimental study with one group using multiple comparisons. In total, 59
participants randomly performed PPE donning and doffing. The trial consisted of PPE donning, applying fluorescent
solution on the PPE surface, PPE doffing of participants, and estimation of the degree of contamination as indicated
by the number of fluorescent stains on the working clothes and environment. PPE1 consisted of a neck-to-ankle
outfit, N95 respirator, hood, disposable face shield, surgical gown, boots and double gloves. PPE2 consisted of a
head-to-ankle coverall, N95 respirator, hood, disposable face shield, boots and double gloves. PPE3 consisted of
neck-to-ankle outfit, N95 respirator, no hood, disposable face shield, isolation gown, shoes and single latex gloves.
◦ With PPE1, the face shield was worn over the head cover. One contamination with a small patch was observed

on the face with PPE1.
◦ With PPE2, the face shield was worn under the hood of the coverall. Four contaminations with small patches

were observed on the face with PPE2.
◦ Neither PPE1 nor PPE2 was observed with large patches on the face.

• Poller et al. 2018 [137] conducted a simulation study and consensus panel to identify a unified PPE ensemble for
clinical response to possible high consequence infectious diseases (HCID) in the United Kingdom. A simulation-
based exercise was developed to assess the safety of PPE ensembles in use in the UK during first assessment of a
patient with a possible HCID. A mannequin was adapted to expose volunteer HCWs to synthetic bodily fluids
(vomit, sweat, diarrhea and cough), each with a different colored fluorescent tracer, invisible other than under
ultraviolet (UV) light. After exposure, HCWs were examined under UV lights to locate fluorescent contamination,
and were screened again after PPE doffing to detect any personal contamination. The exercise was videoed,
allowing retrospective analysis of contamination events and user errors.
◦ The simulation testing identified significant HCW contamination events after doffing, related to protocol failure

or complications in PPE doffing. The consensus PPE ensemble were also tested in the study; it attained no
contamination events. In the ensemble, a disposable full-face visor was worn over the hood.
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Overall 
deviation rate 

(%) during 
donning of PPE 
- PPE2 vs PPE1

Relative risk 

Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

61 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 1 

Eye protection be worn 
under head/neck 

covering may have little 
or no difference on 

overall deviation rate (%) 
during donning of ppe - 

ppe2 vs ppe1 

Deviation rate 
(%) during 

donning of hood 

- PPE2 vs PPE1 Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

200 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 2 

Deviation rate 
(%) during 
donning of 
faceshield - 

PPE2 vs PPE1 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

117 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 3 

Overall 
deviation rate 

(%) during 
doffing of PPE - 

PPE2 vs PPE1 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

29 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 
imprecision 4

Deviation rate 
(%) during 

doffing of hood 

- PPE2 vs PPE1 Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

50 
per 1000 

Low 
Due to serious 

indirectness, Due 
to serious 

imprecision 5 

Deviation rate 
(%) during 
doffing of 

faceshield - 

PPE2 vs PPE1 
Based on data from 118 
participants in 1 studies. 

(Randomized controlled) 

67 
per 1000 Low 

Due to serious 
indirectness, Due 

to serious 

imprecision 6 
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1. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

2. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

3. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

4. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

5. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

6. Inconsistency: no serious. Indirectness: serious. Downrated due to simulation study: Fluorescent contamination as a

surrogate outcome for EVD/Marburg Virus Disease, other differences in evaluated PPE equipment beyond order of

face cover and hood. . Imprecision: serious. Few participants and optimal information size (OIS) threshold not met..

Publication bias: no serious.

Clinical Question/ PICO 

Population:  HCWs providing direct/indirect care during EVD/Marburg outbreaks 

Intervention:  Eye protection be worn under head/neck covering 

Comparator:  Eye protection be worn over head/neck covering 

Summary 

See summary in above evidence profile HCWs providing direct/indirect care during EVD/Marburg 
outbreaks;Intervention-Eye protection be worn under head/neck covering; Comparator- Eye protection be worn over 
head/neck covering 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 1 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsens the outcome of 
contamination or 

infection 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

CDC, coverall 

and PAPR 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

CDC, coverall 

and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

333 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 2 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

ECDC, coverall 

and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 3 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

Health Canada, 

gown and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

333 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 4 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs NC, 

coverall and 

N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 5 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

NSW DoH CEC, 

gown and PAPR 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 6 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

NSW DoH CEC, 

gown and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 7 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 0 Very low We are uncertain 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

MSF, coverall 

and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

per 1000 

Due to serious 
risk of bias, Due 

to serious 
indirectness, Due 

to serious 

imprecision 8 

whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with small 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

WHO, gown and 

N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 9 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

CDC, coverall 

and PAPR 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 10 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 11 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

CDC, coverall 

and N95 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

ECDC, coverall 

and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 12 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

Health Canada, 

gown and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 13 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs NC, 

coverall and 

N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

333 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 14 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

NSW DoH CEC, 

gown and PAPR 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 15 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

NSW DoH CEC, 

gown and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 16 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 
participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

MSF, coverall 

and N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

0 
per 1000 

Very low 
Due to serious 

risk of bias, Due 
to serious 

indirectness, Due 
to serious 

imprecision 17 

We are uncertain 
whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

Number of 0 Very low We are uncertain 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

participants (n/
N, %) with large 

fluorescent 
patches after 

various personal 
protective 

equipment (PPE) 
protocols - 

WHO, coverall 
and N95 vs 

WHO, gown and 

N95 

Based on data from 6 
participants in 1 studies. 

(Randomized controlled) 

per 1000 

Due to serious 
risk of bias, Due 

to serious 
indirectness, Due 

to serious 

imprecision 18 

whether eye protection 
worn under head/neck 
covering improves or 

worsen the outcome of 
contamination or 

infection. 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median 

Lower better 

Difference: MD 2 higher 

CI 95% 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median 

Lower better 

Difference: MD 1 higher 

CI 95% 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median 

Lower better 

Difference: MD 2.5 higher 

CI 95% 

[DIFFERENCE Difference: MD 1 lower 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

OF MEDIANS] 
Neck (posterior) 
contamination 

during doffing of 
PPE: Small sized 

contaminated 
patches (< 1 

cm2), median 

Lower better 

CI 95% 

[DIFFERENCE 
OF MEDIANS] 

Overall 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 
patches (≥ 5 

cm2), median 

Lower better 

Difference: MD 4 higher 

CI 95% 

[DIFFERENCE 
OF MEDIANS] 
Hair and head 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 

5cm2), median 

Lower better 

Difference: MD 17 higher 

CI 95% 

[DIFFERENCE 
OF MEDIANS] 
Neck (anterior) 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 

5cm2), median 

Lower better 

Difference: MD 0 lower 

CI 95% 

[DIFFERENCE 
OF MEDIANS] Lower better 

Difference: MD 0 lower 

CI 95% 

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

169 of 188



Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
over head/neck 

covering 

Intervention 
eye protection 
be worn under 

head/neck 
covering 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

2. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

3. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

4. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

5. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

6. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

optimal information size (OIS) threshold not met. . Publication bias: no serious.

7. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and

(posterior) 
contamination 

during doffing of 
PPE: Extra large 

sized 
contaminated 

patches (≥ 

5cm2), median 
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optimal information size (OIS) threshold not met. . Publication bias: no serious. 

8. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of 

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated 

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other 

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and 

optimal information size (OIS) threshold not met. . Publication bias: no serious. 

9. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and outcome 

assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the measurement of 

the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: serious. Downrated 

due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus Disease, other 

differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few participants and 

optimal information size (OIS) threshold not met. . Publication bias: no serious. 

10. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

11. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

12. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

13. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

14. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

15. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

16. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

17. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 
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measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious. 

18. Risk of Bias: serious. No information on randomization, allocation concealment and blinding of participants and 

outcome assessors. Additionally, the domains' effect of assignment to intervention (Domain 2) and Risk of bias in the 

measurement of the outcome (Domain 4) were rated to have a high risk of bias. Inconsistency: no serious. Indirectness: 

serious. Downrated due to simulation study: Fluorescent contamination as a surrogate outcome for EVD/Marburg Virus 

Disease, other differences in evaluated PPE equipment beyond order of face cover and hood.. Imprecision: serious. Few 

participants and optimal information size (OIS) threshold not met. . Publication bias: no serious.

Clinical Question/ PICO 

Population:  Health workers caring for patients with filovirus disease in health care facilities 

Intervention:  Impermeable gown 

Comparator:  Surgical gown or coverall 

Summary 

No comparative evidence. No estimate of effectiveness. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
surgical gown 

or coverall 

Intervention 
impermeable 

gown 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

prevention of 
virus 

transmission to 
health care 

providers 

Very low 
Very low quality 

evidence 
comparing gowns 

and coveralls. 

No comparative 
evidence. No estimate of 

effectiveness. 

personal well-
being (heat 

stress, 
dehydration, 

hyperthermia, 
heat stroke, 

presyncope and 

syncope) 

Very low 
No comparative 

evidence. No estimate of 
effectiveness. 

dexterity, ability 
to perform 

procedures and 
tasks, and ability 

Very low 
No comparative 

evidence. No estimate of 
effectiveness 
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Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
surgical gown 

or coverall 

Intervention 
impermeable 

gown 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

to move 

maximum 
tolerated time 

to wear the 
equipment and 

thus be available 
to care for 

patients. 

Very low 
No comparative 

evidence. No estimate of 
effectiveness 

Clinical Question/ PICO 

Population:  HCWs prior to doffing 

Intervention:  Chlorine spray of PPE 

Comparator:  No chlorine spray of PPE 

Summary 

A total of 164 studies were screened in the CAL tool software and 32 studies were included for full-text screening.

Two studies were included. One non-randomized parallel group simulation study[141] assessed viral self-contamination 
after health care workers performed a 16-step Ebola virus PPE doffing protocol. Participants were assigned to extra 
glove sanitization through spraying of the hands with hypochlorite solution or use of an alcohol-based hand rub (ABHR). 
The level of surrogate viruses, MS2 and bacteriophage Φ6, on the hands, face or scrubs of health care workers was 
ascertained following inner glove removal. Overall, there was no detectable transfer of enveloped bacteriophage Φ6 for 
any participants and the certainty of evidence was judged to be very low comparing the effects of hypochlorite spray 
and ABHR for prevention of Φ6 transfer.  

Additionally, there was low certainty of evidence that additional glove sanitization with hypochlorite prevented transfer 
of MS2 compared to ABHR.  

One retrospective cohort study[142] assessed the level of Ebola virus IgG antibody and prior exposure events among 
returned responders of the 2014-2016 West African Ebola epidemic. The study collected information on personal 
protective equipment used, including whether removal of Ebola PPE was performed with or without chlorine spray. The 
data is unreliable due to collinearity between use of spray and health care worker role. Almost all participants who 
reported performing clinical work used spray and almost all participants who did not use spray reported having a role in 
laboratory work. The difference in the likelihood of exposure between these two occupational groups makes it 
impossible to analyze the independent effect of spraying the PPE with chlorine. The overall certainty of evidence for the 
effectiveness of spraying PPE with chlorine prior to PPE removal to mitigate the risk of Ebola virus transmission was 
judged to be very low.  

A review of contextual  information found13 studies describing steps of the doffing protocols. None of the doffing 
protocols include a discrete step describing the practice of spraying 
PPEs[141][147][207][143][137][144][208][209][136][210][211][212][213]. Common themes that emerged from the 
studies included: 
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• PPE can both protect and put health workers at risk for self-contamination throughout the doffing process, even
among experienced HWs doffing with a trained observer.

• During PPE doffing, common protocol deviations included touching outer gloves with inner-gloved hands and
touching the outside of gloves with bare hands. Hand hygiene and glove removal are high-risk opportunities for
health-worker self-contamination.

• Optimizing doffing protocols may require reinforcing careful handling of scrubs and good glove/hand hygiene with
effective agents.

• Hands-free alcohol based hand rub delivered directly into the HCWs’ palm keeping the dispenser uncontaminated.

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
no chlorine 

spray of PPE 

Intervention 
chlorine spray 

of PPE 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: no serious. The overall risk of bias rated to be "moderate" using the ROBINS-I tool for non-randomized

studies. The study was judged to be of low risk of bias for all but one domain. One domain was rated at moderate risk of bias 

due to a lack of blinding of the participants of the intervention and the trained monitor guiding participants through the

Transfer of Phi6 
to inner gloves, 
hands, face or 

scrubs following 

doffing protocol 

Based on data from 15 
participants in 1 studies. 

(Observational (non-
randomized)) 

0 
per 1000 

Very low 
Due to serious 

indirectness 1 

Transfer of MS2 
to inner gloves 

following 

doffing protocol 
Based on data from 15 

participants in 1 studies. 

(Observational (non-
randomized)) 

800 
per 1000 Very low 

Due to serious 

indirectness 2 

Transfer of MS2 
to hands 
following 

doffing protocol 
Based on data from 15 

participants in 1 studies. 

(Observational (non-
randomized)) 

0 
per 1000 Very low 

Due to serious 

indirectness 3 

Transfer of MS2 
to face following 

doffing protocol Based on data from 15 
participants in 1 studies. 

(Observational (non-
randomized)) 

0 
per 1000 Very low 

Due to serious 

indirectness 4 

Transfer of MS2 
to scrubs 
following 

doffing protocol 
Based on data from 15 

participants in 1 studies. 

(Observational (non-
randomized)) 

0 
per 1000 Very low 

Due to serious 

indirectness 5 
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doffing process. . Inconsistency: no serious. Judged to be not serious as there was only one relevant study for this outcome. 

. Indirectness: serious. Downrated once due to simulation study. Phi6 is a surrogate for enveloped viruses such as Ebola.. 

Imprecision: very serious. No events in either group, very small sample size and OIS not met.. Publication bias: no serious. 

2. Risk of Bias: no serious. The overall risk of bias rated to be "moderate" using the ROBINS-I tool for non-randomized

studies. The study was judged to be of low risk of bias for all but one domain. One domain was rated at moderate risk of bias 

due to a lack of blinding of the participants of the intervention and the trained monitor guiding participants through the

doffing process. . Inconsistency: no serious. Judged to be not serious as there was only one relevant study for this outcome.

. Indirectness: serious. Downrated twice due to simulation study and use of MS2 as surrogate agent (non-enveloped virus

surrogate).. Imprecision: very serious. Few events, very small sample size and OIS not met. . Publication bias: no serious.

3. Risk of Bias: no serious. The overall risk of bias rated to be "moderate" using the ROBINS-I tool for non-randomized

studies. The study was judged to be of low risk of bias for all but one domain. One domain was rated at moderate risk of bias 

due to a lack of blinding of the participants of the intervention and the trained monitor guiding participants through the

doffing process. . Inconsistency: no serious. Judged to be not serious as there was only one relevant study for this outcome.

. Indirectness: serious. Downrated twice due to simulation study and use of MS2 as surrogate agent (non-enveloped virus

surrogate).. Imprecision: very serious. Only one event, very small samples size and OIS not met.. Publication bias: no serious. 

4. Risk of Bias: no serious. The overall risk of bias rated to be "moderate" using the ROBINS-I tool for non-randomized

studies. The study was judged to be of low risk of bias for all but one domain. One domain was rated at moderate risk of bias 

due to a lack of blinding of the participants of the intervention and the trained monitor guiding participants through the

doffing process. . Inconsistency: no serious. Judged to be not serious as there was only one relevant study for this outcome.

. Indirectness: serious. Downrated twice due to simulation study and use of MS2 as surrogate agent (non-enveloped virus

surrogate).. Imprecision: very serious. No events in either group, very small sample size and OIS not met.. Publication bias:

no serious.

5. Risk of Bias: no serious. The overall risk of bias rated to be "moderate" using the ROBINS-I tool for non-randomized

studies. The study was judged to be of low risk of bias for all but one domain. One domain was rated at moderate risk of bias 

due to a lack of blinding of the participants of the intervention and the trained monitor guiding participants through the

doffing process. . Inconsistency: no serious. Judged to be not serious as there was only one relevant study for this outcome.

. Indirectness: serious. Downrated twice due to simulation study and use of MS2 as surrogate agent (non-enveloped virus

surrogate).. Imprecision: very serious. Only one event, very small samples size and OIS not met.. Publication bias: no serious. 

Clinical Question/ PICO 

Population:  HCWs prior to doffing 

Intervention:  Chlorine spray of PPE 

Comparator:  No chlorine spray of PPE 

Summary 

A total of 164 studies were screened in the CAL tool software and 32 studies were included for full-text screening.

Two studies were included. One non-randomized parallel group simulation study assessed viral self-contamination after 
health care workers performed a 16-step Ebola virus PPE doffing protocol[141]. Participants were assigned to extra 
glove sanitization through spraying of the hands with hypochlorite solution or use of an alcohol-based hand rub (ABHR). 
The level of surrogate viruses, MS2 and bacteriophage Φ6, on the hands, face or scrubs of health care workers was 
ascertained following inner glove removal. Overall, there was no detectable transfer of enveloped bacteriophage Φ6 for 
any participants and the certainty of evidence was judged to be very low comparing the effects of hypochlorite spray 
and ABHR for prevention of Φ6 transfer.  Additionally, there was low certainty of evidence that additional glove 
sanitization with hypochlorite prevented transfer of MS2 compared to ABHR.  

One retrospective cohort study[142] assessed the level of Ebolavirus IgG antibody and prior exposure events among 
returned responders of the 2014-2016 West African Ebola disease epidemic. The study collected information on 
personal protective equipment used, including whether removal of Ebola PPE was performed with or without chlorine 
spray. The data is unreliable due to collinearity between use of spray and health care worker role. Almost all participants 
who reported performing clinical work used spray and almost all participants who did not use spray reported having a 
role in laboratory work. The difference in the likelihood of exposure between these two occupational groups makes it 
impossible to analyze the independent effect of spraying the PPE with chlorine. The overall certainty of evidence for the 
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13. Hand hygiene and glove disinfection recommendations

13.1. Hand hygiene

13.2. Glove disinfection 

effectiveness of spraying PPE with chlorine prior to PPE removal to mitigate the risk of Ebolavirus transmission was 
judged to be very low.  

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
no chlorine 

spray of PPE 

Intervention 
chlorine spray 

of PPE 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: serious. Risk of bias was judged to be high using the Newcastle Ottawa Scale. The study was awarded 6/9 

stars based on use snowball sampling for a convenience sample, relying on self-reports for ascertainment of exposures and 

lack of reporting of details on PPE equipment or doffing protocols used between HCW roles. . Inconsistency: no serious. No 

inconsistency detected as only one study included for this outcome. . Indirectness: no serious. Imprecision: serious. Optimal 

information size not met and not a large sample size. . Publication bias: no serious.

Infection with 

Ebola Virus 

Relative risk 3.52 
(CI 95% 1.62 — 7.58) 

Based on data from 230 
participants in 1 studies. 

(Observational (non-
randomized)) 

71 
per 1000 

Difference: 

251 
per 1000 

180 more per 
1000 

( CI 95% 44 more 
— 470 more ) 

Very low 
Due to serious 

risk of bias, Due 
to serious 

imprecision 1 

Clinical Question/ PICO 

Population:  Health workers working in health care facilities, ETU 

Intervention:  Hand hygiene (including glove disinfection) between patients  . 

Comparator:  1.Removal of outer glove and hand hygiene (inner glove) w/ soap and water    2.Removal of both gloves 

and hand hygiene w/ soap and water   3. Disinfecting outer glove w/ soap and water  

Summary 

A total of 250 studies were screened in the CAL tool software and 39 studies were included for full-text screening. No 
studies met the eligibility criteria. Although no studies met the eligibility criteria for appropriate interventions and 
comparators, we noted evidence that addressed hand hygiene protocols for health care workers handling highly 
infectious diseases. Suen and colleagues performed a simulation study to compare contamination when handwashing 
with soap and water was performed before/after each PPE doffing step (outer gloves, inner gloves, and bare hands) 
versus when the removal of both gloves was followed by handwashing with soap and water [126]. Other evidence in this 
area includes the 2020 Cochrane systematic review by Verbeek and colleagues that included evidence on simulated 
contamination for ABHR for glove sanitization versus no glove sanitization [117]. 
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The contextual data that was examined included the following: 

Wolfe et al. 2016 [214] conducted a randomized trial with 91 subjects who washed their hands 10 times a day for 28 
days to evaluate skin irritation caused by frequent handwashing that may increase transmission risk in Ebola disease-
affected communities. 

• They reported that subjects using sanitizer had the smallest increases, followed by higher pH chlorine solutions
(HTH -calcium hypochlorite, high-test hypochlorite - and stabilized NaOCl-sodium hypochlorite), and soap and
water.

• The greatest increases were among neutral pH chlorine solutions (NaDCC - sodium dichloroisocyanurate) and
generated NaOCl.

• Signs of irritation related to higher transmission risk were observed most frequently in subjects using soap and least
frequently by those using sanitizer or HTH.

• The investigators suggest that each handwashing method has benefits and drawbacks: soap is widely available and
inexpensive but requires water and does not inactivate the virus; sanitizer is easy-to use and effective but
expensive and unacceptable to many communities; and chlorine is easy to use but difficult to produce and
distribute.

• Overall, they recommend Ebola or Marburg disease outbreak responders and communities use whichever
handwashing method(s) are most acceptable, available, and sustainable for community handwashing.

Wolfe et al. 2017 [215] conducted a randomized simulation study of handwashing and Ebola virus disease outbreaks to 
compare hand hygiene protocols involving soap, hand sanitizer, and 0.05% chlorine solutions on the inactivation and 
removal of model organisms Phi6 and E. coli from hands and persistence in rinse water. They used organisms E. coli and 
bacteriophage Phi6 to evaluate handwashing with and without organic load added to simulate body fluids. Hands were 
inoculated with test organisms, washed, and rinsed using a glove juice method to retrieve remaining organisms. 

• HTH performed most consistently well, with significantly greater log reductions of organisms than other hand
hygiene protocols.

• The magnitude of handwashing efficacy differences was small, suggesting protocols are similarly efficacious.
• The authors recommend responders use the most practical handwashing method to ensure hand hygiene in EBOD

contexts, considering the potential benefit of chlorine-based methods in rinse water persistence.

Casanova et al. 2018 conducted a simulation study of PPE doffing practice [147]. In a medical biocontainment unit, HWs 
(n = 10) experienced in EBOD care donned and doffed PPE following unit protocols that incorporate trained observer 
guidance and ABHR. A mixture of Φ6 (enveloped), MS2 (non-enveloped), and fluorescent marker was applied to 4 PPE 

sites, approximating body fluid viral load (Φ6, 105; MS2, 106). The HWs performed a patient care task, then doffed. 
Inner gloves, face, hands, and scrubs were sampled for virus, as were environmental sites with visible fluorescent 
marker. 

• Among the 10 HWs, there was no Φ6 transfer to inner gloves, hands, or face; 1 participant had Φ6 on scrubs at low

levels (1.4 × 102). MS2 transfer (range, 101–106) was observed to scrubs (n = 2), hands (n = 1), and inner gloves (n =
7), where it was highest. Most (n = 8) had only 1 positive site.

• Environmental samples with visible fluorescent marker (n = 21) were negative.
• Because gloves are repeatedly touching PPE during the doffing process, even use of ABHR on the outside of gloves

between doffing steps may not completely prevent inner glove contamination with a non-enveloped virus.
• Human factors analyses suggest that the mishandling of certain items of PPE during doffing contributes

considerably to the probability that a HW’s gloves, scrubs, and hands become contaminated.
• To minimize viral load on inner gloves, both careful doffing and control measures such as stronger glove-sanitizing

agents (such as hypochlorite or povidone-iodine) may be needed, particularly if non-enveloped viruses emerge as
high-risk pathogens. However, whether units use ABHR or other hand sanitizers with demonstrated in vitro
effectiveness against viruses, contact time and technique are still important. These results highlight the fact that,
even when wearing PPE that provides whole-body coverage, hand hygiene after doffing is still critical, with hand
hygiene agents that are effective against a range of organisms.

In summary, among experienced HWs, structured, observed doffing using ABHR protected against hand contamination 
with enveloped virus. Non-enveloped virus was infrequent on hands and scrubs but common on inner gloves, suggesting 
that inner gloves, but not necessarily ABHR, protect against hand contamination. 

Casanova et al. 2016 [141] conducted a simulation study of doffing practice with 15 HWs who had donned EBOD PPE 
for the study. Virus was applied to PPE and a trained monitor guided them through the doffing protocol. Of the 15 
participants, 10 participants used ABHR for glove and hand hygiene and 5 used hypochlorite for glove hygiene and 
ABHR for hand hygiene. Inner gloves, hands, face, and scrubs were sampled after doffing. 
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• After doffing, MS2 virus was detected on the inner glove worn on the dominant hand for 8 of 15 participants, on
the non-dominant inner glove for 6 of 15 participants, and on scrubs for 2 of 15 participants. All MS2 on inner
gloves was observed when ABHR was used for glove hygiene; none was observed when hypochlorite was used.
When using hypochlorite for glove hygiene, 1 participant had MS2 on hands, and 1 had MS2 on scrubs.

• Careful doffing of inner gloves in a manner that minimizes the risk of hand contamination is important. To minimize
viral contamination of inner gloves, more conservative control measures may include sanitizing gloves with stronger
agents such as hypochlorite. While hypochlorite use directly on hands may not be desirable, its use on gloves does
not present the same issues.

• It is reasonable to recommend that HW involved in care of patients with EBOD post-doffing shower using an
antiseptic such as chlorhexidine.

• A structured doffing protocol using a trained monitor and ABHR protects against enveloped virus self-
contamination. Non-enveloped virus (MS2) contamination was detected on inner gloves, possibly due to higher
resistance to ABHR. Doffing protocols protective against all viruses need to incorporate highly effective glove and
hand hygiene agents.

Lantagne et al. 2018[176] conducted a multiple-thread research study to provide evidence for disinfection guidelines 
recommendations, including three research strands: (1) impacts of chlorine chemistry; (2) efficacy of surface cleaning 
recommendations; and (3) safety and efficacy of handwashing recommendations. 

• Strand 1 research found that the compound chemistry of the chlorine source has an impact on the chlorine solution
shelf-life (<1 day–30 days), with testing of chlorine solutions recommended to ensure accuracy.

• Strand 2 research found that surface cleaning with 0.5% chlorine solutions with a 15-minute exposure time is
efficacious in reducing transmission risk.

• Strand 3 research found that community handwashing with chlorine solutions is as safe and efficacious as
handwashing with soap and water or sanitizer, which offers a benefit of reducing pathogens in the rinsing water.
◦ The safety and efficacy results indicate all handwashing methods were roughly equally efficacious in practice,

although: (1) HTH (calcium hypochlorite, high-test hypochlorite) in particular was consistently safer and more
efficacious; and (2) chlorine solutions, as compared to soap and water and sanitizer, offer the benefit of reducing
pathogen persistence in rinsing water.

◦ As all handwashing methods have benefits and drawbacks (see Figure 4), it is recommended that EBOD
responders and communities use whichever handwashing method(s) are most acceptable, available and feasible
for handwashing, considering that chlorine solutions may offer a benefit in reducing transmission risk from
rinsing water.

◦ Across all simulations, the chlorine source compound HTH performed particularly well, with chlorine solutions
made from this product having the longest shelf life, causing the least hand irritation and resulting in the highest
hand-washing efficacy. However, HTH has the operational challenges of being more explosive than NaDCC and
having a precipitate form in mixing with water that can clog pipes. In well-maintained ETUs, this can be managed
with appropriate training and maintenance. However, explosions did occur in ETUs that were managed by less
experienced organizations during the West African outbreak, which posed a great risk to the health and safety of
response personnel and patients.

Reidy et al 2017 [143] conducted an expert review of PPE solutions for UK military medical personnel working in an 
Ebola treatment unit (ETU) in Sierra Leone. They suggest that tactility and dexterity through two pairs of gloves was of 
key importance. They chose 400-mm nitrile, powder-free gloves. Competency in using PPE was developed during a 
nine-day pre-deployment training program. This allowed over 60 clinical personnel per deployment to practice skills in 
PPE in a simulated ETU and in classrooms. Overall, the training provided: 

• An evidence base underpinning the PPE solution chosen;
• Skills in donning and doffing of PPE;
• Personnel confidence in the selected PPE;
• Testing of each individual’s capability to don PPE, perform tasks and doff PPE safely.

Gao et al. 2016 [216] performed laboratory testing of gloves according to current US CDC guidance for the disinfection 
of gloved hands during the doffing of PPE following the care of an Ebola patient. The guidance recommends multiple 
applications of ABHR on medical exam gloves. The investigators evaluated possible effects of ABHR applications on the 
integrity of 13 brands of nitrile and latex medical exam gloves from five manufacturers. Two different ABHRs were used 
in the study. 

• In general, tensile strength decreased with each ABHR application. ABHRs had more effect on the tensile strength
of the tested nitrile than latex gloves, while ethanol-based ABHR (EBHR) resulted in lesser changes in tensile
strength compared to isopropanol-based ABHR (IBHR).

• The results show that multiple EBHR applications on the latex gloves and some of the nitrile gloves tested should
be safe for Ebola PPE doffing based on the CDC guidance.
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The investigators recommend appropriate hospital staff practice using ABHR applications and doffing gloves so that 
staff can become familiar with changes in glove properties. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1.Removal of

outer glove and 
hand hygiene 

(inner glove) w/ 
alco 

Intervention 
Hand hygiene 

(including glove 
disinfection) 

between 
patients  . 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg, 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: 

Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with ebola or marburg, 

Adverse Events 

(e.g.dermatitis) 

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 
Adverse effects 

(e.g., dermatitis) 

No studies were found 
that looked at adverse 
events (e.g.dermatitis) 

PPE breaches/

exposures 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: PPE 

breaches. 

No studies were found 
that looked at ppe 

breaches/exposures. 

Compliance,hum
an factors, 

health worker 

confidence  

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 
Compliance,huma
n factors, health 

worker 

confidence. 

No studies were found 
that looked at 

compliance,human 
factors, health worker 

confidence  
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Clinical Question/ PICO 

Population:  Health workers working in health care facilities, ETU 

Intervention:  Hand hygiene (including glove disinfection) between patients  . 

Comparator:  1.Removal of outer glove and hand hygiene (inner glove) w/ alcohol-based hand rub    2.Removal of

both gloves and hand hygiene w/ alcohol-based hand rub    3.Disinfecting outer glove w/ alcohol-based hand rub 

Summary 

See summary in PICO onOpen in new window"> Hand hygiene (including glove disinfection) between patients. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1.Removal of

outer glove and 
hand hygiene 

(inner glove) w/ 
alco 

Intervention 
Hand hygiene 

(including glove 
disinfection) 

between 
patients  . 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg, 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: 

Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with ebola or marburg, 

Adverse Events 

(e.g.dermatitis) 

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 
Adverse effects 

(e.g., dermatitis) 

No studies were found 
that looked at adverse 
events (e.g.dermatitis) 

PPE breaches/

exposures 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: PPE 

breaches. 

No studies were found 
that looked at ppe 

breaches/exposures. 

Compliance,hum
an factors, 

health worker 

confidence  

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 
Compliance,huma
n factors, health 

worker 

confidence. 

No studies were found 
that looked at 

compliance,human 
factors, health worker 

confidence  
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Clinical Question/ PICO 

Population:  Health workers working in health care facilities, ETU 

Intervention:  Hand hygiene (including glove disinfection) between patients  . 

Comparator:  1.Removal of outer glove and hand hygiene (inner glove) w/ chlorine    2.Removal of both gloves and

hand hygiene w/ chlorine   3.Disinfecting outer glove w/ chlorine (concentration)  

Summary 

See summary in PICO onOpen in new window"> Hand hygiene (including glove disinfection) between patients. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1.Removal of

outer glove and 
hand hygiene 

(inner glove) w/ 
alco 

Intervention 
Hand hygiene 

(including glove 
disinfection) 

between 
patients  . 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Infection with 
Ebola or 

Marburg, 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: 

Infection with 

Ebola or Marburg 

No studies were found 
that looked at infection 
with ebola or marburg, 

Adverse Events 

(e.g.dermatitis) 

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 
Adverse effects 

(e.g., dermatitis) 

No studies were found 
that looked at adverse 
events (e.g.dermatitis) 

PPE breaches/

exposures 

The systematic 
review did not 

identify any 
evidence on the 

following 
outcomes: PPE 

breaches. 

No studies were found 
that looked at ppe 

breaches/exposures. 

Compliance,hum
an factors, 

health worker 

confidence  

The systematic 
review did not 

identify any 
evidence for the 

effects of A 
(compared to B) 
on the following 

outcomes: 

No studies were found 
that looked at 

compliance,human 
factors, health worker 

confidence  

Infection prevention and control guideline for Ebola and Marburg disease - World Health Organization (WHO)

181 of 188



14. Health and care worker exposures

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
1.Removal of

outer glove and 
hand hygiene 

(inner glove) w/ 
alco 

Intervention 
Hand hygiene 

(including glove 
disinfection) 

between 
patients  . 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Compliance,huma
n factors, health 

worker 

confidence. 

Clinical Question/ PICO 

Population:  Staff working in health care facilities, ETU  ; Subgroup-Intermediate or low risk patient care activities 

Intervention:  Continue with normal duties (no work exclusion)  

Comparator:  Exclude from work for 21 days 

Summary 

Initially, 203 studies were screened in the CAL tool software and 32 studies were included for full-text screening. Of these 
32 studies, none met the eligibility criteria for the primary question. However, three studies were deemed to provide 
information on occupational risks of Ebola disease acquisition and transmission and were included to address the revised 
question[156][158][155][154]. To capture additional information related to vaccination status of health and care workers, an 
additional 203 studies were reviewed in the CAL tool and 34 of these studies were included. Following full-text screening, 
an additional 2two studies were deemed relevant[157][153]. 

Upon review of the literature[154][155], it was deemed uncertain whether any of the exposures deemed as high-risk 
exposures increased or decreased the risk of acquisition of Ebola disease. High-risk exposures found in literature from 
(n=3) [156][158][155]studies were described as 

• washed a cadaver
• performed/assisted in caesarean
• placed urinary catheter
• placed intravenous line
• blood draw
• discontinued intravenous line
• high-risk contact
• high perceived risk of Ebola infection

Similarly, after reviewing exposures deemed as “low-medium risk,” the GDG concluded that it was uncertain whether any of 
the exposures described in the literature [153][154][155][156][157][158]  as high-risk exposures increased or decreased the 
risk of acquisition of EVD. Medium- to low-risk exposures were listed as: 

• Had been in a patient’s room
• Performed examinations (clinical or laboratory)
• Gave food to a patient
• Conversed with a patient
• Washed a patient’s clothes
• Had contact with a patient’s body fluids
• Cleaned a patient’s room
• Shared ward\latrine
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• Took vital signs 
• Cleaned linens 
• Cleaned body fluids 
• Cleaned surfaces: floor, walls, bed 
• Cleaned surgical instruments 
• Moved patient 
• Gave intravenous medications 
• Gave intramuscular medications 
• Changed surgical-site dressing 
• Touched a patient 
• Had direct/indirect contact with patient 
• Low/average perceived risk of Ebola infection 

 

A review of contextual data noted the following 

Implementation:  

The review team found it was challenging matching the risk-assessment data (e.g. odds-ratio estimates of seropositivity) 
with the prescribed care activities. Therefore, consider the practicality of implementing the risk assessment using a list of 
patient-care activities that included many items without supporting evidence. 

Health workers had numerous risk factors for virus exposure in ETUs, other areas of the hospital, and in the community, 
making it difficult to ascertain where Ebolavirus infection occurred[190]. As such, comprehensive assessment of EVD 
exposure may be challenging and the sensitivity of the prescribed care activities for the detection of Ebola infection is 
uncertain. 

An important feature of the Kikwit DRC, outbreak was that health-care facility workers with jobs that in most settings do 
not involve patient contact appear to have had broader job descriptions, including patient contact [217]. 

Health workers with low/intermediate EVD exposure were actively monitored and those with high-risk exposure were 
quarantined, noting that in the future it may be necessary to apply the quarantine to more people or to contacts who refuse 
to be quarantined [218]. 

Resources/costs:  

The fact that health and care workers had Ebolavirus exposure signifies basic deficiencies in implementation of and 
adherence to core IPC practices. Building IPC capacity will generally be of great benefit to the safety of patients and health 
workers [148]. 

Appropriate infection control precautions and personal protective equipment should be available [112] 

Impact on health equity:  

As observed in previously reported outbreaks in other African countries, including the concurrent outbreak in West Africa 
subregion, females were the most affected. This may be explained by the role that females play in caregiving and nursing in 
our society, thereby exposing them to infection [219]. 

Social and legal implications:  

Recent EVD outbreaks had a huge psychological impact on both the members of affected communities and those caring for 
infected individuals[220]. This suggests the necessity for relief care providers to be mentally prepared to respond to such 
disasters and for them to be taken care of while in the field. “When we left for Monrovia we had made our wills; I made it 
three times and tore it up three times and the fourth one went through. As you approach Monrovia, you pray and you pray, 
and as the planes arrive, you wonder what to expect[220].” 

WHO and the International Labor Organization recommend that HWs with Ebola disease Marburg disease resulting from 
work activities should have the right to compensation, as well as free rehabilitation and access to curative services[67]. 

Acceptability of the risk assessment using the list of patient-care activities may be important since the risk assessment may 
rely on self-reporting. 
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15. Environmental cleaning and disinfection recommendations

15.1. Environmental cleaning and disinfection

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
Exclude from 
work for 21 

days 

Intervention 
Continue with 
normal duties 

(no work 
exclusion)  

Certainty of the 
Evidence 

(Quality of 
evidence) 

Plain language 
summary 

1. Risk of Bias: serious. 5/9 on NOS; downrated for lack of controls, no reporting on non-response rate. 6/9 on NOS; 

downrated for lack of non-exposed cohort, failure to adjust for key confounders. 7/9 on NOS; downrated for failure to adjust for 

confounders. Both studies rated “serious” to “very serious” risk of bias on NOS. 3/9 on NOS; Downrated for lack of controls, 

failure to adjust for confounders and no reporting on non-response rate. Some concerns of risk of bias assessed using Cochrane 

ROB-2. . Inconsistency: no serious. Indirectness: serious. Downrated by 1 for failure to provide information on PICO 

intervention of work exclusion for 21 days. , Direct comparisons not available. Imprecision: very serious. 6/9 on NOS; 

downrated for lack of non-exposed cohort, failure to adjust for key confounders. Downrated by 2 as very few or no events and 

no relative effects reported. Downrated by 1 due to small sample size; unable to evaluate relative effects. .

 

Infection with 
Ebola or 

Marburg virus, Based on data from 

participants in 6 studies. 

Very low 
Due to serious risk 

of bias, serious 
indirectness, very 

serious 

imprecision. 1 

We are uncertain 
whether continue with 
normal duties (no work 
exclusion)   increases or 

decreases infection with 
ebola or marburg virus, 

Health-care 
associated 

transmission of 

Ebola; 
Based on data from 

participants in 6 studies. 

Very low 
Due to serious risk 

of bias, serious 
indirectness, very 

serious 

imprecision. 

We are uncertain 
whether continue with 
normal duties (no work 
exclusion)   increases or 
decreases health-care 

associated transmission 
of ebola; 

Clinical Question/ PICO 

Population:  Surfaces and materials in facilities providing care to patients with EVD or Marburg disease 

Intervention:  Spraying 

Comparator:  Wiping 

Summary 

A total of 80 studies were screened in the CAL tool software and 17 studies were included for full-text screening. One 
of the 17 studies was a recent systematic review published in 2021 that reviewed the efficacy of chlorine-based surface 
disinfection against seven pathogens (including Ebolavirus)[174]. For completeness, we reviewed the titles and abstracts 
of 89 laboratory studies included in the systematic review, as well 25 more recent studies that had cited the review. 
Four additional articles were deemed relevant and screened at the full-text screening stage[221][222][224][223] 

No studies met the eligibility criteria. Most articles excluded at the full-text stage examined the efficacy of different 
types of disinfection solutions for Ebola (e.g., chlorine, ethanol) in a controlled laboratory setting. No  studies were found 
that provided data on the efficacy of wiping compared to spraying for any disinfection agent. 
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Contextual data from studies identified during the study selection process is summarized below. 

• Gallandat et al. 2021 conducted a systematic review of chlorine-based surface disinfection efficacy to inform
recommendations for low-resource outbreak settings[174]. Of the 89 studies investigated in the review, the most
common disinfectant application modes were pipetting (n = 54, 61%), immersion (n = 20, 22%), spraying (n = 8, 9%),
or wiping (n = 5, 6%). Because disinfection is often combined with cleaning procedures, wiping was investigated
and was found to have an effect on viruses and spores even in absence of disinfectant, suggesting that the
mechanical action of wiping contributes to reducing contamination levels on surfaces.

• A study that compared wiping and spraying showed similar efficacies against C difficile spores, though spraying was
considered less appropriate for health care settings as it required extended drying times and would not remove dirt
and debris[ Ensuring contact between disinfectant and test organisms can be challenging with spraying. In addition,
chlorine loss during spraying − from spray nozzle to the targeted surface − is a concern[225]

• Lantagne et al. 2018 conducted  an experimental study to test the efficacy of disinfectants to prevent emerging
infectious disease transmission[176]. To support disinfection recommendations, three research strands were
conducted: (1) impacts of chlorine chemistry; (2) efficacy of surface cleaning recommendations; and (3) safety and
efficacy of handwashing recommendations. A testing matrix was developed that included various surface types that
are relevant in emergency health responses (nitrile, heavy duty tarp, stainless steel); chlorine types (NaDCC, HTH,
generated NaOCl, stabilized NaOCl); soil load (with and without); and factors that varied between the Médecins
Sans Frontières (MSF), WHO and CDC recommendations, including exposure time (10, 15 min) and recommended
pre-treatments (none, covering, wiping, covering/wiping). The bacteriophage that was most similar to the Ebola
virus was left to dry for one hour on a disc with a surface diameter of 8 cm, disinfection was carried out with or
without pre-treatment and the residual contamination on the disc was measured at the end of the exposure time.

• Across the entire test matrix, there was always a reduction of > 99.9% in Phi6[176].The results suggest that: (1)
surface type influenced disinfection efficacy; (2) chlorine type and soil load did not impact disinfection efficacy
when using 0.5% chlorine; (3) contact time did impact efficacy against Phi6; and (4) wiping or covering did not
increase disinfection efficacy, but the latter could limit splashing. The authors suggest that surface cleaning with
0.5% chlorine solutions with a 15-min exposure time is efficacious in reducing transmission risk.

• Gallandat et al. 2017 compared the efficacy of four chlorine solutions (sodium hypochlorite, sodium
dichloroisocyanurate, hightest hypochlorite, and generated hypochlorite) for disinfection of three surface types
(stainless steel, heavy-duty tarp, and nitrile) with and without pre-cleaning practices (pre-wiping, covering, or both)
and soil load[169]. The test organisms were Escherichia coli and the Ebola surrogate Phi6. The results support the
recommendation of a 15 min exposure to 0.5% chlorine, independently of chlorine type, surface, pre-cleaning
practices, and organic matter, as an efficacious measure to interrupt disease transmission from uncontrolled spills in
Ebola outbreaks

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
wiping 

Intervention 
spraying 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Adverse effects 
associated with 

chemical 

exposure 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at adverse 
effects associated with 

chemical exposure 

Coverage of 
surfaces with 

disinfectant 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at coverage 

of surfaces with 
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15.2. Linen and laundry 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
wiping 

Intervention 
spraying 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

disinfectant 

Log reduction of 
virus or 

surrogate on 

surface, 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at log 

reduction of virus or 
surrogate on surface, 

Infection with 

Ebola No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at infection 
with ebola or marburg 

Psychological 
effects (stigma) 
associated with 

spraying of 
homes with 

disinfectants, 
patient 

experience 

No studies met 
the eligibility 

criteria. 

No studies were found 
that looked at 

psychological effects 
(stigma) associated with 
spraying of homes with 

disinfectants, patient 
experience 

Clinical Question/ PICO 

Population:  Heavily soiled linen resulting from care to patients with EVD or Marburg disease in health care, ETUs, 

or community settings 

Intervention:  Elimination 

Comparator:  Disinfection 

Summary 

A total of 72 studies were screened in the CAL tool software and 20 studies were included for full-text screening. No 
studies met the eligibility criteria. The majority of studies excluded at the full-text were excluded because they were 
non-comparative studies that did not compare outcomes for incineration vs. disinfection of heavily soiled linens. Articles 
that discuss the implementation of current practices for disinfection or decontamination of heavily soiled/highly 
contaminated waste from Ebolavirus or Lassa fever patients were noted and are discussed in the contextual data 
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summarized below. 

Contextual data from six studies that were identified during study selection. 

• In Edmunds et al. 2016[177], a team with expertise in the Hazard Analysis of Critical Control Points framework 
identified waste products from the care of individuals with Ebola virus disease and constructed, tested and 
confirmed flow diagrams showing the creation of such products. After listing potential hazards associated with each 
step in each flow diagram, the team conducted a hazard analysis; determined critical control points; and made 
recommendations to mitigate the transmission risks at each control point. They identified 13 critical control points 
at which there is an opportunity to adopt measures to reduce the risks of transmission. 

 

• Garibaldi et al 2016 [180] describe a biocontainment and treatment unit at Johns Hopkins Medicine to care for 
patients with EVD. They examined published literature and guidelines; visited two U.S. biocontainment units (BCU); 
and contacted national and international experts to inform the design of the physical structure and patient-care 
activities of the unit, which has an onsite waste-handling room with two pass-through autoclaves (Primus Sterilizer, 
Omaha, NE). Items that are reused on the BCU are transported to a room off the waste-handling area, where they 
undergo disinfection with a hydrogen peroxide vapour system. 

 

• In 2017, Garibaldi et al. [181] conducted a validation study of autoclave protocols for successful decontamination 
of category A medical waste generated from care of patients with serious communicable diseases. The most 
difficult loads to sterilize were those containing saturated linens (soaked with 1 litre of water) comprising a cotton 
blanket, sheets, and pillowcases, which required a vacuum cycle of a minimum of 60 min to achieve adequate 
sterilization using the settings as described for other dry waste. Nine of nine runs (100%) containing multiple 
saturated linens and using a shorter sterilizing time (three runs each of 15, 30, and 45 min) failed. While autoclave 
sterilization may be an effective and safe way to process infectious waste for transport and disposal, this study 
shows that factory default settings and laboratory waste guidelines are likely insufficient to adequately sterilize 
pathogens in the center of medical waste autoclave loads. Autoclave parameters may need to be adjusted, with 
particular attention paid to the way that waste loads are packaged prior to treatment.  

 

• Haverkort et al. 2016[178] report how the Major Incident Hospital of the University Medical Centre Utrecht 
prepared to admit Ebola patients. Waste management was the greatest concern, and destruction of waste had to 
be outsourced. Preparations for waste management were a major concern, given the expected amount of waste 
and the time-consuming procedures involved (replacing a single waste container in the isolation unit can take as 
long as 20 minutes). Designated, sealable, 60-L waste containers would be used for waste storage, and waste 
management procedures were strictly protocolled and repeatedly conveyed through training. In-hospital autoclave 
capacity appeared insufficient; therefore, waste destruction would be outsourced to an external facility. 

 

• Otter et al. 2010[179] report the use of a hydrogen peroxide vapour decontamination of a critical care unit room 
used to treat a patient with Lassa fever. They based their decontamination strategy on a UK 1996 Health 
Protection Agency guidance document for the management and control of viral haemorrhagic fevers; it states that 
“In some circumstances VHF [viral haemorrhagic fever] viruses can survive for two weeks or even longer on 
contaminated fabrics and equipment.” They therefore decided to decontaminate the critical care unit room, which 
was contaminated with blood and body fluids, with hydrogen peroxide vapour, a sporicidal and virucidal vapour-
phase method that is being used increasingly in health-care settings. 

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
disinfection 

Intervention 
elimination 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Staff exposure 
during handling 
and laundering 

of linens. 

No studies met 
the eligibility 

criteria 

No studies were found 
that looked at staff 

exposure during handling 
and laundering of linens. 
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16. Waste management

17. Safe management of dead bodies

Outcome 
Timeframe 

Study results and 
measurements 

Comparator 
disinfection 

Intervention 
elimination 

Certainty of 
the Evidence 

(Quality of 
evidence) 

Plain language 
summary 

Transmission of 
Ebola and 

Marburg   
No studies met 

the eligibility 

criteria 

No studies were found 
that looked at 

transmission of ebola 
and marburg   
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