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Abstract. Infection prevention and control measures to control the spread of COVID-19 are challenging to implement in
many low- and middle-income countries (LMICs). This is compounded by the fact that most recommendations are based on
evidence that mainly originates in high-income countries. There are often availability, affordability, and feasibility barriers to
applying such recommendations in LMICs, and therefore, there is a need for developing recommendations that are achievable
in LMICs.We used amodified version of theGRADEmethod to select important questions, searched the literature for relevant
evidence, and formulated pragmatic recommendations for safety while caring for patients with COVID-19 in LMICs. We
selected five questions related to safety, covering minimal requirements for personal protective equipment (PPE), recom-
mendations for extended use and reuse of PPE, restriction on the number of times healthcare workers enter patients’ rooms,
hand hygiene, and environmental ventilation. We formulated 21 recommendations that are feasible and affordable in LMICs.

INTRODUCTION

The virus that causes COVID-19, SARS-CoV-2, is a new
coronavirus, which shares many characteristics with known re-
spiratoryviruses, suchas theviruses thatcause influenza,SARS,
and Middle East respiratory syndrome (MERS).1 However,
SARS-CoV-2 has features which have resulted in a pandemic of

unprecedentedproportions, including the ability to transmit from

patients who are asymptomatic or presymptomatic.2

High rates of healthcare worker infections and clusters in
health facilities have been reported.3,4 Based on two reports
from Italy in early March 2020, an estimated 20% of frontline
healthcare workers were infected with the virus, with health-
care workers making up 9.0% of the total cases infected.5,6

Data from China showed that medical facility staff made up
4.4% of cases there, with 23 deaths reported as of June.7

Protecting thehospitalworkforceandpreventingnosocomial
transmission is of paramount importance, but especially chal-
lenging in many low- and middle-income countries (LMICs).8

These challenges were illustrated in an online survey of 936
healthcare workers in Latin America, which showed that 24.5%
of respondents did not have safety policies and procedures in
the workplace and demonstrated limited access to essential
items of personal protective equipment (PPE), with 43.9%
reporting no access to N95 respirators.9

Many of the infection control recommendations for COVID-
19 are based on evidence derived from studies mainly con-
ducted in high-income countries (HICs). However, there are
often availability, affordability, and feasibility barriers to

applying such recommendations in LMICs. Moreover, our
current understanding of the relative contribution of different
routes of transmission for COVID-19 is incomplete.10 This
presents a challengewhen decidingwhich safetymeasures to
prioritize, especially in the context of limited resources.
We provide a list of recommendations and suggestions

adapting evidence from HICs after pragmatic, experience-
based appraisal. A summary of the recommendations is shown
in Table 1.

METHODS

Afulldescriptionof themethods isprovided in theappendix. In
brief, we formulated a set of questions regarding safety for pa-
tients and healthcareworkers caring for patientswith suspected
or confirmed COVID-19. The list of questions was reviewed for
content and clarity by other members of the COVID–LMIC Task
Force. After approval, the safety subgroup assigned one or two
members to search the literature for evidence to answer each of
thequestions.The literaturesearchwasperformed inaminimum
of one general database (i.e., MEDLINE and EMBASE) and the
Cochrane Libraries, including articles pertaining to COVID-19,
SARS, MERS, and other respiratory viruses.
We selected relevant publications, appraised the evi-

dence, and classified the quality of evidence as high, mod-
erate, low, or very low. Recommendations were rated as
strong or weak, depending on the quality of evidence and
several other factors such as availability, affordability, and
feasibility in LMICs. A strong recommendation was worded
as “we recommend. . .” and a weak recommendation as “we
suggest. . .,” followed by the quality of evidence. A number of
recommendations could remain “ungraded” (UG), when, in
the opinion of the subgroup members, such recommenda-
tions were not conducive for the process described earlier
(Table A2). The recommendations were reviewed by the

*Address correspondence to Juliana C. Ferreira, Divisao de Pneumo-
logia, Instituto do Coracao, Hospital das Clinicas HCFMUSP,
Faculdade de Medicina, Universidade de Sao Paulo, Av. Dr. Enéas
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safety subgroup in an iterative process and were later
reviewed by the entire task force in two rounds.

QUESTIONS

We formulated five clearly defined questions regarding safety:

1. Which items of PPE are mandatory when caring for a pa-
tient with COVID-19?

2. Is reuse, extended use, or the substitution of alternative
items of PPE a safe alternative to standard PPE when
providing care for COVID-19 patients?

3. In COVID-19 patients, is there evidence to guide the
number of times that a healthcare worker should enter a
patient’s room to reduce the risk of infection and preserve
PPE while maintaining patient safety?

4. Whatmethodsof handhygieneare effective forCOVID-19?
5. Can natural ventilation be used in lieu of mechanical envi-

ronmental ventilation to carry out care involving aerosol-
generating procedures for patients with COVID-19?

The questions and recommendations are discussed as
follows:
Question 1: In LMICs,which itemsofPPEaremandatory

when caring for a patient with COVID-19? Rationale. In-
fection of healthcare workers is a major concern for the
COVID-19 pandemic. One study found that in 476 hospitals in
China, there were 2,055 healthcare workers who tested pos-
itive for COVID-19 in 3 months alone.11

Our current understanding ofCOVID-19 transmission is that
the disease is predominantly spread from person to person
through the air, via droplets and aerosols, especially at short
ranges.12 It is likely that COVID-19 also spreads via fomites.12

TheWHOrecommends that healthcareworkers require barrier
precautions only for standard patient care, comprising a sin-
gle pair of gloves, eye protection, a long-sleeved gown, and
a surgical mask.13 The addition of inhalational protection, in
the form of an N95 respirator, is recommended for aerosol-
generating procedures.13 Some country-specific guidelines
recommend inhalational protection for all patient contacts.14,15

Others recommend differing degrees of barrier protection with
coveralls, rather than gowns, or the addition of head and neck
coverings, double gloves, and protective footwear or shoe
covers.14 By contrast, other countries recommend less barrier
protection than the WHO, including the substitution of aprons
for gowns for some types of patient contacts.16,17

Because of the large numbers of patients with COVID-19
being admitted to hospitals and widespread shortages of
PPE, it is urgent to understandwhat are theminimumessential
items required to keep healthcare workers safe.18

Search results. The following terms were used, either as
MeSH terms or as free text words: “COVID-19,” “personal
PPE,” “healthcare worker,” and “precautions” in MEDLINE to
identify articles as of June 15, 2020 that discussed the mini-
mum levels of personal PPE needed to safely care for patients
with COVID-19. This search produced 10 articles, which were
reviewed for applicability to the research question, and two
appropriate studies were identified. Further review of the ref-
erences from both studies and review of the references from
the WHO guidelines revealed an additional seven articles that
were included in this review.

Evidence. Most studies that look at the efficacy of PPE are
studies of simulated transmission scenarios using fluorescent
markers or nonpathogenic organisms, rather than real-world
research.19 Of the empirical studies, few relate directly to
COVID-19,withmostdatabeingextrapolated fromother viruses.
Facemasks and eye protection. A recent systematic review

andmeta-analysis lookedat theminimumphysical distancing,
face masks, and eye protection needed to prevent person-to-
person transmission of betacoronaviruses.20 The 172 studies
included were conducted in 16 countries, of which one was
lower middle-income and two were upper middle-income
economies. Patients with COVID-19 accounted for 6,674 of
the 25,697 patients in the studies, and the remainder had
SARS or MERS. The authors concluded that face mask use
could result in a large reduction in the risk of transmission,
with 3.1% transmission with a face mask versus 17.4% with
no face mask. Eye protection, defined as goggles or face
shield, was also associated with less transmission than
no eye protection, with 5.5% transmission versus 16.0%,
respectively.
Comparing face masks to N95 respirators, subgroup anal-

ysis in the same study suggested that N95 respirators might
provide more protection from infection than surgical and
cotton masks.20 This conclusion has been questioned be-
cause it is based on a post hoc Bayesian analysis of two in-
dependent analyses, rather than a direct comparison of N95
respirators and medical masks.21 By contrast, low certainty
evidence from a 2016 meta-analysis that looked at a wider
range of viral respiratory infections, but including coronavi-
ruses, suggested thatmedicalmasksandN95 respiratorsmay
offer similar protection against transmission during non–
aerosol-generating care.22 A second meta-analysis tackling a
similar question was carried out by the Chinese Cochrane
Centre and published in March 2020.23 They included data
from three additional randomized controlled trials in their
analysis, but again, therewerenopatientswithCOVID-19. The
authors noted that although N95 respirators may be more
protective against the transmission of respiratory viruses in
laboratory studies, the benefit was not borne out in empirical
work. They concluded that the use of N95 respirators com-
pared with surgical masks were not associated with a lower
risk of laboratory-confirmed respiratory viral infections.
These findings would tentatively support the use of surgical

masks for standard patient care, thereby conserving N95
respirators for aerosol-generating procedures. It is important
to note that althoughN95 respirators, surgical masks, and eye
protection showa reduction in riskof transmission, theydonot
afford complete protection in any study.20,24,25

Elastomeric respirators, half facepiece, or full facepiece
tight-fitting respirators have been suggested as alternatives to
N95 respirators during surges because they can be repeatedly
used, cleaned, disinfected, stored, and reused. However, they
are rarely available in LMICs and therefore are not included in
the recommendations.
Gowns and coveralls. A Cochrane review that explored

what type of PPE or combination of PPE gives healthcare
workers the best protection was updated in May 2020 to in-
clude a total of 24 studies with 2,278 participants.19 The au-
thors found that “there is low- to very low-certainty evidence
that coveringmore parts of the body leads to better protection
but usually comes at the cost of more difficult donning or
doffing and less user comfort”. Accordingly, the review found
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TABLE 1
Recommendations and suggestions for safety while caring for patients with COVID-19 in low- and middle- income countries

Which items of PPE are mandatory when caring for a patient with COVID-19?
–We recommend that healthcareworkers providingdirect care to suspected or confirmedCOVID-19patients shouldwear a surgicalmask, a

single pair of gloves, eye protection (goggles and face shield), and a long-sleeved gown, provided no aerosol generating procedures are
being performed (strong recommendation, low quality of evidence).

–We recommend that healthcareworkers providing direct care to suspected or confirmedCOVID-19patients shouldwear anN95 respirator
when aerosol generating procedures are being carried out, in addition to a single pair of gloves, eye protection, and a long-sleeved gown
(strong recommendation, low quality of evidence).

– We suggest that institutions provide practical training on how to don and doff PPE safely and establish a policy on what PPE to wear in
different scenarios (ungraded best practice statement).

–We recommend that all itemsof PPE for use in a healthcare settingmeet theminimummanufacturing standards recommendedby theWHO
(ungraded best practice statement).

–We recommend that all healthcare workers be alert to the risks posed by substandard and counterfeit PPE and be familiar with how to spot
suspect items (best practice statement).

Is reuse, extended use, or the substitution of alternative items of PPE a safe alternative to standard PPEwhen providing care for COVID-19 patients
in LMICs?

– We suggest the extended use of surgical masks and N95 respirators in preference to reuse as long as the item does not become wet,
damaged or difficult to breathe through, in which case it should be discarded (weak recommendation, low quality of evidence).

– If a reuse strategy is adopted for N95 respirators, we suggest that one of the three approvedmethods for decontamination should be used
(hydrogen peroxide vapor, moist heat or UV-C radiation). If none are possible, then storing the mask for seven days before reuse by the
original wearer is preferable to immediate reuse as a last resort measure (weak recommendation, low quality of evidence).

– If a reuse strategy is adopted for N95 respirators, we suggest that face shields be used in conjunction in order to reduce surface
contamination of the respirator (weak recommendation, low quality of evidence).

– We suggest that surgical masks and disposable gloves are not reused (weak recommendation, very low quality of evidence).
–We suggest that cloth masks be used as a last resort by staff as these are better than no protection at all, preferably used alongside face

shields (ungraded best practice statement).
In LMICs, is there evidence to guide the number of times that a healthcare worker should enter a COVID-19 patient’s room to reduce the risk of
infection and preserve PPE while maintaining patient safety?

–We suggest that healthcareworkers should enter thepatient’s roomasmany timesasneeded toprovide essential patient carebutminimize
the exposure time in the room once activities are completed (ungraded best practice statement).

– We suggestminimizing the number of times that a healthcare provider needs to enter the room of a patient with COVID-19 by:
a. Rationalizing medication dosing and administration times

b. Timing a patient’s turns to coincide with medication administration and bundling other essential activities

c. Establishing ameans ofmonitoring the patient remotely, e.g. checking on the patient and themonitor through thewindow, setting the
monitor and ventilator alarms to maximum volume

d. Perform suctioning of the endotracheal tube as needed rather than routinely

e. Providing awake patients with ameans to attract the attention of staff when required, whethermobile phone, bell or improvised rattle
– (ungraded best practice statement)

What methods of hand hygiene are effective for COVID-19 in LMICs?
–Whencaring for patientswithCOVID-19,we recommend the useofWHO-approvedalcohol-basedhandsanitiser for a full 30 seconds,with

a sufficient volume to ensure complete handcoverage, before andafter eachpatient contact (strong recommendation,moderatequality of
evidence).

– IfWHO-approved alcohol-based hand sanitiser is not available, or when hands are visibly dirty, we recommendwashing handswith soap&
water for 40 – 60 seconds, followedby dryingwith a paper towel, before and after eachpatient contact (strong recommendation,moderate
quality of evidence).

–We suggest that alcohol-based handsanitiser is locally produced following theWHOspecificationswhere commercial formulations are not
available (ungraded best practice statement).

Cannatural ventilationbe used in lieu ofmechanical environmental ventilation to carry out care involving aerosol-generatingprocedures for patients
with COVID-19 in LMICs?

–Wheremechanical air ventilation is not available,we recommend that natural ventilation can be an acceptable alternativewhencarrying out
aerosol generating procedures for patientswith COVID-19, provided flow rates of at least 160 L/second/patient or 12 air changes per hour
are achieved.Where aerosol generating procedures are not performed, 60 L/second/patient or 6 air changes per hour is sufficient (strong
recommendation, moderate quality of evidence).

–Where it is not possible to formallymeasure air flow,we recommend the useof aCO2 analyzer tomeasure indoorCO2 asaproxy indicator of
ventilation (strong recommendation, moderate quality of evidence).

–We suggest that the roomwhere aerosol-generating procedures are performed should be selected ormodified to include some or all of the
following design features, using the design principles from the WHO Natural Ventilation guidelines:

a. Large, open windows

b. Windows on more than one wall; opposite walls if possible

c. High ceilings

d. Additional air vents; open skylights or whirligig roof ventilator
(strong recommendation, moderate quality of evidence)

– In a facility with natural ventilation, we recommend that the windows and other ventilation vents should be left open at all times to allow
airflow. The door to the rest of the hospital should be left shut (strong recommendation, moderate quality of evidence).

– In a settingwith insufficient natural ventilation,we recommend that a hybrid ormixed-mode systemof air ventilation be createdby installing
exhaust fans in conjunction with the natural ventilation measures (strong recommendation, moderate quality of evidence).

–We recommendmeasures to improve natural ventilation should be taken in all areaswhereCOVID-19 patients are being cared for, whether
aerosol-generating procedures are being carried out or not (strong recommendation, low quality of evidence).

LMICs = Low- and middle- income countries; PPE = Personal protective equipment.
Grading: see Supplement for explanations.
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that coveralls may offer the best protection from contamina-
tion during patient contact but are uncomfortable to wear and
the most difficult item to remove safely.19 Likewise, gowns
provide more protection than aprons but are harder to
remove.19

Gloves. No studies were identified that looked at glove use
versus no glove use. Pooled data from six small SARS studies
showed that consistent glove use versus inconsistent glove
use led to a decrease in the risk of virus transmission, but this
was not statistically significant.19 The practice of double-
gloving is recommended by some organizations because it is
thought to facilitate safe PPE removal. Although there is some
evidence that this practice may reduce the risk of contami-
nation, it is of very low certainty.19

Training. The Cochrane review of PPEwas unable to draw a
conclusion on which doffing procedure was the safest, but
having a second person providing verbal instructions during
doffing may improve safety.19 More active methods of train-
ing, including face-to-face training, computer simulation, and
video training, were associated with fewer errors in PPE re-
moval than passive training delivered as written material only
or a traditional lecture.19 Teaching the safe use of PPE using
clinical simulationmay help recreate the high cognitive load of
clinical practice.26

Availability, feasibility, affordability, and safety. The avail-
ability of different items of PPE in LMICs is unknown and is
unlikely to be uniform, especially as the number of cases in-
creases and countries face different procurement challenges.
The cost implications of different combinations of PPE is also
challenging to factor into international recommendations,
given the wide variations in retail price and the impact of large
donations.
With regard to safety, there is amajor concern regarding the

quality of someof thePPEentering the supply chain during the
COVID-19 pandemic. This is of particular concern with res-
pirators but has also been reported to affect face masks,
gowns, and gloves.27,28 Many countries have reported re-
ceiving poor quality and counterfeit items.27,29 There are na-
tional and international manufacturing standards that each
item of PPE should meet.30 Unfortunately, even products that
meet the certification requirements can still be substandard
with faked certificates or inadequate checks of the raw ma-
terials. Recommendations on how to spot poor-quality PPE
havebeenpublished.28,31,32Healthcareworkers should report
any suspicions they have immediately and not use any po-
tentially faulty items while the issue is investigated.
Another safety concern with regard to PPE is heat stress.19

In LMICs, it is more likely that hospitals will not be air-
conditioned, so breathability and comfort are important con-
siderations. This concern was factored into the decision to
recommend gowns over coveralls.
Recommendations and suggestions.

1. We recommend that healthcare workers providing direct
care to suspected or confirmed COVID-19 patients wear a
surgical mask, a single pair of gloves, eye protection
(goggles or face shield), and a long-sleeved gown, pro-
vided no aerosol-generating procedures are being per-
formed (strong recommendation and low quality of
evidence).

2. We recommend that healthcare workers providing direct
care to suspectedor confirmedCOVID-19patientswear an
N95 respirator when aerosol-generating procedures are

being carried out, in addition to a single pair of gloves, eye
protection, and a long-sleeved gown (strong recommen-
dation and low quality of evidence).

3. We suggest that institutions provide practical training on
how to don and doff PPE safely and establish a policy on
what PPE to wear in different scenarios (UG best practice
statement).

4. We recommend that all items of PPE for use in a healthcare
setting meet the minimum manufacturing standards rec-
ommended by the WHO (UG best practice statement).

5. We recommend that all healthcare workers be alert to the
risks posed by substandard and counterfeit PPE and be
familiar with how to spot suspect items (UG best practice
statement).

Question 2: Is reuse, extended use, or the substitution of
alternative itemsof PPEa safe alternative to standard PPE
when providing care for COVID-19 patients in LMICs?
Rationale. The COVID-19 pandemic has led to significant
shortages of medical grade PPE globally. This has driven the
need to maximize the use of the supplies that are available or
to source acceptable alternatives. It is imperative however to
prioritize the safety of healthcare workers when considering
these emergency measures. This review will consider five
types of PPE: surgical masks, N95 respirators, eye protection,
gowns, and gloves.
Reuse is taken to mean the practice of using an item of PPE

for apatient encounter, removing it, and thenputting it backon
again for an encounter with another patient. Generally, this
process will include reprocessing, using a method of disin-
fection to decontaminate the item before reuse. Extended use
refers to the practice of using the same item of PPE for en-
counters with multiple patients without removing it in be-
tween. Often this will be in a cohort of patients with confirmed
COVID-19.
Search results. A search on PubMed as of May 26, 2020

using the search terms “masks,” “face shields,” “gowns,”
“cloth gowns,” “gloves,” “PPE,” “COVID-19,” “low resource
settings,” “LMIC,” “reuse,” and “extended use,” either alone
or in combinations, yieldednoarticles. Therefore,we reviewed
pertinent findings from all settings.
Evidence. Face masks. To date, there is no evidence-

based method to safely reprocess surgical masks for reuse
without damaging them.33 The authors of a recent system-
atic review on the topic were only able to find one study that
addresses mask decontamination and were unable to make
any recommendations.34

The evidence base for extended use of surgical masks is
similarly scant. Our search did not find any relevant studies,
despite the practice being widely recommended in prefer-
ence to reuse during critical shortages. Nevertheless, the
cited argument that extended use avoids the risk of self-
contamination during repeated donning and doffing seems
plausible.35

The use of homemade cloth masks of different fabrics has
been studied as an alternative means to mitigate the chal-
lenges of shortages of surgical masks. A randomized control
study comparing cloth masks with surgical masks found that
cloth masks may increase the risk of infections possibly be-
cause of their reuse, moisture retention, and poor filtration.36

Some studies have attempted to evaluate the efficacy of
homemade face mask materials in stopping transmission of
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small particles equal to those of a virus.20,25 Spraying 20- to
1000-nm-size particles at different face velocities to multiple
different types of fabric, the authors found that although fabric
materials may only provide a minimal level of respiratory
protection to the wearer against virus-sized aerosol particles,
they did perform similarly to surgical masks.25 The authors
further identified that wearing fabricmasks tightly tomaximize
a seal around the edgeswas themost important aspect of use.
These findings suggest that certain fabric masks may offer a
feasible and affordable alternative to healthcare workers car-
ing for COVID-19 patients when surgical masks are not
available.
N95 respirators. Like surgical masks, the extended use of

N95 respirators is recommended over reuse.35 Extended use
avoids the risk that the respirator will fit lesswell after repeated
donning and the risk that the reprocessingwill lead to impaired
filtration efficiency or incomplete decontamination.35,37 Nev-
ertheless, there is still a concern that extended use can lead to
reduced respiratory protection.38 There is some evidence that
respirators can be reprocessed and reused for up to five
times,39,40 but the U.S. CDC alerts that other variables affect
the effectiveness of extendeduse and reuse and recommends
consultation with occupational health and infection control
departments.41

The three evidence-based methods for N95 decontamina-
tion without significantly damaging the respirator include hy-
drogen peroxide vapor, moist heat, or ultraviolet C (UV-C)
radiation.42 Reprocessingprotocols and regular reviewsof the
emerging evidence are available.43 There is also the option of
simply storing the respirator for aperiodof timebefore reuse to
await viral inactivation. There is insufficient evidence to con-
firm that this method is safe or effective, and it does not de-
contaminatemold or bacteria. However, a non–peer-reviewed
analysis from the N95 DECON consortium concludes “for an
N95 (respirator) that is stored individually in a clean and
breathable container at room temperature, a 7-day waiting
period before reuse is expected to significantly decrease risk
of exposure to SARS-CoV-2.”44

Gloves. The extended use of gloves for more than one pa-
tient, even within a cohort of patients with confirmed COVID-
19, is strongly discouragedby theWHO. They also discourage
reuse of gloves.13

Gloves are generally manufactured for single use, but their
reuse has been considered in instanceswhere their availability
is not guaranteed. One study showed thatmultiple disposable
glove brandsmaintained their integritywhen treatedwith up to
six applications of alcohol-based hand rub, although that
study did not examine the efficacy of decontamination.45

Research and permeation data also show that some dispos-
able gloves can be disinfected up to 10 times with diluted
bleach solution.46,47 Alternatives tomedical gloves have been
considered, includingdisposable gloves from thecatering and
cleaning industries.
Eyeprotection. Regarding eyeprotection, both goggles and

some types of face shield can be reused by cleaningwith soap
and water, followed by disinfection with alcohol-based solu-
tions or bleach 0.1%.48,49 Where the recommended form of
eye protection is not available, safety glasses with extensions
to cover the sides of the eyes are a suggested alternative,
although the U.S. CDC cautions that these will not protect
eyes fromall splashes andsprays.13,15Regular glasses arenot
felt to be an adequate substitute because they do not offer

lateral eye protection. One study suggested that face shields
are preferred to goggles because they have been shown to be
beneficial, protecting the respirator masks from surface
contamination.50,51 Because of their short supply, there have
been studiespublishedon local production of the face shields,
with readily available materials and clear instructions on their
dimensions.52

Gowns. We did not find any empirical evidence addressing
the extended use or reuse of disposable medical gowns. Al-
ternative items that can be usedwhen gowns are not available
include long-sleeved laboratory coats, raincoats, rain pon-
chos, or binbags.13,53Purpose-madecloth gownscanalsobe
manufactured locally.
The different methods to reprocess cloth gowns include

machinewashingwith warmwater between 60� and 95� and a
laundry detergent and allowing to air dry. Other methods in-
clude soaking in hot water, followed by a manual wash with
soap and water, soaking in 0.1% chlorine, or use of an auto-
clave when available.54

Other measures. Other ways of minimizing the PPE con-
sumption include discharging all stable patients and desig-
nating a dedicated healthcare team without medical risk
factors for disease severity who can reuse PPE or use for
extendedperiods. Restricting healthcareworkers not involved
in direct patient care, such as food delivery, and bundling of
activities for those involved in direct care will also reduce PPE
consumption rate, hence preserving supply.55

Availability, feasibility, affordability, and safety. The avail-
ability of disposable PPE in LMICs remains a challenge,
and one that is likely to continue. However, the proposed
methods for cleaning and disinfecting goggles, face
shields, and cloth gowns should be feasible in almost all
settings. The proposed methods of reprocessing the PPE
should be adhered to ensure that the healthcareworkers are
protected despite reuse.13 The challenge that stands for
many LMICs will be the safe reprocessing of N95 respirator
masks.
Local production of cloth gowns is feasible in most settings

and should be considered. The cost of reprocessing them
(labor and the supplies) should also be considered. Local
production of face shields can be implemented by using ma-
terials which are usually available in most LMICs.52

Recommendations and suggestions.
1. We suggest the extended use of surgical masks and N95

respirators in preference to reuse as long as the item does
not become wet, damaged, or difficult to breathe through,
in which case it should be discarded (weak recommenda-
tion and low quality of evidence).

2. If a reuse strategy is adopted for N95 respirators, we sug-
gest that one of the three approved methods for de-
contamination be used (hydrogen peroxide vapor, moist
heat, or UV-C radiation). If none are possible, then storing
the mask for 7 days before reuse by the original wearer is
preferable to immediate reuse as a last resort measure
(weak recommendation and low quality of evidence).

3. If a reuse strategy is adopted for N95 respirators, we sug-
gest that face shields be used in conjunction to reduce
surface contamination of the respirator (weak recommen-
dation and low quality of evidence).

4. We suggest that surgical masks and disposable gloves not
be reused (weak recommendation and very low quality of
evidence)

16 INGLIS AND OTHERS



5. We suggest that cloth masks be used as a last resort by
staff because these are better than no protection at all,
preferably used alongside face shields (UG best practice
statement).

Question 3: In LMICs, is there evidence to guide the
number of times that a healthcare worker should enter a
COVID-19 patient’s room to reduce the risk of infection
and preserve PPE while maintaining patient safety?
Rationale.Healthcareworkers around theworld are dedicated
to providing the best possible standard of care to their pa-
tients. This must be balanced against the safety of those
providers. In settings where PPE is scarce and there are lim-
ited numbers of staff to provide patient care, there is an ad-
ditional need to ensure efficient and equitable use of these
resources.
Search results. To determine how many times healthcare

workers should enter a patient’s room to minimize the risk of
infection while also taking PPE shortages into consideration,
we conducted a review of available literature using the search
terms “healthcare provider,” “precautions,” and “COVID-19”
in different combinations in MEDLINE through June 9, 2020.
The search yielded 22 articles. After reading titles and ab-
stracts, we identified 10 articles that potentially met the cri-
teria. None was from a randomized controlled trial, and none
provided information about limiting the number of times
healthcare workers enter a room for mechanical ventilator
checks and changes, or for suction care. Of these, two were
written by authors from an upper middle-income country,56,57

and none were written by authors from a lower- or lower
middle-income country.
Evidence. Data to support evidence-based practice of

healthcare worker contact with COVID-19 patients are
scarce. None of the articles specifically discussed limiting
the number or duration of patient care activities by health-
care workers.56–65 One study noted that the median esti-
mated time of overall exposure to the patient was 120
minutes in healthcare workers who became infected with
COVID-19 compared with 25 minutes in those who did not
become infected.61

An article that provided recommendations on precautions,
indications, prioritization, and protection for patients and
healthcare workers involved in cardiovascular imaging pro-
cedures posed the important question “will undertaking the
study (procedure) substantially change patient management
or will it be lifesaving?” that should be asked before con-
ducting any procedure.60 In particular, elective, nonurgent,
and routine care may be postponed or even cancelled. An-
other article focused on recommendations for tracheostomy
noted the importance of minimizing the number of staff who
enter a room to conduct a procedure or provide patient care at
any point in time.65 Staff who enter the room of a patient with
known or suspected COVID-19 should adhere to standard
precautions and use a respirator or face mask, gown, gloves,
and eye protection.13

Availability, feasibility, affordability, and safety.Every patient
deserves the best treatment available in the circumstances
even when resources are scarce. Healthcare workers have a
duty of care to promote their patients’ welfare within the
constraints of the resources available. At the same time,
healthcare workers are also owed a duty of care, and all
necessary measures should be taken to ensure their safety,

including the provision of sufficient PPE. These principles
apply anywhere in the world, irrespective of income.
Recommendations.

1. We suggest that healthcare workers enter the patient’s
room asmany times as needed to provide essential patient
care but minimize the exposure time in the room once ac-
tivities are completed (UG best practice statement).

2. We suggest minimizing the number of times that a health-
care provider needs to enter the room of a patient with
COVID-19 by:
a. Rationalizing medication dosing and administration

times
b. Timing a patient’s turns to coincide with medication

administration and bundling other essential activities
c. Establishing a means of monitoring the patient re-

motely, for example, checking on the patient and the
monitor through the window and setting the monitor
and ventilator alarms to maximum volume

d. Performsuctioning of the endotracheal tube as needed,
rather than routinely

e. Providing awake patients with a means to attract the
attention of staff when required, whethermobile phone,
bell, or improvised rattle (UG best practice statement).

Question 4:Whatmethods of hand hygiene are effective
for COVID-19 in LMICs? Rationale. Fomite transmission has
not yet beendirectly demonstrated for SARS-CoV-2, but it has
been for other respiratory viruses, including coronaviruses.66

It is likely that transmission of SARS-CoV-2 can occur via
contact with infected people and their immediate environ-
ment.66 Therefore, hand hygiene is considered an important
component of infection control when caring for patients with
COVID-19. In the setting of COVID-19, theWHO recommends
cleaning handswith soap andwater or an alcohol-based hand
sanitizer containing at least 70% alcohol.67 They recommend
alcohol-based hand sanitizer use for 20–30 seconds, or, if
hands are visibly dirty, then with soap and water for 40–60
seconds.67

Search results. We searched PubMed using the terms
“hand hygiene,” “alcohol-based hand rub/sanitiser,” “COVID-
19,” and “coronavirus” as free text, in different combinations,
as of July 5, 2020. We also searched WHO documents. We
identified one study that met the search criteria.
Evidence. A laboratory-based study showed that SARS-

CoV-2 was inactivated by WHO-recommended formulations
of alcohol-based hand sanitizer, reducing viral titers to the
background level within 30 seconds.68 There are two WHO-
recommended formulations, one containing 80%ethanol (vol/
vol) and the other containing 75% isopropyl alcohol (vol/vol),
and both were shown to be effective. It also showed that
ethanol and 2-propanol were effective at inactivating the virus
at a concentration ³ 30%. Of note, the study allowed a full 30
seconds before testing for viral inactivation. Hand hygiene
with alcohol-based hand sanitizer is not always carried out for
this duration before touching a patient, and it is not possible to
conclude if a shorter duration is sufficient.
Therewere no studies looking at the effectiveness of soap in

inactivating SARS-CoV-2. However, previous studies have
shown it to be effective at inactivating other enveloped viruses
because of the oily surface membrane that is dissolved by
soap.69 Handwashing also removes pathogens through me-
chanical action.70
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Where soap and alcohol-based hand sanitizer are not
available, the WHO suggests that using 0.1% chlorinated
water is an option but is not recommended because of the
increased risk of dermatitis leading to infections.67

Availability, feasibility, affordability, and safety. In LMICs,
there are multiple challenges in the implementation of proper
hand hygiene. These include an inadequate supply of con-
sumables, including alcohol-based hand sanitizer, soap and
paper towels, an unreliable supply of running water, and in-
sufficient washbasins in health facilities.70 High patient-to-
staff ratios also place additional pressure on adherence to
good hand hygiene practices.
Alcohol-based hand sanitizer is expensive relative to soap,

so this option may not be readily affordable in all settings.
However, the local production of alcohol-based handsanitizer
to the WHO specifications is cost-effective and straight for-
ward, and the efficacy of the local formulations is comparable
with commercial ones.71 Where alcohol-based hand sanitizer
is not readily available, local production is encouraged.
Recommendation and suggestions.

1. When caring for patients with COVID-19, we recommend
theuseofWHO-approvedalcohol-basedhandsanitizer for a
full 30 seconds, with a sufficient volume to ensure complete
handcoverage, before and after eachpatient contact (strong
recommendation and moderate quality of evidence).

2. If WHO-approved alcohol-based hand sanitizer is not
available, or when hands are visibly dirty, we recommend
washing hands with soap and water for 40–60 seconds,
before and after each patient contact (strong recommen-
dation and moderate quality of evidence).

3. We suggest that alcohol-based hand sanitizer be locally pro-
duced following the WHO specifications where commercial
formulations are not available (best practice statement).

Question 5: Can natural ventilation be used in lieu of
mechanical environmental ventilation to carry out care
involving aerosol-generating procedures for patients with
COVID-19 in LMICs? Rationale. The aim of environmental
ventilation in hospitals is to reduce the transmission of air-
borne infection to staff and other patients by diluting and re-
moving potential pathogens. There is mounting evidence that
COVID-19 can be transmitted via airborne particles produced
not only during aerosol-generating procedures but also during
coughing, speaking, or even breathing.12

The recommended standard for mechanical environmental
ventilation where aerosol-generating procedures are being
performed is to use a negative pressure roomwith a minimum
of 12 air changes per hour.72 However, many healthcare fa-
cilities do not have negative pressure rooms so use natural
ventilation instead. This approach uses airflow generated
naturally by wind and temperature differentials to achieve
ventilation.73 Factors that increase the rate of airflow include
opening windows, doors, and other vents, as well as local
geography and design features of the building itself.
Search results. We searched MEDLINE using the terms

“natural ventilation,” “COVID-19,” “SARS,” “MERS,” and
“environmental infection control” as free text, in different
combinations, on July 1, 2020. There were no trials that
compared natural versusmechanical air ventilation in patients
with COVID-19. The search identified one observational study
that discussed natural ventilation in the context of COVID-19,
originating from China.74

Four field measurement studies were identified that com-
pared natural versus mechanical air ventilation, two from dif-
ferent HICs and two from Peru, an upper middle-income
country.75–78 Two observational studies from the SARS out-
break were also reviewed, whereas simulation studies con-
ducted in test-chamber environments were not.10,79,80

Two systematic reviews were conducted in 2007 and 2008
and a narrative review from 2015 were identified as partially
relevant to the research question, all of which included
some studies that were conducted in LMICs.73,81,82 The 2009,
WHO guideline for Natural Ventilation for Infection Control in
Health-Care Settings provides a comprehensive review of the
topic.73 The evidence that is available is predominantly fo-
cused on measurements of airflow, rather than patient-
orientated outcomes.
Evidence.Astudy exploring the aerodynamics of COVID-19

transmission described the measurement of the concentra-
tions of aerosolized SARS-CoV-2 RNA in air specimens col-
lected around two hospitals in Wuhan, China.74 Although
there was no evidence that the air specimens contained via-
ble, infectious virus (the specimens were not cultured), there
were lower levels of viral RNA in the “well-ventilated or open
public venues” than the more crowded and less well-
ventilated spaces.
Poor ventilationwasalsopostulated toplay a role in someof

the large SARS CoV-1 outbreaks in health facilities.79,80 An
observational study carried out on four wards where SARS
patients were receiving care noted that wards with a larger
window area-to-room volume ratio were associated with a
lower rate of healthcare worker infection.79 This was a small
study with multiple potential confounders, but the authors
concluded that better ventilation may have contributed to the
lower rates of nosocomial infection.
The link between air ventilation of hospital facilities and

transmission of respiratory pathogens more broadly was the
subject of a 2008 systematic review conducted by the team
writing the WHO guidelines on natural ventilation.73 The au-
thors concluded that a “lack of ventilation or low ventilation
rates are associated with increased infection rates or out-
breaks of airborne diseases and high ventilation rates could
decrease the risk of infection.” They made a conditional rec-
ommendation that natural ventilation should provide 160 L/s/
patient as the absolute ventilation rate per patient but noted
that the true minimum ventilation requirements to prevent the
spread of airborne infection were (and remain) unknown.
Four studies were identified that measured the rates of air

exchange and absolute ventilation in naturally ventilated
hospital buildings and compared it with calculated rates of
mechanically ventilated facilities.75–78 All the studies con-
firmed that natural ventilation could produce high rates of air
exchange, often well above the recommended standard for
mechanical air ventilation. However, it should be emphasized
that the testing was largely carried out in buildings that had
been purpose built or specifically adapted to promote airflow.
The results also demonstrated that the measured airflow was
dependent on the prevailing weather conditions, was not
uniform throughout the room, and could drop below the rec-
ommended standard.
Availability, feasibility, affordability, and safety. Rooms with

good natural ventilation are often readily available or can be
created with minor adjustments to existing structures at
minimal cost.76 Possible adjustments that may improve
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natural ventilation include the creation of new windows or air
vents or alterations to open previously sealed windows.73

Alterations to the roof, including the addition of a whirligig roof
vent or open skylights, can also increase ventilation (Figure 1).
It is important to emphasize to patients and staff that the
windows need to remain open for the natural ventilation to be
effective.
By comparison, mechanical environmental ventilation sys-

tems are expensive to install and to run. They require ongoing
maintenance, a supply of spare parts, and careful monitoring
to ensure they remain functional.80

It is possible to achieve protective levels of natural ventila-
tion even at relatively lowwind speeds, but there are still times
when the prevailing weather conditions will not generate the
necessary rates of airflow.75–78 Furthermore, natural ventila-
tion does not maintain a consistent airflow direction.
In facilities where adequate natural ventilation cannot be

achieved, a solution that is more affordable than the in-
stallation of a fully mechanized ventilation system is to in-
stall “exhaust fans,” positioned at the point where the
airflow exits the building, to create a hybrid system. Hybrid
systems have been shown to work in situations where nat-
ural ventilation is insufficient but need engineering input and
careful installation.73,77 Portable air cleaners are another
option to enhance removal of infectious particles from the
air but are expensive and not yet widely available in many
LMICs.83

Ceiling fans or pedestal fans mix the air in a room, rather
than refresh it and should not be considered a substitute for
exhaust fans as a measure to improve ventilation.83 Simi-
larly, “split air system” air-conditioning units, which are the
most common type of air-conditioning unit in many LMICs,
also recirculate indoor air and do not improve the fresh
airflow into a room (Figure 1).83 Although both fans and air-

conditioning units may helpfully decrease the risk of stag-
nant pockets of air within a room, there is a concern that they
may spread virus-containing particles further.84 This pre-
sents a challenge, given the need to maintain temperature
control for patients and staff. We were not able to find any
studies or guidance relating to the use of these devices in
hospitals in the context of COVID-19. Spread of virus is less
of a concern for patients in individual rooms or on wards of
confirmed COVID-19 patients, although the additional risk
to staff entering these spaces is unknown.
One proposed option would be to switch the fan or air-

conditioning off while staff are inside the room. This is more
feasible in some situations than others. If air-conditioning
units are being used, it is important to emphasize to staff that
windows need to be left open while they are in operation,
although it will decrease their efficiency.
Another safety concern is that thewardwindows should not

open onto a crowded public thoroughfare, although it is likely
that pathogens will be rapidly dispersed once outside. A final
consideration is thatmany settings do not have the equipment
necessary to formally test the levels of airflowbeing generated
to ensure that a safe level of airflow is being achieved. Thebest
solution in this situation is to measure the levels of carbon
dioxide (CO2) in the room as a proxy indicator of ventilation.
Nondispersive infrared CO2 analyzers generally cost between
$100 and $200 and are increasingly easy to procure.85 This is
an evolving area of research without a consensus on what the
target CO2 level should be in healthcare settings, but pre-
liminary guidance for non-healthcare settings suggests to aim
for a CO2 level at least below 800 parts per million.85–87

In the absence of a CO2 analyzer, the pragmatic solution in
this situation is to take all reasonablemeasures to optimize the
natural ventilation, despite being unable to measure their
precise impact. These measures are described in more detail

FIGURE 1. Environmental ventilation (photos by Dr. Rebecca Inglis). (A) Large, open windows on two different walls improve natural ventilation.
Thewall-mounted extractor fan should be set to blow outward not inward. (B) A whirligig roof ventilator. The ventilator spins in the wind as warm air
rises. The spinning drawsout air from inside thebuilding, improving ventilation. (C) Ventedwall to increase airflow in a hospital corridor. (D) + (E) Two
examplesof split air systemair-conditioningunits in commonusageandaceiling fan.All three recirculateairwithin a room, rather than increasing the
flow of fresh air from outside.
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elsewhere.73 There are rules of thumb that canbeused to help.
For example, one such rule states that roomswithwindowson
only one side can be adequately ventilated if the depth of the
room is less than twice the height.83 The Indian national
guideline on airborne infection control suggests openings
should constitute greater than 20%of the floor area, and there
should be openings on two sides of the room, preferably on
opposite sides.88 In summary, natural ventilation is widely
available andcanbe feasible, affordable, and safe but requires
care and planning to maximize its effectiveness.
Recommendations.

1. Where mechanical air ventilation is not available, we recom-
mend that natural ventilation can be an acceptable alternative
when carrying out aerosol-generating procedures for patients
with COVID-19, provided flow rates of at least 160 L/second/
patientor12airchangesperhourareachieved.Whereaerosol-
generatingproceduresarenotperformed, 60L/second/patient
orsixairchangesperhour issufficient (strongrecommendation
and moderate quality of evidence).

2. Where it is not possible to formally measure airflow, we
recommend the use of a CO2 analyzer to measure indoor
CO2 as a proxy indicator of ventilation (strong recom-
mendation and moderate quality of evidence).

3. We recommend that the room where aerosol-generating
procedures are performed be selected ormodified to include
some or all of the following design features, using the design
principles from the WHO Natural Ventilation guidelines
(strong recommendation and moderate quality of evidence).
a. Large, open windows
b. Windows on more than one wall; opposite walls if

possible
c. High ceilings
d. Additional air vents; open skylights or whirligig roof

ventilator (strong recommendation and moderate
quality of evidence).

4. In a facility with natural ventilation, we recommend that the
windowsandother ventilation vents be left openat all times
to allow airflow. The door to the rest of the hospital should
be left shut (strong recommendation and moderate quality
of evidence).

5. In a setting with insufficient natural ventilation, we recom-
mend that a hybrid or mixed-mode system of air ventilation
becreatedby installing exhaust fans inconjunctionwith the
natural ventilation measures (strong recommendation and
moderate quality of evidence).

6. We recommend that measures to improve natural ventila-
tion be taken in all areas where COVID-19 patients are
being cared for, whether aerosol-generating procedures
are being carried out or not (strong recommendation and
low quality of evidence).
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Candamil G, Mora-Martinez S, Rodriguez-Morales AJ, 2020.
Cognitive load and performance of health care professionals in
donning and doffing PPE before and after a simulation-based
educational intervention and its implications during theCOVID-
19 pandemic for biosafety. Infez Med 28: 111–117.

27. Bonar H, Filip A, 2020. RESEARCH BRIEF: COVID-19-Related
Trafficking of Medical Products as a Threat to Public Health.
Available at: https://www.unodc.org/documents/data-and-
analysis/covid/COVID-19_research_brief_trafficking_medical_
products.pdf. Accessed December 16 2020.

28. EuropeanSafetyFederation, 2020.COVID-19 -SuspiciousCertificates
for PPE. Available at: https://www.eu-esf.org/covid-19/4513-covid-
19-suspicious-certificates-for-ppe. Accessed July 21, 2020.

29. Rana S, 2020. Rise of Counterfeit PPE in India Amid COVID-19.
ICLG.com. Available at: https://iclg.com/briefing/13315-rise-
of-counterfeit-ppe-in-india-amid-covid-19. Accessed Decem-
ber 16 2020.

COVID SAFETY GUIDELINES FOR LMICS 21

https://www.krisp.org.za/news.php?id=421(pdf)
https://www.krisp.org.za/news.php?id=421(pdf)
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-personal-protective-equipment-ppe
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-personal-protective-equipment-ppe
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-personal-protective-equipment-ppe
https://www.unodc.org/documents/data-and-analysis/covid/COVID-19_research_brief_trafficking_medical_products.pdf
https://www.unodc.org/documents/data-and-analysis/covid/COVID-19_research_brief_trafficking_medical_products.pdf
https://www.unodc.org/documents/data-and-analysis/covid/COVID-19_research_brief_trafficking_medical_products.pdf
https://www.eu-esf.org/covid-19/4513-covid-19-suspicious-certificates-for-ppe
https://www.eu-esf.org/covid-19/4513-covid-19-suspicious-certificates-for-ppe
https://iclg.com/briefing/13315-rise-of-counterfeit-ppe-in-india-amid-covid-19
https://iclg.com/briefing/13315-rise-of-counterfeit-ppe-in-india-amid-covid-19


30. World Health Organization, 2020. WHO Disease Commodity
Package - COVID-19. Geneva, Switzerland: WHO.WHO/2019-
nCoV/DCPv3/2020.4. Available at: https://apps.who.int/iris/
bitstream/handle/10665/331434/WHO-2019-nCoV-DCPv3-
2020.4-eng.pdf. Accessed July 21, 2020.

31. British Safety Industry Federation, 2020. Counterfeit PPE
Checklist. Available at: https://bda.org/advice/Coronavirus/
Documents/Counterfeit-ppe-checklist.pdf. Accessed July 21,
2020.

32. The Chartered Society for Worker Health Protection, 2020.
Spotting a Fake Respirator. Available at: https://bda.org/
advice/Coronavirus/Documents/spotting-fake-face-masks.
pdf. Accessed July 21, 2020.

33. Rubio-Romero JC, Pardo-Ferreira MDC, Torrecilla-Garcı́a JA,
Calero-Castro S, 2020. Disposable masks: disinfection and
sterilization for reuse, and non-certified manufacturing, in the
face of shortages during the COVID-19 pandemic. Saf Sci 129:
104830.

34. Zorko DJ, Gertsman S, O’Hearn K, Timmerman N, Ambu-Ali N,
Dinh T, Sampson M, Sikora L, McNally JD, Choong K, 2020.
Decontamination interventions for the reuse of surgical mask
personal protective equipment: a systematic review. J Hosp
Infect 106: 283–294.

35. Toomey E et al., 2020. Extended use or reuse of single-use sur-
gical masks and filtering face-piece respirators during the
coronavirus disease 2019 (COVID-19) pandemic: A rapid sys-
tematic review. Infect Control Hosp Epidemiol. doi:10.1017/
ice.2020.1243.

36. Macintyre CR, Seale H, Dung TC, Hien NT, Nga PT, Chughtai AA,
RahmanB,DwyerDE,WangQ, 2015. A cluster randomised trial
of cloth masks compared with medical masks in healthcare
workers. Br Med J Open 5: e006577.

37. VumaCD,Manganyi J,WilsonK, ReesD, 2019. The effect on fit of
multiple consecutive donning and doffing of N95 filtering
facepiece respirators. Ann Work Expo Heal 63: 930–936.

38. Degesys NF, Wang RC, Kwan E, Fahimi J, Noble JA, Raven MC,
2020. Correlation between N95 extended use and reuse and fit
failure in an emergency department. JAMA 324: 94–96.

39. Fisher EM, Shaffer RE, 2014. Considerations for recommending
extendeduse and limited reuseof filtering facepiece respirators
in health care settings and limited reuse recommendations.
J Occup Environ Hyg 11: 115–128.

40. Bergman MS, Viscusi DJ, Zhuang Z, Palmiero AJ, Powell JB,
Shaffer RE, 2012. Impact of multiple consecutive don-
nings on filtering facepiece respirator fit. Am J Infect
Control 40: 375–380.

41. CDC, 2020. The National Institute for Occupational Safety and
Health RecommendedGuidance for ExtendedUse and Limited
Reuse of N95 Filtering Facepiece Respirators in Healthcare
Settings. Available at: https://www.cdc.gov/niosh/topics/
hcwcontrols/recommendedguidanceextuse.html. Accessed
June 6, 2020.

42. CDC, 2020. Decontamination and Reuse of Filtering Facepiece
Respirators. Available at: https://www.cdc.gov/coronavirus/
2019-ncov/hcp/ppe-strategy/decontamination-reuse-respirators.
html. Accessed June 6, 2020.

43. N95DECON, 2020.AScientific Consortium for Data-Driven Study
of N95 Filtering Facepiece Respirator Decontamination. Avail-
able at: www.n95decon.org/. Accessed December 16, 2020.

44. N95DECON, 2020. Technical Report for Room Temperature
Storage of N95 FFR for Bioburden Reduction and Reuse.
Available at: https://www.n95decon.org/files/time-technical-
report. Accessed December 16, 2020.

45. GaoP, HorvatinM, NiezgodaG,Weible R, 2016. Effect ofmultiple
alcohol-based hand rub applications on the tensile properties
of thirteen brands of medical exam nitrile and latex gloves.
J Occup Environ Hyg 13: 905–914.

46. Kimberly-Clark, 2009. KIMBERLY-CLARK* Nitrile Gloves Chem-
ical Resistance Guide. Available at: https://www.kimtech.com/
nitrilechemicalresistanceguide/K2365_09_01_SN%20Chem%
20Guide_v10.pdf. Accessed December 16, 2020.

47. CDC, 2020. Coronavirus Disease 2019 (COVID-19) Strategies for
Optimizing the Supply of Disposable Medical Gloves Continue
Providing Patient Care without Any Change in Daily Use of
Gloves Past Their Manufacturer-Designated Shelf Life for

Training. Available at: https://www.cdc.gov/coronavirus/2019-
ncov/hcp/ppe-strategy/gloves.html. Accessed June 6, 2020.

48. Godoy LRG, Jones AE, Anderson TN, Fisher CL, Seeley KML,
Beeson EA, Zane HK, Peterson JW, Sullivan PD, 2020. Facial
protection for healthcare workers during pandemics: a scoping
review. BMJ Glob Health 5: 1e002553.

49. Roberge RJ, 2016. Face shields for infection control: a review.
J Occup Environ Hyg 13: 239–246.

50. Roberge RJ, 2008. Effect of surgical masks worn concurrently
over N95 filtering facepiece respirators: extended service life
versus increased user burden. J Public Heal Manag Pract 14:
E19–26.

51. Lindsley WG, Noti JD, Blachere FM, Jonathan V, Beezhold DH,
VirginiaW, 2014. Efficacy of face shields against cough aerosol
droplets from a cough simulator. J Occup Environ Hyg 11:
509–518.

52. Perencevich EN, Diekema DJ, Edmond MB, 2020. Moving per-
sonal protective equipment into the community face shields
and containment of COVID-19. JAMA 323: 2252–2253.

53. Kilinc FS, 2016. A review of isolation gowns in healthcare: fabric
and gown properties. J Eng Fiber Fabr 10: 180–190.

54. CDC, 2020. Strategies for Optimizing the Supply of Isolation
Gowns. Available at: https://www.cdc.gov/coronavirus/2019-
ncov/hcp/ppe-strategy/isolation-gowns.html. Accessed De-
cember 16, 2020.

55. CDC, 2020. Operational Considerations for Personal Protective
Equipment in the Context of Global Supply Shortages for
Coronavirus Disease 2019 (COVID-19) Pandemic. Available
at: https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-
settings/emergency-considerations-ppe.html. Accessed De-
cember 16, 2020.
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APPENDIX

Development of recommendations and suggestions.
Selection of task force members. The selection of the group
memberswas based on interest in specific aspects of COVID-
19 and direct experience in low- andmiddle-income countries
(LMICs). AlfredPapali andMarcusSchultz contactedpotential
team members through email and in person early in the pan-
demic of COVID-19, and created eight subgroups assigned
to separate areas in COVID-19 management: “triage,” “safety,”
“organization,” “diagnostics,” “acute respiratory failure,” “acute
kidney injury,” “coagulopathy,” “therapeutics,” “shock,” and
“support after initial care.”
In total, there were 38 Task Force members representing

five medical specialties or disciplines (emergency medicine,
intensive care, infectious diseases, internal medicine and
critical care nursing) from five out of six World Health Organi-
zation (WHO) geographic regions. The Task Force consisted of
16 full-time LMIC members, 16 full time high-income country
(HIC) members—all with direct LMIC experience—and 6
members with joint LMIC/HIC appointments.
Selectionof subgroupmembers.Rebecca Inglis, LiaBarros,

William Checkley, Elif Cizmeci, Faith Lelei-Mailu, Rajya-
bardhan Pattnaik, Alfred Papali, Marcus J. Schultz, and Juli-
ana C Ferreira were assigned to this subgroup based on their
specific expertise and interest in safety of patients and
healthcare workers caring for patients with COVID-19.
Meetings. The subgroup worked via electronic-based

communications to establish the procedures for the literature
review, develop relevant questions, and drafting of tables for
evidence analysis. Several electronic-based discussions among
the subgroup leaders andmembers occurred. The first stepwas
to formulateasetof clearlydefinedquestions regardingsafety for
patients and HCWs caring for patients with suspected or con-
firmed COVID-19. An initial list of potential questions was

TABLE A1
Quality of evidence

A Randomized clinical trials High
B Downgraded randomized clinical trial(s) or upgraded observational studies Moderate
C Observational studies Low
D Downgraded observational studies or expert opinions Very low
Factors that may decrease strength of evidence include high likelihood of bias; inconsistency of results, including problems with subgroup analyses; indirectness of evidence (other population,

intervention, control, outcomes, and comparison); imprecision of findings; and likelihood of reporting bias.
Factors thatmay increasestrengthof evidence: largemagnitudeof effect (direct evidence, relative risk>2withnoplausibleconfounders); very largemagnitudeof effectwith relative risk>5; andno

threats to validity (by two levels); and dose–response gradient.1
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reviewed for content and clarity by the subgroup members and
leaders from the other subgroups, and questions were rewritten
or eliminated after extensive discussion and according to group
consensus. This process resulted in five questions.
In the next step, the safety subgroup assigned one or two

members to search the literature for evidence to answer each
of the questions. The literature search was performed in a
minimum of one general database (i.e., MEDLINE and
EMBASE) and the Cochrane libraries, including article per-
taining to COVID-19, SARS, MERS, and other respiratory
viruses.
Search techniques. In the next step, the safety subgroup

assigned one or two members to search the literature for ev-
idence to answer each of the questions. The literature search
followed the same techniques, as previously described.1 The
literature search was performed in a minimum of one general
database (i.e., MEDLINE and EMBASE) and the Cochrane
libraries, including article pertaining to COVID-19, SARS,
MERS, and other respiratory viruses. The terms low-resource
setting and LMIC were also added to the search, but in cases
were adding these terms resulted in no results, we appraised
the literature from high-income countries and adapted the
results to constrains usually present in LMICs. Furthermore,
the subgroup members also searched for unpublished study
results and included references suggested by group mem-
bers, when relevant.
Grading of Recommendations. The subgroup members

classified quality of evidence as high, moderate, low, or
very low and recommendations as strong or weak. The

factors influencing this classification are presented in
Table A1.
The subgroup members paid extensive attention to several

other factors as used before, but now focusing on LMICs, that
is, availability and feasibility in LMICs, and safety matters in
LMICs. A strong recommendation was worded as “we rec-
ommend” and a weak recommendation as “we suggest.”
Recommendations could remain “ungraded” (UG), when, in
the opinion of the subgroup members, such recommenda-
tions were not conducive for the process described above
(Table A2).
Reporting. The report was edited for style and form by

Alfred Papali or Marcus Schultz, with final approval by sub-
group leaders and then by the entire “COVID–LMIC Task
Force.” A final document was submitted to the “American
Journal of Tropical Medicine and Hygiene” for potential pub-
lication as a 1,000-word article and made open access.

Acknowledgements: Nomembers of the ‘safety’ subgroup represented
industry, and there was no industry input into guidelines development.
Nomemberof the ‘safety’subgroup receivedhonoraria forany role in the
guideline development process. None reported conflicts of interest.
Open access fees for thismanuscript, and all 9 others in the series, were
supported by the Wellcome Trust of Great Britain.

REFERENCE

1. Dondorp AM, Dünser MW, Schultz MJ, eds., 2019. Sepsis Man-
agement in Resource–Limited Settings. Cham, Switzerland:
Springer. doi: 10.1007/978-3-030-03143-5.

TABLE A2
Strong vs. weak recommendations*

What is Considered How it affects the recommendation

High evidence The higher the quality of evidence, the more likely is a strong recommendation
Certainty about the balanceof benefits vs.
harms and burdens

The larger/smaller the difference between the desirable and undesirable consequences and the
certainty around that difference, the more likely is a strong/weak recommendation

Certainty in or similar values The more certainty or similarity in values and preferences, the more likely is a strong
recommendation

Resource implications The lower/higher the cost of an intervention than the alternative, the more likely is a strong/weak
recommendation

Availability and feasibility in LMICs The less available, the more likely is a weak recommendation
Affordability for LMICs The less affordable, the more likely is a weak recommendation
Safety of the intervention in LMICs The less safe in an LMIC, the more likely is a weak recommendation
LMIC = low- and middle-income country.
* In case of a strong recommendation, we use “we recommend. . .”; in case of a weak recommendation, we use “we suggest. . .”
Adapted from Ref. 1.
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