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ABSTRACT
Introduction Effective implementation of standard 
precautions specific to COVID-19 is a challenge for 
hospitals within the existing constraints of time and 
resources.
Aim To rapidly design and operationalise personal 
protective equipment (PPE) donning and doffing areas 
required for a COVID-19 care facility.
Methods Literature review was done to identify all issues 
pertaining to donning and doffing in terms of Donabedian’s 
structure, process and outcome. Training on donning and 
doffing was given to hospital staff. Donning and doffing 
mock drills were held. 5S was used as a tool to set up 
donning and doffing areas. Instances of donning and 
doffing were observed for protocol deviations and errors. 
Plan–do–study–act cycles were conducted every alternate 
day for 4 weeks. The initiative was reported using 
Standards for QUality Improvement Reporting Excellence 
(SQUIRE) guidelines.
Results Best practices in donning and doffing were 
described. Our study recommends a minimum area of 16 
m2 each for donning and doffing rooms. Verbally assisted 
doffing was found most useful than visual prompts.
Discussion Challenges included sustaining the structure 
and process of donning and doffing, varied supplies of 
PPE which altered sequencing of donning and/or doffing, 
and training non- healthcare workers such as plumbers, 
electricians and drivers who were required during 
emergencies in the facility.
Conclusion Our study used evidence- based literature and 
quality improvement (QI) tools to design and operationalise 
donning and doffing areas with focus on people, task 
and environment. Our QI will enable healthcare facilities 
to rapidly prototype donning and doffing areas in a 
systematic way.

INTRODUCTION
Personal protective equipment (PPE) use in 
healthcare involves three phases: donning, 
while providing patient care, and doffing. 
Issues during any of these phases can lead to a 
risk of contamination to the healthcare worker 
(HCW).1 Incorrect technique or sequence in 
donning can expose HCWs during patient 
care or sets HCW up for a doffing failure.2 
Contamination of HCWs can occur during 
patient care if PPE is damaged, has design 

flaws or if HCWs circumvent protection. Risks 
of contamination during doffing can be due 
to an incorrect removal technique, improper 
handling and disposal of PPE, or by damaging 
PPE to expose HCWs.1–6

HCWs endure extreme heat, long periods of 
standing during patient care and then remove 
PPE, which requires patience, attention and 
some unusual movements. Doffing is a phys-
ically rigorous task that demands flexibility, 
balance and constant vigilance.7 It is a high- 
risk process8 that requires a structured proce-
dure and a designated area for removal to 
ensure protection.9 However, deviations from 
recommended doffing protocol are common 
with self- contamination rates ranging from 
13% to 90%.1–6 Quantitatively, the amount 
of self- contamination that is clinically mean-
ingful to transmit SARS- CoV-2 during doffing 
is not yet known. However, SARS- CoV-2 
contamination of common objects in the 
intensive care unit (ICU) and wards, virus 
aerosolisation in a confined space or spread 
from asymptomatic infected persons is docu-
mented, implying a potentially high infec-
tion risk for medical staff and other close 
contacts even though the amount of viable 
virus could not be determined.10 11 Compar-
atively, despite wearing PPE, 1 in 10 HCWs 
contracted Ebola during the epidemic.12–14 
Routine breaches in PPE use do not generally 
result in highly visible disease outbreaks but 
may contribute to ongoing transmission of 
nosocomial infection.4

Studies describing the layout and design 
for doffing rooms specific to Clostridium diffi-
cile and Ebola virus have established that the 
space and design of built environment for 
donning and doffing improves HCW safety, 
influences compliance and has a measur-
able impact on HCW contamination risk 
while doffing PPE.15–18 The coronavirus is 
not transmitted in the same way and it is not 
clear if these recommendations translate to 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4824-7737
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjoq-2020-001022&domain=pdf&date_stamp=2020-09-25


2 Wundavalli L, et al. BMJ Open Quality 2020;9:e001022. doi:10.1136/bmjoq-2020-001022

Open access 

COVID-19. Also, literature is limited on the ideal size for 
a donning and doffing room and managerial issues of 
donning and doffing areas.

The aim of our quality improvement (QI) initiative 
was to rapidly set up PPE donning and doffing areas 
in a hospital. The objectives were to define the struc-
ture (size, layout and design) of an ideal donning and 
doffing room, identify the process issues pertaining 
to donning and doffing and take systemic measures 
to improve the same.

METHODS
The initiative was undertaken at an acute cancer hospital 
that was converted into a COVID-19 care facility with 400 
isolation rooms, 400 beds in wards and 25 beds in ICU. 
Care was provided to more than 2358 patients for 12 
weeks out of which more than 90% had mild to moderate 
symptoms. A rapid QI event was conducted for 6 weeks. 
The team comprised hospital administrators, infection 
preventionists, and supervisors of nursing assistants and 
environmental service personnel. Inputs were taken from 
infectious disease specialists as well as the apprehensions, 
suggestions, comments and feedback of resident doctors 
throughout.

Our initial literature review identified all issues 
pertaining to donning and doffing in terms of Donabe-
dian’s structure, process and outcome.19 This was used 
as a tool to strategise planning and training. Training of 
trainers was done who later trained HCWs in small groups 
every day. Physical distancing was maintained between 
participants during group trainings. Initial training in 
PPE was done with a commercial PPE ensemble that 
comprised an impermeable surgical gown, a hood cap, a 
pair of goggles and a pair each of gloves, arm guards and 
knee- length impermeable leggings. Ankle- length shoe 
covers, another pair of gloves, one face shield and one 
N95 respirator were added separately to complete the 
full- body PPE. The hospital provided surgical scrubs and 
slippers to HCWs before donning PPE. Personal clothing 
was not advised.

The tool, 5S,20 was used to set up and sustain the struc-
ture and process of donning and doffing areas. This tool 
addresses planning in a structured way: sort, set in order, 
shine, standardise and sustain. Plan–do–study–act (PDSA) 
cycles were done to further improvise the structure and 
process of the areas. The PDSA is a cycle of planning 
goals and measuring progress during implementation, 
studying results through careful analysis, and enacting 
needed changes rapidly to ensure ongoing improvement 
and assess impact.21

RESULTS
Based on literature review, we identified the best practices 
related to donning and doffing (box 1).

We recommend an area of 16 m2 each for donning and 
doffing areas (figure 1). This was calculated based on the 
best practices which, inter alia, included that there should 

be space to permit a wide range of movements of the 
HCW without restricting movement or causing to bump 
into obstacles. The measurements of range of movements 
of individuals ranging in height from 152 to 189 cm were 
calculated. Space required for each step of doffing was 

Box 1 Best practices related to donning and 
doffing3 15 16 28–31

Dedicated room each for donning and doffing.
The doffing area has a unidirectional flow from contaminated to 
cleaner areas to the outside in a continuous forward motion.
The floor demarcation indicates the contaminated areas and clean 
areas.
Designated location of key items such as the trash can and chemical 
mat.
The size of the doffing area should ensure that all items are always 
within arm’s reach of the healthcare worker (HCW).
Placing mirrors to assist during shoe cover removal, improve posture 
and enable self- inspection.
The HCW is adequately trained regarding proper location and 
orientation when doffing.
The HCW is acquainted with available personal protective equipment 
in advance before donning in practice.
Defined space to reduce risky behaviours among HCWs.
Presence of large observational windows to observe the doffing 
personnel.
Ensuring good visual and voice contact between the doffing personnel 
and the observer.
Minimum 10 air changes per hour for airborne infectious isolation 
room for doffing.
The HCW should be able to extend the arms, bend at the wrist and go 
through a range of motions sufficient for patient care delivery while all 
remaining correctly covered.
The height and width of the sink must be at a good working level of 
HCWs to prevent self- contamination during handwashing.
Visual cues to enhance provider safety.
The height of the alcohol- based hand rub dispenser should be 
mounted at a height of 106–114 cm from the floor.

Figure 1 Size, layout and design of the doffing room.
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calculated as the HCW progressively proceeded from a 
more contaminated to a less contaminated area in a unidi-
rectional manner. Space for various supplies and waste 
bins that should be within hand’s reach was calculated.

We line listed the set of supplies required to operation-
alise the donning and doffing rooms (table 1).

A doffing area was designed based on the available 
space (figures 2 and 3) in the hospital.

Based on literature review, the commonly recognised 
errors in donning and doffing are listed in table 2. These 
potential errors were highlighted during training. Fifty 
HCWs were observed for protocol deviations during 
donning and doffing. They were immediately corrected 
by a doffing assistant wherever possible.

Table 1 Supplies required to set up a donning and doffing area

Sn Item Purpose

1 Gloves (assorted sizes) To don in the donning room and to don before removing face mask in the 
doffing room

2 Alcohol swabs (cotton and spirit) To minimise use of alcohol- based hand rubs wherever required, such as 
cleaning of upper surface of shoes (if not wearing slippers)

3 Hands free ABHR delivery system For hand hygiene between each doffing step

4 Sodium hypochlorite solution (undiluted) For disinfection of the room after fresh dilution every time.

5 Biomedical waste bags/liners To line the biomedical waste bins

6 Tape and scissors To cover gaps between mask and face if required

7 Marker pens To label buckets and to prevent mix- up or realignment of reusable PPE 
and waste bins during cleaning by housekeeping staff

8 Biomedical waste bin, 1 To discard doffed PPE except goggles, face shields, N95 masks and 
coveralls

9 Biomedical waste bin, 1 (size should be large; 
otherwise, it gets full quickly and cannot 
accommodate more PPE)

To discard coveralls that shall be sent for disinfection

10 Buckets, 2 To discard goggles/face shields to be reused after disinfection
To discard N95 masks to be reused after disinfection

11 Full length mirrors, 2 To enable viewing of any visible soiling of PPE

12 Graduated mugs To calculate quantities of sodium hypochlorite needed

13 Graduated buckets To calculate water required and prepare the final diluted solutions of 
sodium hypochlorite for placing used goggles and face shields

14 Chairs or stools,* 2 (designated as dirty and clean 
each)

To sit and remove shoe covers

15 Furniture such as stools/table To place PPE in donning†

16 Bin‡ To discard worn linen (surgical scrubs) after undressing and before taking 
shower in the bathroom

17 Mops To disinfect the surfaces such as floors

18 Multiple small spray bottles filled with freshly 
prepared sodium hypochlorite or wipes

To spray and disinfect high- touch surfaces in the doffing room

19 Clean towels Items required during shower and postshower

20 Clean surgical scrubs of different sizes

21 Individualised toiletries such as soaps and 
shampoos

22 Clean slippers: multiple pairs

23 Sodium hypochlorite- filled damp trays To be placed at the exit of the doffing room on the floor for HCW to walk 
through this before walking into clean non- COVID areas

24 Lockers To store items such as towels, scrubs, soaps, shampoos, masks and 
clean slippers

All furniture items such as stools and stands should be disinfectable.
*Alternately, grab bars can be installed on walls to minimise contamination.
†Minimise furniture items in doffing area.
‡To be filled with freshly prepared 1% sodium hypochlorite for dipping used linen.
ABHR, alcohol- based hand rub; HCW, healthcare worker; PPE, personal protective equipment; Sn, Serial number.
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We used the 5S tool to set up and sustain the donning 
and doffing areas (table 3). We created a checklist for the 
donning and doffing areas (table 4).

We performed repeated PDSA cycles to improve compli-
ance to recommended donning and doffing (table 5). We 
described measures taken to reduce the different aspects 
of task load pertaining to doffing (table 6)

We used literature review to further refine our PDSA 
cycles (table 7).

We suggested a theory of change canvas to plan and 
manage donning and doffing areas (table 8).

DISCUSSION
We designed and operationalised PPE donning and 
doffing areas for a COVID-19 care facility within a span 
of 1 week. The biggest challenge was to train the house-
keeping staff and environmental service personnel who 
had no experience in PPE and to translate the training 
into practice within a short span of time.

There was considerable awareness and interest in 
COVID-19 among staff due to social media coverage. 

However, apprehensions related to the disease were also 
huge. Focus groups, lectures, picture- guided posters, 
online training videos and demonstrations on donning 
and doffing were conducted by infection preventionists. 
Evidence shows that traditional learning methods (eg, 
watching educational videos and learning PPE guidelines) 
are inferior to immersive learning methods, including 
audiovisual devices and active learning involvement using 
simulation training that includes feedback on perfor-
mance in guiding the PPE procedures.22–24 Hands- on 
practical training should be provided to allow HCWs to 
develop muscle memory.6 Though instructional videos 
were circulated to all HCWs, most did not go through 
the videos on their own unless under supervised persua-
sion. The anticipated PPE shortage restricted the staff to 
practise using PPE extensively. We did a literature review 
to line list all identified donning and doffing errors and 
used this as a tool to strengthen training and improvise 
HCW donning and doffing. Repeated PDSA cycles mini-
mised protocol violations during donning and doffing.

The PDSA cycles also enabled us to identify practical 
issues that every healthcare facility must address while 
operationalising donning and doffing areas in its facility. 
Limited hospital layouts disrupt space management for 
PPE use. Since it was not possible to construct an ideal 
doffing facility or even make major alterations due to 
constraints of space, time and raw material supply chain 
logistics due to national lockdown, the identified avail-
able space within the ward and the isolation facility was 
reconfigured optimally.

Initially, items were frequently moved and placed in 
inconsistent locations when design did not provide stan-
dard, convenient locations, leading to errors, frustration 
and risky behaviours such as retracing into contaminated 
area to use alcohol- based hand rubs (ABHRs). However, 
if items such as bins were immovably fixed at identi-
fied locations in the doffing room, then this impaired 
cleaning. Therefore, the floor was marked with coloured 
tapes to indicate the placement of bins and stools.

Donning was dissected into nine sequential objective 
steps to reduce cognitive effort. Nine sequential unidi-
rectional stations were created in the donning room. A 
poster corresponding to each step of donning was pasted 
on the wall at each station in sequence along with supply 
of the relevant PPE on tables at that station. Similarly, 
11 sequential stations were created in the doffing room 
corresponding to each step of doffing. At each station, a 
poster corresponding to the step was pasted on the wall. 
Automatic no- touch dispensers were provided in each 
zone (red, yellow and green) in the doffing room to elim-
inate the risk of contamination and to prevent wastage 
of ABHRs, which were being used indiscriminately 
otherwise.

Apart from the errors recognised in literature, the 
most frequent behaviour was touching the front part of 
the mask to adjust the positioning of mask at intervals. 
Individualised seal checks were not possible due to supply 
of universal size N95 masks. Fogging of goggles occurred 

Figure 2 Layout of the floor in the doffing room.

Figure 3 Design of the doffing room.
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often due to poor fit of masks. HCWs used surgical tapes 
to seal the masks on the face. This carried a risk of contam-
ination during doffing. However, Bell et al reported that 
taping may not present significant contamination risk.25 
HCWs who used prescription glasses perceived risk of 
contamination of glasses while doffing.

Engineering staff (plumbers and electricians) were 
required to enter patient isolation rooms to rectify emer-
gency complaints such as seepage of water and faulty 
drains. Others such as phlebotomists, physiotherapists, 
radiographers, dieticians, ambulance drivers, laundry 

personnel and kitchen stewards also required training in 
PPE use. These were big challenges as it is known that 
personnel donning and doffing PPE that they are unfa-
miliar with or have not received training on during emer-
gency situations increase the likelihood of a doffing error.8 
Just- in- time training was provided to them. However, 
some of these staff doffed expeditiously with less regard 
to safety and required explicit verbal instructions and 
prompts by a trained observer on all occasions.

After a few days of regular usage of PPE, some staff 
exhibited automaticity and reduced compliance to 

Table 2 Recognised errors in donning and doffing based on literature review that need to be emphasised in training28–30 32–36

Donning errors Doffing errors

Did not perform hand hygiene before entering the 
room

Did not use proper glove- in- glove technique for glove removal

Did not tie the gown at both the neck and waist Did not remove gloves first

Selected a procedure mask instead of the N95 
disposable respirator

Not doffing gloves inside out

Did not place mask straps properly Contamination frequently occurred when the contaminated outside 
surface of gloves was touched with bare hands during removal.

Did not properly seal the mask to the face The outer gloves were not the first doffing item when untying the outer 
shoe cover strings first.

Did not conduct a seal check Gloves and/or masks were not placed in the trash hamper

Did not use eye protection Removed potentially contaminated eye protection from the room

Glove cuff did not cover gown cuff. Did not use the foot pedal, but instead touched the hamper lid with bare 
hand

Did not don equipment in the recommended 
sequence

Did not place all or part of the gown into the designated hamper

Gloves were not donned last as part of the donning 
sequence

Did not use proper mask removal technique

Unfamiliarity with PPE items Touching the outer surface of a gown when rolling it up to reduce its 
volume after discard

Confusion about the wearing order of multilayered 
PPE items

Did not use wall- mounted hand sanitiser before exiting the room

Not tying backstrap of gown Removed other potentially contaminated items from the room

Did not perform hand hygiene after exiting the room

Did not doff equipment in the recommended sequence, for example, 
doffing gloves first and touching other PPE with bare hands

Touched unprotected areas of the body, which could have resulted in 
self- contamination

Adjusted the mask in the room, breaking the seal and potentially resulting 
in self- contamination

Touched surfaces in the room that were unnecessary, which could have 
resulted in greater contamination of the gloved hands

Difficulty in locating the coverall zipper- slider and pulling it down with 
gloved hands

Contacting contaminated PPE with bare hands during doffing

Doffing the gown with flourish

Doffing the gown from the front

Not rolling up the gown before disposal

Walking between clean and dirty areas of doffing space

Not completing hand hygiene after each step
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doffing sequence even after being explicitly guided by 
an observer. The presence of a peer guiding the process 
may have contributed to their reduced compliance. 
However, in the presence of a senior supervisor, compli-
ance improved. The mean time spent by HCWs in PPE in 
the wards or isolation facility was 2.4 (±0.04) hours. Some 

staff (5%) needed to doff within 2 hours of donning PPE 
due to extreme discomfort or dizziness.

PPE kits should not be changed frequently to mini-
mise errors during donning and doffing.26 However, 
PPE supplies changed on four occasions due to unavoid-
able supply chain logistics and apprehensions regarding 

Table 3 5S tool

5S Activity

Sort List all supplies needed.

Set in order Establish the layout of the donning and doffing room.
Design visual prompts on the floor.
Place furniture and supplies in identified locations.

Shine Use freshly prepared 1% sodium hypochlorite every time to disinfect the room.
Ensure that the biomedical waste is removed from the bins at defined times.
Ensure that coveralls are taken separately out of the room to the disinfection site.
Ensure that N95 masks are transported separately out of the room to disinfection site.
Ensure that the buckets containing used goggles and face shields are first transported to the disinfection site and then 
to the donning room for reuse.
Ensure that the sodium hypochlorite is periodically replaced in these buckets containing used goggles or face shields.

Standardise Objective checklist of donning and doffing steps.
Standardise placement of items in the donning and doffing rooms.
Define and document list of tasks to be performed by each category of staff such as replenishment of supplies, 
disinfection frequencies, assisting or observing doffing HCW.

Sustain Reinforcement of activities to housekeeping staff by supervisors once at the beginning of every shift and proactive 
supervision at random intervals.

HCW, healthcare worker.

Table 4 Checklist for doffing area

Sn
At the beginning of each shift, tick that the following are available in the 
doffing room and lockers

1 ABHR available in automatic dispensers in red, yellow and green zones         

2 Gloves available at designated location in yellow zone (all sizes)         

3 Alcohol swabs available in green zone         

4 Triple- layer masks available in common locker         

5 Surgical scrubs available in common locker (S, M and L sizes)         

6 Soaps available in common locker         

7 Towels available in common locker         

8 Bucket with freshly prepared 1% sodium hypochlorite available in bathroom         

9 Waste bins in designated locations         

10 Waste bins double lined with colour- coded bags         

11 Bins to collect N95 masks labelled and in designated location in the room         

12 Bins to collect goggles or face shields filled with sodium hypochlorite and in 
designated location in the room

        

13 Goggles and face shields collected at the end of each shift and transported safely 
to a previously identified location for disinfection

        

14 N95 masks collected and transported safely to a previously identified location for 
disinfection

        

15 Used coveralls transported from the doffing area to a previously identified location 
for disinfection (as per the hospital protocol)

        

16 Disinfected goggles and face shields transported to the donning area at the 
beginning of each shift

        

Date
Time 
sign

Date
Time 
sign

Date
Time 
sign

Date
Time 
sign

Date
Time 
sign

ABHR, alcohol- based hand rub; L, large; M, medium; S, small.
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the quality of PPE among resident doctors due to a few 
instances of PPE getting torn while donning. The initial 
PPE ensemble earlier was replaced with an assembled 
set consisting of a category III protection level tychem 
coverall, an N95 respirator, a pair of knee length shoe 
covers and one pair of goggles due to exhausted supplies. 
Gloves and hood caps had to be obtained separately. This 
was followed by a supply of two different kinds of coveralls 
made of spun bound fabric with one layer of microfilm, 
which differed in their breathability. The other acces-
sories of PPE were separately obtained and assembled. 
Non- availability of extra- large size gowns or coveralls was 

an issue of concern for some HCWs due to exposure of 
the uncovered areas. Due to change in PPE ensemble, 
the sequence of donning and doffing of shoe covers had 
to be altered, which led to confusion and errors among 
HCWs. This required just- in- time training on multiple 
occasions. Face shields were preferred compared with 
goggles. However, evidence is limited about the effective-
ness of goggles versus face shields.27

Another managerial issue that required monitoring 
was sustaining the practice of discarding used N95 masks, 
goggles, face shields and coveralls in separate containers 
in the doffing room by HCWs for reuse after disinfection. 

Table 5 PDSA cycle for donning and doffing.

Plan the change What Who When

PDSA cycle for donning

  Aim To ensure that HCW don PPE without any errors or protocol 
deviations

  Plan Plan a training programme and schedule for doctors, nurses, 
nursing assistants and environmental service personnel. Prepare 
a checklist of donning.

IC team Week 0 (1 week 
before start of QI)

  Do Do an awareness and sensitisation lecture for all categories of 
staff in donning. Identify misconceptions and barriers related to 
donning in the donning cubicle.
Do an extensive literature review on donning practices.
Do naturalistic observations of donning in terms of environment, 
tasks and behaviours and collect informal participant comments.

Hospital 
administrator, 
infection control 
nurses or infection 
preventionists

Every day in 
batches

  Study Study aspects of compliance qualitatively.
Study misconceptions and wrong practices related to donning 
using direct observation and with assistance of evidence- based 
literature.

IC team including 
hospital 
administrator

After every third day

  Act Resensitise staff on donning and the need for accurate donning 
along with clarification of misconceptions, wrong practices and 
providing solutions to barriers in structure and process.

Hospital 
administrator and 
IC team

After every third day 
until the saturation 
of training of all 
staff

PDSA cycle for doffing

  Aim To ensure that HCW doff PPE without any errors or protocol 
deviations

  Plan Plan a training programme and schedule for doctors, nurses, 
nursing assistants and environmnetal service personnel. Prepare 
a checklist of doffing.

IC team Week 0 (1 week 
before start of QI)

  Do Do an awareness and sensitisation lecture for all categories of 
staff in doffing. Identify misconceptions and barriers related to 
doffing in the doffing cubicle.
Do an extensive literature review on doffing practices.
Do naturalistic observations of doffing in terms of environment, 
tasks, behaviours and gather informal participant comments.

Hospital 
administrator, IC 
nurses or infection 
preventionists

Every day in 
batches

  Study Study all aspects of doffing qualitatively.
Study misconceptions and wrong practices related to doffing 
using direct observation and with assistance of evidence- based 
literature.

IC team, 
including hospital 
administrator

After every third day

  Act Resensitise staff on doffing and the need for accurate doffing, 
along with clarification of misconceptions, wrong practices and 
providing solutions to barriers in structure and process.

Hospital 
administrator and 
IC team

After every third 
day until saturation 
of training of all the 
staff

HCW, healthcare worker; IC, infection control; PDSA, plan–do–study–act; PPE, personal protective equipment; QI, quality improvement.
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Ensuring round- the- clock availability of supplies in the 
doffing room and postdoffing bathroom was another 
issue. Direct supervision of the doffing room was compar-
atively less due to perception of high risk of room contam-
ination and required fresh donning to go inside to check 
and replenish supplies carefully without contamination. 
The next issue was to ensure that goggles and face shields 
were disinfected as per the protocol and transported out 
from the doffing room safely by the nursing assistants. 
Ensuring availability of supplies such as towels and scrubs 
in the lockers always required constant monitoring. A 
checklist (table 4) was created for the supervisor of envi-
ronmental service personnel who was made accountable 
to address these issues in the donning and doffing rooms 
in every shift.

The availability of all supplies within doffing room, 
visual prompts and affordances were not sufficient to 
ensure full compliance with doffing protocols. Fogging 
of goggles hindered reading doffing posters on the wall 
for some HCWs. Fatigue also contributed to lack of 
attention by the HCW during doffing. The presence of 
a trained observer who provided verbal prompts to the 
doffing HCW promoted compliance the most. However, 
some HCWs reported hearing difficulty while in PPE 
due to which the vocal prompts provided by the doffing 
assistant during doffing were not heard. This led to the 
idea of prompting instructions by an observer using a 
microphone from outside while being able to visualise 
the doffing process through a glass screen. However, 
since HCWs doffed at random intervals, ensuring the 

presence of a doffing assistant always was resource 
intensive.

Biomedical waste bins for coveralls got filled up faster 
due to the size of the coveralls. This required more 
frequent inspection and proactive initiative by envi-
ronmental service personnel who needed supervisory 
nudging.

Our experience recommends that water or oral rehy-
drating solutions should be provided to HCWs at the 
time of donning and after doffing. There must be space 
designated for the HCW to sit before entering the 
doffing room, if the HCW needed to take rest. It was also 
important to make it known to all the HCWs that these 
were available for them.

Donning and doffing by different HCWs occurred 
multiple times due to random arrivals of patients. 
This caused overcrowding in the doffing room, at 
times, leading to prolonged waits for other HCW. 
Some HCWs doffed simultaneously without waiting, 
which would lead to one of these HCW waiting in the 
doffing room to enter the bathroom that was already 
occupied. The waiting in the doffing room without 
PPE caused apprehensions of exposure to the coro-
navirus. This was circumvented by preventing simul-
taneous doffing and by using a set of two rooms, one 
room to doff and the other room with an attached 
bathroom to wait if required. Initially, overcrowding 
happened due to uniform shift timings of staff. We, 
therefore, staggered the staff duty timings so that 
at least any one category of staff always remained 

Table 6 Measures taken to reduce task load during doffing (task load parameters derived from Hart and Steveland’s NASA 
Task Load Index)26

Sn Task load Measures to reduce task load

1 Mental demand Each step of the doffing was put up as a poster on the wall in a unidirectional flow.
Visual prompts were provided on the floor.
Verbal prompts were provided by an observer stationed outside the doffing room.
All bins that were meant to collect used N95 masks and coveralls were labelled.

2 Physical demand Grab bars were provided as a balance aid for removing shoe covers.
Stools were also provided.
Foot- operated trash bins were provided near each doffing step.
Full length mirrors were provided to enable visual inspection.
No touch ABHR dispensers were provided within easy reach wherever required.
The shower room was located right immediately after exit from the doffing room.

3 Temporal demand In case of an emergency, assistance was given to don PPE.
Doffing was assisted and nudged at a comfortable pace.
Chairs were placed before entering the doffing room to take rest if required.

4 Performance Performance was enhanced by a doffing assistant who quickly corrected any protocol deviation 
or error right at the time of initiation of a deviation.

5 Effort A donning and/or doffing assistant was provided to reduce individual effort.

6 Frustration All required PPE supplies and gloves (size- wise), ABHR, alcohol swabs were refilled before the 
start of donning or doffing.
An environmental service personnel was stationed outside the doffing area for any assistance.
Towels, soaps and surgical scrubs were provided in the shower room and refilled in every shift.
A new set of slippers was provided after exiting from the shower room.

ABHR, alcohol- based hand rub; PPE, personal protective equipment.
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Table 7 Lessons learnt from literature review used as a strategic tool to refine our PDSA cycles27 37–40

Potential issues identified in literature review Action taken

Limited hospital layouts disrupted space management for 
PPE use.

Space was maximally optimised within the available alternatives.

Even when PPE is used, errors in technique may reduce or 
negate its intended effects.

The right technique of donning was emphasised repeatedly 
during training and assistance was provided in actual practice.

HCPs were reported to make changed mistakes while 
avoiding previous mistakes, even after receiving feedback on 
their PPE contaminations.

Multiple reiterations and trainings were planned and provided.

Lack of assessment of infection control competencies may 
suggest to learners that these aspects of clinical competency 
are less valuable than others.

Every training was assessed. Compliance was sought using 
Hawthorne effect.

Women’s experiences wearing PPE found the coverall to be 
among the worst-fitting PPE types.

Feedback was taken from female HCWs after doffing to 
improvise the process, if required.

Taping over gaps between hood and coverall Gaps could not be avoided as it depended on the PPE provided.

With more PPE items, the doffing order became complicated 
and confusing.

Doffing assistants and observers provided guidance at every 
step.

Since sitting increases the risk of spreading contamination 
to other parts of the PPE, installing built- in grab bars was 
suggested

Handrails were installed at the location where shoe covers are 
removed.

Layout of the doffing area increases the risk of 
contamination.

Layout was designed based on best practices cited in literature.

When HCWs are potentially fatigued after hours of providing 
patient care, removal of PPE has been identified as a high- 
risk activity for self- contamination and potential acquisition 
of pathogens.
An HCW who is uncomfortable and tired may make mistakes 
while removing the PPE hastily.
Prolonged donning and doffing time may be an issue.

Donning was initiated only based on requirement. Activities were 
planned in advance before donning to maximise available time 
after donning. HCW was recommended to take a rest inside 
the ward/isolation facility at intervals in case of discomfort, 
uneasiness or heavy sweating. Doffing was initiated only after 
the HCW was relaxed. Gentle reassurance was provided to 
them.

In an environment where urgency is evident and employee 
safety is critical, complex procedures are more accurately 
followed when written procedures are coupled with visual 
images to provide guidance to staff. Compliance of staff to 
the procedure outlined is enhanced when staff can visualise 
each step as they are completing the process.

Visual posters were put up alongside each instruction in the 
donning and doffing room.

Some protocols (NC and MSF) recommend rubber boots 
without boot covers.

We found this recommendation suitable for engineering staff 
such as plumbers who complained of feet getting soiled or wet 
during repairs of faulty drains and sewage lines.

Picture- guided posters or visual images enhance staff 
compliance to donning and doffing procedures when staff 
is able to visualise each step as they are completing the 
process.

Full- length posters were made available in the donning and 
doffing rooms.

Defining specific roles and responsibilities and training the 
participants to practise core teamwork skills such as closed- 
loop communication, mutual support, situational awareness 
and speaking up about safety concerns

PDSA cycles tried to address these issues

HCWs should be given just- in- time training if their standard 
PPE is replaced with a new style during shortages or vendor 
changes.

PPE protocols were defined. 5S tool was used to standardise 
and sustain PPE protocols.

Regardless of PPE type, increased access and training to 
published donning/ doffing guidelines improves HCW ability 
to don or doff without protocol deviations.

PPE protocols must be clear and unambiguous.

HCP, healthcare personnel; HCW, healthcare worker; MSF, Médecins Sans Frontières; NC, North Carolina; PDSA, plan–do–study–act; PPE, 
personal protective equipment.
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donned inside the isolation facility at any time, PPEs 
were not used unnecessarily and doffing of all staff at 
the end of a shift did not occur en masse.

CONCLUSION
Our study used evidence- based literature and QI tools 
to design and operationalise donning and doffing 
areas with focus on people, task and environment. 
Our QI will enable healthcare facilities to rapidly 
prototype donning and doffing areas systematically.
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