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Using PPE correctly and safely
Unless health-care workers are fully trained in the best use of personal protective equip-
ment, they risk being infected with COVID-19 and other pandemic and epidemic viruses.
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Many human viral diseases result 
from a zoonotic event. Some 
of these diseases have affected 

millions of people around the world, 
and some have resulted in high rates of 
morbidity/mortality in humans. 

Zoonotic outbreaks over the last two 
decades include Severe Acute Respiratory 
Syndrome (SARS-CoV) in 2002, MERS-
CoV in 2012, Ebola Virus in 2014 and, 
in December 2019, a world outbreak of 
a novel Coronavirus (SARS-CoV-2). This 
initially emerged in a wholesale seafood 
market in Wuhan, China, with bats the 
likely original hosts and pangolins as 
potential intermediate hosts.1 

SARS-CoV-2 is the etiologic agent of 
coronavirus disease 2019 (COVID-19), 
which causes severe respiratory illness in 
humans. Based on current evidence, it is 
transmitted through close contact and 
droplets, as previously seen in SARS-CoV 
and MERS-CoV. Airborne transmission 
may also occur during aerosol-generating 
procedures. It was recognised as a 
pandemic by the World Health Organiza-
tion (WHO) in March 2020 and has had 
considerable global economic and health 
impacts.2,3 This pandemic has also high-
lighted the vulnerability of health-care 
workers to respiratory infections.           

A major challenge in every pandemic 
is the effective protection of health-care 
workers as they are at risk of infection 
themselves. Health-care workers use 
personal protective equipment (PPE) to 
protect themselves from droplets from 
coughs, sneezes or other body fluids 
from infected patients and contaminated 
surfaces that might infect them. Recom-
mendations for the use of PPE to protect 
against SARS-CoV-2 exposure by health-
care workers were recently published by 
the WHO and the US Centers for Disease 
Control and Prevention (CDC). There are 
questions regarding the effectiveness of 

PPE as an infection control strategy to 
protect health-care workers during the 
COVID-19 pandemic and other epidem-
ics. Does it lead to an increased rather 
than decreased risk of infection among 
health-care workers if proper selection, 
fit, sequence for donning and doffing or 
adequate training is not implemented? 
This includes correct and consistent use, 
disposal, disinfection and maintenance. 

Risks to health-care workers    
Health-care workers are at the front-
line in every pandemic and epidemic 
outbreak. Their constant exposure to 
infected patients and contaminated 
surfaces can put them at risk of acquir-
ing the infection. One particular study 
showed that procedures capable of gen-
erating aerosols have been associated 
with increased risk of virus transmission 
to health-care workers.4 

During the 2002-2003 SARS epidemic, 
approximately 1725 front-line health-
care workers were infected. During the 
COVID-19 pandemic, it was estimated 
that from December 2019 to February 
2020, 1716 Chinese health-care work-
ers were infected by COVID-19 and five 
died.5,6 In Lombardy, Italy, the number 
of positive health-care workers was 
10,627, with 34 deaths to date. Deaths 
among health-care workers in the United 
Kingdom (UK) were seven as of April 

2020.7 During the Ebola virus outbreak 
in West Africa in early 2013 to 2016, a 
high proportion of infections were among 
health-care workers.8,9

Infection among health-care workers 
during the aforementioned pandemics 
and epidemics were attributed to PPE 
shortages, incorrect PPE, inconsistent 
use of PPE, inadequate fit testing, insuf-
ficient training with donning and doffing 
of PPE, suboptimal hand hygiene before 
and after contact with patients, and 
protocol failure.6-10

Specific requirements for health-care 
workers’ protection are advisable to 
ensure the functioning of the health-care 
system. Understanding the transmission 
risk is particularly important for guiding 
evidence-based protective measures in 
the health-care setting.11

Knowledge and practice gaps
PPE use is aimed at preventing trans-
mission of these viruses from patients 
to health-care workers and vice versa, 
particularly when no effective treatment 
or prophylaxis is available. PPE includes 
gloves, surgical face masks, goggles or 
face shields and isolation gowns, as well 
as N95 respirators for aerosol-generating 
procedures.12

During a pandemic and epidemic, cor-
rect PPE use is crucial. As health-care 
workers frequently need to use several 
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types of PPE, issues arise regarding the 
integration and interface of these items 
to ensure they provide the best protec-
tion and that contamination is avoided.13 
Findings from the literature have shown 
that even the best-designed and engi-
neered PPE will not protect health-care 
workers if it is not selected appropri-
ately, is unreliable or unusable due to 
incorrect fit, inconsistent use and train-
ing in the proper sequence for donning 
and doffing, and disposal or maintenance 
is insufficient.7,8,9,15 

A number of randomised control trials 
and studies show that inconsistent use of 
PPE, insufficient training and inadequate 
fit of masks can put health-care workers 
at risk of infection such as COVID-19 and 
other viruses. In a randomised control 
trial, health-care workers who wore surgi-
cal masks or N95 throughout their work 
shift were significantly protected against 
nonspecific respiratory infection com-
pared to those who did not. However, 
assessment of clinical outcomes was 
self-reported and prone to bias, as the 
intervention cannot be masked.15 

Dangers of insufficient training
Evidence from a cohort study conducted 
among health-care workers in Hong Kong 
and Toronto showed that insufficient 
training in and inconsistent wearing of 
either a surgical mask or an N95 was 
associated with developing SARS when 
compared with sufficient training and 
consistent use.10 The efficacy of respira-
tory protection in preventing respiratory 
infection among health-care workers may 
easily be lost if compliance is poor or 
insufficient training is provided. Other 
studies have shown that inadequate 
fit of masks could compromise respira-
tory protection and impair vision due to 
masks moving on the face. Continuously 
touching the mask, even with gloved 
hands to manually adjust it, can result 
in self-inoculation when the health-care 
worker inadvertently touches their face, 
eyes, nose or mouth. Some volunteers 
wore glasses which steamed up, show-
ing further evidence of poorly-fitted 
masks.8,13 

Recent studies, simulations and 
reviews have examined the dangers to 
health-care workers during PPE removal. 
This is when the risk of contamination 

is highest. Researchers found that the 
sequence of PPE removal, complica-
tion or error in doffing, protocol failure, 
hand hygiene compliance, problems with 
protection, comfort and function were 
significant factors in contamination of 
health-care workers. An observational 
study performed in 11 hospitals in Can-
ada found that only half the health-care 
workers were observed to remove their 
PPE in the correct sequence and hand 
hygiene was not routinely performed 
after PPE removal, thereby creating op-
portunities for self-contamination.14 In 
a UK study in 2018, researchers saw that 
the health-care workers were frequently 
contaminated, either through a protocol 
failure of the PPE ensemble itself, com-
plication or errors in doffing.8 

A recent experimental simulation of 
intubation was conducted by researchers 
using fluorescent-simulated body fluid. 

fectious diseases using a human factors 
lens. This found problems with protec-
tion, comfort, function during simulated 
care activities and doffing, which is 
similar to a 2020 Cochrane systematic 
review.17The review found there is low to 
very low‐certainty evidence that covering 
more parts of the body leads to better 
protection and usually comes at the cost 
of more difficult donning or doffing and 
less user comfort, and may therefore 
even lead to an increased risk of con-
tamination when health-care workers 
remove it.18 Overall, the knowledge and 
practice gaps in the effective use of PPE 
shown in different studies, simulations, 
randomised trials and reviews strongly 
demonstrated that PPE may cause more 
harm than good and may contribute to 
an increased risk of having COVID-19 
infection and other respiratory infections 
among health-care workers.   

This demonstrated contamination of the 
air in the breathing zone of participants 
and on the gloves, gowns (torso and 
cuffs) and face shields of participants.16 
Another study evaluated seven PPE 
ensembles designed for use for highly in-

The proper use of PPE by health-
care workers is vital in protecting 
them from biological hazards such 
as COVID-19 and other viruses. 
Fundamental is the selection of the 
correct PPE for each setting and 
context.12,19,20 The Health and Safety 
at Work Act 2015 legislates that an 
employer will provide suitable PPE 
for an employee in their work. The 
employee must also receive adequate 
education and training.21 The Minis-
try of Health, in line with the WHO 
guidelines, recommends the con-
sistent use of PPE during exposure 
to biological hazards, the correct 
sequence of donning and doff-
ing, performing hand hygiene after 
removal of any element of PPE and 
proper maintenance, disinfection or 
disposal of PPE.12,19

One of the critical features in help-
ing achieve consistency in wearing 
PPE may be the comfort and proper 
fit of the equipment itself.13 Mul-
tiple respirators should be available 
because it is unlikely one model or 
size will fit all employees. Filter-
ing facepiece respirators, including 

The provision of PPE has limited 
benefit and is only one strategy 
within a hierarchy of infection 
prevention and control 
measures.

N95, rely on having a good seal with 
the wearer’s face. Therefore, a face fit 
test and pre-use seal check or fit check 
should be carried out in compliance with 
the NZ Standard AS/NZS 1715:2009 to 
ensure the respiratory protective equip-
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ment can protect the wearer against 
biological hazards. This is supported by 
several studies.10,19,22 For correct donning 
and doffing procedures, CDC guidance 
provides a useful protocol.23 A one-step 
glove and gown removal, and hand 
hygiene after PPE removal can reduce 
contamination or self-inoculation.18

Increased compliance and reducing 
errors in PPE use can be achieved by 
having detailed policies and protocols, 
personal supervision, spoken instructions 
during doffing, face‐to‐face education 
and training in PPE use rather than 
folder‐based training, checklists, audits 
of performance, providing feedback and 
allowing sufficient time for donning and 
doffing.9,18 

Buddy system for instruction
A lesson the UK military learned from 
deployment on Operation Gritrock dur-
ing the Ebola virus epidemic was to 
have a donning and doffing supervisor. 
When this was not possible, a buddy-
buddy system was used. This can reduce 
self-infection/cross-contamination and 
provides automaticity of safe and ef-
ficient donning and doffing of PPE among 
health-care workers.7 Qualitative feed-
back supported having a buddy present 
to instruct during doffing. This helped 
ensure that fatigued staff followed the 
correct doffing procedure, allowing staff 
to query beyond the depth of instruc-
tion cards, ensuring protocol compliance 
or necessary intervention was followed, 
controlling the pace and providing calm 
reassurance. Ideally the buddy should be 
an observer and instructor, but should 
not physically assist in doffing to reduce 
the number of workers at risk of con-
tamination.8,9

In occupational health, the hierarchy 
of controls is best practice. This means 
that measures with a general effect, such 
as control of exposure, should have prior-
ity over more individual control measures 
such as PPE. The provision of PPE has 
limited benefit and is only one strategy 
within a hierarchy of infection preven-
tion and control (IPC) measures.8,19, 21, 24 
It should be used in combination with 
effective administrative and engineering 
controls as described in the WHO’s IPC of 
epidemic and pandemic acute respiratory 
infections in health care.12
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Conclusion
Health-care workers are at the front line 
during pandemics and epidemics, thus 
exposing them to biological hazards that 
put them at risk of infection. To prevent 
acquiring infections such as COVID-19, 
the use of PPE remains critical. 

Knowledge and practice gaps may exist 
in the effective use of PPE that can pose 
an increased risk of infection among 
health-care workers. Adequate education 
and training are vital to prevent com-
promising the efficacy of PPE or indeed 
self-contamination while incorrectly 
doffing it. In addition, the use of PPE 
in conjunction with other IPC measures 
among the hierarchy of controls is con-
sidered best practice where practicable. 

Further systematic studies for effective 

use of PPE focusing on optimal types of 
PPE against transmissible viruses, reengi-
neering PPE, strategies for minimising 
transmission during the doffing process, 
and the disease transmission of viruses, 
especially COVID-19, are needed to en-
sure health-care workers’ safety. •
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