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Background: Heat strain and dehydration can affect an individual’s physical and mental performance. The 
purpose of this review was to examine the literature for the impact of heat strain on health care workers 
(HCWs) who care for patients with high-consequence infectious diseases (HCIDs) while wearing personal 
protective equipment (PPE), discuss the risks of impaired safety caused by heat strain and dehydration in 
HCID environments, identify attempts to combat PPE-related heat strain, recognize limitations, and provide 
suggestions for further research.
Methods: A literature search was performed in PubMed or MEDLINE and Google Scholar. Authors screened 
abstracts for inclusion criteria and reviewed articles if the abstracts were considered to include information 
relevant to the aim.
Results: The search terms yielded 30 articles that were sorted based on environment setting, physiological 
impact, and interventions.
Discussion: The safety of the HCWs and patients can be enhanced through the development and usage of 
cooler, more comfortable PPE materials and ensembles to help slow the rate of dehydration and support the 
regulation of core body temperature.
Conclusions: Heat strain caused by wearing PPE is an occupational health concern for HCWs in the high-risk 
environment, that is, HCID care. Future studies are needed to develop innovative PPE ensembles that can 
reduce heat strain and improve well-being.
© 2023 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All 

rights reserved.

BACKGROUND

Personal protective equipment (PPE) is designed to protect 
health care workers (HCWs) while caring for patients with high- 

consequence infectious diseases (HCIDs), such as Ebola virus disease 
(EVD) or other dangerous pathogen infections. However, PPE can 
contribute to physical and cognitive limiting factors such as heat 
stress, dehydration, and reduced psychomotor vigilance, which can 
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lead to increased risk of occupational exposure, injury, and/or illness 
in HCID environments.1 Controlling the ambient temperature (e.g. 
air conditioning) can reduce the severity at which these limiting 
factors are experienced. However, field environments, such as pre- 
hospital care, patient transfers from emergency medical services 
(EMS) at the hospital point of entry, or outdoor testing centers or 
patient care facilities in lower-resource environments, pose a par
ticular challenge for HCW safety and comfort while using PPE be
cause temperature, humidity, and air velocity cannot be regulated.

The routine PPE worn by HCWs while caring for patients with 
HCIDs tends to be restrictive and can include boot coverings, gloves, 
surgical hood, respiratory and eye protection (e.g. goggles or face 
shield, N95 respirator or powered air purifying respirator [PAPR]), 
and an impermeable gown or coveralls.2 This in turn impairs the 
body’s normal ability to regulate body temperature and puts per
sonnel at a greater risk of fluid loss, heat strain, and degraded per
formance that can potentially result in accidental and avoidable 
contamination.3 Attempts to combat heat stress on HCWs in PPE 
include the use of cooling vests and hyperhydration strategies; yet, 
each has their limitations such as cost, added weight, and availability 
of wearable technology. There is an increasing need for innovations 
and development within the field of PPE to better support HCWs as 
they treat patients with HCIDs in any environment.4

With an increase in the use of and need for PPE over the last years 
with the 2013-2016 Ebola virus disease (EVD) epidemic and the 
COVID-19 pandemic, the physiological effects of HCWs wearing PPE 
for long periods of time have been observed in both higher resource 
settings and austere environments.5,6 HCW cognitive impairments 
resulting from PPE use include an increase in risk-taking behaviors, 
reduced speech intelligibility, and decreased psychomotor vigilance; 
confusion and fatigue can be extremely dangerous to both the pa
tient and the HCW in the high-risk environment of caring for pa
tients with HCIDs.3,5,7,8 Poor decisions and slower reaction times can 
lead to injuries and accidents that could severely harm both HCWs 
and the patients for whom they are caring.7,8

HEAT-SHIELD, a European Union-based project, was established 
to research, analyze, and report guidance and interventions re
garding the thermal adaptation of European industry workers in hot 
environments.9 This project investigated a variety of industries 
where workers may frequently encounter environments that in
crease the risk of heat exhaustion. Although HCWs were not in
cluded in this study, recommendations produced by HEAT-SHIELD, 
such as increased air flow, hydration strategies, and scheduled rest 
periods, may be applicable to reduce the heat stress experienced in 
and caused by PPE. Engineering and administrative controls may 
also be a target for increasing the comfort of HCWs in PPE, such as 
allowing HCWs to become acclimatized to the heat or environment 
they will be working in prior to their shifts through exercise and 
training in similar temperatures or using the lowest necessary level 
of PPE.10 Other cooling interventions may include wearing a cooling 
vest during the shift or consuming cold beverages prior to donning 
PPE, but more research and innovations are needed to better allow 
HCWs to care for patients comfortably and safely in PPE.4

This review aims to examine the literature available on the phy
siological impacts of PPE on HCWs, identify the gaps and limitations of 
the identified studies, and discuss the recommendations for innova
tions needed to protect HCWs wearing PPE in HCID environments.

METHODS

A literature search was performed between September 2021 and 
January 2022 in PubMed or MEDLINE and Google Scholar with the 
terms: (1) “personal protective equipment” or “PPE” and “health care 

workers” or “health care professionals” or “nurses” or “doctors” and 
“core body temperature” or “heat stress” or “heat strain” or “phy
siological strain” or “dehydration” and “high level isolation” or “high 
consequence infectious disease” or “highly infectious disease” or 
“Ebola” or “COVID-19″ or “Lassa” or “Nipah” or “Marburg” or “MERS” 
or “SARS” or “Monkey Pox” or “Plague” or “Smallpox” (2) “personal 
protective equipment” or “PPE” and “health care workers” and “heat 
stress” or “heat exhaustion” or “heat illness” and “cognitive im
pairment” and “psychomotor vigilance” and “speech intelligibility.” 
No filters and/or limits were used in the search. Authors screened 
abstracts for the following inclusion criteria: peer-reviewed articles 
written in English that describe the risk and effect of heat strain on 
HCWs wearing PPE while managing patients with HCIDs, such as 
EVD or COVID-19. Articles were further reviewed if the abstracts 
were considered to include applicable and appropriate information 
pertaining to the physiological impacts of PPE worn by HCWs in an 
HCID environment. Conference abstracts and dissertations were 
excluded. Heat strain was defined as the physiological response to 
heat stress with the onset of muscle cramps, exhaustion, dehydra
tion, or severe cognitive impairment during or after exercise.3,6 The 
cognitive impairment of heat strain was considered as impacting 
both the physical performance (psychomotor vigilance) and com
municative ability (speech intelligibility) of the HCWs.

RESULTS

The search terms yielded 30 publications that were relevant to 
the topic of review and were included in this paper presented in the 
Preferred Reporting Items for Systematic reviews and Meta- 
Analyses (PRISMA) chart format (Fig 1). All articles published prior 
to 2019 were focused on PPE-related use during the care of patients 
with EVD, and those published from 2020 to the present were 
primarily focused on PPE ensembles worn during the care of 
patients with COVID-19. This review of PPE-focused literature is 
organized by environment setting, physiological impact, and in
terventions (Table 1).

Setting

The environmental settings in which the literature was grouped 
are divided into austere or field settings—encompassing studies 
conducted in or simulating conditions from the West Africa EVD 
epidemic of 2013-2016—and higher-resource clinical settings.15–19

The term higher-resource clinical setting was decided upon by the 
authors, as it well described the settings that had more resources for 
ambient environment control (e.g. heating, ventilation, and air 
conditioning (HVAC) control of temperature, humidity, airflow 
controls, etc.) than those of an austere or field-based setting. How
ever, the literature did not have consistent terminology nor defini
tions referring to either of these settings. It should also be noted that 
studies that were survey-based did not utilize a standardized survey 
or formatted scale for perceived exertion and heat.

Austere or field-based setting
Of the studies reviewed, 13 focused on austere or field-based 

settings, 4 were conducted on HCWs wearing PPE while treating 
patients with EVD in West Africa during the 2013–2016 epidemic, 4 
were conducted in a controlled setting that simulated the conditions 
(e.g. hot, humid) of caring for patients with EVD in West Africa with 
PPE used in the hot zones of treatment centers, 2 studies addressed 
the treatment of COVID-19 patients in austere environments, and 3 
papers focused on the treatment of other HCIDs within a simulated 
environment. Overheating and dehydration (measured by weight 
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loss) were the 2 most common issues for HCWs wearing PPE in field 
environments.6,15–17 Studies conducted in controlled environments 
had participants performing tasks or exercising in a laboratory set
ting with temperature and humidity regulated to simulate the high- 
heat and high-humidity field-based working environments experi
enced in West Africa. The PPE ensembles discussed in the literature 
varied by name but generally consisted of a full-body Tyvek (Du
Pont), rubber boots, 2 layers of nitrile gloves, a full respirator hood 
with PAPR or N-95 level respirator with goggles or a face shield, 
along with any nuances utilized by each study, such as a rubber 
apron, a surgical cap, or an extra pair of gloves.6,18,19 Six of the 13 
articles conducted in austere or field-based conditions included a 
PPE ensemble with a surgical or isolation gown rather than a full- 
body Tyvek.

Higher core body temperatures were experienced during the 
hottest times of the day and were correlated to increased dehydra
tion (weight loss) and increased perceived exertion of the 
HCWs.6,15,16,19–22 Maynard and colleagues utilized the 15-point Borg 
Exertion scale to measure HCWs’ perceived energy exertion during 
patient care in an EVD treatment unit in West Africa. Perceived 

exertion was highest for clinical activities during the middle of the 
day (11:00-14:59; 12 on the 15-point scale) and also the hours of 
highest temperatures, which coincided with a significant rate of 
weight loss per minute spent within the patient care area. In their 
study on 25 HCWs providing care in an EVD treatment unit in 
Guinea, Grelot and colleagues found limited thermal strain among 
HCWs performing treatment and care activities for approximately 
1 hour in PPE, measured by core body temperature; however, they 
postured that the thermal strain resulting during a shift wearing PPE 
could potentially be predicted by the HCW’s core body temperature 
before performing clinical tasks or before donning PPE.6 Further
more, Grelot and colleagues found no correlation between the in
crease in core body temperature and participant characteristics 
(body mass index (BMI), age, sex) or environmental factors (relative 
humidity, ambient temperature), but reported that female partici
pants experienced lower rates of body mass loss and dehydration 
than the male study participants.6 Goggles and face shields were 
reported to decrease the visibility of HCWs due to fogging from 
sweat and increased body temperature.16,21,22 The decrease in visi
bility is directly related to an increased risk for both the treating 

Fig. 1. PRISMA chart. Publications that were relevant to the physiological strain of personal protective equipment on personnel in the high-consequence infectious disease 
isolation environment. HCID, high-consequence infectious disease; PPE, personal protective equipment; PRISMA, Preferred Reporting Items for Systematic reviews and Meta- 
Analyses.
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HCW as well as the patient due to potential exposure to pathogens 
and general safety issues associated with impaired vision, such as 
slipping, tripping, and potential falls for the HCW, as well as diffi
culty with performing clinical procedures and potential medication 
or documentation errors. In 2018, Den Boon and colleagues took the 
results from a PPE-focused survey of HCWs who had treated patients 
with EVD in West Africa to develop PPE rapid advice guidelines for 
HCWs deployed in emergency situations involving HCIDs, specifi
cally EVD. These guidelines helped HCWs assess their environment 
and determine the best ensemble of PPE to use to mitigate heat 
stress and protect themselves from exposure to disease-causing 
pathogens. The importance of safety and protection was acknowl
edged in most of the literature, but few interventions were sug
gested to increase comfort for the HCWs. Of the articles included in 
this review, 14 addressed the need for cooling interventions or re
duction in shift length to prevent heat illness and cognitive im
pairment. However, reducing the time spent in PPE and finding 
affordable cooling interventions are not always realistic for field 
operations.4

Higher-resource clinical settings
Of the 20 studies concentrated on high-resource clinical settings, 

18 dealt with PPE involved in caring for patients with COVID-19 
during the pandemic, with only 2 focusing on another high-con
sequence infectious disease such as EVD. Again, PPE ensembles were 
not referred to with consistent terms. The ensembles did consist of 
similar basic items such as a disposable fluid-repellent surgical 
gown, a face shield, gloves, and respiratory or facial splash protec
tion (filtering facepiece respirators [e.g. N95] or surgical 
mask).1,3,4,21–25 Only 7 articles reviewed the PAPR-level PPE en
semble within a higher resource setting.1 Heat stress and discomfort 
in PPE within a clinical setting was a common experience across the 
literature. Cooling interventions within a controlled clinical ward, 
such as utilizing air conditioning to achieve lower temperatures than 
normal, cooling vests, and ingestion of ice slurries or other cold 
beverages prior to donning, were suggested because these inter
ventions were more readily available and feasible in this set
ting.4,21,22,26,27 Davey and colleagues stated that in a survey of UK 
HCWs within the National Health Service, almost 90% of the survey 
respondents felt very uncomfortable during their COVID-19 patient 
care shifts in PPE, with about 76% of respondents sharing that PPE 
compromised their physical and attentional performance during 
patient care. HCWs requested that hospital policy be updated re
garding time spent in PPE and improving administrative controls, 
such as hydration breaks or strategies.21 Many other survey-based 
studies produced similar results, with most HCWs agreeing that PPE 
reduces the evaporation of sweat and leads to a decrease in physical 
performance during patient care.21,28–30

Physiological impact

We found a shared concern among reviewed articles that HCWs 
wearing PPE while caring for patients with HCIDs will experience 
heat strain to the point of physical and cognitive exhaustion that 
jeopardizes the safety of both the HCW and the patient.4,5,21,23,31

Whether the HCW experiences physical or cognitive impairment or 
both, the increased chance of making a decision that increases the 
risks to both the HCW and the patient for infection or injury is en
ough for requiring improvement in PPE ensembles and adminis
trative and engineering controls. In the following sections, we 
describe the physical and cognitive impairments resulting from heat 
strain described in the literature.

Heat strain
Although the impermeability of PPE is often perceived as critical 

for the protection and safety of HCWs, it exacerbates heat strain by 
preventing sweat from adequately evaporating and cooling the core 
body temperature.3–5,8,15,19,21,30 When heat cannot evaporate away 
from the body properly, the individual in PPE can experience muscle 
fatigue, exhaustion, and/or dehydration, which can severely impact 
their ability to safely care for their patient.4 Excessive sweating 
combined with respirators and face shields, or goggles, can nega
tively impact breathing, vision, and communication of the HCW with 
patients and coworkers, which can intensify the onset and severity 
of heat strain if PPE is not removed. However, the removal of PPE 
during a shift due to feeling hot and uncomfortable may increase the 
risk of infection.8,23 If not prevented or improved with timely in
tervention, heat strain can lead to impaired cognitive functioning 
and a decreased level of safety.

Heat strain is investigated in studies by measuring core body 
temperatures through either an ingestible sensor or a rectal ther
mometer, heart rate, skin temperature, breathing rate, dehydration 
measured by weight loss, and HCW perceived exertion.1,3,6,13 Quinn 
and colleagues recently conducted a study investigating the role of 
trunk posture in monitoring the heat strain during the working 
shift and found that there is a relation between trunk posture and 
core body temperature. The authors suggest that visual examination 
of trunk posture during shifts could give insight into reducing the 
level of heat strain experienced.14 Although not every article found 
the impact of heat strain of PPE on HCWs to be statistically sig
nificant, a majority of the literature found HCW’s perception of heat 
and exertion to be increased while wearing PPE in all settings but 
not in all PPE ensembles. The measured factors of heat strain (i.e. 
core body temperature, heart rate, weight loss, etc.) varied in results 
on the significant impact of heat strain on HCWs, which suggests 
that further study is necessary to continue to determine the ultimate 
physiological effect of PPE on HCWs and the resulting heat 
strain.5,6,13–16,18–24,30–33 Reduction in shift time, cooling vests, or 
ingesting ice slurries are examples of interventions to combat 
overheating and increase the comfortability of working in PPE; 
however, none are a fix-all and come with limitations.4,14,22

Cognitive impairment

Excessive heat from working in PPE can not only cause heat strain 
but also contribute to cognitive impairments that can severely in
hibit the HCW’s ability to make necessary decisions and safely care 
for patients.4,25 Heat strain has been seen to impact risk perception 
of decision-making and may increase risky behaviors that could lead 
to avoidable accidents and injuries in patient care.8,32 Any decrease 
in psychomotor vigilance of a HCW, which may also be impacted by 
fogged face shields or goggles, can create a potentially hazardous 
environment within the patient care room; if a HCW cannot respond 
to visual stimuli in a timely manner, the safety of both the HCW and 
the patient is at risk.1,25 Speech intelligibility can also be affected and 
can be experienced through slurred words or the inability to com
prehend instructions given by fellow HCWs or even the patient. 
These variables of cognitive impairment can together cause a de
gradation of situational awareness and increase the possibility of a 
HCW’s mistakes or errors.1,8,23,25 Hancock demonstrated that self- 
monitored vigilance might be most susceptible to heat strain, fol
lowed by dual-task performance and psychomotor performance.4

Cognitive impairment from heat strain caused by wearing PPE can 
lead to mistakes in doffing PPE due to exhaustion, reduced dexterity, 
and/or decreased psychomotor vigilance and may lead to errors that 
could potentially expose HCWs to the HCID the PPE was protecting 
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them from.3,8,23 Once again, cooling methods and interventions 
must be properly implemented to decrease cognitive impairment 
and avoid risky decision-making and errors in the patient care room.

Cooling interventions

There are several cooling methods that have been suggested 
throughout the literature, but the most appropriate cooling inter
vention may not always be realistic for the environment.4,26 Cooling 
vests are a wearable technology that utilizes ice or a non-ice cooling 
method that HCWs can wear before, during, or after their shift to 
reduce heat.34 Although this option may work well in a higher re
source setting, it may not be feasible in a field or austere environ
ment due to the need of a freezer or refrigerator to keep the vests 
cold; it may also become a burden if the vest does not stay cool for 
the duration of the shift and once the cooling impact is depleted, it 
becomes an added weight that increases the level of heat.31,32 The 
environment and feasibility should also be considered with a water- 
perfused suit as well because it adds a significant amount of addi
tional weight to carry.

Pre-cooling before a shift is typically done by ingesting an ice 
slurry or ice slushy that both hydrates and lowers the core body 
temperature prior to donning PPE and performing patient care.26,35

Other options to reduce the impact of heat on HCWs are to imple
ment engineering and administrative controls that lower the am
bient working temperature, decrease the amount of time spent in 
PPE by cutting shift hours, or include small wearable devices to 
monitor the vitals of HCWs.4,23,36 PPE and respirator matrices may 
be helpful in determining the lightest weight of PPE needed to keep 
HCWs comfortable while still protecting them.11,12 It may be bene
ficial to consider cooling innovations or interventions utilized by 
other industries, such as those who wear bulletproof vests, stab- 
resistant armor, or any of the industries analyzed by the HEAT- 
SHIELD project. Many of the recommendations include utilizing 
cooling vests (while acknowledging the shortcomings) and im
proving engineering and administrative controls to allow for lighter 
clothing, cooler ambient temperatures, and more frequent hydration 
breaks.9,37,38 The recent COVID-19 pandemic further highlights the 
need for new innovations and interventions to allow for cooler, more 
comfortable PPE for HCWs who care for patients with HCIDs.4,39

Additionally, it is clear that innovation and development of new PPE 
that provide the same level of protection while reducing physiolo
gical strain is needed.

DISCUSSION

The literature shows that heat strain often impacts HCWs who 
care for patients within HCID environments while wearing varying 
ensembles of PPE. Of the studies included in this review, 18 articles 
mentioned COVID-19 being the disease of focus for determining the 
level of PPE to be used by HCWs. The authors acknowledge that 
COVID-19 is no longer considered a special or emerging pathogen in 
most nations; however, the initial COVID-19 response was bolstered 
in many US hospitals with emerging special pathogen programs by 
safely caring for the initial cases while the hospital prepared full 
units to provide the necessary isolation care with more typical 
transmission-based airborne and contact precautions.40 Bio
containment patient care has been, from its beginnings, focused on 
reducing the impact of outbreaks and pandemics by early response 
to prevent the spread of outbreaks or to bolster HCWs voluntarily 
entering outbreak zones with the knowledge that they could be 
repatriated for care.41 The safety of HCWs and patients during the 
whole of the COVID-19 pandemic, and especially in the beginning 
stages with so many unknowns of the emerging pathogen, has been 

sustained through the use of PPE. Supply chain issues became a 
major issue as manufacturers could not keep up with the high de
mand for PPE ensemble components. Although the supply chain has 
improved over time, it remains vulnerable if cases of respiratory 
illness or another emerging pathogen would spike again.

Impaired safety due to risky decision-making and physical ex
haustion impacted by heat strain is detrimental to the safety of both 
HCWs and patients under care. Selecting or developing PPE that allows 
heat to evaporate off the body but still protects HCWs from infection 
can be difficult; however, there are other ways to support HCWs to 
mitigate heat strain that do not involve PPE. Special support con
siderations for HCWs, such as meal support during breaks or before 
and after shifts, lightweight undergarments, and overhydrating before 
shifts with cold electrolyte drinks and water as a form of hyperhy
dration strategy, can help improve the physical and cognitive readiness 
for the care environment and reduce the impact of heat strain on 
HCWs while caring for HCID patients. It is also ideal to implement 
limits on time spent in PPE, decreasing the shift length, which may 
require greater staffing for care teams or more frequent shift changes. 
Cooling vests and cooling suits offer a potential heat stress mitigation 
measure, but once the cooling material is no longer cold, HCWs car
rying the extra weight of the cooling apparatus will produce extra heat 
for the remainder of their shift. If shifts are short, cooling vests may be 
ideal in environments in which they are available.

Another important aspect to consider is the level or amount of 
education HCWs receive on the PPE in which they will be expected 
to perform patient care, including how to identify their own 
symptoms of heat stress and cognitive impairment before they be
come critical. A higher level of education and knowledge of PPE 
donning and doffing procedures and selection matrices based on 
disease and exposure risks may reduce incorrect donning of PPE that 
can lead to higher levels of heat strain and increase awareness of 
when and how to safely doff PPE when heat strain is hindering safe 
patient care. Industry-wide studies of the effects of heat have long 
included firefighters, landscapers, police officers, and construction 
workers; however, HCWs are severely underrepresented and un
derstudied in this area. HCWs are on duty daily to treat and care for 
ill patients around the world, yet they are rarely included in re
putable studies that address the effects of heat on the physical and 
cognitive abilities to safely perform patient care in all environments, 
not just those involving HCIDs. Scenario-based studies focusing on 
the HCWs performing patient care tasks in PPE and the resulting 
heat strain would be ideal to better identify best practices and en
sembles. Even without inclusion in previous studies, it may still be 
beneficial to utilize the results and identify ways to implement the 
considerations based on other industries for HCWs who wear PPE in 
HCID environments.

Prioritizing the investments in developing new PPE or re
configuration of existing PPE ensembles that improve upon safety 
and comfort in the short term presents a difficult challenge. As noted 
above, available options to mitigate heat stress (such as cooling 
vests) all come with trade-offs in safety, cost, and practicality. In the 
meantime, and when possible, leaders in HCID response may be 
better served by focusing on engineering solutions—particularly 
climate mitigation or control measures to create more hospitable 
ambient environmental temperature and humidity to lower heat 
stress and increase HCW endurance. These engineering controls 
have the added benefit of reducing the heat stress on patients who 
may have difficulty with temperature regulation in acute illness and 
may offer lower overall costs compared to other interventions.

The resources available in the environments of care where HCWs 
are caring for HCID patients vary considerably and are not always 
consistently supplied. Higher-resource settings have an advantage of 
better accessibility to the necessary components of PPE to fit the 
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ensemble needed for the HCID in question; lower-resource or field- 
based settings may be severely limited as to what is available to 
compose a PPE ensemble that meets a necessary standard of safety 
and protection for the HCWs. The studies included in this review 
mention the utilization of PPE selection matrices and the evaluation 
of common ensembles, but nothing addresses adaptation to situa
tions or environments in which resources are limited but the risk is 
high. For example, an austere HCID situation with extremely limited 
resources may result in HCWs having to utilize garbage bags instead 
of surgical isolation gowns for their PPE ensemble.42 Although ad
dressing the possibility of a potential event such as this is beyond 
the scope of this paper, further study on these potentially extreme 
events, whether in a high-resource environment or lower-resource, 
is warranted because heat strain could be further exacerbated due to 
lack of proper PPE.

LIMITATIONS

This study is not without limitations. First, this was not a formal, 
registered systematic literature review, so there was not a library 
scientist on the team to help navigate the literature. Consistent 
terms referring to clinical settings, both austere and higher resource, 
were not found or used. Similarly, PPE ensembles of different levels 
did not have consistency in names or references across the literature. 
It should also be noted that studies that were survey-based did not 
utilize a standardized survey or formatted scale for perceived exer
tion and heat, nor were core body temperatures measured with the 
same tools or technology. These limitations could be the cause of 
variation in findings. Standardization of names of PPE ensembles and 
clinical settings, as well as using standardized tools for measuring 
body temperature and perceived exertion, could help reduce dis
crepancies in future studies. This study was also subject to the 
limitations of available literature.

CONCLUSIONS

PPE, although necessary for the protection of HCWs while 
treating patients with HCIDs, limits the body’s natural physiological 
cooling processes and can induce heat strain and cognitive impair
ment, and create potentially dangerous environments. Cooling in
terventions can help improve comfort and push back the onset of 
heat strain, but not all methods are realistic depending on the 
clinical setting. For this reason, innovation is needed in the en
gineering of PPE to create PPE and PPE ensembles that allow phy
siological cooling processes to take place while still having an 
impermeable barrier to infectious fluids or droplets. For example, 
improving respiratory protection to allow for a full view of the face 
for speech intelligibility would help reduce miscommunication in 
the patient care environment, or implementing special support for 
teams working in these HCID environments so that they have access 
to rest breaks, nutritional support, and trained observers if needed. 
Although HCWs have not been included in mass-industry studies of 
the effects of heat, such as the HEAT-SHIELD Project, intervention 
recommendations to other workers may be applicable to HCWs and 
PPE-induced heat strain. It is also true that engineering solutions for 
climate mitigation in HCID treatment units may be a practical and 
rapid solution to reduce heat stress among HCWs and patients. It is 
necessary for further studies to focus on HCWs and the burden of 
PPE while caring for patients with HCID, as the current paucity of 
information in the available literature falls short of the needed in
novations and improvements.
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