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Abstract

Treatment and management of severe acute respiratory syndrome coronavirus-2, which causes cor-
onavirus disease (COVID-19), requires increased adoption of personal protective equipment (PPE)
to be worn by workers in healthcare and industry. In warm occupational settings, the added burden
of PPE threatens worker health and productivity, a major lesson learned during the West-African
Ebola outbreak which ultimately constrained disease control. In this paper, we comment on the link
between COVID-19 PPE and occupational heat strain, cooling solutions available to mitigate occupa-
tional heat stress, and practical considerations surrounding their effectiveness and feasibility. While
the choice of cooling solution depends on the context of the work and what is practical, mitigating
occupational heat stress benefits workers in the healthcare and industrial sectors during the COVID-
19 disease outbreak.
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Introduction work involving potential aerosol generating procedures
(AGPs) has, by design, almost no ventilation, which is

Treatment and management of severe acute respira- . .
causing healthcare workers to report high sweat rates

tory syndrome coronavirus-2 (SARS-CoV-2), which
vy ( ) and fatigue even in the absence of hot weather (Liu

et al., 2020). Standard medical scrubs are still adopted
for non-AGPs as normal, but with increased use of

causes coronavirus disease (COVID-19), requires ex-
tensive personal protective equipment (PPE) to be worn
by healthcare workers. Moreover, there is expected
to be increased adoption of PPE for those returning
to work in industry, in-particular face masks/respir-
ators, which have been shown to induce thermal dis-
comfort and in some cases physiological strain (Jones,
1991). In the healthcare sector, COVID-19 PPE for

face masks and gloves as per recommendations from
Public Health England (Public Health England, 2020).
Compared with standard medical scrubs, PPE relevant
for work with moderate to high risk of SARS-CoV-2
transmission has approximately double the evaporative
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resistance, but this resistance can increase over 10-fold
with added layers and with full encapsulation of the
head and neck (Potter et al., 2015). While high risk PPE
designs successfully limit incoming fluid and airborne
pathogens entering the human body, it also limits the
outgoing removal of metabolic body heat. With limited
heat loss combined with potentially high sweat rates,
hyperthermia, dehydration, and fatigue can ensue rap-
idly. High sweat rates have been reported in healthcare
workers adopting COVID-19 PPE, increasing thermal
discomfort and fatigue (Liu et al., 2020). Importantly, li-
quid protective, impermeable PPE can aggravate the heat
stress response even in thermoneutral conditions close to
22°C (White et al., 1989, 1991). If the resulting occupa-
tional heat stress is not mitigated in some way, literature
demonstrates a clear risk of increased health risks asso-
ciated with hyperthermia (Leon and Bouchama, 2015)
and dehydration (Tawatsupa et al., 2012; Flouris et al.,
2018), increased workplace accidents through poor deci-
sion making (Tawatsupa et al., 2013; Taylor et al., 2015;
Spector et al., 2019), and the need for more frequent rest
breaks, which can impact productivity (Ioannou et al.,
2017; Flouris et al., 2018).

COVID-19 is a global issue, but similarly to the
Ebola outbreak, the effects of climatic heat will impact
the hottest and poorest regions the most (WHO, 2014).
We therefore wish to comment on the link between
COVID-19 PPE and occupational heat stress, leading
into discussion on the solutions available to help miti-
gate occupational heat strain and their practicality. The
latter can contribute to improved management of the
disease, wellbeing of workers in healthcare and industry,
and mitigated productivity loss.

COVID-19 PPE and occupational heat stress

The link between PPE and occupational heat strain
is well established. Humans constantly generate heat
through metabolism, which increases during physical
work activity. The primary avenues for losing metabolic
heat are through convective air movement over the skin
and evaporation of sweat from the skin surface (Parsons,
2010). However, if the skin is not exposed, as with fluid
resistant PPE, any convective or evaporative cooling be-
comes strongly limited (Havenith et al., 1999; Holmér
et al., 1999; Potter et al., 2015), causing body tempera-
ture to increase (Cheung et al., 2000). Moreover, and par-
ticularly relevant to COVID-19 is the independent effect
of facial protection and glove use. For example, filtering
facepiece respirators (i.e. N95 FFR) can increase inspira-
tory breathing resistance, limit water ingestion, and in-
crease skin temperature on the face (DuBois et al., 1990;

Laird et al., 2002), one of the most thermosensitive re-
gions on the body (Cotter and Taylor, 20035). In addition,
respirators create a barrier between the skin and the en-
vironment for sweat evaporation, causing moisture accu-
mulation and overall thermal discomfort (DuBois et al.,
1990; Jones, 1991). The associated perceptual response
to wearing face masks without meaningful changes in in-
ternal body temperature is suggestive of a psychological
component and/or regional changes in brain temperature
(Roberge et al., 2012). Despite minimal perceptual dif-
ferences, powered air purifying respirators (PAPRs) min-
imize inspiratory breathing resistance and reduce facial
skin temperature and humidity compared with filtering
facepiece respirators (Powell et al., 2017). Safety gog-
gles/face shields are likely to have a similar effects, but
we are not aware of data pertaining to their independent
effect on worker heat strain and thermal comfort. Sweat
accumulation is likely to increase fog in the goggles
(Chia, 2020), which affects vision and may increase the
risk of workers touching their face, which is not advised.
The use of safety gloves will further reduce heat transfer
from the skin to the environment (Romanovsky, 2014;
Godsmark et al., 2018), exacerbating thermal discom-
fort and likely decreasing willingness to wear such PPE
if it is not considered absolutely essential (Laird et al.,
1993). The independent role of gloves was highlighted
when their removal during physical activity in the heat
substantially increased heat loss and extended work dur-
ation (Godsmark et al., 2018). Taken together, increased
adoption of PPE can have the negative side-effect of
increasing occupational heat stress, even in mild thermal
climates (White et al., 1989, 1991).

For industry, the economic implications of occu-
pational heat are well described (Zander et al., 2015;
Hsiang et al., 2017), but the side-effects noted above will
also lead to less efficient management of the COVID-19
outbreak. Learning from the Ebola outbreak in West-
Africa, the World Health Organization stated ‘Personal
protective equipment is hot and cumbersome, especially
in a tropical climate, and this severely limits the time
that doctors and nurses can work in an isolation ward’
(WHO, 2014). For Ebola workers, a proposed solution
published in this Journal was to increase ventilation in
protective clothing (Kuklane et al., 2015), but this is less
applicable for COVID-19 due to its high transmission
in air (unless the air is first PAPR filtered), as opposed
to Ebola’s transmission primarily through bodily fluids.
Moreover, shortages in adequate PPE render it unlikely
that clothing redesign to improve ventilation could be
thoroughly researched, manufactured, and distributed in
a timely manner. Alternative solutions are therefore re-
quired and are described below.
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Solutions available to mitigate workplace

heat stress

A task specific optimization of COVID-19 PPE, or im-
proved design at the manufacturer level, is desirable to
help maintain comfort and reduce the general require-
ment for cooling strategies. There exists limited data
to comment on such optimization and redesign at this
stage, and task specific optimization is often impractical
if with wide variation in occupational tasks. Fortunately,
there are simple methods to mitigate occupational heat
strain while wearing such ensembles, without com-
promising safety. In fact, most of the research aimed
at effective mitigation strategies during the 2013-2016
Western Africa Ebola Virus epidemic are relevant for the
ongoing pandemic, aside from PPE redesign (Kuklane
et al., 2015). The solutions can be separated into stra-
tegic planning and practical cooling solutions.

Strategic planning

As demonstrated above, scenarios involving potential
AGPs present a moderate to high risk of SARS-CoV-2
transmission and therefore require encapsulating PPE.
Using PPE with such low vapour permeability renders
heat stress a daily consideration for workers during their
shift, even in ambient temperatures ~22°C (White et al.,
1989, 1991). In tasks where less PPE is required (i.e.
facemasks and gloves), the risk of heat stress is more de-
pendent on the thermal environment. In these situations,
a heat action plan is recommended for periods where
hot weather is expected, particularly relevant to out-
door work (i.e. agriculture and construction). However,
manufacturing plants with heat generating equipment
are also at risk of high indoor temperatures (Pogacar
et al., 2018; Ciuha et al., 2019). In Ghana, one of major
barriers to workers adopting heat adaptation strategies
is lack of training on this issue, management commit-
ment, and heat related policy regulations (Nunfam
et al., 2020). Taken together, a strategic plan should aim
to (i) identify a threshold ambient condition where the
heat plan will be actioned, (ii) determine cooling op-
tions which can be implemented by workers during the
day, and (iii) implement training to help workers adopt
cooling solutions, and to learn the signs and symptoms
of heat illness.

For situations where low level PPE is adopted (low
transmission risk), the threshold ambient conditions
for the adopting a heat action plan can be based on the
Universal Thermal Climate Index (UTCI) (Brode et al.,
2012; Jendritzky et al., 2012). The UTCI provides a
temperature which is adjusted based on air tempera-
ture, humidity, mean radiant temperature, and air move-
ment. The UTCI can be calculated on the project website

(www.utci.org) and linked with the severity indicators
shown in Table 1. To protect most workers, a heat action
plan can be implemented when UTCI >26°C, but this
threshold may be too conservative in hot regions.
Specific cooling solutions are described below, and
guidance on the signs and symptoms of heat illness are
widely available from major public health agencies (i.e.
https://www.cdc.gov/disasters/extremeheat/warning.

html).

Cooling solutions

For indoor work, air conditioning is one of the most
widely adopted cooling solutions worldwide. However,
evidence suggests that air conditioning may contribute
to the transmission of SARS-CoV-2 in poorly ventilated
spaces (Lu et al., 2020), and should therefore only be
used based on updated regulatory guidelines. In operating
theatres, temperatures can range from 14 to 27°C de-
pending on the procedure (Balaras et al., 2007), but
generally are air conditioned to ~20°C for purposes of
general infection control and thermal comfort of surgeons
wearing full PPE (Wood and Carli, 1991). Such ambient
conditions are likely to limit heat strain of the worker,
but risk inducing cold discomfort for patients and staff
who will not be wearing protective clothing (Wood and
Carli, 1991). In large workspaces such as factory floors,
air conditioning is seldom adopted due to its high energy
use and financial burden. Taken together, air conditioning
is not always feasible, especially given the uncertainty
of its role in SARS-CoV-2 transmission. The EU funded
project ‘HEAT-SHIELD’ (https://cordis.europa.eu/pro-
ject/id/668786/results) provides in depth discussion on
alternative, practical cooling solutions screened for their
practicality and efficacy specific to the Manufacturing,

Table 1. UTCI equivalent temperatures categorized in
terms of thermal stress.

UTCI range (°C) Stress category

Above +46 Extreme thermal stress
+38 to +46 Very strong thermal stress
+32 to +38 Strong thermal stress
+26 to +32 Moderate thermal stress
+9 to +26 No thermal stress
+9to0 Slight cold stress
0to-13 Moderate cold stress
-13 to =27 Strong cold stress

-27 to -40 Very strong cold stress
Below -40 Extreme cold stress

Source: Brode et al. (2012).
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Construction, Agricultural, Tourism, and Transportation
sectors. We concisely address the primary solutions below
and follow with discussion on their practicality.
Dehydration is a common consequence of heat stress
and may be exacerbated with respirator use due to re-
stricted water intake (Liu et al., 2020). Up to 70% of
European workers across different sectors arrive to work
already dehydrated (Piil et al., 2018), though through
training and education on rehydration this can be alle-
viated by hydrating before and after work hours. During
work, employees should have easy access to water during
any breaks to limit the rate of dehydration. Of note, de-
hydration during physical work can exacerbate the in-
crease in body temperature and in the long-term increase
the risk of acute kidney injury or long-term kidney
disease (Tawatsupa et al., 2012; Flouris et al., 2018).
Second, in the case of makeshift tent-based treatment
or assessment areas, shading solutions which limit the
influx of solar radiation are desirable to mitigate occu-
pational heat stress. Direct or indirect exposure to solar
radiation (i.e. sunlight) can independently aggravate heat
strain, reducing work output (Otani et al., 2016), and
thermal comfort (Hodder and Parsons, 2007). Third, the
ingestion of ice slurry is a popular strategy to mitigate
heat strain in occupational and sports settings. Ingestion
of crushed ice is a more aggressive form of internal
cooling compared with cold fluid ingestion because the
ice undergoes a phase change from solid to liquid in
the body. This process transfers a large amount of in-
ternal heat from the body to the ingested ice (latent heat
of fusion), creating a more powerful cooling effect than
cold fluid (Vanden Hoek et al., 2004; Siegel et al., 2010).
For example, during walking exercise in mild (Maté
et al., 2016) and extreme heat (Watkins et al., 2018)
in full PPE, ingestion of ice slurry is shown to reduce
core body temperature prior to and during activity. The
positive effects of ice slurry seem to ease after ~20 min
during activity, but reingestion prolonged its protective
effect (Maté et al., 2016; Watkins et al., 2018). Fourth,
cooling of the hands in running water or ice water
buckets, even while wearing protective gloves, provides
a meaningful cooling effect during recovery breaks
(House and Tipton, 20035). Finally, cooling vests with
phase change materials (PCMs) or ice can be included
underneath the PPE. Such cooling vests absorb heat
with a high storage density when the material changes
from solid to liquid (Gao, 2014). The use of a PCM vest
underneath nuclear, chemical and biological PPE has
been shown to significantly reduced heat strain during
physical activity and recovery in hot conditions (Chou
et al., 2008; McCullough et al., 2011; House et al.,
2013; Bach et al., 2019). Less researched but far more

practical in the context of COVID-19 is the use of ice
vests on top of the PPE layer, which has also been shown
to reduce heat strain (Muir et al., 1999). The effective-
ness will vary depending on the clothing properties (i.e.
thickness), and the general practicality compared with
vests worn underneath PPE are discussed in the section
‘Practical considerations’. The use of ice vests or PCMs
requires freezers or cool areas for regeneration after use.
If freezing access or power is unavailable, other types of
PCM, e.g. Glauber’s salt or organic hydrocarbons/wax,
with melting/solidifying temperature at ~28°C are avail-
able (Gao, 2014; Kuklane et al., 2015) that can be regen-
erated at higher temperature (fridge).

Interaction between SARS-CoV-2 transmission
The cooling solutions presented above should be con-
sidered for their potential role in transmission of SARS-
CoV-2. We mention above the potential interaction of
air conditioner use and increased transmission in poorly
ventilated spaces (Lu et al., 2020), yet the guidelines
on air conditioning from major public health agencies
is not completely clear. Guidelines are available from
the Federation of European Heating, Ventilation and
Air Conditioning Associations (REHVA) concerning
safe and optimal use of heating, ventilation, and air-
conditioning in the context of COVID-19 (https://www.
rehva.eu/activities/covid-19-guidance). REHVA advo-
cate providing an ‘even ventilation rate at low air vel-
ocity within all points in the roon’.

Also, highly relevant is the survival and transmission
of SARS-CoV-2 in water, which is relevant for hydration,
hand/forearm immersion, ice slurry ingestion, and cooling
vests. Advice from the Royal Society of Chemistry would
suggest that waste and drinking water can be contamin-
ated with SARS-CoV-2 and potentially act as a vehicle for
transmission (Naddeo and Liu, 2020). Importantly how-
ever, the US CDC suggest that conventional treatment
methods should remove/inactivate COVID-19. Moreover,
the CDC also state there is no evidence that COVID-19 can
be contracted in pools of water, especially if that water is
treated with chlorine. We advocate (i) no sharing of water
bottles between workers, (ii) decontamination of bottles/
cups used for ice slurry after each use, (iii) treating pools
of water used for forearm/limb immersion with appro-
priate chlorine and checking for normal acidity, and (iv)
decontamination of ice cooling vests after each use. Hand
washing/sanitizer is also recommended after use of such
cooling strategies. These views are based on guidelines
available at the time of writing this commentary paper
and are subject to change. Therefore, guidelines should be
checked by employers before adoption of a given strategy.
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Practical considerations

While we describe several methods available to mitigate
occupational heat strain, it is important to address some
practical issues that may limit their use. Ultimately, the prac-
ticality of any cooling solution depends on the setting (in-
door/outdoor), occupation, shift organization, geographical
region, and the level of PPE used. The use of shading and
air conditioning is clearly dependent on whether the work
is undertaken indoors or outdoors. The opportunities for
workers to doff PPE and adopt a cooling solution (i.e. ice
slurry ingestion) is dependent on shift durations and what
PPE is used by the workers. For example, it is easier to hy-
drate without wearing face protection, and if a cooling solu-
tion requires doffing of PPE (i.e. any limb immersion in cool
water) it is less likely to be adopted. Finally, as alluded to
in the discussion of strategic planning, the threshold UTCI
equivalent temperature for triggering a heat action plan will
likely depend on the geographical location. For example, re-
gions with infrequent heat exposure (i.e. Northern Europe)
may require protection from the heat at lower UTCI com-
pared with regions where environmental heat is already
commonplace and workers are adapted to the heat (i.e. the
Persian Gulf) (Pal and FEltahir, 2016).

Many of the practical issues concerning the use of
cooling solutions during heat stress arise when they are
adopted during work time. As such, there may be hesita-
tion from employers due to concerns that a cooling so-
lution will detract workers from their primary activities
and reduce productivity. The use of specialized rest areas
(a cooling oasis) helps ensure that cooling does not inter-
fere with productivity during work but instead acceler-
ates recovery of workers during their pre-determined
break times. Those break times will vary widely de-
pending on the occupation, but findings from the EU
funded HEAT-SHIELD project (https://cordis.europa.eu/
project/id/668786/results) indicates that regular, planned
breaks (~2 min every 30 min) can be beneficial for
worker comfort and performance in the heat. If regular
breaks are not implemented, workers will likely suffer a
net loss of work time due to more irregular, unplanned
rest/cooling breaks (Ioannou et al., 2017). Outdoor
cooling areas should be shielded from sunlight and have
water readily available to maintain worker hydration.
More aggressive cooling methods such as crushed ice
drinks, and hand/forearm immersion will offer further
benefit and generally do not require full removal of PPE,
especially in industry. If adopting this strategy, a des-
ignated individual may be required to maintain water
availability and general cleanliness of the cooling area,
which will incur its own time and cost. Finally, it is pref-
erable to have power available close to the cooling area
to ensure ice slurry beverages can be generated ad hoc.

Maintaining hydration is challenging while wearing
COVID-19 PPE. Workers may be reluctant to drink freely
because it increases the rate of urination, and secondly, in-
gestion of water requires the removal of protective respir-
ators, likely necessitating the worker to access a safe area
before doing so. Each of these issues likely detract workers
from their primary activities, decreasing productivity and
willingness to hydrate adequately. Since approximately
70% of European’s arrive to work already in a dehydrated
state (Piil et al., 2018), the primary hydration advice to
workers should be to hydrate the night and morning be-
fore starting work. We also emphasize that the health and
cognitive effects of acute and chronic dehydration are well
established (Cheuvront and Kenefick, 2014; Flouris et al.,
2018), such that reluctance of workers to maintain hydra-
tion will have a net effect of decreasing worker health and
wellbeing in the long term. As discussed more below, the
second method to improve hydration without comprom-
ising productivity is to adopt a cooling oasis, for use spe-
cifically during recovery breaks. Importantly, most of the
solutions become more practical if they are implemented as
part of a designated cooling area to be used during breaks.

The adoption of ice or phase change vests may be
most practical during rest breaks. While the benefit
of such vests is that they can be worn underneath the
PPE ensemble, their feasibility is particularly limited in
healthcare settings. Firstly, the effect of cooling vests
on body temperature has been typically assessed over
short time periods (<1 h), not over a full working day.
Once the vest warms up and no longer provides active
cooling, the extra weight of the vest at best decreases
comfort, and at worst increases metabolic heat pro-
duction, potentially increasing heat strain (Dorman
and Havenith, 2009). A recent survey from healthcare
workers in Wuhan, China indicates that personnel
can feel ‘weighed down’ by the PPE, so the adoption
of a cooling vest which adds extra weight should be
carefully considered (Liu et al., 2020). Furthermore,
changing or removing cooling vests in the healthcare
industry requires full removal and decontamination of
PPE layers, which is time consuming, impractical, and
requires a designated individual to manage that pro-
cedure across a group of workers. A less powerful but
far more practical approach is to wear the vest over
the PPE, which removes the need to remove clothing
layers when the vest or ice packs are replaced. That
method was shown to extend work time and decrease
physiological and perceptual strain in warm environ-
ments (Muir et al., 1999), but its effectiveness will
clearly depend on the thickness of the initial clothing
layer. Vests should be treated as contaminated after
each use and therefore will require decontamination,
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incurring some added cost. Research in COVID-19
PPE redesign should consider that proposed by Muir
et al. (1999), in which the PPE could accommodate
external cooling packs. Phase change vests have been
shown to be very effective for reducing core body
temperature during rest periods, even if the rest takes
place in a hot environment (House et al., 2013). Thus,
we recommend cooling vests be adopted during re-
covery if working time substantially exceeds the po-
tential cooling time.

Conclusions

Decreasing occupational heat stress can prolong work
time, improve decision making, and ultimately help con-
tain the transmission of SARS-CoV-2. The decision to im-
plement a specific heat mitigation strategy depends on the
context of what is available. Hydration solutions should
be strongly advocated and accessible all workers, possibly
combined with more aggressive cooling (i.e. ice slurry,
forearm water immersion) during rest breaks. The ‘HEAT-
SHIELD’ provides detailed, industry specific guidelines to
mitigate workplace heat in the Construction, Agriculture,
Manufacturing, Transport, and Tourism sector (https://
cordis.europa.eu/project/id/668786). Although the
healthcare sector was not specifically addressed in that
project, the practical guidance provided in this document
may offer some beneficial effect.
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