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High-humidity Environments and the Risk of
COVID-19 Transmission
Prepared by
Angela Eykelbosh
Primary Inquiry: Do showers, steam rooms, hot tubs, or other warm, high-humidity
settings in public facilities increase the risk of COVID-19 transmission?
Summary Statement: This rapid review did not identify an elevated transmission risk for
showers, steam rooms, or hot tubs as a result of high temperature (> 30°C) and/or high
humidity (> 80% relative humidity). Based on the available data, high relative humidity
and high temperature appear to increase airborne mass deposition and decrease the
viability of virus in both airborne particles and on surfaces. However, there is uncertainty
as to whether SARS-CoV-2 aerosolized in human secretions may remain viable longer
than those generated artificial media. In addition, any decrease in viability does not
alleviate the need to maintain physical distancing, as well as adequate cleaning,
disinfection, and ventilation (where appropriate).
Disclaimer: The information provided here is for the purpose of addressing a specific
inquiry related to an environmental health issue. This is not a comprehensive evidence
review and has not been subjected to peer review. The information offered here does
not supersede federal, provincial, or local guidance or regulations, and/or the advice of a
medical professional (where applicable).

Background
The COVID-19 pandemic has required public health practitioners to closely scrutinize all
publicly accessible indoor environments for characteristics that may help or hinder virus
transmission. The primary risk factors for transmission in indoor spaces are crowding,
prolonged interactions, common touch surfaces, poor ventilation and user behaviors like
intense activity, heavy breathing, or loud vocalization.1 Public facilities like steam rooms,
locker room showers, and hot tubs share all of these features and raise additional
concerns regarding the unknown effects of warmth and very high humidity on the
National Collaborating Centre for Environmental Health

1

HIGH-HUMIDITY ENVIRONMENTS

October 20, 2020

potential for transmission. Although a number of outbreaks have been identified in gyms
and fitness facilities,2-5 there is insufficient information to assess whether sharing a highhumidity environment in that facility (rather than just close contact) played a significant
role in these events.
Although relative humidity (RH) has long been known to affect the risk of viral
transmission, the current recommendations for indoor spaces (maintaining 40–60% RH)
are determined by user comfort and the need to control mould.6 The challenge in
evaluating facilities like showers, steam rooms, and hot tubs is the relative lack of
information on high-humidity environments, as well as the general limitation on
literature specific to SARS-CoV-2.
For the purposes of this inquiry, we assumed a scenario in which two or more patrons are
sharing the same indoor space, such as a communal shower in a locker room, with no
partitions or barriers between them. The question then is whether these patrons would
be more or less at risk of transmission simply by turning on the shower. In addition, not
all high-humidity settings are equal, but may range in values as shown in Table 1.
Table 1. Typical temperature and relative humidity values for gym facilities.
Facility

Temperature (°C)

Relative Humidity (%)

Shower room

35

100

Steam room

43

100

Hot tub

30 a

50–60 b

Dry sauna

> 70

5–10

a

Air temperature of a typical indoor pool deck.
Code requirement for relative humidity for an indoor pool.

b

NCCEH addressed this question using the following multi-pronged approach:
•
•
•

Expert consultation with indoor air quality and environmental health specialists
regarding the likelihood of effects;
A rapid review of academic and NCCEH resources to identify current research
pertinent to high-humidity environments;
A grey literature search for existing guidelines or resources on these settings.
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Expert Consultation
Through an informal consultation with indoor air quality and environmental health
specialists at the NCCEH and the BC Centre for Disease Control, several potential modes
of transmission were identified:
1. Close confines in showers, steam rooms and hot tubs make physical distancing
difficult; as a result, close-range droplet transmission while speaking or coughing
would remain the most important means of transmission. Users may also vocalize
louder in a noisy environment, increasing droplet generation.7 High humidity
could affect the likelihood of transmission through effects on droplet generation
in the upper respiratory tract and effects on droplet dynamics (changes in droplet
size and subsequent changes in viability, settling, and range of dispersal).8
Humidity could therefore also affect the formation of smaller particles and the
likelihood of short-range aerosol transmission.
2. Fomite transmission through high-touch surfaces could occur, as SARS-CoV-2
persists longer on non-porous surfaces, such as ceramic tile and steel faucets. In
addition, the temperatures in and around showers, whirlpools, jacuzzis, and
steam rooms are not high enough to eliminate the virus instantaneously (with the
potential exception of dry saunas).
3. Finally, although very unlikely, it may be possible to aerosolize virus from the
surfaces previously used by infected individuals.

Rapid Review of Academic Literature
A rapid literature review was conducted to ascertain the effects of high humidity on
SARS-CoV-2, with consideration for the potential modes of transmission noted above.
Articles were identified using key words related to the effects of relative humidity on the
virus itself (SARS-CoV-2, COVID-19, 2019-ncov, coronavirus, viability, infectivity,
inactivation, transmission) and the association of high-humidity environments (steam
room, shower, locker room, whirl pool, jacuzzi, or hot tubs) with outbreaks, infections, or
transmission. EBSCOhost, PubMed, Web of Science, and Google Scholar were used to
search for articles.
Over 200 documents were reviewed for title and abstract. Articles were included if they
dealt with SARS-CoV-2 (or a reasonable surrogate) in an indoor environment. Topic areas
included the effect of high humidity (>70%) on droplet generation; virus loading into
droplets; droplet dynamics; and virus viability/inactivation. Bathhouses or other facilities
that allow close contact without personal protective equipment were excluded. Studies
addressing the effect of outdoor environmental/meteorological conditions on the
epidemiology of COVID-19 were not included. Non-peer-reviewed pre-prints were
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included in the results. In total, 19 studies were identified that were relevant to the effect
of humidity on virus transmission in indoor environments.

Does high RH affect droplet dynamics or SARS-CoV2 viability in aerosols?
There are a number of ways in which humidity could potentially affect the presence of
infectious droplets: through the formation of droplets in the airway, the partitioning of
virus into droplets, the viability of the virus over time, the evaporation of droplets to
form droplet nuclei, and the settling of droplets.
This rapid literature search was unable to determine whether inhaling highly humid air
(>90% RH) alters either the size or number of respiratory particles produced in the
airway, while either vocalizing or breathing. However, COVID-19 patients do produce
respiratory particles containing viable SARS-CoV-2. Recent studies have isolated viable
SARS-CoV-2 from air samples obtained in a hospital setting. Lednicky et al.9 detected
viable SARS-CoV-2 more than 2 m away from the patient to whom it was linked via
genome sequencing. Santarpia et al.10 also detected SARS-CoV-2 RNA in several particle
fractions (> 4 µm, 1–4 µm, and < 1 µm), and viable virus was recovered from three
samples of the smallest fraction.
These studies demonstrate that viable SARS-CoV-2 can be captured from air; however,
there is insufficient evidence to understand how extreme changes in humidity affect
SARS-CoV-2 viability over time. Schuit et al.11 found that increases in RH alone (from 20%
to 70% at 20°C) did not significantly affect the degradation of SARS-CoV-2 aerosolized in
simulated saliva or culture medium. This work has been used to create a calculator to
estimate the half-life of airborne SARS-CoV-2 under varying conditions; however, the
model has insufficient data to estimate decay at high temperatures and RH values.
To complicate matters, previous work on other respiratory viruses over a wider range of
RH values has shown that viruses in respiratory particles may be differentially affected by
high RH and/or by experimental conditions. Noti et al.12 found that aerosolized influenza
virus retains greater viability at low RH and greatly decreased viability at RH values
between 40 and 73%.12 Similarly, both van Dormalen et al.13 and Kim et al.14 found that
the MERS and transmissible gastroenteritis virus (TGEV), respectively, showed a drastic
decrease in viability when RH was increased from 30 through to 90%. These studies
would appear to suggest the high RH values are detrimental to coronavirus survival.
However, Lin and Marr15 found that bacteriophages aerosolized in cell culture medium
showed decreased viability as RH increased to moderate levels (50–70%), but showed
little or no change in viability at high RH values. This was attributed to the much slower
rate of evaporation at RH values near saturation, which prevents the concentration of
solutes harmful to the virus. This differential effect in response to changes in RH may be
at least partly due to the matrix in which the aerosol is created. Kormuth et al.16 found
that bacteriophage aerosolized in cell culture medium showed a similar response to
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increasing RH, as also observed by Lin and Marr.15 However, the same virus aerosolized in
a medium containing extracellular matrix from airway cells showed no change or loss in
viability across the range of RH values.16 Similarly, SARS-CoV-2 aerosolized in tissue
culture medium was more stable at moderate RH (40–60%) than at high RH (68–88%),
but much more stable at high RH than at moderate RH when aerosolized in artificial
saliva.17 These studies suggest that respiratory secretions have protective effects on
aerosolized viruses, and that naturally produced virus aerosols may retain greater
infectivity than anticipated.
Humidity also affects the rate of evaporation, the size of respiratory particles, and the
time it ultimately requires them to settle (or the distance they may travel as droplet
nuclei or aerosols).18,19 Busco et al.20 modelled evaporation and mass deposition from
sneeze droplets and found high RH (95%) resulted in greater particle mass deposition
than the moderate (65%) or low (35%) RH conditions over the same temperature (35°C)
and window of time (50 s). Greater removal of mass at high RH values implies that less
material remains to evaporate and form aerosols, lessening the risk of both droplet and
aerosol transmission.
From the literature, it appears that higher RH values in showers, steam rooms, and hot
tubs may decrease the risk of virus transmission by three means: decreasing the viability
of the virus over time, increasing the airborne mass that settles on surface, and
decreasing the fraction of droplets that are converted into aerosols. However, there are
three important caveats. First, the effect of high humidity on the viability of viral aerosols
created by living humans (in respiratory secretions) needs further investigation. Second,
virus that settles may still be viable, which may increase the risk of fomite transmission.
Third, although high RH values will increase the rate of settling, this will not be sufficient
to protect people who are near enough for close-range droplet transmission. Air cleaning
technologies like filtration and UV irradiation are impossible to deploy or show reduced
effectiveness in high-humidity environments.6Therefore, the only means to protect users
of these facilities is to reduce crowding/interaction, as well as to increase ventilation
where applicable (i.e., showers, but not steam rooms).

Does high humidity affect the viability of SARS-CoV-2 deposited on surfaces?
Several studies have examined the persistence of SARS-CoV-2 on a variety of porous and
non-porous surfaces at moderate temperature and RH values. 21-23 However, only one
study has examined the interplay of high humidity and high temperature on SARS-CoV-2.
In this study, the virus was suspended in simulated saliva, dotted onto stainless steel,
plastic, or nitrile gloves, and incubated at various temperatures (24, 28, and 35°C) and RH
values (20, 40, 60, and 80%).24 In droplets held at 24°C, the virus half-life dropped from

National Collaborating Centre for Environmental Health

5

October 20, 2020

HIGH-HUMIDITY ENVIRONMENTS

15 hours (h) at 20% RH to 8.3 h at 80% RH. In droplets held at 35°C, the half-life dropped
from 7.33 h at 20% RH to just 2.26 h at 60%. a
These results are consistent with other coronaviruses examined at moderate to high RH
values. When held at 40°C, both TGEV and mouse hepatitis virus (MHV), which were
suspended in cell culture medium and dotted onto stainless steel, were detectable for at
least 120 h at an RH of 20%, compared to only 6 h at an RH of 80%.25 Similarly, SARS-CoV1 degraded most rapidly when incubated at both a high temperature (38°C) and the
highest RH (95%).26 Increasing the RH from 30 to 80% also increased the decay rate for
MERS coronavirus incubated on plastic and steel at 30°C for 72 h.13 These results seem to
suggest that both increasing temperature and increasing RH serve to reduce the viability
or infectivity of coronaviruses on nonporous surfaces.
Guillier et al.27 used data from 10 different coronaviruses to create a model that
estimates the time required to achieve specific log reductions in viral infectivity at a given
temperature and humidity. For example, for virus trapped in droplets deposited on the
steel faucet of a communal shower (Table 1: 35°C and 100% RH), their model indicates
that it would require approximately 73 h to see a 5-log reduction in virus infectivity.
Similarly, for a steam room (Table 1: 43°C and 100% RH), it would take approximately 16
h to reach a 5-log reduction. The model demonstrates that temperature increases have a
greater negative impact on virus infectivity than changes in RH, but that both promote
virus inactivation.
This model would seem to suggest that patrons using showers, steam rooms, and hot
tubs are at a lesser risk of transmission via fomites than when using other facilities in the
building held at lower temperatures and lower RH values. However, this model is based
on data collected at RH values up to 68% RH. Using this model to estimate log reductions
at high values (100% RH) introduces uncertainty into the results. Furthermore, it should
be noted that these studies were carried out in tissue culture media rather than in
artificial fluids.
However, work on influenza A virus (IAV)28 and other indicator viruses15 has shown that
viruses deposited on surfaces at very high RH values (> 80%) do not show a marked
decrease in viability compared to viruses incubated at RH values < 30%. In fact, virus
infectivity shows a U-shaped curve, with the greatest inactivation at moderate RH values
in the range of 50 to 80%. The authors postulated that the rate of evaporation, and the
time for which the virus is exposed to increasing solute concentrations, are key to virus
inactivation.15 At low RH, rapid evaporation results in crystallization of the harmful
solutes, protecting the virus from damage. As RH increases, and the rate of evaporation
decreases, longer exposures to harmful solutes begin to inactivate the virus. However, at
a

The half-life at 80% RH could not be evaluated due to equipment limitations.
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very high RH values, evaporation is slow enough that solute concentrations are not
harmful to the virus, allowing them to remain viable.28 Thus, in a very humid
environment, some viruses may remain infectious for longer periods than at lower RH
values. Further work is required to understand whether SARS-CoV-2 follows the expected
trend, decreasing viability with increased temperature and RH, or whether it may show
increased viability at very high RH values, as with influenza A.
At best, however, it appears that coronaviruses deposited as droplets on surfaces remain
viable for at least several hours. Although this rate of degradation is much more rapid
than that expected at lower temperatures and relative humidity, it is not rapid enough to
protect other users occupying the space throughout the day.

How might high or low RH values affect individual susceptibility to
transmission?
It should also be noted that, in addition to effects on droplet dynamics, low humidity
increases the vulnerability of the nasal mucosa to infection by decreasing mucociliary
clearance and the activity of innate immune cells.29,30 Thus, we would not expect to see
increased vulnerability to infection in a highly humid environment. Although dry saunas
are likely to adversely affect the nasal mucosa, it has been shown that high temperatures
(> 41°C) result in disruption or disordering of lipids in the viral envelope of influenza. 31
Indeed, coronaviruses (including SARS-CoV-2) show a rapid decline in viability as
temperatures increase from 20°C to 68°C.27 Using the model provided by Guillier et al.,27
we can estimate that it would take only 0.01 h to reach a 5-log reduction in coronavirus
viability for droplets deposited in a dry sauna (Table 1: 70°C and 10% RH). This effectively
negates the possibility of fomite spread in dry saunas and likely also the survival of
aerosols, although the possibility of direct contact or close-range droplets (transmitting
over a few seconds) remains.

Other means of aerosolization: spray attachments and contaminated drains
The persistence of infectious material deposited on surfaces at high RH values indicates
the need for more frequent cleaning of high-humidity settings like showers and steam
rooms. However, it may be prudent to avoid cleaning and disinfection practices that
could re-aerosolize virus from deposited droplets (e.g., use of high-pressure hoses or
spray attachments). When cleaning, one option may be to apply a Health Canadaapproved disinfectant first, allow sufficient time for virus inactivation, and then remove
with running water. Appropriate personal protective equipment (mask and gloves) should
be used according to the manufacturer’s label. It is important to note that certain
disinfectant chemicals may cause adverse health effects for people with asthma,
allergies, or other respiratory conditions. Precautions should be taken when selecting the
appropriate type of disinfectant and application method to avoid harm to the user and
others.32
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Previously, there has been substantial media attention paid to aerosolization of
coronaviruses from plumbing into inhabited spaces. This occurred at the Amoy Gardens
housing complex during the Hong Kong SARS outbreak in 2003,33 and more recently may
have occurred again with SARS-CoV-2 in apartment towers in Hong Kong34 and
Guangzhou.35 SARS-CoV-2 has also be detected in the drain water from both sinks and
showers in households where ill people were in isolation.36 However, it should be noted
that previous incidents in which virus was aerosolized from plumbing involved a critical
fault or failure; e.g., a dry drain trap, faulty venting, etc. In the case of a communal
shower in a public facility, larger diameter plumbing and high flows of water make it
highly unlikely that the virus could accumulate within or be drawn back into the shower
room. No evidence has been found to date indicating that such an outbreak would be
likely.

Guidance for managing high-humidity environments
A search for North American guidance documents mentioning showers, steam rooms, or
hot tubs (including spa pools, jacuzzis, and whirlpools) revealed numerous jurisdictions
that have permitted showers to re-open, but specifically prohibit dry saunas, steam
rooms, and hot tubs. Most recently, the Government of Alberta has allowed indoor
showers, hot tubs, whirlpools, steam rooms, and dry saunas to re-open, but requires
more frequent cleaning and that facilities provide a spray bottle of disinfectant for each
patron to use after showering.37,38 Their guidance also notes that masks should not be
worn in high humidity environments, as they are ineffective when damp and may pose
additional safety risks.39 No other specific guidance is available on managing highhumidity environments at this time.

Summary
This rapid review of the literature did not identify an elevated transmission risk for
showers, steam rooms, or hot tubs as a result of high humidity (> 80%). In fact, the
available data appear to suggest that high RH values will decrease airborne material and
decrease the viability of virus in airborne particles and on surfaces, although this does not
alleviate the need to maintain physical distancing, as well as adequate cleaning and
disinfection practices.
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