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A COVID-19 Seasonality Crisis is Arriving
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Example: IMHE Daily Deaths for USA

[IHME] 
Used with permission 
per the note on the 
bottom of the web 
page.
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But it may not have to be this way
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• Seasonality is caused by reduction in indoor relative humidity
• Indoor relative humidity is fairly easy to control
⟹
• Seasonality is fairly easy to prevent

6



The purpose of this document is to highlight new evidence for virologists 
and other scientists who may have missed it in the fog of war against 
COVID-19.
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• Influenza peaks in winter (known for hundreds of years)
• Influenza seasonality caused by indoor humidity (proven 2007-2010)
• No reason to think coronaviruses are less sensitive to humidity than 

influenza (The stability effect of humidity for influenza propagation 
vanished in 2018!) 
• Common cold coronaviruses are seasonal 
• MERS and SARS-1 are seasonal and sensitive to humidity
• Substantial 2020 epidemiological data that SARS-CoV-2 is seasonal and 

modulated by humidity
• Controlling indoor humidity is feasible, but some care is required
• Obviously humidity control is proposed as an addition to other measures

Outline
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Influenza peaks in winter

Image: Wikipedia

November–April 

April–November 

Year-round
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Influenza seasonality caused by 
indoor humidity
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• The reason for the seasonality of influenza was a puzzle
• Historical theories include

1. Reduced levels of vitamin D due to less sunshine in wintertime
2. More time spent indoors

• Humidity breakthrough in 2007 with guinea pigs 

!"#$%&#'()$%(*+),-#+./(0#/'$+/,&12
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[Lowen 2007]

“Influenza virus transmission is dependent on 
relative humidity and temperature”

!"#$%"&$%'()*+,-"(.+/(0"&"(
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In 2010, the authors of [Shaman] correlated about 2000 excess mortality 
peaks of pneumonia and influenza with absolute humidity data over 30 years 
and 48 contiguous US states plus the District of Columbia. They observed 
highly detailed correlation and built a model to simulate influenza seasonality.
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[Shaman] 

“The model results indicate that direct modulation of influenza 
transmissibility by absolute humidity alone is sufficient to produce this 
observed seasonality. These findings provide epidemiological support for the 
hypothesis that absolute humidity drives seasonal variations of influenza 
transmission in temperate regions.”
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[Fogarty International Center] (summary of [Shaman]):

“This discovery discredits theories that the flu is strongest during cold 
weather because people cocoon indoors, get less fresh air and exercise, or 
have generally weakened immune systems. The researchers say that although 
a natural reaction to this study may be running a humidifier all winter, 
vaccination remains the best defense against the flu.”

See also  [Shoji] [van Noort] [Reiman][Birks][Peci][Metcalf][Petrova][Park]
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[Deykle]:

“…despite the apparent differences in outbreak patterns between temperate 
and tropical countries, absolute humidity and, to a lesser extent, temperature 
drive influenza outbreaks globally.”
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• AH and RH are related by the Clausius Clapeyron equation [Bukhari] 

!" #
$%&&' ( )

!" #$" %
%&'() #* ( *" ( ' %&$+,

'+- %&. / 0

!" is the absolute humidity in g/m3, *" is the relative humidity in 
%, and 0 is the temperature in °C.

• For a comfortable indoor temperature of, say 21 °C, this reduces to 
!" # 1%&2- ( *"

• !" and *" have equal power for correlating with virus transmission 
for indoor epidemiological effects because, at a single temperature, 
they are equivalent.
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• Indoor RH and outdoor RH are often very different due to heating or cooling of air 
being brought in from outside

• For some reason, weather instrumentation is usually placed outdoors

• Unless artificial humidification or dehumificaion is done, indoor AH tracks 
reasonably well with outdoor AH [Nguyen 2014, 2016]

• Epidemiology studies effectively use AH to approximately track indoor humidity

• The recommended range of 40% - 60% indoor RH corresponds to 7.3 – 11 g/m3 AH
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• In the US and Canada, people spend 87% of their time indoors and another 6% 
in enclosed  vehicles [Klepeis]

• In summer, people spend an average of 1-2 hours per day outside [Diffey]

• Indoors is where most people acquire their respiratory viruses (except MERS)

• There is not much opportunity for a summer-winter change in indoor time to 
account for seasonality because people already spend most of their time 
indoors, even in summer.

• Correlation of infectivity with temperature is not actionable because the indoor 
temperature is fixed to comfort range of 20-23 °C
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[Birks] makes the case for controlling RH in schools, in particular

• In correlation studies, indoor RH was derived from weather data presumably by 
computing outdoor AH from the Clausius Clapeyron equation and then 
converting to indoor RH at 23° C assuming no indoor sources or sinks

• Provides data showing correlation of influenza and indoor RH

• Pearson correlation coefficients are given using both outdoor RH and indoor 
RH. The indoor fits are much better.
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It would be good for public experts such Dr. Fauci and 
Christopher Murray to get with the program on TV. As it is, 
they say seasonality is coming, explain that it is caused by 
coming inside, and never mention humidity.



No reason to think coronaviruses are 
less sensitive to humidity than influenza
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Traditionally there are three mechanisms that are held to explain how 
humidity affects transmission of influenza from one host to the next by 
respiratory particles [Moriyama][Lowen & Steel].

• Stability
• Trajectory
• Host susceptibility

It is not necessary for all of them, or any of them, to be true.  Humidity does 
its job no matter how we think it does it!



24

A&"#+5+&'

This theory holds that the virons inside the respiratory droplets are degraded 
by the respiratory fluid over time, so that if the transit time is long enough, 
the virons cannot infect the destination host.  Several laboratory studies (see 
[Yang & Marr 2012] and [Yang Oct. 2012]) of influenza virons suspended in 
droplets of various media showed that influenza was stable when the droplets 
were exposed to air at low RH and unstable when the air had middle RH, 
around 50%. This was thought to be a possible or partial mechanism for the 
effect of humidity in the guinea pig tests and epidemiology. 
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Similar laboratory stability tests of human coronaviruses [Van Doremalen
2013][Ijaz][Casanova], including SARS-CoV-2 [Smither][Schuit][van Doremalen
2020], showed either no significant instability, or only instability at very high 
RH. This was taken by some [REHVA] to mean that COVID-19 propagation is 
effectively immune to humidity, and therefore controlling humidity is not 
useful for fighting the novel coronavirus pandemic.
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Mucins are proteins found in saliva and in mucus. Mucus membranes cover 
the epithelial cells lining the respiratory tract. Proteins can protect enveloped 
viruses [Yang & Marr][Benbough]. 
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Previous to a key 2018 paper [Kormuth], influenza stability tests did not 
include mucins in the droplet media. [Kormuth] shows that adding mucins to 
the media protects influenza A(H1N1) and another enveloped virus, 
bacteriophage φ6 from instability.

The authors strongly imply that this is a general result, essentially that  
instability is not a mechanism for humidity to modulate seasonality.
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The 2020 papers [Smither] and [Schuit] refer to media prepared with mucins 
as “simulated saliva”, but it is important to note that mucins should also be 
present in droplets from the larynx.  The larynx is the main source of small 
droplets produced during talking and singing [Johnson]. 

[Smither] and [Schuit] find that SARS-CoV-2, like influenza [Kormuth], has no 
instability in the absence of sunlight when mucins are included. Again, 
stability in the context is not a thing for either virus family.
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The CDC  web page

[Schuit] refer to media prepared with mucins as “simulated saliva”, but it is 
important to note that mucins should also be present in droplets from the 
larynx.  The larynx is the main source of small droplets produced during 
talking and singing [Johnson]. 

[Smither] and [Schuit] find that SARS-CoV-2, like influenza [Kormuth], has no 
instability in the absence of sunlight when mucins are included. Again, 
stability in the context is not a thing for either virus family.
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In my opinion, taking stability off the table is very good news. We need weapons 
against COVID-19, and the fact that humidity does not need instability to 
suppress influenza propagation suggests that it does not need it to suppress 
coronavirus either.  The absence of instability in coronavirus in in vitro laboratory 
tests has no implications for public health measures because (indoor, apart from 
sunlight) instability of these viruses in airborne particles does not occur outside 
the laboratory. The authors of [REHVA] may need to rethink their logic.
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The trajectory theory is the idea that low RH causes respiratory droplets to 
evaporate faster, become lighter, drift father in the air, and infect more 
people.  Particles from talking and singing [Asadi][Morawska 2009] and 
exhalation [Bake], as opposed to coughing and sneezing, are so small that 
they dry very quicky at any any reasonable RH and will never fall to the 
ground [Xie]. The trajectory theory is important for short-range propagation 
of large particles but does not suggest that humidity will, by this mechanism, 
affect small particles that are implicated in spreading influenza and COVID-19 
in the absence of coughing and sneezing.
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The final humidity theory, host susceptibility, relates to the condition of the 
airway of the person or laboratory animal on the receiving end of the 
transmission path. The idea is that low RH dries the epithelial mucus and 
reduces the resistance to infection in several ways including pressing down 
the cilia slowing their movement  
[Moriyama][Audi][Lauc][Arundel][Wolkoff][Kudo].
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After taking away stability in general and trajectory for small particles, host 
susceptibility is the only proposed humidity mechanism that remains for 
working against airborne viral transmission in the absence of coughing or 
sneezing.

Lowen’s guinea pigs were not sneezing or coughing [Lowen 2007].



Common cold coronaviruses are seasonal 
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HCoV such as 229E, OC43, HKU1 and NL63 

• Account for 15-30% of annual respiratory tract infections [Audi]

• Usually self limiting “common cold” but sometimes more serious [Geller]

• Winter virus, Dec.-April vs. Nov.-April for influenza [Moriyama]

• Seasonal peaks vary from year to year [Killerby]



MERS and SARS-1 are seasonal and 
sensitive to humidity
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Epidemiological Data for MERS-CoV Middle East Respiratory Syndrome

[Nasser]

• Infected 2058 people between June 2012 and the end of 2017

• 82% of the cases reported from Saudi Arabia

• The main source of infections is exposure to animals, bats and camels

• Seasonal, peaking in June, low occurrence in January
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[Gardner]

ÒA case-crossover design was used to identify associations between 
primary MERS cases and preceding weather conditions within the 2-
week incubation period in Saudi Arabia using univariable conditional 
logistic regression.Ó

“When maximum daily humidity was low 8 days earlier, the odds ratio for a 
MERS cases was 1.35 (95% CI, 1.10–1.65).”

Also found similar correlation with temperature.
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[Yuan] Correlation between spread of SARS and 8 climate parameters in 
Beijing

87 deaths over April 3 – June 11, 2003.

The strongest association was with relative humidity, 3' # 4 1%+2,



Substantial 2020 epidemiological 
data that SARS-CoV-2 is seasonal 
and modulated by humidity
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[Chen]

• Regressed COVID-19 cases vs. distance from the equator for 177 countries, 
controlling for confounding factors

“An increase in absolute latitude by one degree is associated with a 2.6% increase in 
COVID-19 cases per million inhabitants after controlling for several important 
factors.”
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[Ahlawat ]

• Significant review of importance of humidity, including citations to some recent 
epidemiological studies that are not cited here

• Some discussion of now-discredited in vitro laboratory measurements of stability

• “…it is extremely important to set a minimum relative humidity standard for 
indoor environments such as hospitals, offices and public transports for 
minimization of airborne spread of SARS-CoV-2”
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[Bukhari]

• Compared world weather data with COVID-19 data from the John 
Hopkins University Coronavirus Resource Center for 20 January 
2020 to 1 May 2020. 

• Computed absolute humidity from temperature and RH using the 
Clausius Clapeyron equation 

• Approximately 85% of the 3 million COVID-19 cases occurred in 
regions with temperature between 3 and 17 °C and absolute 
humidity between 1 and 9 g/m3 

Note (by me): converting the AH range to indoor RH assuming 21°C 
indoors gives 5% to 49%.
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[Ward May 2020 and July 2020]

• Correlated dates of notification of locally acquired SARS- CoV-2 
cases with weather information derived from postcodes in NSW 
Australia. 

• Found a consistent negative relationship between RH and cases.

• “Overall, a decrease in relative humidity of 1% was associated 
with an increase in cases of 7–8%.”

Note (by me): the outdoor temperature was moderate during the 
summer-autumn (in Australia) study period of 26 Feb.-31 May, so 
outdoor RH should have been representative of indoor RH. 44
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Epidemiological  Humidity and Seasonality Data for COVID-19

[Wang]

• Studied symptom onset dates from 19 January to 10 February 
2020 from 100 cities in China and and cases with confirmed 
onset dates from 15 March to 25 April for 1,005 U.S. counties.

• Correlated with AH and RH, controlling for various 
confounding variables

• Before the lockdowns, “…one percent relative humidity rise 
reduces R value by 0.0078 (0.0076 (95% CI [-0.0108,-0.0045]) 
in China and 0.0080 (95% CI [-0.0150,-0.0010]) in the U.S.)”

• Similar results for temperature
• The authors note that when R = 2.5-3, weather alone is 

insufficient to reduce  R below 1.
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Epidemiological  Humidity and Seasonality Data for COVID-19

[Chanda]

• Correlated worldwide new cases of COVID-19 with AH computed from 
weather data and the Clausius Clapeyron equation over 1 January – 19 
April 2020

• “…a majority of the infected cases were in countries with 3-9 g/m3 AH”

• The authors note that other factors in addition to weather may have 
played a role 
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Epidemiological  Humidity and Seasonality Data for COVID-19: [Chanda]
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In a famous case in a hair salon in Springfield, Missouri in May 2020, two 
stylists who were symptomatic with respiratory COVID-19 serviced a total of 
139 clients without infecting any of the clients [Hendrix]. The lack of viral 
transmission has been taken as an indication of the power of the face 
coverings worn by the stylists the entire time, either a double-layered 
cotton face covering or a surgical mask, and the face coverings of various 
types worn by almost all of the clients almost all of the time.
[Hendrix] does not mention humidity.  I consulted [Missouri Historical 
Agricultural Weather Database] for data at the Mount Vernon weather 
station in Lawrence County to compute the AH near Springfield over the 
period.

7"+%(A"5$,(F"<-
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7"+%(A"5$,(F"<-
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Absolute humidity outside the Springfield MO hair salon 
over days 0-8 during the COVID-19 event and the 
recommended lower limit for  AH
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7"+%(A"5$,(F"<-
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The AH was above the recommended limit of 7.3 g/m3 (corresponding to 
40% indoors at 21 °C inside assuming no humidification) for almost the 
entire event. It is possible that humidity should share the credit with the 
masks for the lack of virus transmission.

Note: the AH was often above the 11 g/m3 upper limit corresponding to 
60% RH. In the past, when stability was a thing, one of the reasons for 
the upper limit was that instability seemed to decrease at higher RH.  
With pre-2018  in vitro laboratory stability data discounted, the 60% 
suggested upper limit for RH remains to reduce mold when water is 
being added indoors. 
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At 20° C, the 65% data point in [Lowen 2007] does not follow the trend 
of influenza transmission between separately caged guinea pigs 
decreasing with increasing RH.  This needs a new explanation. 
[Williams] implies that the optimum RH for minimizing host 
susceptibility is 100%. Indeed, Lowen’s data shows the lowest 20° C 
transmission at 80% RH. Attempts to explain this with the trajectory 
mechanism do not make sense because, as noted, the animals were not 
sneezing or coughing, so their respiratory droplets should have been 
lung or larynx-sourced, and hence too small for gravity to matter.  
Guinea pig larynxes and phonation are viewed as good models for 
human ones [Koitschev].
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The CDC guidance [Centers for Disease Control and Prevention] for nail 
salons appears to be a model for recommendations about humidity, 
ventilation, and filtering:

“If possible, salon owners and managers should work with facilities 
(building) management to adjust the ventilation so that the maximum 
amount of fresh air is sent into to client spaces, while maintaining the 
humidity at 40-60%. If possible, increase filter efficiency of HVAC units to 
highest level possible.”

“Consider using portable high efficiency particulate air (HEPA ) filtration 
units to remove contaminants and clean the air.”



Controlling indoor humidity is 
feasible, but some care is required
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• Increasing indoor RH is a matter of adding water vapor
• Increased ventilation for controlling aerosol particles may reduce RH 

by removing water that came from internal sources, so there should 
be limits to ventilation 
• Ventilation will not help much with short range propagation [Azimi]
• Filtering particles is simple and effective
• The furnace filter / box fan DIY method may supplement the central 

filter in the HVAC system of a building
• Some of us who live in wildfire smoke zones have a lot of experience 

with DIY filters, and they can work very well

54
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Somehow [ASHRAE] assigns
“Local exhaust ventilation for source control” Evidence level A 
and
“Temperature and humidity control”  Evidence Level B
despite extensive epidemiological evidence for humidity and virtually no 
epidemiological evidence for ventilation in this context. 
(The Diamond Princess had 9-12 air changes per hour and no air 
recirculation [Azimi].)

A2-"N+,/($8(=-,&+5"&+$,
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• Hygrometers are key and can presently be purchased for about $10

• If they become scarce, one could consider a sling psychrometer (which 
has its own ballistic and possibly mercury safety risks) or a DIY version of a 
chilled mirror dew point hygrometer [wikiHow]

• If humidifiers become scarce, and even if they don’t, there are many 
options for DIY humidifiers, including house plants. Care is required to 
mitigate various risks such as the possibility of introducing pathogens as 
mentioned on the next slide.



57

F$,<+3-%"&+$,<(8$%(;33+,/(7*4+3+&'

• [Arundel] has a discussion of possible adverse health effects of 
humidifiers, along with the benefits. Locally high RH values 
(above 75%, mostly) can create condensation and fungus 
growth in areas such as bathroom walls and window frames. 
Humidifiers can become contaminated with and spread 
bacteria, protozoa, and fungi. Humidification increases dust 
mites. Evaporative humidifiers designed to produce only water 
vapor are preferred over the cool mist type that can spew 
extraneous matter.

• An upper limit of RH of 60% is frequently specified to limit mold 
growth [Dietz]



Obviously
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Clearly we should not let down our guard against COVID-19 in any 
way.  Hand washing, social distancing, mask wearing (which also 
helps nose properties for host susceptibility [Moriyama]), and air 
purifying are critical. These are needed to get and keep * + low 
enough for seasonality effects to matter.
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