
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/344219195

Maintaining Classroom Humidity at 40-60% RH Would Reduce Transmission of

Respiratory Viruses

Preprint · September 2020

DOI: 10.13140/RG.2.2.25761.02409

CITATIONS

0
READS

288

2 authors, including:

Some of the authors of this publication are also working on these related projects:

Air Pollution Monitors and Calibrators View project

Vertical Profiling of Atmospheric Species View project

John W Birks

2B Technologies

198 PUBLICATIONS   3,811 CITATIONS   

SEE PROFILE

All content following this page was uploaded by John W Birks on 12 September 2020.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/344219195_Maintaining_Classroom_Humidity_at_40-60_RH_Would_Reduce_Transmission_of_Respiratory_Viruses?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/344219195_Maintaining_Classroom_Humidity_at_40-60_RH_Would_Reduce_Transmission_of_Respiratory_Viruses?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Air-Pollution-Monitors-and-Calibrators?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Vertical-Profiling-of-Atmospheric-Species?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Birks?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Birks?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/2B_Technologies?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Birks?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/John_Birks?enrichId=rgreq-9f5a1954d0a345018f7abd1a9bdbebe9-XXX&enrichSource=Y292ZXJQYWdlOzM0NDIxOTE5NTtBUzo5MzQ5NjU0ODMxNjc3NDhAMTU5OTkyNDU1MDk0OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Submitted Manuscript: Confidential Submitted 11 Sep 2020 

1 

 

Maintaining Classroom Humidity at 40-60% RH Would Reduce Transmission of Respiratory Viruses 

John W. Birks1,* and Kathy L. Rowlen2 

12B Technologies, 2100 Central Ave., Suite 104, Boulder, CO, USA 
2InDevR, Inc., 2100 Central Ave., Suite 106, Boulder, CO, USA 

*Correspondence to: johnb@twobtech.com 5 

 

One Sentence Summary:  We should humidify our school classrooms now! 

 

Abstract 

Here we provide a strong scientific foundation that control of indoor relative humidity (RH) at 40-60% can 10 

enhance student safety in schools when applied in combination with social distancing, wearing of masks, 
increased ventilation, disinfection of surfaces and good hygiene practices.  Past studies demonstrate that 
relative humidity strongly affects the transmission of respiratory viruses such as influenza, respiratory 
syncytial virus, and coronavirus in at least three ways that include altering (1) the size distribution and 
lifetimes of aerosol particles containing the virus, (2) the viability of the virus, and (3) the susceptibility of 15 

people to infection, with minimal transmission occurring at ~50% RH.  Low cost humidifiers could be 
deployed in classrooms immediately to reduce the impact of the upcoming influenza season and possibly 
reduce the transmission of SARS-CoV2 as well. 
 

 20 

 As the school year begins and students return to classes, there is serious concern about the safety 

of not only students but also adult teachers and parents who can be infected with the SARS-CoV-2 virus.  

There is ample evidence that transmission of respiratory viruses is amplified during the school year as a 

result of close contact of students in confined spaces, and in the next few months the influenza season 

will begin and can be expected to further exacerbate the COVID-19 situation.  As a result, most schools 25 

have implemented detailed plans to reduce viral transmission, including reducing class size, performing 

some fraction of teaching online, holding classes outdoors where possible, decontaminating surfaces, 

wearing masks, hand washing and increasing ventilation.  One simple way of increasing safety that has 

not yet been recommended, however, is that of humidifying classrooms to maintain a relative humidity 

(RH) in the range 40-60% RH. 30 

 

Although the relationship between indoor RH and transmission of respiratory viruses has been 

known for decades (1-3), the maintenance of optimal levels of RH to reduce transmission of respiratory 

viruses has not been recommended by the World Health Organization (WHO) or the U.S. Centers for 

Disease Control (CDC).  For scientific reasons elaborated below, we strongly recommend the additional 35 

measure of maintaining relative humidity indoors at or near 50% RH.  The HVAC systems of schools, homes 

and workplaces should be upgraded as soon as possible to maintain optimal humidity levels that limit the 

spread of airborne respiratory diseases.  Potentially, tens of thousands of lives could be saved each year 

through better management of indoor air – even in the absence of a pandemic. 

  40 
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Seasonality of Influenza and Correlation with Indoor Relative Humidity 

 

 Epidemics of respiratory infections caused by a variety of viruses in temperate regions begin in 5 

the late fall and end abruptly in the early spring.  Influenza is particularly deadly, resulting in tens of 

thousands of deaths annually in the U.S. alone with occasional pandemics that kill millions worldwide.  

Because of such lethality, the cause of the seasonality of influenza epidemics has been of considerable 

interest over the years.  Of the nine or more respiratory viruses identified as causing respiratory tract 

infections in humans, cases of influenza (1-3), human syncytial virus (RSV) (4) and human coronavirus (5) 10 

demonstrate peak incidences in the winter months.    

 The correlation between indoor RH and the seasonality of influenza epidemics can be illustrated 

using publicly available data from the U.S. Centers for Disease Control and Prevention (CDC) (6) and the 

Environmental Protection Agency (EPA) (7).  For example, Figure 1 shows weekly influenza cases with an 

overlay of indoor RH calculated from outdoor RH and temperature for the States of New York and Texas 15 

over nine complete influenza seasons.   As is readily apparent visually, there is a strong anti-correlation 

between influenza cases and indoor RH.  Pearson correlation coefficients, r, for correlations between 

weekly numbers of influenza cases with outdoor RH and calculated indoor RH are provided in Table 1 for 

the States of California, Colorado, Florida, Louisiana, Maine, Michigan, Oklahoma, New York, Texas and 

Washington, which represent a wide range of climates within the continental U.S.  As can be seen in the 20 

table, the correlation of influenza cases with outdoor RH are positive for some States and negative for 

others, with r values averaging zero for the ten states, indicating no correlation.  By contrast, the 

correlations are consistently negative for indoor RH, with an average r value of -0.445, indicating a 

definitive correlation. 

 25 

Mechanisms for Low Indoor RH Causing Annual Influenza Epidemics 

 

 Numerous studies over the years have shown that although there is little or no correlation of 

outdoor RH with influenza seasonality, there is very strong anti-correlation between absolute humidity 

(AH) and the onset and propagation of influenza (1-3).  Because indoor temperature typically is held nearly 30 

constant (~23 ± 3 C), trends in indoor RH track directly with trends in AH.  In the winter, low temperatures 

result in very dry indoor air with RH often below 40%. 

 But how does indoor humidity affect viral transmission?  Influenza and other respiratory viruses 

can be transmitted primarily in three ways (8): (1) transmission by large droplets resulting from coughing, 

sneezing, and even talking, hence the need for social distancing and wearing of masks; (2) aerosol 35 

transmission, a factor that has not yet been adequately addressed by public health agencies (9); and (3) 

transmission by physical contact with contaminated surfaces; hence the need for frequent hand washing.  

Two of these mechanisms are explicitly related to RH.  Droplets emitted from the mouth and nose may 

range in size from 1 micron (10-6 m) or smaller during breathing to several millimeters in diameter during 

talking, coughing or sneezing.  Large droplets settle (fall) rapidly under the influence of gravity, and it is 40 

this process that is the basis of the recommendation of people staying six feet or two meters apart from 

one another.  However, and importantly, in a dry environment much of the water content of such droplets 
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rapidly evaporates with the result that many of the droplets become suspended small particles within ~1 

second (10, 11).   Small particles are what atmospheric chemists refer to as aerosols and we distinguish 

them from larger droplet particles (those larger than a few tens of microns) because of their unique special 

properties.  One of those properties is lifetime, which is the length of time the particles stay in the air.  

Particles with diameters less than 3 µm essentially behave like a gas, requiring days to settle, and the 5 

smaller, longer-lived particles become mixed throughout a room by air currents.  In a classroom with little 

or no ventilation, for example, the concentration of particles will slowly build up in time, increasing the 

numbers of particles inhaled by students and teachers.  Another important property of aerosols is that 

the smaller they are, the deeper they can penetrate into our nose, throat, lungs and alveoli.  Thus, the 

lower the RH, the longer these aerosols stay suspended in the air and the greater the chance that the 10 

viruses that they may contain will reach and infect another person.   

 

 Humidity can affect airborne viral transmission in at least two additional ways.  Relative humidity 

can affect the viability of the virus within the aerosol particle, and RH also can alter the susceptibility of 

people to infection.  Studies in which virus-containing aerosols were produced in air held at different 15 

relative humidities showed stability for winter viruses (influenza, parainfluenza, coronavirus, RSV) at low 

(20-50%) RH, while summer (poliovirus) and all-year viruses (adenovirus, rhinovirus) were most stable at 

high (80%) RH  (12)).  In cough simulation studies, influenza-containing aerosols collected over a period of 

one hour showed 71-77% infectivity at RH  23% but only 15-22% infectivity at RH  43% (13).  Minimal 

infectivity occurred at RH in the range 40-73% for all particle size ranges, from < 1 µm to 12 µm. 20 

 

 The final means by which low RH levels affect respiratory virus transmission is by increasing the 

human susceptibility to the virus.  The mucosal surface of the respiratory tract is continuously exposed to 

air at varying temperature and humidity, and seasonal variations of those parameters affect the airway 

mucosal surface defense at multiple levels (12).  Inhalation of dry air causes immediate airway epithelial 25 

cilia loss, detachment of epithelial cells and inflammation of the trachea of guinea pigs, and dry air 

exposure of mice impairs mucociliary clearance, innate antiviral defense and epithelial cell repair in the 

lung after influenza virus infection.  Thus, inhalation of dry air compromises the host’s ability to limit 

influenza virus infection (12). 

 30 

 All of these mechanisms by which RH influences viral transmission – aerosol particle size, viral 

stability and human susceptibility – favor low humidities for aerosol transmission of viruses like influenza, 

parainfluenza, RSV and coronavirus.  Animal model studies further support this conclusion.   For example, 

airborne cage-to-cage transmission of influenza is efficient at low (30%) and high (70%) RH but inefficient 

at 50% RH at room temperature in both guinea pigs (14) and ferrets (15).  The obvious implication is that 35 

maintaining indoor humidity in the range 40-60% RH should reduce the transmission of respiratory 

diseases in classrooms and other occupied spaces. 

 

Application to Classrooms 

 Unfortunately, most schools in the U.S. do not regulate humidity through their HVAC systems, 40 

and many schools have inadequate ventilation.  With 20-30 students occupying classrooms averaging 

~1200-1400 sq ft (110-130 m2), the probability of aerosol transmission of respirable virus particles from 
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one infected person to others is quite high even if they are socially distanced.  Increased ventilation 

through antiquated HVAC systems is not an option in many if not most schools, and in winter opening a 

window may not be a viable option either.  Besides increasing ventilation when possible, portable high 

efficiency particulate air (HEPA) filters could be employed to reduce the viral load in classrooms (9).  

Regardless of what is done in terms of augmented ventilation and filtration, humidities should be 5 

regulated to fall in the range of 40-60% RH.  For all of the reasons discussed above, this is expected to 

greatly reduce the infection rate of influenza, RSV and to some extent – COVID-19.  Humidification to 

levels within this range are widely recommended for optimal comfort, while higher levels may be 

ineffective at reducing viral transmission (14, 15)) and maintenance of RH below 65% is required to 

prevent mold growth.  Thus, the target RH level should be 50%. 10 

 

 Humidifiers are widely available, relatively low cost and could be easily implemented in 

classrooms.  It should be noted that the small vaporizers commonly used in bedrooms are not adequate 

to treat a room the size of a classroom, but larger, portable humidifiers costing ~100-150 USD are readily 

available that can treat up to ~2,000 sq ft rooms.  Ideally, schools throughout the U.S. and the world would 15 

take this opportunity to upgrade their HVAC systems to improve ventilation, particle filtration and 

humidity control.  It should be emphasized that humidification is not a panacea – but it is one more action 

that can easily be taken, along with increased ventilation, air filtration, social distancing, wearing of masks, 

disinfection of surfaces, good hygiene, etc. to reduce the transmission of influenza and, most likely, of 

COVID-19.  In the meantime, this simple approach could increase the safety of our classrooms and save 20 

lives, both the lives of students and the lives of teachers and parents who are at greater risk for serious 

outcomes.  Although the focus here has been on schools, the benefits of humidification during winter 

months applies to homes, workplaces, airplanes, buses and other occupied spaces.   
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Fig. 1.  Weekly numbers of reported positive tests for influenza (“Flu Cases”) and weekly averages of 

calculated Indoor RH for the states of New York and Texas for nine influenza seasons beginning in October 

2010.  Influenza case numbers are from the Centers for Disease Control FLUVIEW website (6).  Indoor RH 5 

was calculated from all outdoor RH and temperature measurements made at State and Local Air 

Monitoring Stations (SLAMS) located throughout the states (7).  The calculation assumes an average 

indoor temperature of 23 C and assumes no indoor sources or sinks of water vapor. 
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Table 1.  Pearson correlation coefficients, r, for correlations of weekly numbers of positive influenza tests 

with outdoor RH and calculated indoor RH for ten U.S. states. 

 

State r, RHoutdoor r, RHindoor 

California 0.152 -0.377 

Colorado 0.360 -0.411 

Florida 0.050 -0.521 

Louisiana -0.173 -0.442 

Maine -0.160 -0.422 

Michigan 0.079 -0.395 

Oklahoma -0.074 -0.505 

New York -0.098 -0.465 

Texas -0.308 -0.478 

Washington 0.171 -0.431 

Averages: 0.000 ± 0.199 (1) -0.445 ± 0.047 (1) 
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