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In room air, these exhaled droplets come 
together to form an aerosol – i.e. a mix-
ture of solid and liquid airborne particles, 
gases and water vapour. Depending on 
their size and weight, these droplets can 
persist for hours in room air and spread 
throughout the building via the air- 
conditioning system. 

Deactivated by optimal humidity
Aerosols expelled by sick individuals are 
loaded with viruses and bacteria, which 
are embedded in a watery “jacket” of 
bronchial mucus, saliva and dissolved 
salts. On leaving our airways, the aerosol  
droplets – with a moisture saturation 
of almost 100 % – enter the much drier 
room air. Here, the droplets shrink al-
most instantly to around half of their 
original diameter. Having lost almost 
90 % of their weight due to water loss, 
their salt concentrations are now hugely 
increased. If the relative humidity in the 

office is within the optimum range for 
human wellbeing – namely 40 – 60 %  
– the salt concentration rises to a level 
where most of the viruses cannot survive 
and become deactivated.1) The risk of in-
fection within this optimum range for air 
humidity is minimal.

Dry air preserved
Things look very different if the relative 
humidity drops to below 40 %, however. 
This level of humidity causes the dis- 
solved salts to spontaneously crystal-
lise out, since the aerosols are forced  
to release even more water to the dry 
air. Once crystallised out, the salts are 
no longer harmful to viruses. In fact, 
the opposite occurs: the viruses are 
“preserved” and stay active and infec-
tious for longer.2) The water-rich, “wet” 
aerosol now turns into a “dry” aerosol 
that contains more active viruses than 
the “wet” aerosol at a higher relative 

humidity. The risk of infection with cold 
or flu viruses is much higher in dry 
room air.3)

The time bomb of “dry aerosols”
If these “dry” aerosols are then breathed 
in, the abundance of moisture in the  
respiratory tract re-dissolves the crystal-
line salts by water absorption.2) The 
still-infectious viruses are released onto 
the mucous membranes of the airways, 
where they can penetrate into the  
membranes’ cells and cause infection.

In any enclosed space where numerous people spend a lot of their time, there’s an  
increased risk that we will become infected with a cold or flu virus. If a sick person 
breathes, speaks, coughs or sneezes, thousands of infectious droplets spread 
through the air in a great many shapes and sizes. Research shows that virus survival 
rates rise sharply as indoor air starts to become increasingly dry.

VIRUS SURVIVAL
DRY AND WET AEROSOLS 

Viruses survive longer in dry air
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VIRUS SURVIVAL

Dry aerosol (at 30 % relative humidity)
At a relative humidity of under 40 %, the 
dissolved salts rapidly start crystallising 
out. The viruses are not damaged but 
are in fact “preserved” by this process of 
crystallising-out – and they stay active 
and infectious for longer.

An aerosol
Aerosols expelled by infected individuals 
are loaded with viruses and bacteria, 
which are embedded in a watery 
“jacket” of bronchial mucus, saliva  
and dissolved salts.

Exhaled aerosols
As they exit the airways, aerosol droplets 
exhibit water saturation levels of almost 
one hundred percent and contain many 
active, infectious viruses.

1  Viruses are released in the airways

2  Respiratory infections cost billions

3  Risk of infection in open-space offices

4  Optimal humidity deactivates viruses 

5  Infectious droplets

6  How viruses are spread

Wet aerosol (at 50 % relative humidity)
After being exhaled, the aerosols shrink 
almost instantly, losing around 90 % of 
their weight due to water loss in the 
process. Salt concentrations rise sharply, 
deactivating most of the viruses.
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relative humidity

Check online here: 
www.condair.com/ 

humidity-and-health/viruses

Videos

Air humidification
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Humans are not entirely defenceless in the face of attacks from viruses and  
bacteria in the environment. The mucous membranes in our airways protect  
us from infection by their self-cleaning mechanisms and their immune response. 
Recent research findings show how the effectiveness of this immune defence  
system depends on relative humidity.

THE MUCOUS MEMBRANE IMMUNE RESPONSE
SELF-CLEANING PROCESSES STOP IN DRY AIR

Mucous membranes need humidity

The mucous membranes in the nose 
and the lower respiratory system feature 
innumerable tiny hairs (cilia) on their 
surfaces, which swing in a mobile saline 
layer like wind-blown grasses. Covering 
this is a sticky, gel-like mucous layer that 
can trap viruses, bacteria and airborne 
pollutants. The rhythmic movement of 
the tiny cilia continuously transports  
the mucous to the voice box, where –  
together with its cargo of pathogens – it 

can be swallowed or coughed up and  
thus rendered harmless.4) This self- 
cleaning mechanism keeps the person 
healthy.

Stops immune defence 
As relative humidity drops, however, 
the saline layer starts to dry out. The 
volume and thickness of the saline 
layer is reduced and the cilia become 
progressively flattened until, ultimately, 
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they can no longer move at all. As a 
result, the pathogen removal process 
comes to a stop. Accordingly, viruses 
now find it easier to penetrate into 
mucous membrane cells and cause 
infection.

Maximum self-cleaning 
Experiments have shown that the 
fastest pathogen transportation rate – 
and thus the lowest risk of infection – is 
achieved at levels above 45 % relative 
humidity. As humidity sinks below  
this value, the cilia find it increasingly 
harder to move and the risk of infec- 
tion increases.4) 

Gel layer

Saline layer

Gel layer

Saline layer

relative humidityrelative humidity

relative humidity relative humidity

Check online here: 
www.condair.com/ 

humidity-and-health/viruses

Videos

Air humidification
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HOW VIRUSES SPREAD
PERSISTENCE AND RESUSPENSION

Above a figure of 45 % for relative ambi-
ent humidity, infectious aerosols from 
our airways still contain a lot of water 
and are thus heavy and “sticky”. The 
time they spend in the air is therefore 
much shorter, since they become depos-
ited on floors or surfaces. In addition, 
the bonding forces between their water 
content and the surfaces mean that 
“wet” aerosols adhere more strongly, 
making it harder for them to be swept 

back into the air.5) If air humidity is suffi-
ciently high, there is therefore a lower 
risk of breathing in infectious aerosols.

Dry aerosols stay in the air for longer
If office air humidity is below 40 %, how-
ever, “dry” aerosols are created with 
crystalline salts, which are smaller and 
lighter than “wet” aerosols. They stay 
airborne much longer, are less sticky 
and therefore do not clump together so 

3

1  Tiny hairs (cilia) on mucous membranes

2  Viruses penetrate the mucous membranes

3  Aerosols can stay in the air for hours

4  Wet aerosols become stuck to surfaces
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Depending on their size and weight, aerosols carrying a cargo of viruses and  
bacteria can persist for hours in room air and spread throughout the building  
via the ventilation system. The risk of infection rises proportionally to the time 
spent in this environment. Relative humidity directly affects whether aerosols  
stick strongly to surfaces or are swept up to become resuspended in room air.

A higher risk of infection

easily. Air-conditioning units and office 
activities mean that dry aerosols are 
rapidly swept off surfaces (e.g. desks, 
cabinets) back into the air, where they 
continue to spread.5) When humidity  
is low, the risk of becoming infected  
by viruses – which also stay infectious 
longer in dry air – is therefore much 
higher.

Low rate of resuspension with optimal humidity High rate of resuspension in dry air

relative humidity relative humidity

4), 5) See bibliography on page 8



1) Research on the survival rates of flu viruses in aerosols in relation  
to relative humidity

Harper GJ, Airborne Micro-Organisms: Survival Tests with four Viruses, 
J Hyg 1961; 59:479-86

Hemmes JH, Kool SM, Winkler KC, Virus survival as a seasonal factor in 
influenza und poliomyelitis, Anton van Lee J M S,1962;28:221-33

Noti JD et al, High Humidity Leads to Loss of Infectious Influenza Virus 
from Simulated Coughs, PLoS One. 2013; 8 (2):e57485

Koep TH et al, Predictors of indoor absolute humidity and estimated 
effects on influenza virus survival in grade schools, BMC Infectious 
Diseases 2013, 13:71

Almslo T, Alsmo C, Ventilation and Relative Humidity in Swedish  
Building, Journal of Environmental Protection, 2014, 5, 1022-1036

Metz JA, Finn A, Influenza and humidity – Why a bit more damp may 
be good for you, J Infect. 2015 Jun;71 Suppl 1:S54-8. doi: 10.1016/j.
jinf.2015.04.013. Epub 2015 Apr 25

Myatt TA et al, Modeling the Airborne Survival of Influenza Virus in a 
Residential Setting: The Impacts of Home Humidification, Environmen-
tal Health 2010, 9:55

2) Research on the crystallising-out and preservation of dry aerosols

Dunklin EW, 1948 The Lethal effects of Relative Humidity on Bacteria, 
J Exp Med. 1948 Feb 1;87(2):87-101

Gomez JM et al, Drying bacterial biosaline patterns capable of vital 
reanimation upon rehydration, novel hibernating biomineralogical life 
formation, Astrobiology, Volume 14, Number 7, 2014

Gomez JM et al, A Rich Morphological Diversity of Biosaline Drying 
Patterns Is Generated by Different Bacterial Species, Different Salts and 
Concentrations: Astrobiological Implications, Astrobiology, Volume 16, 
Number 7, 2016

Ventosa A et al, Biology of Moderately Halophilic Aerobic Bacteria, 
Microbiology and Molecular Biology Reviews, June 1998, p. 504–544

3) Research on the relationship between relative humidity and the  
frequency of respiratory infections 

Arundel AV, Sterling EM et al, Indirect Health Effects of Relative Humi-
dity in Indoor Environment, Environmental Health Perspectives Vol. 65, 
351-61, 1986

Sterling EM, Arundel A, Sterling TD, Criteria for Human Exposure to 
Humidity in Occupied Buildings, ASHRAE Transactions, 1985, Vol. 91, Part

Scofield MC, Sterling EM, Dry Climate Evaporative Cooling with 
Refringeration Backup, ASHRAE Journal, June 1992

Ritzel G, Sozialmedizinische Erhebung zur Pathogenese und Prophylaxe 
von Erkältungskrankheiten, Zeitschrift für Präventivmedizin 1966, 11. 9-16

Sale Ch, Humidification to Reduce Respiratory Illnesses in Nursery School 
Children, Southern Medical Journal, July 1972, Vol. 65, No 7

Gelperin A, Humidification and Upper Respiratory Infection Incidence, 
Heating, Piping and Air Conditioning, 45:3, 1973

Green G, Winter Humidities and Related Absenteeism in Canadian 
Hospitals, Digest of the 3rd CMBES Clinical Engineering Conference, 
1981

Green G, Indoor Relative Humidities in Winter and Related Absenteeism, 
ASHRAE Trans. 1985, Vol.91, Part I

REFERENCES
SELECTED RESEARCH ON THE SIGNIFICANCE OF HUMIDITY

Bibliography
Yang W et al, Relationship between Humidity and Influenza A Viability 
in Droplets and Implications for Influenza‘s Seasonality, PLoS One. 
2012;7(10):e46789. doi: 10.1371/journal.pone.0046789. Epub 2012 Oct 3

4) Research on the self-cleaning mechanism of mucous membranes and 
the influence of relative humidity

Sahin-Yilmaz A, Naclerio RM, Anatomy and Physiology of the Upper 
Airway, Proc Am Thorac Soc Vol 8. pp 31–39, 2011

Beule AG, Physiology and pathophysiology of respiratory mucosa of 
the nose and the paranasal sinuses, GMS Current Topics in 
Otorhinolaryngology – Head and Neck Surgery 2010, Vol. 9 (open access)

Ewert G, On the mucus flow rate in human nose, Acta Oto-Laryngolo-
gica, 59:sup200, Stockholm 1965

Sunwoo, Y, Physiological and Subjective Response to Low Relative Humidity 
in Young and Elderly Men, J Physiol Anthropol, 25: 229–238, 2006

Salah B et al, Nasal mucociliary transport in healthy subjects is slower 
when breathing dry air, Eur Respir J, 1‘ 852—855, 1988

Guggenbichler P, Die Rolle der Schleimhaut und Auswirkungen auf 
die Klimatechnik, Luftfeuchtigkeit und Immunabwehr, Heizung Lüftung 
Klimatechnik – 10/2007

Garcia GJM et al, Atrophic rhinitis, a CFD study of air conditioning in the 
nasal cavity, J Appl Physiol 103: 1082–1092, 2007

5) Research on the influence of dry air on the surface adhesion  
properties and resuspension behaviour of wet and dry aerosols 

Morawska L, Droplet fate in indoor environments, or can we prevent the 
spread of infection?, Indoor Air 2006; 16: 335–347

Kim Y et al, Effects on relative humidity and particle and surface 
properties on particle resuspension rates, Aerosol Science and 
Technology, 2016, Vol. 50, No. 4, 339–352

Butt HJ, Kappl M, Normal capillary forces, Max-Planck-Institute for 
Polymer Research, Germany, Advances in Colloid and Interface Science 
146 (2009) 48–60

Leung WT et al, Comparison of the Resuspension Behavior Between 
Liquid and Solid Aerosols, Aerosol Science and Technology, 
47:1239–1247, 2013

U.S. Environmental Protection Agency, Resuspension and Tracking 
of Particulate Matter From Carpet Due to Human Activity, 
EPA/600/R-07/131 | November 2007 | www.epa.gov/ord

Yang W, Marr LC, Dynamics of Airborne Influenza A Viruses Indoors and 
Dependence on Humidity, PLoS ONE, 1 June 2011 | Volume 6 | Issue 6 | 
e21481

Nicas M, Nazaroff WW, Hubbard A, Toward Understanding the Risk of 
Secondary Airborne Infection, Emission of Respirable Pathogens, Journal 
of Occupational and Environmental Hygiene, (2005) 2: 143–154

Hospodsky D et al, Characterizing airborne fungal and bacterial concen-
tration and emission rates in six occupied children‘s classrooms, Indoor 
Air 2015; 25: 641–652
 
Hospodsky D et al 2012, Human Occupancy as a Source of Indoor Air-
borne Bacteria. PLoS ONE 7(4):
e34867. doi:10.1371/journal.pone.0034867
 
Gibbons SM. 2016. The built environment is a microbial wasteland. 
mSystems 1(2):e00033-16. doi:10.1128/mSystems.00033-16

8



Companies can use this checklist as a starting-point to find out whether  
humidity is adequate in the workplace and whether they need to carry out  
additional audits or obtain professional advice. If more than five answers are 
red/yellow, then companies should seek independent, non-binding advice on 
the topic of “humidity and health”. This checklist also promotes a useful dialogue 
between the managing director, the company doctor, the works council, safety  
specialists, facility management, management staff and employees. 

PREVENTION
IS THE HUMIDITY RIGHT IN MY WORKPLACE? 

A checklist for companies

 Workplace/department:  

 1.  Are there symptoms due to the indoor climate?   Yes          No
  
  
  
  
  
  
  

 
 2.  Are employees often absent 
   due to respiratory infections?   Yes      Unknown     No

 
 3.  Does work in company departments 
 involve a lot of spoken communication?   Yes      Unknown     No

 
 4.  Have room temperature measurements been 
 conducted over a prolonged period of time? The resulting average values are …
    
                                                  
      > 24 °C      23 °C     22 °C      21 °C     20 °C

 
 5.  Have relative humidity measurements been
 conducted over a prolonged period of time? The resulting average values are …
     
                                                  
  < 30 % RH 35 % RH 40 % RH  45 % RH 50 % RH

 
 6.  Does the indoor climate form part of               
 the workplace hazard assessment?   No      Unknown     Yes

 
 7.  Have you installed a specialised  
 humidification system?   No      Unknown     Yes

 
 8.  What method is used for additional  
 room humidification?  

 
 

 9.  Does the humidification method used achieve
     the recommended optimal value? (40 – 50 % RH)?   No      Unknown     Yes

 
 10. Have you already consulted professional advice 
    on humidification systems?   No      Unknown     Yes

 

Urgent need  Check  No need for action 
action  regularly  at this time

• Stinging eyes
• Difficulty swallowing
• Dry mucous membranes
• Hoarseness
• Problems with the voice  
• Skin irritation
• Headaches
• Other:

   Portable, free-standing units
   Plants
   Indoor fountains
   Humidification system (air-conditioning unit)
   In-room humidification system
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