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Important Airborne pathogens

• Up to 70% of plant pathogens are airborne
– Rusts (caused by fungi)
– Some citrus bacterial diseases 

• Diseases of livestock
– Tuberculosis, brucellosis (bacterial diseases)
– Aspergillus, Cryptococcosis (fungi)
– Viral diseases

• Diseases of humans
– Anthrax, tuberculosis, diptheria, typhoid fever, legionellosis (bacteria)
– Fungal diseases (includes “sick building syndrome”)
– Viruses (common colds, flu, chicken pox)

• Coral diseases
– Aspergillosis
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Air-borne transmission: transmission of microbial aerosols to a 
suitable port of entry, usually the respiratory tract.

– Microbial aerosols are suspensions of dust or droplet nuclei made 
up wholly or in part by microorganisms -- may be suspended and 
infective for long periods of time

– Examples of air-borne diseases include tuberculosis, influenza, 
histoplasmosis, and legionellosis
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Endotoxins are toxins associated with certain bacteria. 

Classically, an "endotoxin" is a toxin that, unlike an "exotoxin", is not 
secreted in soluble form by live bacteria, but is a structural component in 
the bacteria which is released mainly when bacteria are lysed. 

The prototypical examples of endotoxin are lipopolysaccharide (LPS) 
found in the outer membrane of various Gram-negative bacteria and are 
an important cause of their ability to cause disease.

The term LPS is often used exchangeably with endotoxin, owing to its 
historical discovery. 

In the 1800s it became understood that bacteria could secrete toxins into 
their environment, which became broadly known as "exotoxin". 

The term endotoxin came from the discovery that portions of Gram-
negative bacteria itself can cause toxicity, hence the name endotoxin. 

Studies of endotoxin over the next 50 years revealed that the effects of 
"endotoxin" were, in fact, due to lipopolysaccharide. 
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Exotoxin is a toxin excreted by a microorganism, including bacteria, fungi, 
algae, and protozoa. 
An exotoxin can cause damage to the host by destroying cells or disrupting 
normal cellular metabolism. 
They are highly potent and can cause major damage to the host. 
Exotoxins may be secreted, or, similar to endotoxins, may be released 
during lysis of the cell. 
Most exotoxins can be destroyed by heating. They may exert their effect 
locally or produce systemic effects. 
Well known exotoxins include the botulinum toxin produced by Clostridium 
botulinum and the Corynebacterium diphtheriae exotoxin which is produced 
during life threatening symptoms of diphtheria.

Exotoxins are susceptible to antibodies produced by the immune system, 
but many exotoxins are so toxic that they may be fatal to the host before 
the immune system has a chance to mount defenses against it.
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Examples of airborne plant pathogens
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Airborne plant pathogens: soybean rust
Caused by a fungus. Spores are airborne
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Examples of airborne animal 
pathogens
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Examples of airborne Human pathogens
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Examples of airborne Human pathogens cont.
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Examples of airborne Human pathogens cont.

Important airborne toxins:
Microbial toxins can also be airborne

A toxin form Clostridium botulinum is potential biological warfare agent

Botulinal toxin is a neurotoxin that is normally associated with ingestion of 
contaminant food.

However, the lethal dose is so small that aerosolization can also be a mean of 
dissemination.

The lethal dose for botulinal toxin by inhalation is 0.3 µg 

Death is due to paralysis of respiratory muscles 

Another toxin produced by bacteria is staphylococcal enterotoxin.

This toxin can be fatal, with the lethal dose estimated to be 25 µg by inhalation.



12

An important airborne toxin is lipopolysaccharide (LPS).

Lipopolysaccharide is derived from the outer membrane of gram-negative bacteria.

Also referred to as endotoxin.

LPS is highly antigenic biological agent that, when associated with airborne 
particles such as dust, is often linked with acute respiratory symptoms such as 
chest tightness, coughing, shortness of breath and fever.

Acute Diseases
Acute diseases are those conditions in which the peak severity of symptoms 
occurs within three months (usually sooner), and recovery in those who survive 
is usually complete

Due to the ubiquity of Gram-negative bacteria especially in the soil, LPS is 
considered to be the most important of the aerobiological allergens.

LPS is liberated when gram-negative bacteria in these environment are lysed but 
can also be released when they are actively growing.

In soils, bacterial concentration exceed 108 per gram, and soil particles containing 
sorbed microbes can be aerosolized and hence act as a source of endotoxin. 
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Aerosolized Endotoxin Concentration Detected Downwind of Biosolids Operations, 
a wastewater Treatment Plant Aeration Basin, and a tractor Operation.
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Aerosols: Particles suspended in air are called aerosols.

Smaller aerosols travel further into the respiratory system and generally 
cause health problems than larger particles.

United State Environmental Protection Agency (EPA) has divided airborne 
particles into two size categories:

PM10: which refers to particles with diameters less than or equal to 10 µm

PM2.5: which refers to particles with diameters less than or equal to 2.5 µm

For this classification, the diameter of aerosols is defined as the 
aerodynamic diameter:

dpa = dps (ρp/ ρw)1/2         where, 

dpa = aerodynamic particle diameter (µm)

dps = Stoke's diameter (µm)

ρp = particle density (g/cm3)

ρw = density of water (g/cm3)
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EPA Ambient air quality standard:

PM10 of 150 µg/m3 average over 24 hours, 

PM2.5 of 65 µg/m3 average over 24 hours.

Small particles stay suspended longer and so they travel farther.

Example: Calculate the diameter (dpa) of a particle having a Stokes diameter (dps) 
of 2.0 micrometers and a density of 2.7 g/cm3

Answer: 3.29 µm

Velocity of fall of particles is expressed in the following formula:

V = { D2 x (ρp- ρ1) x g}/ 18 ρ where,

V = velocity of fall (cm/s)

g = acceleration of gravity (980 cm/s2)

D = diameter of particles (cm)

ρp = density of particles (density of quartz particles is 2.65 g/cm3)

ρ1 = density of dispersion media (density of air is 0.001213 g/cm3)

ρ = viscosity of the dispersion media (for air is 1.83 x 10-4g/cm2/s)
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Influence of Particle Size on Velocity of Deposition of Particles in Air, Calulated
using Stoke's Law
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Nature of bioaerosols:

Bioaerosols in general range from 0.02 to 100µm in diameter are classified 
in the basis of size:

• Nuclei mode < 0.1µm

• Accumulation mode 0.1 – 2 µm

• Coarse mode larger particles.
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Diagrammatic representation of the relative sizes of bioaerosols
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A cough or sneeze launches infectious microbes into the air. Anyone in the 
vicinity may inhale the microbes, resulting in a potential infection.
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Aeromicrobiological pathway:

The Aeromicrobiological pathway describes:

1. The launching of bioaerosols into the air

2. The subsequent transport via diffusion and dispersion of these particles

3. Deposition

The launching: The process whereby particles become suspended within the 
earth’s atmosphere. Airborne particles can be launched from either point linear 
or area source.  
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Transport: Transport or dispersion is the process by which kinetic energy 
provided by the movement of air is transferred to airborne particles, which 
resultant movement from one point to another. 

Submicroscale transport: involves short periods of time under 10 minutes 
as well as relatively short distance under 100m

Microscale transport: ranges from 10 minutes to 1 hour and from 100 m to 
1 km

Mesoscale transport: refers to transport in terms of days and distance up 
to 100 km.

Macroscale transport: the time and distance are extended even further.

Most microorganisms have limited ability to survive when suspended in the 
atmosphere

The most common scales considered are the submicroscale and microscale

Some viruses, spores, and spore forming bacteria have been shown to 
enter into mesoscale and even macroscale transport.
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There has been great concern over the potential for an avian bird flu pandemic. 
Avian bird flu or avian influenza is an infectious disease of birds caused by type A 
strains of the influenza virus. The highly pathogenic forms are due to influenza 
viruses of subtype H5 and H7. Of particular concern is H5Nl virus, which is capable 
of infecting humans. 

However, bird to human transmission requires close and intimate contact. Human 
to human transmission has not been documented. Likewise, no airborne 
transmission has been documented, but the potential for aerosolization of the virus 
certainly exists. 

As of June 2006 the World Health Organization reported that there were 130 
human fatalities resulting from avian bird flu. 

As bioaerosols travel through time and space, different forces act on them such as 
diffusion, inactivation, and ultimately deposition. Diffusion is the scattering and/or 
dissipation of bioaerosols in response to a concentration gradient as well as 
gravity, and is generally aided by airflow and atmospheric turbulence. 

The amount of turbulence associated with airflow and, thus, the relative amount of 
diffusion that may occur in association with particulates such as bioaerosols can be 
estimated using the method of Osborne Reynolds. 
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Reynolds found that factors associated with mean wind velocity, the kinetic 
viscosity of the air, and the relative dimensions of the interfering structures could 
provide an indication of the amount of turbulence associated with linear airflow. 
Without turbulence, airborne particles from a point source would travel in a 
concentrated stream directly downwind. 

The Reynolds equation is written as follows: 

Reynolds number velocity X dimension
viscosity

Consider, for instance, a situation in which there are relatively high winds 
(500cm/s) that are passing over a small bush (24 cm). 

Because the occurrence of frictional turbulence associated with an object 
depends on the wind velocity being high enough and the object it is flowing over 
being large enough, 

we find that at normal air viscosity (0.14cm2/s) the Reynolds number (Re) 
becomes 

Re =    500 cm/sec X 24 cm = 85,700 
0.14 cm2/sec 
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The limiting value for the Reynolds equation is usually considered to be 2000, with 
values above this number indicating turbulent conditions. 

The higher the value, the higher is the relative turbulence of the airflow, and the 
higher the turbulence of the airflow, the greater is the microorganism-associated 
particle diffusion that occurs per unit time. 

In the preceding example, one would expect a great deal of turbulence around the 
bush, which would increase the diffusion rates of passing bioaerosols.

The standard deviation of particulate diffusion cannot be considered constant over a 
particular spatial orientation but is instead dependent on the time taken to reach the 
particular distance. Mathematical models that attempt to estimate the transport of 
airborne particles use this basic premise as a foundation for predictions. To picture 
this concept, imagine standing at the door of a room, where someone is holding a 
smoking candle. If there is no air current in the room the smoke will still eventually 
reach you at the door but it will be very diffuse as it is also spreading in every other 
direction. However, if there is a fan behind the person holding the smoking candle 
and this fan is pointed at the door, then the smoke from the candle will be carried by 
this air current. It will travel the same distance as it did before, but it will travel 
faster, undergo less diffusion, and as a result be more concentrated when it reaches 
you. This is the principle of time-dependent diffusion as indicated by Tayler's theory.  
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Deposition: The last step in the aeromicrobiology pathway is deposition

An air bone bioaerosols will eventually leave the turbulence of the 
suspending gas and will ultimately be deposited on a surface by one or a 
combination of interrelated mechanisms:

• Gravity settling

• Downward molecular diffusion

• Surface impaction

• Rain and electrostatic deposition
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Microbial Survival in the Air

The atmospheric is an inhospitable climatic for microorganisms mainly 
because of desiccation stress. 

This results in a limited time-frame in which microbes can remain 
biologically active. 

Many microorganisms, however, have specific mechanisms that allow 
them to be somewhat resistant to the various environmental factors that 
promote loss of biological activity. 

Spore-forming bacteria, molds, fungi, and cyst-forming protozoa all have 
specific mechanisms that protect Them from harsh gaseous 
environments, increasing their ability to survive aerosolization. 

For organisms that have no such specific mechanisms, the survival in 
aerosols can often be measured in seconds. In contrast organisms with 
these mechanisms can survive indefinitely. 
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The most important of these factors are relative humidity and temperature. 
Oxygen content, specific ions, UV radiation, various pollutants, and OAFs
(open air factors) are also factors in the loss of biological activity. 

The loss of biological activity can be termed inactivation and can generally 
be described using the following equation: 

where: 

X: represents the viable organisms at lime t, 
Ko: is the starting concentration, and 
K: is the inactivation constant which is dependent on the particular 
species of microorganisms as well as a variety or environmental 
conditions. 

kteXX ot
−=



30

Relative Humidity

The relative humidity or the relative water content of the air has been 
shown to be of major importance in the survival of airborne 
microorganisms. 

In general, it has been reported that most gram-negative bacteria 
associated with aerosols tend to survive for longer periods at low to mid 
levels of relative humidity, wilt enhanced decay at relative humidity above 
80% 

The opposite tends to be true for gram-positive bacteria, which tend to 
remain viable longer in association wilt high relative humidity 

Thus, the ability of a microorganism to remain viable in a bioaerosol is 
related to the organism's surface biochemistry. 

In general, gram-negative bacteria react unfavorably to desiccation, 
whereas gram-positive cells are more tolerant of desiccation stress. 
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Early studies showed that the influenza virus was also adversely affected 
by an increase in relative humidity. 

viruses possessing enveloped nucleocapsids (such as the influenza virus) 
have longer airborne survival when the relative humidity is below 50%, 

whereas viruses with naked nucleocapside (such as enteric viruses) are 
more stable at a relative humidity above 50%. 

Temperature

Temperature is a major factor in the inactivation of microorganisms. 

In general, high temperatures promote inactivation, mainly associated with 
desiccation and protein denaturation, and lower temperatures promote 
longer survival times 
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Radiation

The main sources of radiation damage to microorganisms including
bacteria, viruses, fungi, and protozoa are shorter UV wavelengths, and 
ionizing radiation such X-rays. 

The main target of UV irradiation damage is the nucleotides that make up 
DNA. Ionizing radiation or X-rays causes several types of DNA damage, 
including single strand breaks, double strand breaks; and alterations in the 
structure of nucleic acid bases. 

Many types of organisms also have mechanisms for repair of the DNA 
damage caused by UV radiation. An example of an organism that has a 
radiation resistance mechanism. Dienococcus radiodurans, a soil bacterium 
that is considered the most highly radiation-resistant organism that has yet 
been isolated. 

The repair mechanism used by these bacteria is so highly efficient that 
much of the metabolic energy of the cell is dedicated exclusively to this 
function. 
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Oxygen, OAFs, and Ions:

Oxygen toxicity is not related to the dimolecular form of oxygen (O2), but 
is instead important in the inactivation of microorganisms when O2 is 
converted to more reactive forms. 

These include superoxide radicals, hydrogen peroxide, and hydroxyl 
radicals. These radicals arise naturally in the environment from the 
action of lightning, UV radiation and pollution. 

Such reactive forms of oxygen cause damage to DNA by producing 
mutations, which can accumulate over time. 
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Extramural Aeromicrobiology:

Extramural aeromicrobiology is the study of microorganisms associated 
with outdoor environments. 

In the extramural environment, the expanse of space and the presence of 
air turbulence are two controlling factors in the movement of bioaerosols. 

Environmental factors such as UV radiation, temperature, and relative 
humidity modify the effects of bioaerosols by limiting the amount or time 
aerosolized microorganisms will remain viable. 

Agriculture

Waste disposal
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Application of secondary treated wastewater onto 
agricultural lands.
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Loading of biosolids prior to land application
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Intramural Aeromicrobiology:

Buildings

Public health

Hospitals and laboratories

Bioaerosol control:

Ventilation

Filtration

Biocidal

Isolation
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Examples of Classification of Biological Agents According to risk
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Examples of Classification of Biological Agents According to risk
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Examples of Classification of Biological 
Agents According to risk
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(A) in order to sterilize them and prevent 
environmental contamination. Air entering 
or leaving these cabinets is passed through 
HEPA filters 

(B) Access to the workspace is by means 
of rubber gloves 

(D) and the workspace is visualized 
through a sealed window 

(C) These biosafety cabinets are utilized 
when working with highly pathogenic 
microorganisms to protect workers and the 
environment. 

Schematic representation of a Class III biological safety cabinet. This cabinet is 
completely sealed from the environment. Any materials entering or leaving the 
cabinet are passed through a chemical dunk tank or autoclave. Class III cabinets 
can be used to work with all biohazardous agents except those specifically 
designated for biosafety level 4 containment. 


