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Definitions

Biological particles are a diverse group of particulate matter present almost everywhere,
in the atmospheric environment, soils and waters, and in indoor environments. Common
to all of these particles is the biological origin: microbial, plant, or animal sources.
Examples of microbial particles are moulds and yeasts, bacteria, and viruses; particles
of plant origin are pollen and algae, and various particles also originate from animals
(including humans). Biological particles may be viable or non-living, dead material.
The health effects and biological characteristics of these particles are also diverse;
pollen and microbial spores being essential parts of the organism’s multiplication
system, some viruses and bacteria having dramatic potential as pathogenic organisms,
and some compornents representing other types of health-related biological activity,
such as plant and fungal allergens and bacterial endotoxin.

Biological particles are present in the atmosphere, and assessments of their
concentrations have been made for a long time. Using culture-based sampling and
analysis methods for fungi and bacteria, and direct counting methods for pollen, their
occurrence has been monitored and their transport across regions and even continents
documented. However, only the recent development of DNA based methods has really
made it possible to comprehensively characterize the atmospheric microbiomes and
their behavior. Thus, the importance of biological particles in the atmosphere has only
been possible to recognize during the last decades. Research has suggested that they
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can have a substantial influence on atmospheric chemistry, cloud development, and
precipitation (Andreae and Rosenfeld 2008; Després et al. 2012).

The size range of airborne biological particles extends from nanometers, the size of
cell fragments and viruses, to around 100 pm and more (Després et al. 2012; Reponen
et al. 2011), the size of some pollen, plant debris, and aggregates of biological material,
Part of the biological particles occurs as individual particles in the air. Examples of such
particles are pollen and fungal spores. Traces of plant and their allergen material may
also be carried by other particles. Fungal and bacterial spores may occur as individual
particles but also as aggregates or they may be carriers of microbial products, such as
mycotoxins or bacterial equivalents. Fungal and bacterial material may also be present
in air as smaller particles than the original cells (Gérny et al. 2002; Green et al. 2006).

Fungi and bacteria may occur as viable particles, which means that they are
metabolically active and able to reproduce once the environmental conditions for
nutrients, moisture, and temperature are good enough, or they may occur as non-
viable (dead) particles, or in a dormant state which is something in between these
statuses. Even dead or dormant cells may carry biologically active constituents,
such as endotoxin, glucan, allergens, or toxins; among the characteristics that have
importance to health, only the ability to cause infections is known to be bound to the
viability of the causal organism.

Sources, description, and occurrence of biological
particles

Fungi—Introduction

Fungi are eukaryotic organisms that form their own biological Kingdom, having
features both from micro-organisms (bacteria, viruses, protozoa) and those of plants.
Fungi are classified in groups based on their method of growth and multiplication.
Yeasts are a group of single cell fungi that differ from other fungi; they multiply by
dividing cells only. Filamentous fungi form filaments (hyphae) that aggregate to form
fungal mycelium, This can often be seen by naked eye, usually known as mold or
mildew, Fungal mycelium can transport nutrients and water and thus allow the growth
in sites where these supplies are scarce. Mycelium also develops reproductional
structures and releases spores that may travel long distances to find new sites for
growth. In general, fungal spores are present everywhere, and their germination and
growth are regulated by the environment, i.e., availability of nutrients and water,
adequate temperature, and a proper surface.

Fungi contribute about one quarter of the total biomass in the planet. Their basic
ecological role is to aerobically decay organic material in nature, which is crucial
basis for the nutrient cycle, and to provide plants the necessary nutrients for their
growth. Fungi consist of different groups: yeasts, molds and mildews, commonly
known as microfungi, and mushrooms and other fungi. Microfungi are common both
in outdoor and indoor environments, Fungal spores and also other fungal material, such
as hyphal fragments, are easily released into the air. Their importance to mankind is
both potentially harmful and beneficial. They may act as human pathogens or al lergens,
plant pathogens destroying crops and forests, and damage buildings as do many molds
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and rot fungi. However, fungi are also used in biotechnological industries as producers
of enzymes, antibiotics and other pharmaceuticals, and in production of cheese, wine,
beer, milk products, and baking products.

Some structural components of fungal cells have been identified as biologically
active agents and are therefore interesting from the health point of view.
Beta-(1->3)-D-glucans (Douwes 2005) are regular constituents of fungal cells and
potential agents contributing to the health effects linked with fungal exposures. They have
inflammatory potential (Douwes 2005) but may also provide protective effects against
respiratory allergies similarly to bacterial endotoxin (Yossifova et al. 2007; Gehring
et al. 2007). Fungi that contain known allergens are, e.g., Cladosporium, Aspergillus,
Alternaria, and Fusarium species. Another structural component of fungal cells,
ergosterol, which is the common sterol for all fungi, is used as a chemical marker
in assessment of total fungal biomass, but its possible role in health risks of fungal
exposures is poorly known.

On top of intracellular components of fungal cells, fungi also have great potential
for producing extracellular secondary metabolites. As their primary metabolism
aims to provide proteins, carbohydrates, nucleic acids, and lipids for their own
growth, secondary metabolism produces volatile compounds, also known as MVOC
(microbial volatile organic compounds) and non-volatile compounds often designated
as mycotoxins, MVOC compounds are typically organic acids, alcohols, esters, and
aldehydes and their mixtures are often recognized as odor of mold, earth, or cellar.
These volatile compounds are usually not acutely toxic, but they may have irritative
effects (Korpi et al. 2009). Instead, the group of non-volatile secondary metabolites,
mycotoxins, together with bacterial exotoxins, represent a more potential group of
agents with possible health effects, and they are introduced as a separate section below.

Traditional methods of analyzing fungi are largely based on either direct
microscopy or on their cultivation on laboratory media and subsequent morphological
identification by microscopy. The identification relies upon the characteristic hyphal
and reproductive structures of each fungus. With these methods, those fungi that can
be cultivated on the given media and growth conditions can be found and quantified.
Examples of common fungal genera in outdoor and indoor air are listed in Table 6-1.

Sources and occurrence of fungi

Essential sources of environmental fungi are all natural environments that provide
surface and substrate for their growth, that is organic material and enough moisture.
Therefore, plants and soils of the planet are the major sources of all fungal material.
The more vegetation, the more organic cycle of nutrients and the more fungi that
do most of the decaying work of organic material. However, even the driest deserts
and coldest areas of the world have their natural mycobiota although the scarce
biological action in such extreme environments means that they are no major sources
of reproducing fungi.

All waters contain fungi as well, but they are not nearly as important growth
sites for fungi as are all kinds of plants and soils. From these sources, fungal spores,
fragments, and other particles end up into the atmosphere where they can travel long
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Table 6-1. Examples of fungal genera commonly occurring in outdoor and indoor environments as detected
with culture methods. Many fungal genera, particularly Aspergillus and Penicillium, are represented by a
number of different species.

Acremonium
Alternaria
Aspergillus
Aureobasidium
Botrytis
Chaetomium
Cladosporium
Epicoccum
Eurotium
Exophiala
Fusarium
Geomyces
Geotrichum
Mucor
Oidiodendron
Paecilomyces
Penicillium
Phialophora
Phoma
Rhizopus
Rhodotorula
Scopulariopsis
Sporobolomyces
Stachybotrys
Trichodetma
Tritirachium
Ulocladium
Wallemia

distances to the other side of the globe (Smith et al. 2012). Fungal spores are found in
atmospheric layers (Polymenakou 2012; Després et al. 2012). Wind, rain, and other
weather factors influence their traffic in the same way as that of other atmospheric
particles. Concentrations and composition of the mycobiota at a given monitoring
site is not stable but have relatively large variation due to geographical, weather, and
light conditions (Bowers et al. 2013), Examples of concentrations of cultivable fungi
in outdoor air are shown in Table 6-2.

The fungal biomass in the environment that cannot be cultivated under laboratory
conditions is greater both quantitatively and qualitatively than the “viable” or
“cultivable” fungal material. The ratio of viable and non-viable fungal biomass
depends on the environment, i.e., whether the sample has been taken from soil, air,
water, house dust, or another source. The fact that only a part of all microbes can be
cultivated has been known for long by analyzing fungal content of samples, e.g., by
direct microscopy without cultivation. For example, in aerobiological monitoring of
pollen and fungal allergens, certain types of spores and fungal groups can be quantified
by this way. However, the development of DN A-based methods during the past decades
has made a methodological revolution in making it possible to characterize the fungal
biomass independently from its viability. The methods for microbial analyses are
further discussed later in this chapter.

— e

Table 6-2. Examples of concentra

Environment

Outdoor air

Homes in different countries
School buildings

Waste collection work
Composting facility

Wood chip handling

Swine confinement buildings
Demolition work of moldy structy

1. Macher et al. 1991, 2. Kuo and
6. Reponen et al. 1992, 7. Pastusy]
et al. 1995, 11. Moller-Nielsen et
al. 2003, 15. Rautiala et al, 1996,

The estimates of the po
mass vary. For example, bic
5-50% of outdoor particles (
in number and mass conce
estimated to account for up
or suburban locations (Des;

Fungi in indoor envir

Indoor environments are wl
most contacts with airbo:
environments. This is critis
In general, outdoor air is t
environments (Gravesen 19
geography, and the ventilati
environment resembles ma
indoor environments not onl
in the structures and via ve
also cartied indoors on clot
et al. 1989).

On top of the backgr
outdoors, there are also int
the concentrations and spec
Some sources of indoor fur

Normal household act
and species. Measured as
of magnitude was observec
door. Increased concentrati
fruit and unwashed root v
such concentration peaks
addition to yeasts (Lehton




1ts on Human Health

snvironments as detected
‘um, are represented by a

gal spores are found in
. Wind, rain, and other
t of other atmosphetic
at a given monitoring
sraphical, weather, and
ions of cultivable fungi

jvated under laboratory
r than the “viable” or
viable fungal biomass
en taken from soil, ait,
t of all microbes can be
ent of samples, e.g., by
iological monitoring of
groups can be quantified
s during the past decades
3 charactetize the fungal
microbial analyses are

Fungi, Bacteria, and Other Biopollutants 157

Table 6-2. Examples of concentrations of viable fungi in various environments.

Environment Concentration CFU m™ Reference
Qutdoor air 102-10* 1,2,3
Homes in different countries 10'-103 4,5,6,7
School buildings <10-102 8,9,10
Waste collection work < 10%-10° 11
Composting facility 10°-107 12

Wood chip handling 10°-107 13
Swine confinement buildings 102-10° 14
Demolition work of moldy structures 10°-10° 15

1. Macher et al. 1991, 2. Kuo and Li 1994, 3. Ren et al. 1999, 4. Haas et al. 2007, 5. Frankel et al. 2012,
6. Reponen et al. 1992, 7. Pastuszka et al. 2000, 8. Meklin et al. 2002, 9. Gravesen et al. 1983, 10. Levetin
et al. 1995, 11. Moller-Nielsen et al. 1997, 12, Durand et al. 2002, 13. Alwis et al. 1999, 14. Rautiala et
al. 2003, 15. Rautiala et al. 1996.

The estimates of the portion biological particles represent in atmospheric particle
mass vary. For example, biological particles > 0.2 pm have been assessed to comprise
5-50% of outdoor particles (Jaenicke 2005). Fungal spores have been assessed to occur
in number and mass concentrations ~ 10* m~ and ~1 pg m?, respectively, and are
estimated to account for up to ~ 10% of organic carbon and ~ 5% of PM10 at urban
ot suburban locations (Després et al. 2012).

Fungi in indoor environments

Indoor environments are where humans today mostly spend their time, and therefore
most contacts with airborne biological particles take place probably in these
environments. This is critical from the point of view of health effects assessment.
In general, outdoor air is the main source of fungi commonly occurring in indoor
environments (Gravesen 1979; Burge 1990). Depending to some extent on the climate,
geography, and the ventilation system of the building, normal mycobiota of an indoor
environment resembles mainly that of the local outdoor air. Outdoor fungi enter the
indoor environments not only through open windows and doors but also through cracks
in the structures and via ventilation system as do other outdoor particles. Fungi are
also carried indoors on clothing and shoes of occupants, and on fur of pets (Pasanen
et al. 1989).

On top of the background concentrations and mycobiota originating from
outdoors, there are also intramural sources of fungi that make their contribution to
the concentrations and species diversity of indoor air and to the exposures of humans.
Some sources of indoor fungi are presented in the following.

Normal household activities have an effect on indoor fungal concentrations
and species. Measured as viable fungi, increase of fungal concentrations of orders
of magnitude was observed as a result of handling of firewood or opening a cellar
door. Increased concentrations were also shown as a result of cleaning and handling
fruit and unwashed root vegetables. The major viable fungal genera observed in
such concentration peaks were Penicillium, Cladosporium, and Aspergillus, in
addition to yeasts (Lehtonen et al. 1993). Temporary wetting of spots on various
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surfaces where fungal spores have accumulated may also allow the germination and
hyphal growth of rapidly growing fungi, creating microcolonies that can produce
spores into the indoor air. This phenomenon may only take hours or days (Pasanen
et al. 1991). Common sources of indoor fungi are also sites or areas in the building
structures where moisture can be accumulated for one reason or another, e.g., by
leaks, condensation, flooding, or capillary movement of moisture. Such moisture
causes growth of fungi and bacteria, which is recognized as mold with naked eye.
Growth of mold on indoor surfaces or in building structures is associated with many
health effects (WHO 2009) and considered therefore an undesired phenomenon
which acts as a source of fungal particles, volatile metabolites, and toxic substances
(Adan and Samson 2011),

Ithas been discussed whether a wall-to-wall carpet acts as a source or as a sink of
indoor fungi. Evidently, both are possible and the phenomenon depends both on the
characteristics of the carpet and on the fungal species in question. In an experimental
study, Shorter (2012) showed that both PM2.5 and fungal spores were aerosolized
from a hard floor more easily than from a carpet surface. Almost no reaerosolization
took place from a carpet loaded with low levels of dust, but when higher loading was
used, differences in resuspension between fungal spore types were noticed. Small
and spherical Penicillium spores were more easily aerosolized than larger Alternaria
spores (Shorter 2012),

Microbial diversity in house dust has been characterized in a number of studies
using cultivation methods, and in a few studies using non-culturable methods.
Especially studies using culture-independent methods have shown that in indoor
environments, there are various sources and reservoirs for microbial material.
According to the review on microbes in house dust by Rintala et al. (2012), the studies
using culturable methods have identified the fungal genera Penicillium, Aspergillus,
Cladosporium and approximately 20 other genera as the most commonly isolated
fungal genera in house dust. As expected, culture-independent studies have shown that
both fungal and bacterial diversity is in fact far more extensive, with up to 5001000
different species present in house dust (Rintala et al. 2004; Pitkiiranta et al. 2008;
Amend et al. 2010; Adams et al. 2013),

While indoor air concentrations of viable fungi usually remain inside the range
10'-10° CFU/m’, there are occupational environments where fungal exposures
may exceed these with several orders of magnitude (Tsapko et al. 2011; Gora et al.
2009). Very large concentrations have been reported in agricultural environments,
food industry, wood processing, waste sorting, and other occupations where organic
material is being handled or processed. Examples of fungal concentrations in such
environments are shown in Table 6-2.

These concentrations are also larger than those in normal outdoor air, and they
are linked with many occupational diseases, such as allergic alveolitis.

Bacteria—Introduction

Bacteria are ubiquitous microorganisms present in soils, waters, plants, and other
living organisms including humans (Starr et al. 1981) and they are also easily spread
into the air (Després et al. 2012). Bacteria are prokaryotic organisms which replicate
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asexually by cell division. Some bacteria produce endospores that are resistant
to environmental stresses and that may be activated for replication under suitable
environmental conditions. Bacteria may also stay in a dormant state in order to ensure
gurvival (Colwell 2000). Bacteria can be classified into different groups, such as
gram negative and gram positive bacteria, depending on their ability to retain Gram
stain, and into rod-shaped bacteria or spherical cocci based on morphological criteria.
Actinomycetes are separated from other gram positive bacteria by their ability to form
a mycelium and sporulate similarly to fungi.

Bacterial cells are typically of the size range from 1 to a few micrometers. Bacteria
may occur in air as single cells and as aggregates or attached on other particles.
Bacterial spores are usually around 1 pm in their size, being smaller than those of fungi.

Bacteria are found in the atmospheric environment and also in the troposphere
layers (Maki et al. 2013). Their concentrations have large temporal variability, the
concentrations being lower in winter than in other seasons (Bertolini et al. 2013). Mean
concentrations of bacteria may be more than 10*m~ over land areas, corresponding
to 0.03% of the organic carbon content of the aerosol (Bauer et al. 2002), while the
concentrations over sea are much lower (Prospero et al. 2005). Analyzed with cultural
methods, concentrations of airborne bacteria may vary between 10>~10°CFU m™, The
bactetia types most often reported are Firmicutes, Proteobacteria, and Actinobacteria.
However, conclusions on the relative abundance of various bacteria in the atmosphere
are difficult due to high short-term variability and biases from the different detection
methods (Desptés et al. 2012).

Bacteria, similarly to fungi, can be analyzed and characterized by culture
based methods, which allow the studying of various biochemical and physiological
characteristics of individual organisms. Culture based methods are also used for
quantification and phenotypical description of bacterial communities. However, only
apart of all bacteria can be cultivated in laboratory conditions (Rappe and Giovannoni
2003), and therefore cultural methods may seriously underestimate the real magnitude
of bacterial concentration in a given sample or environment. Non-culture-based
methods which may be based on DNA analysis, use of chemical markers of bacterial
biomass, or on immunological bioassays cover both viable and non-viable material
and thus give a more accurate estimate of bacterial biomass or diversity.

Bacteria in indoor environments

For bacteria of indoor environments, outdoor air is an important source. However,
major sources of indoor bacteria are humans and animals, such as pets. The important
role of humans as sources of indoot bactetia is based on the fact that human skin is
practically covered with beneficial, normal bacteria that protect the skin from harmful
agents from outside. The outer layers of skin are continuously renewed, approximately
every 4th day. As the skin scales that are then emitted into the individual’s intimate
environment carry bacterial colonies, the presence of humans is always seen as elevated
levels of bactetia in any indoor environment. This human effect on indoor bacteria
has been shown both using cultural methods, and by using non-cultural methods such
as chemical markers of bacteria (Fox et al. 2005). The cultivable bacterial flora of the
indoor environment is dominated by Gram-positive genera, such as Staphylococcus,
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Corynebacterium, and Lactococcus (Rintala et al. 2012), which are also commop
bacteria on human skin. Studies on indoor sources of bacteria have indeed shown that
bed dust is typically dominated by species originating from the user of the mattress,
whereas floor dust reflects more also outdoor sources (Téubel et al. 2009). Recent
studies of indoor air using DNA based methods have come to similar conclusions as
concerns the role of human occupants on indoor bacterial communities (Hospodsky
et al. 2012; Meadow et al. 2013; Dunn et al. 2013).

High concentrations of bacteria are present in occupational environments where
organic material is being handled, similarly to fungi and other biological particles
(Gora et al. 2009). As fungi, bacteria, and other organisms occur together in various
organic dusts, the exact role of each type of microorganisms in development of
associated occupational diseases is not yet clear. Spore-forming actinomycetes,
especially thermophilic species such as Thermoactinomyces vulgaris, ate strongly
associated with allergic alveolitis caused by moldy hay (doPico 1986).

Bacterial endotoxins

Bacterial endotoxin is a well-known component of the outer membrane of gram
negative bacteria. It consists chemically of proteins, lipids, and lipopolysaccharide
(LPS) but the term “endotoxin” is often used to emphasize its immunotoxic properties,
which are also utilized in the quantification of endotoxin by the immunochemical
Limulus assay (Heinrich et al. 2003). Water soluble LPS contains a hydrophobic lipid
A and along covalently linked hydrophilic heteropolysaccharide. Each genus, species,
and strain of gram negative bacteria has a unique LPS with varying biological effects,
although bacteria belonging to the same family typically have structurally similar LPS
(Morrison and Ulevich 1978). Endotoxins are stable and heat-resistant molecules. As
they are normal constituents of gram negative bacteria, which are present in practically
all environments, also endotoxins are present everywhere. Endotoxins can occut in
the air both as pure endotoxin, as parts of bacterial cells and carried by other particles.
These compounds have significant inflammatory potential which may lead to various
respiratory health effects among exposed individuals.

Microbial toxins in indoor environments

As presented above, bacterial endotoxins and glucans of fungi are normal constituents
of bacterial and fungal cells and they have immunotoxic potential that is probably
contributing to the health effects associated with exposures to biological particles and
dusts. Another type of toxic compound linked with bacteria and fungi are microbial
toxins that are produced as secondary metabolic products of these organisms. Toxins
produced by fungi are called mycotoxins, but many species of both fungi and bacteria
have the potential of producing highly bioactive and toxic secondary metabolites.
Mycotoxins are fungal secondary metabolites that pose a potential health risk to
humans and/or animals due to the unusual toxicity of many such metabolites. The
occurrence of toxigenic fungi in indoor environments is well documented as well
as their ability to proliferate on various building materials, provided they are moist
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(Nielsen 2003; Jarvis and Morey 2001). Indoor environments with moisture damage
or dampness generally provide good growth conditions for microbes, which is also
seen as higher microbial levels in such environments. However, toxigenic molds are
present also in ‘normal’ buildings without moisture problems and thus the occurrence
of mycotoxins is not only limited to damp indoor env ironments. Among the building
associated toxigenic fungi are various Aspergillus and Penicillium species, Chaetomium
globosum, Wallemia sebi, Eurotium spp., Trichoderma spp., and Stachybotrys
chartarum, to give a few examples. As for bacteria, the detection of elevated levels
of culturable Streptomyces spp. in buildings has been linked to moisture damage.
Many species of Streptomyces are potent producers of bioactive metabolites with
antimicrobial and immune-suppressing qualities and these bacteria are widely used
in the pharmaceutical industry.

Secondary metabolites of microbes are different from primary metabolites—such
as amino acids, sugars, carbohydrates—in that these compounds do not act directly
in the process of microbial growth. The ecological function of secondary metabolites
is either in initiation of growth and differentiation, or they act in competitive
interactions between microorganisms to ensure survival, and facilitate the entry of
the infectious fungus into the plant cell. There is a wide range of chemical structures
and different biological activities within fungal and bacterial secondary metabolites,
such as sporogenic factors, pigments, antibiotics, insecticides, or herbicides, and these
compounds are produced via organized sets of genes following controlled mechanisms.

To date, several hundreds of different mycotoxins have been identified and
characterized, the majority of which refers to food and feed contaminants in
agricultural settings; however, up to 20,000 mycotoxins are estimated to be present
in the environment. Examples of common and well characterized mycotoxins
are sterigmatocystin and aflatoxin, ochratoxin, and macrocyclic trichothecenes.
Mycotoxins are non-volatile, low molecular weight natural products that are typically
very stable and get airborne attached to spores, fragments, and particulate matter. One
mycotoxin may be produced by different fungal strains, and one fungal strain may
produce different mycotoxins. Almost all of our knowledge on the modes of action of
mycotoxins relates to ingestion exposure, where for example inflammatory, immune-
suppressive, cytotoxic, and carcinogenic effects in various organs have been described.

There is an extensive literature documenting the potential of mycotoxin and
bacterial toxin production under laboratory conditions but only few reports so far
document the occurrence of toxins on naturally infested building materials (e.g.,
Nielsen et al. 1999; Gravesen et al. 1999; Bloom et al. 2007, 2009; Tiubel et al.
2011). The dispersal of mycotoxins into indoor air may occur by intact spores that
are released from the mycelium, or by fungal fragments (Brasel et al. 2005) that are
released in much higher numbers than spores, as shown by Kildesg et al. (2003) and
Gorny et al. (2002). Thus, methods to assess human exposure to airborne mycotoxins
must apply relevant techniques to cover also the smallest particles.

Many studies from the last decade have indeed shown the presence of mycotoxins
and bacterial toxins in indoor air and settled house dust, suggesting potential exposure
to humans in these indoot environments (e.g., Engelhart et al. 2002; Brasel et al. 2005;
Bloom et al. 2007, 2009; T4ubel et al. 2011; Peitzsch et al. 2012; Polizzi et al. 2009,

Kirjavainen et al. 2015).
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Amoebae

Amoebae are single-cell eukaryotic protozoans that constitute a diverse taxonomic
group. The term “amoeba” is a practical term that refers to cells that are able to move
and engulf food particles by producing projections of the cytoplasm. Amoebae are
present in all aquatic environments all over the world (Rodriguez-Zaragoza 1994),
whether natural or man-made. They are found, e.g., in drinking water, swimming
pools, and eyewash stations from where amocbae can also be aerosolized and inhaled
by humans.

Most amoebae are also able to exist in durable resting forms, cysts, in which the
organism endures adverse conditions. Amoebae have a role in the ecosystem in the
mineralizing of nitrogen, carbon, and phosphorus due to their importance as bacterial
predators (Yli-Pirila 2009). Not only do bacteria act as a source of nutrition for
amoebae, but bacteria can also utilize amoebae as a vehicle for survival, replication,
or as a means of transmission from one host to another. Fot example, legionellae are
able to avoid digestion in the amoebae, but they can replicate inside amoebae until the
amoebae burst (Newsome et al. 1998). This is one potential although indirect health
effect of amoebae; they facilitate the spread of Legionella bacteria. Other possible
health effects of amoebae include infections, e.g., in the eye.

Amoebae have been found in samples of mold growth associated with moisture
damage of buildings (Y1i-Pirild 2009). This is an example of potential indoor exposure
to amoebae. Experiments with associated bacteria and fungi showed that amoebae
not only are members of the microbial network present in moisture-damaged, moldy
building materials but they also have many interactions with other microbes present.
Amoebae may increase the growth of other organisms, and render the microbes more
cytotoxic, thus possibly modifying the health effect potential of microbes (Yli-Pirild
et al. 2006, 2007).

Viruses

Viruses are microorganisms that only can replicate within a host cell. Therefore, they
cannot grow on nonliving substrates although they can survive and stay virulent on
surfaces for days, in some cases even weeks (Casanova et al. 2010). Airborne survival
time of viruses is much shorter (McDevitt et al. 2008). Viruses are usually specific to
a certain species or group and they can infect bacteria, humans, animals, and plants.
Viruses that replicate within bacterial cells are cal led bacteriophages.

Viruses are the smallest of microorganisms; their size range is 20-300 nm but they
are often attached to other suspended particles (Yang and Marr 2011). The airborne
behavior of viruses and the importance of their spread by the airborne route have not
been well known until in recent years when molecular methods have been applied to
the detection of airborne viruses. Viruses can be collected with bioaerosol collection
devices and identified with molecular methods, but their airborne behavior has also
been studied by modeling due to the technical difficulties of actual sampling and

identification (Myatt et al. 2010).
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Pollen

Pollen grains are part of the reproduction system of plants that are stable in their
structure and transmitted long distances as airborne; in optimal weather conditions even
to other parts of the world. Their sizes vary between 10 and 100 um and therefore, a lot
of pollen grains end up on the ground in nearby areas of the source. Pollen allergens
and other fragments of the pollen grain may also occur in smaller particle sizes in the
range 30 nm—5 pm (Miguel et al. 2006; Matikainen and Rantio-Lehtiméki 1998). Pollen
are also distributed by insects. Pollen may carry important allergens, major allergenic
plants being, e.g., many grasses, ragweed, and trees such as birch and olive tree. Due
to the great influence of pollen allergens on people’s health, occurrence of pollen is
being monitored worldwide through monitoring networks, programs, and databases.

House dust mites

House dust mites are small arachnids that occur in mattresses and other furniture,
provided the RH of their microenvironment is > 55%. They feed on, e.g., human skin
scales and fungal spores and are typical contaminants of indoor environments. They
produce allergenic proteins in their feces which can be aerosolized and are considered
important causal agents of indoor environmental allergies. The most common species
are Dermatophagoides pteronyssinus and D. farinae. Their major allergens are called
Der p1and Der f1, respectively (Chapman et al. 1987). Other allergenic mite species
ate storage mites such as Acarus siro, Glycyphagus domesticus, and Tyrophagus
putrescentiae that may proliferate in food storage facilities in institutions, grocery
stores, and even homes. In fact, while house dust mites are common in mattresses
and soft furniture, the mites that are found within a mold growth on a wall, may more
often be storage mites (Charpin et al. 2010).

Exposure, a prerequisite to health effects

Introduction

Studying the health effects of environmental agents is always bound to the assessment
of exposure, which is defined as the contact between the human and the environmental
agent in question. For documentation of a causal connection, usually a dose-response
relationship between the agent and the effect is needed. The concept of dose-response
relationships is essential in the toxicological paradigm but cannot be applied as such
to immunological and allergic reactions that are common in relation to health effects
of biological exposures. In allergic conditions, the dose is often not critical for the
reaction which is strongly bound to the individual characteristics of the exposed person.
In any case, assessment of exposure and the studies on its determinants are essential
in the pursuit of understanding the health effect of environmental agents.

Exposure assessment of environmental biological agents includes both qualitative
and quantitative elements. There is a wide selection of methods available that can
be used for collecting the samples from the environment and for detecting and
analyzing the content. Depending on the aims of the investigation, the focus may be
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on characterization of the microbial communities present in the sample, on quantitation
of fungal or bacterial biomass, on specific quantitation of a species, or a group of
microbes or some other approach.

Sampling and characterization of the microbial community with culturing
methods covers both qualitative and quantitative aspects but the method is selective,
favoring those species for which the sampling technique and culture medium used are
optimal. Culturing methods do not detect non-viable microbial material. Sequencing
methods give an overall picture of the microbial DNA present, but for more precise
quantification of a species or genus, additional analysis with gPCR is needed. In cases
where quantification of microbial biomass is of interest, analyses of chemical markers
such as ergosterol for assessment of fungal biomass is a good choice.

Most biological particles, fungi, bacteria, and other such material are present
everywhere, in soil, water, air, and in built environments. They are part of the natural
background of atmospheric particles and they are generally transported long distances
around the world. Their occurrence in the atmosphere is regulated by geographical and
climatic conditions as well as local events and circumstances. Humans get exposed
to these particles both via outdoor air and via indoor air. People spend most of their
time indoors, therefore, it is evident that the exposures that take place indoors make
the major contribution of total exposures to biological particles, given that indoor
concentrations are not considerably lower than outdoots. Whether the importance of
indoor exposures for health is greater than the exposures outdoors is not quite clear.
For example, pollen are important allergens and exposure to them takes place mainly
outdoors, while the health effects of bio-particles that are linked with moisture and
mold damage of buildings have their origin in the indoor environments,

Evaluation of the health effects of environmental stressors comprises of assessment
of exposure and of evaluation of the health effects of the measured concentrations.
Exposure assessment is based on specific sampling techniques and procedures
optimized for each agent and on subsequent analysis that allows quantification of the
measured agent. Sampling and analysis techniques of biological particles have been
specifically developed for various biological particles. It should be emphasized that
no single methodology allows the quantitative and qualitative determination of all
biological particles in parallel, but each method is selective and focuses on certain
charactetistics of the measured material, be it enumeration of a group of microbes, or
quantification of material with certain immunological activity, for example, endotoxin.

Sampling of biological particles

Sampling of biological particles from air is based on similar principles as any aerosol
sampling. Air samplers can be designed for the detection of culturable or non-culturable
material. Sampling devices may be passive samplers using natural aerosol convection,
diffusion or gravity, or active samplers using stationary or personal pumps (Nevalainen
et al. 1992; An et al. 2004). Various impactors, impingers, centrifugal samplers, and
filters are in common use. Biological particles can be collected on culture medium,
i.e., agar plates in impactors, or into a liquid medium in an impinger. These collection

methods are followed by culty
that can be counted and ident;
developed to avoid bouncin.
in impactors (Lin et al, 199§
where the collected materia]
chemical, immunochemical,
been developed (e.g., Yao ar
presented and evaluated in, ¢
Active sampling of big’
concentrations. Especially w
labor-intensive approach as ¢
In population-scale studies, t
Recent progress in epidemi
environmental exposures in
cost sampling methods that :
in the same study. For such ¢
been developed, as house ¢
material of the indoor envi
exposure assessment of indc
samples can be done, e.g., b
surfaces, or by passive colle:
the passive collection metho
representative in the sense
shown useful and as having
studies. A major part of the
is linked with house dust :
Ege et al. 2011).

Analysis of biological

The analysis of a collected
bacteria, or on non-cultivati

Fungi and bacteria are ¢
properties for their content ¢
the composition of the cultur
light, time, and availability -
certain groups or types of 1
approach is typically used 1
in environmental sampling
sample is usually of intere:
are used, such as malt extr
microbes are usually low i
nutritional conditions of th

Even with the non-sel¢
be grown into visible colot




m Human Health

3, 0N quantitation
S, Of a group of

with culturing
thod is selective,
nedium used are
rial. Sequencing
for more precise
needed. In cases
hemical markers

a
-

erial are present
art of the natural
>d long distances
zeographical and
1ans get exposed
:nd most of their
ce indoors make
iven that indoor
1¢ importance of
s not quite clear.
kes place mainly
ith moisture and
nts.

ses of assessment
| concentrations,
and procedures
ntification of the
«ticles have been
emphasized that
:rmination of all
icuses on certain
p of microbes, or
mple, endotoxin.

es as any aerosol
or non-culturable
:0s0l convection,
mps (Nevalainen
;al samplers, and
culture medium,
These collection

Fungi, Bacteria, and Other Biopollutants 165

methods are followed by culturing of the collected microorganisms into visible colonies
that can be counted and identified. Centrifugal sampling into a viscous liquid has been
developed to avoid bouncing and stress to the collected cells, typical phenomena
in impactors (Lin et al. 1999). Sampling on filters is a natural choice in those cases
where the collected material is not cultured but suspended for further analysis with
chemical, immunochemical, or DNA based methods. Also, electrostatic sampling has
been developed (e.g., Yao and Mainelis 2006). Bioaerosol samplers are extensively
presented and evaluated in, e.g., Reponen et al. (2011).

Active sampling of biological particles aims at an accurate assessment of air
concentrations. Especially with indoor environmental sampling, this usually means a
labor-intensive approach as each sampling site must be visited by the sampling staff.
In population-scale studies, this is often beyond the economic resources of the study.
Recent progress in epidemiological research that aims to link health effects with
environmental exposures in home environments has led to the development of low
cost sampling methods that allow studying of, e.g., hundreds or thousands of homes
in the same study. For such studies, standardized methods to collect house dust have
been developed, as house dust is considered an important reservoir of microbial
material of the indoor environment. House dust sampling has also been used for
exposure assessment of indoor toxicants (Lioy et al. 2002). Collection of house dust
samples can be done, e.g., by vacuuming house dust from floors, mattresses or other
surfaces, or by passive collection of settling dust (Kaarakainen et al. 2009). Although
the passive collection methods or different ways of sampling house dust are not quite
representative in the sense of aerosol sampling, these sampling methods have been
shown useful and as having cost-benefit advantages especially in large population
studies. A major part of the health data that is related to indoor microbial exposures,
is linked with house dust sampling as the method of exposure assessment (e.g.,
Ege et al. 2011).

Analysis of biological particles

The analysis of a collected sample may be based on cultivation of viable fungi or
bacteria, or on non-cultivation methods.

Fungi and bacteria are cultivated using different culture media. They have different
properties for their content of nutrients, water activity, and growth suppressants. With
the composition of the culture medium and by regulating growth temperature, humidity,
light, time, and availability of oxygen, the conditions can be set to an optimal state for
certain groups or types of microorganisms which facilitates their observation. This
approach is typically used when certain pathogenic species are looked for. However,
in environmental sampling, the whole range of the microorganisms present in the
sample is usually of interest. Therefore, non-selective media for fungi and bacteria
are used, such as malt extract agar. Non-selective growth media for environmental
microbes are usually low in their nutrient content which imitates the typically poor
nutritional conditions of their natural environment.

Even with the non-selective growth media, only a part of the species present can
be grown into visible colonies. Those cells that are somehow damaged or for which




166  Synergic Influence of Gaseous, Particulate, and Biological Pollutants on Human Heglrh,

the given medium and growth conditions are not optimal will probably not grow,
and those with too long germination or division time are not seen as the space op
the growth medium is usually limited and occupied fast by the most easily growing
species. Furthermore, there are plenty of microbes that cannot be cultured in laboratory
conditions. In fact, it has been assessed that only 1-10% of all the microbial cellg
present in environmental samples can be quantified and identified with cultura]
methods.

While cultivation based methods have historically been widely used in indoor
microbial assessments and reference data are extensive, these approaches suffer from
well-known limitations, which has triggered the rise of alternative, molecular methods.
These are DNA based methods, analyses of chemical markers of microbial biomass,
and immunochemical methods. Some agents can also be directly counted from a sample
with a microscope, for example, pollen or certain types of fungal spores. A main factor
driving this development is that a vast majority of microbial mass around us is not
cultivable and/or not viable. From a health perspective—with the health of people
being the main reason for why we aim to assess exposure—both not cultivable and
dead microbes and their constituents are relevant in addition to the viable portion of
the exposure. Cultivation based approaches in indoor assessments have typically been
applied in combination with impaction-based, active air sampling, with short-term air
sampling as such being problematic already. Active air sampling in the field and the
need for cultivation/identification of microbes is an equipment intensive, laborious
process (during sample collection) that requires time and expertise (in the laboratory
analyses) and thus is only poorly applicable to larger-scale epidemiological studies.
In the following, we provide a short overview of some of the methods that are applied
in epidemiological study settings that aim to clarify the impacts of indoor microbial
exposures on human health.

DNA-based methods

It is long known that the majority of micro-organisms is uncultivable under laboratory
conditions, with estimates of 10% to less than 0.01% of the microbiome being captured
with cultivation, depending on the habitat. For samples from indoor air, the ratio of
total fungi and bacteria—assessed via microscopic counting—to viable fungi and
bacteria, was estimated with 100:1 (Toivola et al. 2002). A way out of this dilemma of
the ‘uncultivable majority’ (Pitkéranta 2012) was offered with the rise of polymerase
chain reaction and other DNA based technologies that would allow to circumvent
the need of cultivation prior to quantification and identification of microbes. Today,
cultivation-independent methods, that is DNA targeting methods as well as immuno-/
bioassays and chemical analytical approaches for quantifying microbial cell wall
components, are routinely used in the characterization and monitoring of indoor
microbial exposures.

The initial step in all DNA-based methods is the extraction of DNA directly from
a given environmental sample. There is a multitude of different extraction methods,
but typically microbial cells first get suspended from the sample matrix (in indoor

—_—

studies, €.8., an air filter, in,
then mechanically or/and en
then is further purified for g
Common to most of ]
microbial communities or ;
a target gene fragment, tha
bacteria or all fungi and ¢
differentiation of microbes
usually amplified using a p
DNA based methods, incl
approaches. Most common
in bacteria (16S rDNA) ar
nuclTS) located between 1
regions within these 16S 1D
primers and probes that w
for example, using ‘unive:
organisms within the resp
stretches within the 16S D
related microbes—can be u
interest, In essence, the dif
gene sequences, as they ar
various taxonomic levels,

QPCR methods

The characteristic of the t
at different levels of resc
methods that have been t
microbes. Displaying the ¢
amplification in ‘real time’
of known concentrations
the original amount of th
environmental sample.
QPCR method is set
environmental sample can
required days to weeks. "
and probes that are applie
exposure to the toxigeni
more than a decade ago (
been designed for variou:
bacterial genera and spex
part of these efforts on ¢
been facilitated by the Ut




on Human Health
‘—______'_'-—v

obably not grow,
1 as the space on
st easily growing
ured in laboratory
. microbial cellg
led with cultura]

ly used in indoor
aches suffer from
dlecular methods,
icrobial biomass,
ted from a sample
res. Amain factor
around us is not
health of people
ot cultivable and
viable portion of
ve typically been
ith short-term air
the field and the
ensive, laborious
{in the laboratory
iological studies.
s that are applied
indoor microbial

under laboratory
1e being captured
t air, the ratio of
viable fungi and
fthis dilemma of
se of polymerase
w to circumvent
nicrobes. Today,
vell as immuno-/
crobial cell wall
toring of indoor

NA directly from
raction methods,
aatrix (in indoor

Fungi, Bacteria, and Other Biopollutants 167

studies, e.g., an air filter, indoor dust, or a building material); the cell envelopes are
then mechanically ot/and enzymatically disrupted to free the intracellular DNA, which
then is further purified for subsequent analyses steps.

Common to most of the currently used approaches that aim at characterizing
microbial communities or at quantifying microbial exposure is the amplification of
a target gene fragment, that occurs ubiquitously in all microbes of interest, e.g., all
bacteria or all fungi and contains phylogentically informative regions that allows
differentiation of microbes on different taxonomic levels. These target sequences are
usually amplified using a polymerase chain reaction and are then utilized in different
DNA based methods, including quantitative PCR, fingerprinting, and sequencing
approaches. Most commonly used for this purpose are the 168 ribosomal RNA gene
in bacteria (16S rDNA) and the nuclear internal transcribed spacer region (ITS or
nucITS) located between 188, 5.8S, and 28S rRNA genes in fungi. Highly conserved
regions within these 168 rDNA or ITS sequences allow the designing of oligonucleotide
primers and probes that will target bacteria and fungi on a higher taxonomic level,
for example, using ‘universal’ primers that will allow detection of the majority of
organisms within the respective kingdom, or group specific primers. More specific
stretches within the 16S tDNA and ITS regions—specific for a given group of closely
related microbes—can be used to target a certain bacterial or fungal genus or species of
interest. In essence, the differences in variability/conservation within these ‘barcode’
gene sequences, as they are often referred to, allow targeting of microbial groups at
various taxonomic levels.

QPCR methods

The characteristic of the barcode gene sequences, i.e., targeting of microbial groups
at different levels of resolution, is widely exploited in quantitative PCR (qPCR)
methods that have been recently applied for the assessment of indoor exposure to
microbes. Displaying the accumulation of a fluorescently labeled product during PCR
amplification in ‘real time’ and comparing it to a standard curve based on amplifications
of known concentrations of the target gene sequence allows the quantification of
the original amount of the target gene or target organism (number of spores) in an
environmental sample,

QPCR method is sensitive and fast; DNA extraction and qPCR analyses of an
environmental sample can be performed within hours, where cultivation based methods
required days to weeks, The specificity of the qPCR depends on the gPCR primers
and probes that are applied. Since the initial applications of gPCR as a tool to assess
exposure to the toxigenic fungus Stachybotrys chartarum in indoor environments
more than a decade ago (Haugland et al. 1999), a large number of gPCR assays has
been designed for various indoor fungal species, genera, or groups, and a number of
bacterial genera and species thought to be relevant in indoor environments. A good
part of these efforts on qPCR assay development (Haugland and Vesper 2002) has
been facilitated by the US Environmental Protection Agency (US EPA) and has been
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complemented by individual research groups (e.g., Rintala and Nevalainen 2006;
Torvinen et al. 2010; Kirkkéinen et al. 2010; Yamamoto et al. 201 0).

QPCR analysis in the context of indoor environmental research and monitoring
has been applied on building material samples, house dust, and indoor air collected
via filtration of air. Generally, higher prevalence is observed for individual microbial
species and overall microbial levels measured with qPCR are usually orders of
magnitude higher than those found with cultivation based approaches. This confirms
what has already been known, i.e., that cultivation-based approaches cleatly
underestimate both diversity and quantities of microbial exposures indoors. QPCR has
been shown to be a useful tool in research investigating the effects of indoor microbial
exposures on human health. This method is also used in practical situations in order to
identify abnormal microbial conditions in buildings, usually in the context of moisture
damage and indoor dampness. However, especially in order to be a useful diagnostic
tool for building practitioners, profound knowledge is needed on what is a normal
situation in a given country/climatic region. Unlike for cultivation-based approaches,
extensive reference datasets thus far do not exist. Another technical limitation is that
targeting, for example, a specific fungal species in a sample will provide quantitative
information for only this one targeted species, but one stays blind for any other fungal
taxa in a sample. This is different from cultivation based approaches, where with one
cultivation a multitude of different fungal taxa can be quantified.

DNA fingerprinting methods

Different DNA fingerprinting methods have been applied on some occasions in
indoor environmental studies, typically with the aim to follow changes or identify
differences in bacterial or fungal communities, or to use the DNA fingerprints as a
proxy for microbial diversity in a sample (Ege et al. 2011). Examples for these methods
are terminal fragment length polymorphism (tRFLP), single-strand conformational
polymorphism (SSCP), temperature- and denaturing gradient gel electrophoresis
(TGGE and DGGE, respectively). What all these methods have in common is that
they start from a pool of rather general PCR amplicons (e.g., universal bacterial or
universal fungal amplicons) obtained from an environmental sample, with single
amplicons then being separated based on differences in DNA sequences, producing
a fingerprint of different bacterial or fungal species in a given sample. This method
is useful in comparing microbial communities in tens or even hundreds of diffetent
samples; however, due to limitations in sensitivity and resolution of these methods,
only major changes in the more abundant microbial groups can be reliably observed.
Working with DNA fingerprinting methods is rather laborious, especially when one
attempts to identify a specific microbial group that is associated with a change in the
microbial community. This may be the reason why this method has not been widely
applied in indoor exposure studies.

Sequencing methods

Similar to DNA fingerprinting, most sequencing methods currently applied utilize a
pool of typically ‘universal’ bacterial or fungal PCR amplicons from an environmental
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sample. However, rather than profiling these amplicons into a fingerprint, sequencing
approaches attempt obtaining the DNA sequences of each single PCR fragment in a
given sample. Traditional sequencing methods using Sanger chemistry still were both
costly and time-consuming. The so-called “next-generation” sequencing approaches,
including different methods such as 454 pyrosequencing or Illumina sequencing
platforms, have improved sample throughput and greatly reduced costs. Processing
of hundreds of samples and obtaining thousands to millions of sequence reads per
sample can be conveniently done within a matter of hours. The enormous amount
of information that is produced with these novel sequencing techniques has created
pressure on the development of bioinformatics tools that would be able to process
mass of information in a (biologically) meaningful way. While great progress has
been made in this field it still feels that ways to analyze and interpret next generation
sequencing data lag behind the technological possibilities to produce more and more
extensive and detailed datasets.

DNA-targeting approaches and especially sequencing methods have revolutionized
our view on microbes and their role in environmental and human microbial ecosystems
and their role in human health and disease. These methods have indeed proven to
overcome limitations of cultivation-based approaches by being less selective and
by allowing processing of large sample quantities in highly automated processes.
However, DNA-approaches also have technical limitations and have introduced a
new type of uncertainties that need to be considered in applications of such methods.

Chemical markers

Composition of the microbial communities can be studied by determining the amounts
of chemical markers that present overall proportions of different microbial groups. For
example, ergosterol is sterol specific and universally present in all fungal cells, and
by determining the ergosterol content of the sample, fungal biomass can be quantified
(Saraf et al. 1997). Similarly, muramic acid is present in bacterial cells, more so in
Gram positive bacteria, and it is used as a marker of (Gram positive) bacterial biomass
(Sebastian and Larsson 2003). Furthermore, 3-hydroxy-fatty acids that are found in
lipid A component of lipopolysaccharide of Gram negative bacteria, can be specifically
used as a marker of Gram negative bacteria (Saraf et al. 1997).

These compounds are covalently linked to various structures in the cell membranes,
and therefore, prior to analysis, samples are hydrolyzed to cleave these linkages,
purified by extractions, derivatised and finally analyzed, using gas chromatography-
tandem mass spectrometry (GC-MS/MS).

Bioassays

Bioassays can be used for quantification of microbial biomass by determining their
specific biological activity. A commonly used bioassay is the Limulus amebocyte lysate
assay for endotoxin, which is the method used to describe the biological activity of
bacterial LPS. The assay can also be used to determine the fungal beta (1->3)-D-glucan.
The assay is based on enzymatic cascade of amebocytes isolated from horseshoe
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crab Limulus which has the specific capacity to react with bacterial LPS or fung
B-(1->3)-D-glucan in a dose-response pattern.

Endotoxin concentrations are expressed as either endotoxin units, based on the
immunological activity in the Limulus assay, or as SI units ng m=, where the amouypy
of LPS has been calculated either from the bioassay or from gas chromatography-magg
spectrometry analysis of the bacterial cell fragments that are proportional to amoung
of the corresponding macromolecular structures (Larsson 1994).

Allergens, fungal glucans and extracellular polysaccharides are detected with
specific immunochemical methods where a known antibody is bound with the antigen
that is being analyzed. Biological particles are often analyzed with enzyme-linked
bioassay (ELISA).

Metrics and units to describe the quantity of microbial material
in a sample

As there are many different ways to analyze the biological content of an environmenta]
sample, there also are a number of different ways of expressing the concentrations of
biological particles or biological material in a sample. Only a few of such units belong
to the metric system. Therefore, comparison of concentrations or exposure levels and
summarizing the results from different studies may be difficult due to lack of common
metrics of the determinations.

When culturable methods are used to quantify fungi or bacteria, the unit is usually
CFU m, “‘colony forming units per cubic meter of air’ or CFU g™ of dust or building
material. The term ‘colony forming unit’ is based on the fact that the microbial colonies
that are counted from the cultivation media surface may originally have been either
single cells or aggregates of several cells. In some direct-calculation methods where
bioparticles can be counted directly from the collection surface using a microscope,
the used unit may be simply # m=,

In DNA based sequencing techniques, the number of taxonomic units that have
been identified in a given sample, are many times expressed as ‘OTU’s’, or operational
taxonomic units per sample. Such a operational taxonomic unit is defined based
on sequence similarity; a similarity of 97% in the DNA sequence of the bacterial
16S rRNA gene, for example, is commonly used to group sequences into OTUs. Such
a level of sequence similarity is believed to compare close to the common species
concept that is however also based on morphology, physiology, and other characteristics
of organisms, and therefore, ‘species’ and ‘OTUS’ are not fully comparable. QPCR
results can be calculated to give the amount of the target organism as specific DNA
amount or cell equivalents per sample mass,

When chemical methods are used to assess the microbial biomass, the concentration
of the marker is usually expressed as mass units per sampled volume of air or per
sample mass, for example, for ergosterol in house dust, x ng g!. An expression of
x mmol g may also be used. In case of samples that have been vacuumed from a
surface, the concentration may be expressed as surface loading per sampled area.
When immunological assays such as Limulus assay for endotoxin are used, typically
the unit is ‘international endotoxin units’.
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