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Abstract Fungal spores are present in almost all types of environments and prevail
in certain environmental conditions. The composition of aeromycoflora of a particu-
lar area plays an important role in the spreading of many respiratory allergies. The
indoor and outdoor aerial fungal spores may be different due to many factors. The
aerial fungal spores play an important role in public health as many fungal spores
are potent allergens for human population. These fungal spores may also cause
some important mycolic infections. Indoor environments are possible sources of
fungal spores which can be injurious to human health. These fungal spores can
endure for months in suitable conditions. Many environmental factors such as high
temperature, high humidity, dampness physical activity, and the wind speed play
effective role in the release and distribution of fungal spores in air and which can
impede wellness of local population. Aerial fungal spores are the major cause of
allergic diseases and infections in immunocompromised patients in many parts of
the world. The aerial fungal spores of Alternaria, Aspergillus, Cladosporium,
Candida, Curvularia, Epicoccum, Fusarium, Geotrichum, Helminthosporium,
Mucor, Penicillium, Rhizopus, Trichoderma, and Trichothecium were found as dom-
inant in the air of many cities of the world. Variations in composition of aerial fun-
gal spores occur due to environmental and meteorological factors. Some fungal
spores are seasonal, and therefore, these spores are linked with some seasonal
mycotic infections. They are also established to cause Type I hypersensitive dis-
eases with IgE-mediated response. Fungal spores are present in both outdoor and
indoor environments and behave as suspended bio pollutants of the air. Many aerial
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fungal spores are found as main cause of respiratory tract allergies. Many fungal
spores can penetrate in lower respiratory airways of human lungs and intercede
allergic reactions. These fungal spores can be a serious health hazard for immuno-
compromised persons. The sensitization to fungal spores may cause some fungal
allergies in local population. The seasonal data of aerial fungal spores and their pat-
tern of distribution can help to prevent fungal allergies and mycotic diseases.

10.1 Introduction
10.1.1 Composition of Aeromycoflora

Fungi are omnipresent in the world’s environment and are an integral part of air-
borne microbiome. Particulate matter dispended in air includes bacteria, fungi, clay,
and sand particles of 10 pm or smaller to below 0.1 pm and gases including ozone
(O3), nitrogen dioxide (NO,), and sulfur dioxide (SO,) (Ministry of Environmental
Protection of the People’s Republic 2017). Alternaria is the most common fungus
present in outdoor and indoor environment. Indoor environment also contains
Aspergillus fumigatus and Alternaria spp. Both species have positive impact on
developing asthma (Shabankarefard et al. 2017). Humans are continuously affected
by aerosols because of domesticated animals, plants, plumbing systems, heating
and cooling systems, and saprophytic molds along with suspended dust particles
that contribute to a type of airborne fungus. Yamamoto et al. (2015) detected differ-
ent types of yeasts in classroom environment including Rhodotorula, Candida,
Cryptococcus, Malassezia, and Trichosporon. Certain researchers have indicated
that most of the fungi found in indoor environment comprise of the genera prevail-
ing in outdoor environment (Barberan et al. 2015). Goh et al. (2000) studied library
environment and found that indoor fungi concentration was 50 times less than that
of outdoor environment.

10.1.1.1 Allergenicity of Airborne Fungal Spore

The huge diversity of fungal kingdom is well known. A variable lot of fungal spe-
cies exist; some of them disseminate airborne spores, conidia hyphae, or other frag-
ments that are inhaled by human beings. Three taxonomic groups of fungi and their
112 fungal genera including Basidiomycota, Ascomycota, and the Deuteromycota
release those allergens which spread allergic diseases. Associated components of
fungal conidia are unlike any other bio aerosol in that these are heterogeneous;
those which have pathogenic and inflammatory properties are actively secreted by
biological dynamic particles. In several multi-studies sensitization of fungi has been
identified which is considered to be a risk factor for severe asthmatic patients. The
hypersensitivity to fungal allergens ranges from as low as 2% to as high as 90%
(Arbes et al. 2005; Zureik et al. 2002), and it was reported that sensitization of fungi
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is dependent on different exposure as with most allergens just like source and com-
mercial skin test extracts, based on selection criteria of test subject and analysis
methods. There are several subject methods which are used to measure exposure
such as spore count, endure assessments of visible growth of fungi, and this proce-
dure is also used to understand the relationship of exposure to clinical outcome.
Fungi including Aspergillus, Cladosporium, Penicillium, and Alternaria species
have been investigated for human exposure. These genera have been found in abun-
dance and a cause of maximum human exposure to airborne fungal spores. These
have been detected in vast geographic area and can be detected through various
diagnostic means (Cruz et al. 1997).

10.1.1.2 Fragments of Fungi in the Environment

Indoor environment is polluted by airborne fungal spore which is characterized by
numerous diagnostic methods. The particulate matter in air have been studied rarely
for personal exposure. Many studies’ procedures have been promulgated to verify
presence of hyphal fragments in indoor environment that indicates the amount of
particles in air amounting to 6-56% of total fungal particles (Li and Kendrick 1995;
Foto et al. 2005). These fragments of aerosols actually originate from indoor pol-
luted surfaces, and these particles may even persist in indoor environment for quite
long in viable form thus aiding to fungal dispersion (Madelin and Madelin 2020). It
has been detected from different epidemiological studies that multitudinous frag-
ments of fungal hyphae are associated with acute high expiratory flow rates (Delfino
et al. 1997).

Submicron Fungal Fragments

Those particles which are derived for intracellular and extracellular structure are
known as submicron fungal fragments that have been aerosolized from fungal col-
ony (Gorny et al. 2002). Their usual size is around Imm and they lack morphologi-
cal features. Reports related to submicron fungal fragments are few as it is a bit
difficult to collect and identify fungal fragments from polluted environment and its
isolation is totally based on experimental conditions (Gorny et al. 2002; Gorny
2004; Cho et al. 2005). Dr. Tinna Reponen and Rafal Gorny developed aerosoliza-
tion chamber, and its purpose was to assess gradual release and collection of bio
aerosols. Aerosolization of submicron fungal fragments studied by different authors
from culture medium vessels, building internal tiles were found polluted with
Aspergillus versicolor (Gérny et al. 2002, 2003). An aerosolization chamber was
designed by researchers group of Dr. Tinna Reponen and Rafal Gorny, and different
researchers found different fungal species involved in formation of submicron frag-
ments on internal tiles of buildings and culture vessels. The species involved were
Aspergillus versicolor, Penicillium melinii, Cladosporium cladosporioides, and
Stachybotrys chartarum. The small hyphal segments related to these species have
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been indicated in aerosols with spores but to large concentration (320-514 times
higher). These findings depict that colony structure, desiccation stress, air velocity,
degree of vibration, and moisture conditions may all affect aerosolization rate
(Gorny et al. 2002; Gérny 2004). Various study methods have investigated respira-
tory disposition of submicron fungal fragments and inflammation. All are based on
computer-based models. Cho and colleagues currently explained that the presence
of S. chartarum fragments is in higher concentration than spores, but in case of
A. versicolor, a total count 230-250 was similar to the spore. The model was uti-
lized to predict infants’ environment, and it was known that sedimentation rate was
a 4-5 times multitude of the value associated with young ones (Cho et al. 2005).
Further investigation is needed to determine personal fungal exposure from a clini-
cal point of view.

Larger Fungal Fragments

Conidia in broken form and visible septate hyphae or mycelium are considered as
larger fungal fragments. Their size exceeds Imm and comprised of fragmented
hyphae (Green et al. 2005). As compared to submicron particle, these fungal frag-
ments are larger in size, easier to be visualized by light microscopy and environ-
mental air samples. In some geographical locations, their concentration can range
up to 56% of the total aerospora (Li and Kendrick 1995). Larger fungal fragments
related research is scarce as compared to submicron fragments in aerosols. But it is
evident that their presence is based on a number of similar variables including sub-
strate disturbance, wind, speed, and wind direction (Green et al. 2005). Filamentous
fungi reproduce through hyphal fragmentation. Fragmentation is continued by vac-
uole formation following a reduction in nutrients that may be induced by environ-
mental stress (Papagianni et al. 1999; Paul et al. 1994). This stress and nutrient
depletion zone proceeds towards hyphal separation at septal junctions, and their
dissemination is made through wind blowing (Marfenina et al. 1994). The process
of conidial fragments formation has not yet been investigated thoroughly and
remains undiscovered. It is considered that multicellular conidia get rupture near
cross walls of hyphae due to different osmotic potential or when they differ in mois-
ture content (Taylor and Jonsson 2004; Schéppi et al. 1999).

10.1.2 Taxonomy of Allergic Fungi

Kingdom fungi have huge diversity of eukaryotic organisms including mushrooms,
molds, bracket fungi, puftballs, smuts, plant rusts, and yeast. Fungi contain different
metabolic processes which differ from animals to plants. They secrete enzyme into
environment, and their function is also to absorb the breakdown product of enzyme
action. Some of these enzymes are also well-classified allergens. Phylogenetic rela-
tionships were unclear among different classes of fungi, but currently its classifica-
tion is based upon morphological characterization and sexual state. Deuteromycetes
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or fungi imperfecti at fungal phyla are resolved by DNA sequencing. On the basis
of DNA sequencing, it has been found out that three fungal phyla are mostly associ-
ated with important aeroallergens; Basidiomycota, Ascomycota, and Zygomycota.
Many fungal allergens have been categorized. Specific immunoglobulin E (igE)
level in individuals sensitized to fungi has a close relationship between fungal phy-
logeny, and this is a great benefit from this study. This strong correlation between
molecular fungal systematics and IgE sensitization gives a strong evidence about
cross reactivity of fungal allergens with human immunity response (Levetin
et al. 2016).

10.1.3 Common Fungal Aeroallergens

Aeroallergens are the substances that are dispersed in air as spore or pollens and are
able to cause an allergic reaction.

10.1.3.1 Pollens

Aeroallergens are found in certain seasonal plants, and when pollens acting as aero-
allergens cause sensitivity reactions in patients, the response is called “hay fever.”
Because it is the most common illness during haying season in summer months of
May and June in Northern areas, some individuals may suffer from this seasonal
allergy throughout the year. Hay fever caused by pollens differs from region to
region and person to person; small, hardly visible pollens of wind pollinated plants
are the main cause of hay fever. The insect pollinated plants have larger pollens that
are much larger to remain in air and cause no risk. The plants responsible for pollen
allergy or hay fever include trees: alder (Alnus), birch (Betula), hornbeam
(Carpinus), cedar (Cedrus), hazel (Corylus), willow (Salix), olive (Olea), poplar
(Populus), linden lime (7ilia), horse chestnut (Aesculus), and plane (Platanus).
Grasses [family Poaceae] especially ryegrass (Lolium sp.) and timothy (Phleum
pratense) are involved in causing allergies. An estimated proportion of 90% of hay
fever sufferers are allergic to grass pollens. Plantain (plantain), ragweed (ambrosia),
nettles/Parietaria (Urticaceae), fat hen (Chenopodium), sorrel/dock (Rumex), and
mugwort (Artemisia) also cause allergic immune sensitivity.

Ranging from the mid spring to early summer, the pollen count is the highest in
a year. The pollen-sensitive patients may anticipate at the onset of the season and
when the season ends.

10.1.3.2 Spores

Both sexual and asexual spores in many fungi actively spread by strong ejection
from their reproductive structure or sporangium, which spread through the air to
distant area. Many fungi have special physiological and mechanical processes as
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well as spore structure and surface structure formation like hydrophobic character-
istics for spore ejection. This process consists of strong discharge of ascospores
enabled by structure of ascus and accumulation of solutes causing osmotic potential
in the fluid that push the spores towards dispersal at high velocity into the air (Trail
2007). When single spores get discharged, this process is known as ballistospore
dispersal and involves small water droplet formation (Buller’s drop), which when
link with spore it moves toward projectile ejection with a starting acceleration rate
of more than 10,000 g. Other fungi depend on alternative mechanisms for spore
ejection which include mechanical forces like puffballs.

Peanuts and other food material may become airborne thus causing aller-
gic reactions in disease-prone individuals like children, immunocompromised
people, pregnant women, and elderly adults. Currently concern has been raised
about peanuts protein related allergens in the air that may cause a full-blown
anaphylaxis and in the result respiratory exposure can occur. In schools setting
as a protein food for children, even in well-ventilated restaurants, when air-
borne peanut protein exposure occurs, different allergic responses were explored.
Children have been detected with peanut-associated allergic reaction. No peanut
allergen was found in air after subjects consumed peanut (Perry et al. 2004). Dr.
Michael Young (2006) reported that peanut allergy may result in life-threating
anaphylactic response, but its association with airborne allergy is unconfirmed.
Eosinophilic gastroenteritis is an uncommon and heterogeneous condition involv-
ing eosinophilic infiltration of gastrointestinal tissue first described by Kaijser in
1937 (Whitaker et al. 2004).

The stomach is the type of organ which is mostly affected followed by the small
intestine and colon. Eosinophil is commonly found in gastrointestinal mucosa, like
a part of host immunity mechanism; its finding in deeper areas is mostly pathologic.
Pathogenic mechanism of disease occurs. Viable IgE and food allergy correlation
have been observed in some patients. Eosinophilic aggregation in tissue for inflam-
mation is a complicated process which occurs by different processes of accumula-
tion of cytokines. Cytokines IL 3, IL 5, and granulocytes macrophages colony
stimulating factor [GM —CF] are involved in activation, and it has been observed in
histological examination of the intestinal wall. Stomach/intestinal allergies are
treated by corticosteroids, and its response rate is much positive.

10.1.4 Respiratory Disease Caused by Aeromycoflora

Fungal flora is found everywhere in the environment. Mycopathogens are omnipres-
ent in the environment. Serological reports have revealed that major human popula-
tion proportion have been affected with fungus respiratory diseases during their life
span. Even symptomatic infections by these fungi are infrequent in healthy and
vigorous individuals. This indicates the possible hazard of developing a respiratory
system disease.
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10.1.4.1 Histoplasmosis

Histoplasmosis is a respiratory disease caused by fungal pathogens and commonly
occurs in the South America, Africa, Australia, Asia, and Mississippi Valley of the
United States. Histoplasma is a dimorphic fungus that grows in the environment as
a filamentous mold, but during human infections they occur as budding yeast. Soil
is the primary reservoir of this fungal pathogen, especially in location rich in bird
and bat feces. Histoplasma is not transmitted from human to human, and its acquisi-
tion is made through inhalation of microconidial spores in the air. In endemic areas,
histoplasmosis is high, and the 60—90% of population harbor anti-Histoplasma anti-
bodies depending on the locating habitat, but few individuals experience symptoms.
Young ones are most likely to be affected and immunodeficient adults. The disease
pattern of histoplasmosis is similar to tuberculosis in many ways. Following inhala-
tion this disease gets symptoms similar to tuberculosis because spores go to the
respiratory organs and are engulfed by alveolar macrophages. Fungal cells increase
in number and sustain even after being engulfed by these phagocytes. Granulomatous
lesions caused by focal infections are similar to the Ghon complexes of tuberculosis
even in symptomless conditions. Histoplasmosis can become severe and reactivate
and spread to other areas of the body such as the spleen and liver. Symptoms and
signs of histoplasmosis contain headache, fever, chest discomfort, and weakness.
Initial diagnosis of this disease depends on cultures grown on fungal-selective
media (Sabouraud Dextrose Agar) and chest radiographs. Giemsa staining and
direct fluorescence antibody staining technique can also be utilized for detection of
the disease. In some conditions this infection may be restricted and antifungal ther-
apy is not necessary. Yet in case of complexities, the disease is treated by antifungal
agents like ketoconazole and amphotericin B; in immunocompromised patients,
itraconazole is more effective.

10.1.4.2 Coccidioidomycosis

Coccidioidomycosis infection is caused by dimorphic fungi known as Coccidioides
immitis. This disease is sometimes mentioned as valley fever because it is endemic
to the San Joaquin Valley of California. Same infection is found in arid and semi-
arid area of southwestern United states, central and South America, and Mexico.
Coccidioidomycotic infection is caused by inhalation of fungal spores. In epidemi-
ology of this disease, the arthospores are produced when the fungal hyphae breaks
into fragments. When fungus gets entry in host cells, it is distinguished into spher-
ules filled with endospore. Some C. immitis infections are self-limiting and asymp-
tomatic. Yet, the infection can be chronic for immunocompromised patients
(Fig. 10.1). Endospore may be elated in the blood, spreading the infection and
formed granulomatous lesions on the nose and face. In chronic situation some other
organs can be infected and cause serious complex diseases such as untreatable men-
ingitis. This disease can be diagnosed by isolation of fungal pathogens from clinical
specimen. C. immitis can be cultured on Sabouraud Dextrose Agar when incubated
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(@)

Fig. 10.1 (a) The patients have facial lesion due to Coccidioides infection. (b) The fluorescent
micrograph shows a spherule (Source: http://www.cdc.gov/fungal/diseases/coccidioidomycosis/
index.html)

at 35 °C. It is very dangerous to grow in laboratory environment because it is the
most infectious mycopathogens capable of surpassing human immune system in the
laboratory. This pathogen is rendered as Risk Group 3 agent and can be experi-
mented only in BSL-3 lab facility. The serology of patient may be utilized for its
diagnosis through presence of antibody against the pathogen in the patient serum.
Though minor cases do not require thorough treatment, but severe pathologies can
be treated with amphotericin B.

10.1.4.3 Blastomycosis

Another dimorphic fungus Blastomyces dermatitidis causes disease termed as blas-
tomycosis. Like Coccidioides and Histoplasma, Blastomyces spread through soil,
and fungal spores can be breathed with dust from eroded soil. Symptoms and signs
of blastomycosis are mild flu-like and treat with time without medication. It can
spread in immunocompromised people and is able to produce severe cutaneous dis-
ease with underlying skin lesions on the hand and face. These abrasions are ulti-
mately converted into discolored and crusty surface and can cause deforming scars
on skin. Systemic blastomycosis is uncommon, but when it is left untreated, it
always results in fatality. Urine antigen tests are now available for diagnosis of pul-
monary blastomycosis. Further tests include serological assays such as EIA or
immunodiffusion tests. Ketoconazole or amphotericin B are used for the treatment
of blastomycosis.
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10.1.4.4 Mucormycosis

The diversity of fungi in the order Mucorales causes disease termed as mucormy-
cosis, uncommon mold infection. These include bread molds, like Mucor and
Rhizopus, generally related species is Rhizopus arrhizus (oryzae). In immunocom-
promised patients, these fungi can establish itself in many different organs but cause
infection in the sinuses, respiratory organs, and human dermal region. From the
environment the spores enter through breathing in spore-laden air, but spore can
also infect the derma layer through gastrointestinal tract if ingested or wound. Sever
infection can occur in immunocompromised individuals such as a patient who had
a transplant or with cancer. When spores are inhaled into the host’s tissue, the fungi
grow by spreading hyphae. Infection causes disease in both lower and upper respira-
tory tracts. In some severe cases the host brain and sinuses are also affected, and the
disease is rhinocerebral mucormycosis. Its pathological manifestations are pyretic
response, headache, congestion, and tissue death resulting in formation of black
lesions in the oral cavity and facial swelling. Infection of the lungs is termed as
pulmonary mucormycosis; symptoms include shortness of breath, fever, chest pain,
and cough. In chronic cases, the pathogen may disperse to the central nervous sys-
tem paralyzing the patient in coma and cause death. Currently, for diagnosis there
are no PCR-based or ELISA available for detection of pathogens in medical speci-
mens. Tissue biopsy specimens is the only detection strategy to assess the presence
of the fungal pathogens. Infections are treated by intravenous administration of
amphotericin B, and surgical procedures are utilized for removal of superficial
infections.

10.1.4.5 Aspergillosis

Aspergillus is a fungus having a mycelial mat comprising of large filaments found
in organic debris and soils. This fungus is the most common fungal pathogens; how-
ever rarely people become sick. Aspergillus may colonize the host and cause infec-
tion called aspergillosis. In immunocompromised patients, when its spores are
inhaled, the patient can develop allergic asthma-like reactions. Clinical manifesta-
tions commonly include wheezing, flue, coughing, headaches, and shortness of
breath. Aspergilloma or fungal balls are formed when colonies of hyphae are accu-
mulated in the lungs (Fig. 10.2). In the lungs the Aspergillus mycelium damages the
host tissues and causes pulmonary hemorrhage and bloody cough. When the infec-
tion worsens, the disease becomes fatal because of disseminated fungal mycelium,
and it may take the patient to unrecoverable stage of brain hemorrhages and pneu-
monia. Laboratory diagnosis mostly requires radiography of chest and microscopic
testing of tissues and respiratory samples of fluid. Aspergillus antigens are identified
from serological test. If a person is exposed to fungus, skin test can also be per-
formed for its determination. These tests are similar to that performed for
tuberculosis.
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Fig. 10.2 An
Aspergilloma (fungal ball)
can be observed in the
upper lobe of the right lung
in this chest radiograph of
patients with

aspergilloma (Source:
Modified image by Centers
for Disease Control and
Prevention)
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10.1.4.6 Pneumocystis Pneumonia

Pneumocystis pneumonia (PCP) is a type of pneumonia caused by Pneumocystis
Jjirovecii. Initially supposed to be a protozoan, this microbe was previously classi-
fied as P. carinii, but after genetic analyses and biochemical tests it is regrouped as
a fungus (Pneumocystis jirovecii) (Fig. 10.3). Immunodeficiency syndrome (AIDS)
patients acquire Prneumocystis pneumonia, and some of premature infants may get
infected also. When lungs are infected shortness of breath is inevitable with cough
and fever. These infections are difficult to diagnose. The pathogen is normally iden-
tified by slide identification under microscope. Usually fluid and tissue samples
from the infected organ are used. Molecular detection may also be used using PCR
assay to probe P. jirovecii in symptomless patients with immunodeficiency disease.
A combo drug trimethoprim-sulfamethoxazole is successfully utilized for treat-
ment of the disease.

10.1.4.7 Cryptococcosis
Cryptococcosis infection caused by encapsulated yeast termed as Cryptococcus

neoformans. This fungus mostly resides in soil and can be detected in avian feces. If
inhaled basidiospores found in air the spores may cause disease in infected
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Fig. 10.3 A light micrograph of smear containing Pneumocystis jirovecii obtained from human
lungs tissue (Source: Modified image by Centers for Disease Control and Prevention)

immunocompromised patients. This microbe is surrounded by thick polysaccharide
capsule and enables them to evade the response of alveolar macrophages. Early
manifestations of infection include a dry cough, malaise, and fever. Pulmonary
infection is often disseminated to the brain in immunocompromised patients. The
resultant meningitis produces confusion, sensitivity to light, and headaches. This
infection is diagnosed on the basis of microscopic examination of cerebrospinal
fluids or lung tissues. Indian ink can be used to locate the capsules bordering outer
wall of the fungal pathogen. ELISA technique is also performed to endorse the
detection. For the initial treatment of pulmonary infection, flucytosine combina-
tion with Amphotericin B can be used. Amphotericin B is a broad-spectrum drug
against fungus that targets cell membranes of fungus. In immunocompromised and
those with AIDS patients, cryptococcal infections are more common.

10.1.4.8 Dermatophytes

Dermatophytes are fungi able to cause contagious diseases of the skin, hair, and
nails. The disease is termed as dermatophytosis. Dermatophytes have enzymes that
can degrade keratin proteins of the scalp, hair, nails, feathers, horns, and hooves.
Dermatophytes are mostly soil resident microorganisms and decompose the organic
matter. The decomposing ability also enables these microbes to infect hosts when
alive. Some dermatophytes (anthropophilic species) are habituated and are trans-
missible to person to person. When dermatophytes are habituated to animals, these
are zoophilic species. A few (geophilic) species frequently reside in the environ-
ment and can be parasitic when these get the opportunity. Zoonotic transfer of some
of the zoophilic and geophilic species may also occur. There is also evidence of
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reverse zoonosis, i.e., human to animals route of disease transmission is also noted.
The epidermis, nails, and hair of living host are the target residing areas for derma-
tophytes. The infection may limit itself, but sometimes the illness may cause facial
or tissue impairment and discomfort, when spread widely. Economic effects, such
as damage to obnubilate, are additionally consequential in livestock. Infrequently,
dermatophytes may invade subcutaneous tissues and (very infrequently) other sites,
especially in immunocompromised hosts (Cafarchia et al. 2004).

Tinea capitis Most often children get infection on the scalp and hair, and it is
known as tinea capitis. The disease is caused by diverse groups of pathogens like
M. canis, a zoophilic species causing the same infection in continental Europe,
while 7. tonsurans is mostly associated anthropophilic infection in human popula-
tion of the USA and the UK. Variable pathogenic organisms have been isolated and
include T violaceum, M. audouinii, T. schoenleinii, and T. soudanense. Some fungi
are zoophilic only and include 7. mentagrophytes, T. verrucosum, and M. persi-
color. M. gypseum and M. nanum (uncommonly) have been detected as geophilic
species in some the infection in some area. Tinea capitis is manifested when scaly,
erythema and baldness grow rapidly on the scalp. Some human-residing dermato-
phytic species may result in bald crusts with slight inflamed tissue at follicle point.
Dermatophytes associated with animals are able to cause swelling in the infected
area called kerions. “Favus” is an infective manifestation of anthropophilic
T. schoenleinii. This a chronic infection and hairs are surrounded by yellow crusts.
When untreated the disease may last up to years (Nweze and Okafor 2005).

Tinea corporis or ringworm occurs on the main body and in extreme parts of the
body including face sometimes. Neck and hand wrists also get infected more often
from children to adults. Human-infecting microbes are 7. rubrum and E. floccosum.
Both of these infect the skin only. The other causative agents are M. audouinii,
T. schoenleinii, T. tonsurans, and T. violaceum. The fungal pathogens causing this
dermatophytic infections in animals are mostly M. canis, T. verrucosum, T. equi-
num, T. mentagrophytes, and M. persicolor. The geophilic pathogenic flora com-
prised of M. gypseum and M. nanum. Tinea corporis may be characterized by one or
more lesions of pink or red or even scaly with annular ring appearance. The ring
borders may have follicular papules or vesicles mostly when the infecting pathogen
is zoophilic or geophilic in origin. The zoophilic fungus Trichophyton quinckeanum
can form yellow crusts on the skin called scutulae. Itching gets started in lesions.
The remedial measures include treatment with corticosteroids. Tinea corporis may
take few months to be cured naturally if left untreated.

Tinea faciei and tinea barbae are dermatophytic face infections, and the caus-
ative agents are usually acquired from pets or livestock. The target area for fungal
pathogenesis includes the scalp or torso. Tinea barbae include fungal infection in
hair and skin of beard or mustache. The victims are usually men. Trichophyton
rubrum is the causing agent, and follicular pustules are formed along with scaling
and redness of skin. The cattle associated pathogen 7. verrucosum and T. mentagro-
phytes may have a large inflammation of infected area with pustular folliculitis or
kerions. The other fungal species involved include M. canis, T. tonsurans, T. megn-
ini, and T. violaceum. Tinea barbae is sometimes considered as a similar condition
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as tinea faciei by some researchers. Tinea faciei is visually perceived on the hairless
facial area. The causing pathogens are 7. rubrum, T. tonsurans, T. schoenleinii,
T. mentagrophytes, M. canis, and T. erinacei. The itching sensation increases when
skin is exposed to sunlight and even burning starts. In some cases this condition
resembles tinea corporis.

Tinea cruris Anthropophilic fungal dermatophytes infect groin and groin asso-
ciated area. T rubrum, T. mentagrophytes var. interdigitale, and E. floccosum are
common causative agents. The clinical manifestations include itching, burning, pru-
ritus, and formation of red lesions with clear centers. The edges of the ring are sharp
and raised. Vesicles or pustules may be formed that may exude out and are moist
when macerated. The moist acute cases may resemble eczema while dry pustular
forms of lesions are chronic in nature. As the lesion increases, in size hyperpigmen-
tation occurs in the central part. Both tinea cruris and tinea pedis are conditions
caused by the same fungal pathogen and can occur simultaneously.

Tinea pedis and tinea manuum 7. rubrum, T. mentagrophytes var. interdigitale,
and E. floccosum cause tinea pedis infection mostly, and these pathogens are anthro-
pophilic. Interdigital tinea pedis (athlete’s foot) is an infection of the foot, character-
ized either by dryness, fissures, and scales or white, moist macerated lesions in
some or all of the spaces between the toes. Tinea pedis also exists in the chronic,
erythematosquamous type. This condition is evident when scales appear on the feet;
swelling and dryness are also visible on the feet. Another form of tinea pedis appears
on feet soles and manifests itself in the form of redness and withdrawal of foot nails.
Tinea manuum is a dermatophytic fungal pathologic reaction condition on human
hands. When these fungi infect hands, palms become dry; red coloration due to
erythematous response and scaling also occurs. Anthropophilic dermatophytes are
mostly isolated for tinea manuum condition (7. rubrum), zoophilic fungi M. canis,
T. mentagrophytes, T. verrucosum, and T. erinacei, or the geophilic organism
M. gypseum are also isolated in some cases. Tinea unguium (or onychomycosis) is
a condition when nails are infected with dermatophytic fungus. Its manifestation is
evident when nail shape is distorted and the color is changed (Microsporum 2004).

10.1.4.9 Allergen in Respiratory Allergic Patients

At the start of the eighteenth century, it was detected that fungi in air environment
cause many respiratory ailments (Huber 2006). Sir Floyer in 1726 has mentioned a
patient with an astringent asthmatic attack who visited a brewery where fermenta-
tion was going on. After a century, Blackley detected that chest tightness and bron-
chial catarrh were caused by Penicillium glaucum spores were inhaled (Blackley
1873). Storm van Leeuwen was the scientist who declared that asthma is also caused
by fungal spore inhalation. The initial discovery of fungi as respiratory allergen was
made 300 years ago, but the disease could not be studied much (Crameri et al.
2014). Presently enormous data is available where fungi as respiratory allergen have
caused several ailments both in indoor and outdoor environments. Many asthmatic
patients are prone to aeromycoflora and develop infections when exposed to fungal
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spores, and some patients may become asthmatic even if they were previously not
(Jo et al. 2014). Home dampness, visible mold magnification, and moldy odor are
indication of huge fungal load inside homes and are the main causes of asthmatic
reactions in children and elderly (Meng et al. 2012). A correlation exists between
fungal spores load and asthmatic reactions in patients. Mortality may be caused
when asthma patients are not treated within time. It was noted in Chicago that dou-
ble deaths from asthma occurred on days when fungal spores in air were more as
compared to days when fungal spores load was less (Targonski et al. 1995). In rural
areas when crops ripen the spores load in air is also increased. This increase is fur-
ther augmented when crops are harvested and stored (RodriGuez-Rajo et al. 2005).
Respiratory ailments associated with fungi mostly belong to Ascomycota and
Basidiomycota group (Pulimood et al. 2007).

The allergic response was indicated in experiment when IgE-mediated reactions
were increased. The histamines in basophils were released in sensitive patients. This
was detected by skin testing (Fadel et al. 1992). Earlier bronchial and nasal chal-
lenge experiments for spores and mycelia inhalation concluded that it may produce
rhinitis, asthma, and eosinophilic infiltration reactions (Licorish et al. 1985). There
is evidence that fungal spores and mycelium both have certain components that can
cause allergic reactions. Alternaria alternata allergen (Alt a 1) is present in both
spores and mycelium of fungus and detected by electron microscopy (Twaroch et al.
2016). Fungi have the ability to activate further the innate immune system which
may result in inflammation enhancement by other allergens like pollens.

It is a prerequisite if patients are tested in hospital environment for sensitization
against fungal allergens. Air is always laden with fungal spores, and it is almost
unavoidable to find a fungal spore-free environment. Different sizes of fungal air
contamination have been investigated in recent years, and several fungal species
have been identified (Oh et al. 2014). DNA sequence analysis of different fungal
abundant species in air and dust particles in different seasons were studied. It was
found that fine particles contain more fungal allergens than coarse particle which in
turn harbored more human pathogens (Oh et al. 2014). There are certain other fac-
tors that influence fungal allergen presence in air. These include climatic factors like
temperature, precipitation, wind, and moisture content in air. Sunlight is also an
important factor that affects fungal spore presence in air (Kilic et al. 2010). The
spores level increases in hot months and autumn season and greatly reduces when
winter approaches. If we note daily variation in spores count early evening and
afternoon have more spores load.

Collectively the human body is exposed to fungal spores through air inhalation,
skin exposure, or when ingested with contaminated food. The lungs route is most
prominent route for getting fungal allergens of various shapes and sizes. Usually
2-250 pm spores are able to cause respiratory allergic reactions. Certain small
spores get entry to the lower respiratory part of lungs. The threshold level for each
allergen is different to start sensitizing symptoms like in Alternaria 100 spores/m?
are able to induce allergic manifestations, whereas in Cladosporium 3000 spores/m?
are needed to create allergic symptoms. Halogen Immunoassay (HIA) is used to
quantify fungal fragments and submicron fungal particles (Green et al. 2006). It is
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generally found that large fungal fragments and submicron particles colonize air
more than spores. It is also detected that air allergens are not necessarily dependent
on spores number or fragments count (Brito et al. 2012). Major Alternaria allergen
Alt concentration varies with developmental stage of producing pathogen.

10.1.5 Prevalence of Sensitization

Fungi are omnipresent in all types of environment, and this characteristic creates
fungal sensitization everywhere in the earth environment. A range of 3—10% popu-
lation is affected by fungal sensitivity reactions globally. Similarly atopic patients’
response to the atmospheric fungus was found magnified (Park et al. 2014). A study
conducted in different European countries indicated Alternaria and Cladosporium
sensitive allergy in a population of children and adults of 5-60 years of age with
rhinitis and/or asthma. A estimate of 9.5% patients were sensitive to either
Alternaria or Cladosporium species as detected by skin prick method. Spain had
maximum sensitization (20%) while Portugal had minimum values (3%) (D’amato
etal. 1997). Rivera-Mariani et al. (2011) reported that Early Aversion of Asthma in
Atopic Children (EPAAC) surveyed infant population of 10 European countries,
Australia, and South Africa, for IgE antibodies against aeroallergens. Data from the
USA indicated 12.9% of the population developed Alternaria alternata sensitivity.
Another study showed allergic response against Ganoderma applanatum with the
prevalence of 30%. On the basis of different studies conducted, it is evident that
fungal sensitivity is also an age-dependent phenomenon and individual immunity
plays a main role. Children particularly infants are more susceptible to get aeromy-
coflora infection (Moral et al. 2008). IgE antibody levels against Alternaria increase
with age, and after a certain age their titer in blood is decreased with growing age.
Fungi do not cause monosensitization, and polysensitization is observed usually. A
study by Cantani and Ciaschi (2004) has revealed involvement of genetic factors in
population for molds sensitization. Aeromycoflora is usually identified on the basis
of spore morphology as time consuming and an expert is required for the identifica-
tion. IgE level and skin tests of allergic patients do not sufficiently depict exact
prevalence of aeromycoflora influence on respiratory allergies. Fungal allergens
extraction is also a bit difficult task as pure form of the allergen is seldom extracted
(Kespohl et al. 2013).

10.1.6 Fungal Detection in Air

Usually culture techniques are used to isolate air fungus. Different fungal media are
used to isolate on Potato Dextrose Agar and Sabouraud Dextrose Agar. Czapek dox
agar is also utilized to grow air fungus. The petri dish containing sterilized medium
is exposed for 5 minutes in air and then closed with lid and incubated. These
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cultured fungi are identified through microscopy. This method is time consuming,
and a special expert is required to identify the culture. DNA sequencing is another
method to detect exact species through molecular technique using 18srRNA analy-
sis. This technique is quite expensive and lengthy. Present-day researchers identify
fungal species in air samples or clinical samples on the basis of molecular analysis.
Suchorab et al. (2019) have devised an E nose containing gas two sensors for detec-
tion of fungi in air. The air samples are collected through polyamide tubes. Clinical
diagnosis of fungal allergen is usually symptoms based and clinical manifestations
are categorized. Skin test and in vitro tests (particularly the RAST) are utilized to
assess fungal allergens. Usually people are allergic to different allergens along with
the fungal allergens. This makes it difficult to exactly identify the fungal allergens.
It is different to extract the fungal allergen in pure form, but still Alternaria alter-
nata, Aspergillus fumigatus, and Cladosporium herbarum have been characterized
and can be utilized for rapid detection of fungal allergy. Further studies should be
conducted to characterize different fungal allergens.

10.1.7 Prevention and Control of Fungal Ailments

Microclimate plays a significant role in fungal growth on walls of the buildings,
bio-deterioration, and contamination of indoor environments. Fungal contamination
of buildings not only deteriorate buildings and their indoor environment but also
poses serious health risks to the inhabitants as they produce both allergens and tox-
ins. About 200,000 species of fungi and microbes are known, but 60—100 are signifi-
cant pathogens in indoor environment. Among these pathogens, mold is the most
important contaminant having relation with sick building syndrome symptoms
which is mostly present in water leakage and areas having relative humidity above
70% or condensation (Straus, 2009). Fungi have some useful or beneficial impacts
(Hyde et al. 2019), but due to infections and damaging impacts, it’s important to
control the fungal growth in the environment. It has been observed that tensile
strength and weight loss/durability of building may decrease more than 80% which
can increase the biodeterioration of buildings (Kazemian et al. 2019). It is important
to address the fungal growth on both indoors and outdoors of buildings to minimize
the general public health, occupational health, and economic loss. Prevention and
control of molds and mycotoxins in food can be minimized by adopting the various
preventive measures which depend on the type of food, storage time, and techniques
(Northolt and Bullerman 1982). There is no direct method to completely eliminate
fungi from the environment, but surveillance methods on regular intervals and ster-
ilization methods can inhibit the fungal growth and can decrease the chances of
infections in the medical environment (Araujo and Cabral 2010; Caggiano et al.
2014). However, correlation between fungal infections and fungal contamination
through genetic analysis is suggested (Caggiano et al. 2014). Molecular techniques
can be helpful in differentiating the medical and environmental strains and their
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pathogenicity. Preventive measures include early detection of different body parts
by routine cultural through direct microscopy, histopathology, antigen detection,
and serological tests (Rodrigues and Nosanchuk 2020; Seeliger and Schroter 1984).
Different types of measures are adopted to control the fungus-related ailments and
allergies including environmental, meteorological, and chemical treatments which
are discussed in more detail:

10.1.7.1 Environmental Controls

Virtuous air quality can help in controlling the fungal growth in the more important
environments like hospitals where chances of fungal growth are more, kitchens in
the homes, and humid offices (Munoz et al. 2001). High Efficiency Particulate Air
(HEPA) filters are recommended to install at the incoming air to maintain good
quality of air. Similarly, surveillance at regular time interval for maintaining good
air quality can help in controlling the fungal infections.

10.1.7.2 Meteorological Factors

Climatic factors like temperature and humidity play an important role in growth of
fungi and spreading infections in the different environments. Fungi can easily adopt
themselves with the changing climate, and it is important to understand the mecha-
nism at molecular level as highlighted earlier (Hernandez and Martinez 2018). For
safety and durability of food, both water activity and moisture contents are impor-
tant. Water activity (aW) is defined as the ratio of the water vapor pressure of sample
to be tested to the water vapor pressure of pure water under the same conditions.
Water activity is important for the growth of microbes as they will not grow below
a certain limit (Northolt and Bullerman 1982). For example, a,, of 0.70 is required
for mold spoilage and 0.60 for all other microorganisms. Similarly, pH, tempera-
ture, oxygen contents, and many other factors can also influence the growth of
microbes (Mermelstein 2009). Another study reported aW for different molds
ranges between 0.6 and 0.95 like xerophilic molds have aW 0.6 and most molds
0.80 and some yeasts have 0.95 (Stanaszek-Tomal 2020).

10.1.7.3 Chemical Use

Cleaning of kitchen sinks, cabinets, and showers with detergents is recommended as
these areas in homes, offices, and especially in the hospital environment can cause
the growth of A. niger, A. terreus, and Fusarium spp. Paints can play important role
in the growth of fungus as they prevent the growth of Aureobasidium pullulans,
while Aspergillus and Penicillium species can grow quickly on paints (Nielsen
2003). In some cases, depending on the nature of the solvents, fungi may grow on
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water-based or solvent-based paints. Natural preservatives like chitin, chitosan, and
its derivatives are recommended for food preservatives alternative to chemical pre-
servatives like fungicides to control the growth of post-harvest fungus. It is reported
that chitosan has triple effect (De Oliveira Junior 2016). Similarly, pH, O,, and CO,
have influence on growth of molds but extent varies. CO, at 20% in air depresses
mold growth and aflatoxin production and markedly depresses mold growth
(Northolt and Bullerman 1982). Hot water with temperature of 70 °C for 1 h contact
time is an effective disinfectant as reported. Use of hot water and steams requires no
chemical for fungal growth control. Other chemical treatments include hydrogen
peroxide, sodium hypochlorite, and peracetic acid, and quaternary ammonium com-
pounds (quats) at concentration of more than 0.5% are effective against bacteria and
fungi (Wolf et al. 2021). Different fungicides are also used to inhibit and kill the
fungus by damaging cell membranes or by stopping energy production mechanism
(NPIC 2019).

Diverse range of products are used as fungicides like ethanol, vinegar, tea tree
oil, etc. A study reported that tea tree oil has the greatest inhibitor effect against
Aspergillus fumigatus and Penicillium chrysogenum isolated from air samples
while vinegar inhibited against P. chrysogenum and no inhibitory effect has been
observed against 70% ethanol (Rogawansamy et al. 2015). Herbal medicine treat-
ment is effective against the control of skin infection, e.g., mustard oil is effective
against dermatophytes. A study reported mustard essential oil effectiveness against
molds by inhibiting their growth (Mejia-Garibay et al. 2015). Similarly, another
study reported the effectiveness of natural oil like cinnamon leaf, bay, clove, mus-
tard, lemongrass, thyme, orange, sage, and rosemary and concluded that effective-
ness depends on method of application (Suhr and Nielsen 2003). Nonchemical
method includes genetically modified and resistant crop varieties that can combat
fungal and other diseases (The Bichel Committee 1999).

10.1.7.4 Public Awareness

Fungal infections are more severe and difficult to manage because both the host
cells and fungi are Eukaryotes. Public awareness about the growth and related
infections is highly important to address the issues. As most of the people are
unaware about the causes, spread, and control of infections (Brandt and Park
2013), public awareness about the types of fungus, their pathogenicity, and con-
trol of its spread is mandatory to save both health and food. Fungal diseases are
seldomely reported on the TV talk shows or print media. Although most of the
food is spoiled by growth of Aspergillus and other fungal genera, public aware-
ness is scanty. It is treated as neglected disease as compared to other infections. It
is recommended to allocate more funding for the control of fungal infections
(Rodrigues and Nosanchuk 2020).
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