
Nigerian Journal of Mycology Vol. 9 (2017) 52

ALLERGIC REACTIONS DUE TO EXPOSURE AND
INHALATION OF SOME FUNGAL SPORES.

 (How fungal spores induce allergic reaction when inhaled)

*Evbuomwan, L., Okojie, R. O. and Eghafona, N. O.

*Department of Microbiology, Faculty of Life Sciences,
P. M. B. 1154, University of Benin,

Benin City, Nigeria.
*evbuomwanlucky1@gmail. com; 07059147621

ABSTRACT
Aero-allergenic fungal isolates are ubiquitous in the atmosphere and inhalational
exposure is possible during breathing. These fungal isolates are able to elicit an
inappropriate and often tissue damaging immunologic reaction mediated by
immunoglobulin E (IgE) and termed allergic reaction. A study on molecular
detection of these fungal isolates and exposure risk factors associated with allergic
airway diseases was carried out. Three hundred (300) subjects with airway disease
symptoms were enrolled in this research while seventy subjects without clinical
symptoms served as control. One hundred and thirty eight (46%) of the subjects
were males while the females were 162 (54%). Nasal swab samples collected from
consented subjects were cultured by pour plate method using potato dextrose agar
and Sabouraud dextrose agar. Swab stick was suspended in 1% glucose peptone
water for 3 hrs. One milliliter (1 ml) was used for culturing. Patients information
was also collected using constructed questionnaire. Fungal isolates identified
included Alternaria alternata, Aspergillus flavus, Aspergillus fumigatus,
Aspergillus niger, Aspergillus tamarii, Candida albicans, Cladosporium herbarum,
Fusarium oxysporum, Geotrichum candidum, Mucorindicus, Neurospora crassa.
Penicillium chrysogenum and Rhizopus oryzae. Aspergillus fumigatus(56. 8%)
was the most prevalent while Penicillium chrisogenum was the least prevalent (30.
5%) fungal isolates. Risk factors such as exposure to dust, indoor water leaks and
water logged areas were found to be significantly associated with exposure to
fungal allergens in both indoor and outdoor environment. Therefore, avoiding risk
factors associated with increased exposure rate is of paramount importance in the
prevention of allergic airway diseases.
Keywords: Allergens, Inhalation, Immunoglobulin, Airway, Rhinorrhoea,
Muco-cilliary, Sensitization
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INTRODUCTION
The respiratory tract (RT) is continu-
ously exposed to environmental antigens
ranging from innocuous substances
capable of eliciting immune responses
in susceptible host to potentially harmful
pathogens (Christophe et al., 2007).
These generally harmless substances
that can evoke immune reactions such
as immunoglobulin E (IgE) responses
are called allergens. Microorganisms
abound in the earth’s atmosphere
aerosols as bacteria, fungi, lichen and
algal cell. The compositions and
concentration of these particles are
generally related to man’s activities
(Ekhaiseet al., 2010). Discrimination of
harmless and harmful airborne
antigens/allergens in the respiratory tract
therefore represents a constant challenge
to the local airway mucosal immune
system. In healthy individuals, non-
reactivity or tolerance to inhaled
innocuous foreign antigens normally
arises as a default response to repeated
exposure (Sedgwick and Holt, 1983;
Tsitouraet al., 1999). This immuno-
logical homeostasis, however, may be
disrupted following infection or in
atopic disorders, such as allergic asthma,
generating an inappropriate and
potentially tissue damaging response to
seemingly nonpathogenic substances
(allergens) (Brimnes et al., 2003;
Lambrecht and Hammad, 2003). Fungi
can act as aeroallergens leading to

sensitization and subsequent allergic
reactions in susceptible individuals.
Allergen exposure to fungal spores, such
as Alternariaalternata during the late
summer and autumn months,
(Pulimoodet al., 2007) has been
associated with acute bronchospasm,
asthma admissions and deaths (Black et
al., 2000; Denning et al., 2006).  Many
of the fungi that act as aeroallergens fail
to grow at body temperature and so
cannot germinate in the airway. Adverse
events are therefore related to the level
of spore exposure. However, thermo-
tolerant fungi of which some are
saprophytes that are important in
vegetation decomposition, such
as Aspergillus fumigatus, grow at body
temperature, enabling them to colonize
the lung. Depending on the host airway
response, fungal colonization can
exacerbate asthma, or cause chronic
sinusitis, fungal bronchitis, chronic
necrotizing pneumonia, fungal
empyema, allergic alveolitis or, in
people with pre-existing lung cavities,
the development of a fungal ball
(aspergilloma) (Knutsenet al., 2012;
Hamilos, 2014).  Lastly, severely
immune-compromised individuals can
develop systemic infection. Other fungi
that have been implicated in allergic
reactions include Trichoderma sp.,
Aspergillus niger, Candida albicans,
Cladosporium herbarium, Mucor sp.,
etc. (Sathavahana et al., 2011). This
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work was designed to investigate
exposure rate of individuals with clinical
symptoms of airway diseases, to fungal
spores.

MATERIALS AND METHODS
Study Design
This study was a descriptive cross-sec-
tional and experimental approach, com-
bining the use of constructed
questionnaire and nasal swab taken
from consented patients. Information
regarding sex, age, level of education
was collated. Risk factors of increased
exposure to fungal spores such as expo-
sure to dust, indoor water leaks, water
logged area and vegetation around
dwelling place of patients were also
recorded.

Study Area and Population
The study area was Benin City, Edo
State, Nigeria. Subjects with symptoms
of airway diseases were randomly se-
lected. The subjects aged between 15-
65 years old. The control group were
carefully randomly selected and the in-
cluded seventy (70) subjects without
any symptoms of airway diseases

Inclusion and Exclusion Criteria
Subjects were selected if they present
with the following symptoms: sneezing,
rhinorrhoea, nasal obstruction, redness,
watery and itching of the eye, itching of
nose and any asthma related symptoms

such as shortness of breath (Sathavaha-
na et al., 2011).

Patients without these symptoms were
excluded from this study.

3. 4 Sample Size Determination
 The sample size was determined using
the equation described by Nainget al.
(2006) and Ogbeibu et al. (2015)

where n = sample size
Z = statistics for a level of 95%
confidence = 1. 96 (constant)
 p = prevalence rate of 20%
(Sathavahana et al., 2011)
 d = precision (allowable error) = 5%
= 0. 05
Therefore:

= 245. 86
n = 246 samples
The calculated sample size was 246.
Therefore, nasal swab samples were
collected from three hundred patients
and seventy control group.

Sample Collection, Preparation and
Culturing
Nasal swabs were collected from
consented patients after counseling.
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Sterile swab stick was carefully layered
into the nasal cavity of patients,
removed and covered. In cases of dried
nasal cavity, the swab stick was first
moistened with sterile water before
sampling. Fungal culture was carried out
using method described by Aneja
(2003). Each swab was suspended in
9ml of 1% glucose peptone water.
Aliquot of 1ml was transferred into Petri
dish after which prepared agar media
(Sabouraud dextrose and potato dextrose
agar) was poured into each plate.
Chloramphenicol was added to
discourage bacteria growth. The plates
were incubated at room temperature for
72-96hr after which developed colonies
were culturally characterized and sub-
cultured to get pure isolates. Pure fungal
isolates were allowed to sporulate before
microscopic examination was carried
out after staining with cotton blue in
lactophenol stain.

Molecular Detection of Fungal Iso-
lates
DNA extraction was carried out on the
isolates using the Zymo ZR Fungi DNA
miniprep Kit (Zymo Scientific, USA)
according to manufacturer’s instructi-
ons. Polymerase chain reaction was
carried out to amplify the ITS gene of
the fungi (Mohammed et al., 2006)
using the primer pair ITS-1
(TCCGTAGGTGAACCTGCGG) and
ITS-4(TCCTCCGCTTATTGATATGCC).

The PCR reaction was carried out using
the Solis Biodyne 5X HOT FIREPol
Blend Master mix. PCR was performed
in 25 µl of a reaction mixture, and the
reaction concentration was brought
down from 5x concentration to 1X
concentration containing 1X Blend
Master mix bufferBuffer (Solis
Biodyne), 1. 5mM MgCl2, 200µM of
each deoxynucleotide triphosphates
(dNTP) (Solis Biodyne), 25pMol of each
primer (BIOMERS, Germany), 2 unit of
Hot FIREPol DNApolymerase (Solis
Biodyne), Proofreading Enzyme, 2 µl of
the extracted DNA, and sterile distilled
water was used to make up the reaction
mixture. Thermal cycling was conducted
in an Eppendorf Vapo protect thermal
cycler (Nexus Series) for an initial
denaturation of 95 °C for 15 min
followed by 35 amplification cycles of
30 sec at 95°C; 1 min at 55 °C and 1 min
at 72 °C. This was followed by a final
extension step of 10 min at 72 °C. The
amplification product was separated on
a 1. 5% agarose gel and electrophoresis
was carried out at 80 V for 1 hr 30
minutes. After electrophoresis, DNA
bands were visualized by ethidium
bromide staining. 100 bp DNA ladder
was used as DNA molecular weight
standard. The ITS genes were sequenced
to get the nucleotide arrangement. The
identities of the DNA sequences of the
fungal isolates were confirmed in the
Genbank using Basic Local Allignment
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Search Tool (BLAST).

RESULTS
Fungal cultures from patients revealed
the presence of Candida albicans,
Mucorindicus, Aspergillus niger,
Aspergillus tamari, Cladosporium her-
barum, Alternaria alternate, Aspergillus
flavus, Rhizopus oryzae, Penicillium
chrysogenum, Aspergillus fumigatus,
Fusarium oxysporum, Geotrichum
candidum and Neurospora crassa.
Aspergillus fumigatus was the most

prevalent fungal isolate (56. 8%) among
patients as shown in Figure 1 and plate 1.
The level of education of participant was
found to significantly affect their level
of exposure to fungal allergens and other
inhalational allergens (Table 2). Risk
factors such as exposure to dust, indoor
water leaks and water logged areas also
found to be significantly associated with
exposure to fungal allergens in both
indoor and outdoor environment as
summarized in Table 3.

SPSS version 20 package was used in this analysis and frequency
distribution was used for analysis
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Plate 1: PCR amplicons of the 18S rRNA genes of the fungal isolates.
Lane I-XIII: FI=Candida albicans FII=Mucorindicus FIII=Aspergillus niger
FIV=Aspergillus tamari FV=Cladosporium herbarium FVI= Alternariaalternata
FVII=Aspergillus flavus FVIII=Rhizopusoryzae FIX=Penicilliumchrisogenum
and FXIII= Neurosporacrassa while lane M: Molecular weight marker

Fig. 1: Isolated fungi and percentage occurrence
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Table 2: Association between patient’s level of education and high-serum IgE
concentrations

SPSS version 20 package was used in this analysis and chi square was the form
of statistical analysis

Table 3: Assessment of risk factors associated with allergic airway diseases in
patients

SPSS version 20 package was used in this analysis and chi square was the form
of statistical analysis
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DISCUSSION
Fungal spores, potent aeroallergens, are
ubiquitous in the atmosphere, thus
making exposure to them at each breath
an almost inevitable phenomenon.
Various allergenic fungi species abound
in the atmosphere and each has its
unique allergenic properties. After
inhalation, fungal spores are normally
cleared out of the nasal cavity by the
muco-cilliary network system. Failure
of this leads to persistence of the fungal
spore and subsequent germination, both
culminating in the sensitization of the
host and ensuing development of
allergic reactions on repeated exposure
to the same fungal species (Okiki and
Ogbimi, 2011).
Three hundred symptomatic patients and
seventy asymptomatic control group
were used in this research. There were
more females (54%) than males (46%).
The patients were distributed into
different categories of age groups with
age group 26-35years having the highest
number of patients (42. 3%) while 15-
25years had the lowest number of
patients (3%).
Fungal growth was observed in all the
patients that nasal swabs were collected
from. This shows that irrespective of
sex, everyone is equally exposed to
inhalational allergens including fungal
spores. The abundance of fungal spores
in the atmosphere makes it possible that
at each breath, an average human subject

is exposed to fungal spore via inhalation.
Various researches have been done on
fungal prevalence in the atmosphere.
Ekhaise et al. (2010) reported that the
atmosphere teams with abundance of
microorganisms including fungi species.
Observation from this current study
states that irrespective of sex, everyone
is at risk of inhaling airborne fungi and
this could lead to infection or allergic
reactions in susceptible individuals.
Exposure to airborne fungi can occur in
both outdoor and indoor environments
(Burge, 1989; Ekhaise et al., 2010).
Fungal spores are usually present in
outdoor air throughout the year,
frequently exceeding the pollen
population by 100- to 1000-fold or more,
depending on environmental factors,
such as water, nutrients, temperature,
and wind. Spores and fungal fragments
found indoors originate from fungi
present outdoors and from fungi that
might have grown inside the buildings
on moist surfaces (Latge and Paris,
1991; Knutsen et al., 2012). Again it has
been stated that the concentration of
microorganisms including fungi, in the
atmosphere, reflects the activity of man
and the prevailing environmental factor
in that environment (Ekhaise et al.,
2010). Factors such as water leakage,
poor ventilation, improper disposal of
food that support mold growth,
contribute to fungal growth in the indoor
environment. In the outdoor
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environment, high relative humidity,
vegetation cover and dirty environment
could contribute to the amount of fungal
spores in the atmosphere, such that
exposure during inhalation becomes
non-preventable (Larsen et al., 1998).
A notable feature of fungal spores is
their allergenicity and it has been
observed that each fungal spore is
multivalent in nature contributing to its
ability to cause allergic reactions in
susceptible individuals (Knutsen et al.,
2012). In atopic individual, with hyper-
serum IgE levels, exposure usually
result in sensitization of the immune
system to fungal spores and on re-
exposure, an often tissue damaging
response is mounted against such fungal
antigen.
Isolated fungi were characterized
culturally and microscopically. Fungal
isolates were further confirmed
molecularly for proper identification.
They included Candida albicans,
Mucorindicus, Aspergillus niger,
Aspergillus tamari, Cladosporium herb-
arum, Alternaria alternata, Aspergillus
flavus, Rhizopusoryzae, Penicillium
chrysogenum, Aspergillus fumigatus,
Fusarium oxysporum, Geotrichum
candidum and Neurosporacrassa. This
finding is in agreement with the work of
Sathavahana et al. (2011) who isolated
many fungal species from patients with
airway diseases. Presence of these
fungal isolates in airway of all the

patients assessed is a clear indication
that at each breath, an average human
subject is exposed to fungal spore in the
atmosphere. Although the muco-ciliary
network system in the airway function
in the clearance of such aero-fungal
spores, many a time, this system could
fail, leading to persistence and
subsequent germination to vegetative
cell, of such fungal spores (Neelkamal
and Kieren, 2011). Many of these fungal
spores have been shown to be potential
allergens capable of initiating allergic
reaction in a sensitized susceptible or
atopic individuals (Sathavahana et al.,
2011). Each fungal spore has been found
to be multivalent, with multiple antibody
binding sites (epitopes). This feature of
fungal spores is highly imperative in
their ability to mediate allergic reactions.
Many potential allergens have been
isolated from many fungi. Examples
include Alt a 6 of Alternariaalternata;
Asp ft 13 of Aspergillus flavus and Cla
h 6 of Cladosporiumherbarum (Knutsen
et al., 2012). These allergens usually
play important roles in the physiology
of the fungi. Most fungi possess multiple
and diverse allergens. Some are
metabolic products secreted outside the
organism; others are cytoplasmic and
structural components released on lysis
or autolysis of the fungal cell (Knutsen
et al., 2012). They are however
recognized as foreign by the immune
system and in an attempt to clear them,
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an inappropriate and often tissue
damaging immunologic reaction
mediated by IgE is mounted against the
allergens. Aspergillus are among the
most common airborne fungi. The
inhalation of Aspergillus conidia can
induce allergic sensitization and
exacerbate the allergic airway
inflammation (AAI) (Porter et al., 2011;
Shevchenko et al., 2013). Mingjian et
al. (2011) reported that Aspergillus
fumigatus is commonly associated with
allergic bronchopulmonary aspergillosis
in patients with severe asthma and
induces allergic bronchopulmonary
aspergillosis (ABPA) in 25% of severe
asthmatics. It has been reported that A.
fumigatus conidia induces tolerance in
healthy people, but can provoke
exacerbation in asthmatics (Shevchenko
et al., 2013). Shen et al., 1998 and
Knutsen et al. (2012) reported
involvement in allergic reactions of
IgE-binding allergens of A fumigatus,
Penicillium species, Aalternata, and C.
herbarum obtained by molecular
cloning techniques.
From this work, the most prevalent of
the isolated fungi was Aspergillus
fumigatus (56. 8%) while the least was
Penicillium chrysogenium (30. 5 %).
Although many fungi abound in the
atmosphere, there seem to be
discrepancy in the percentage distrib-
ution. In a report by Sathavahana et al.
(2011), Aspergillus fumigatus had

percentage distribution of 55% followed
by A. Flavus (40%) and A. Niger (5%).
Exposure and sensitization to aero-
allergenic fungal spores usually lead to
increase to total serum IgE in patients

CONCLUSION
This work has shown that fungal isolates
are common inhalational allergens as
fungal culture was positive in all patients
and control group. Also, different fungal
species which had been reported to
mediate allergic airway diseases were
isolated and identified in this work.
Since these fungal isolates occur in both
the indoor and outdoor environment,
appropriate preventive measures, where
applicable, should be followed,
especially in the indoor environment.
For examples it should be ensured that
there are no water leaks from roof,
leftover food particles should be
appropriately discarded before spoilage
so as to prevent fungal growth and
dissemination of fungal spores. Further
research work on specific allergens from
these fungal isolate is encouraged
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