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ABSTRACT : Aspergillus flavus is one of most important and ubiquitous fungal filamentous pathogen for animals, humans and
plants. It is widely distributed in soils, air, water and other environmental compartments making it a serious opportunistic
fungal pathogen. Regardless its toxic secondary metabolites, in particular Aflatoxin B1, a carcinogenic mycotoxin, it is considered
a main cause of invasive aspergillosis in all animals, poultry and a second main cause in humans after Aspergillus fumigatus.
In this study, we worked to isolation andidentificationof this type of Aspergillus species from sheep and human’s sputum and
then characterization of their ability to produce AFB1. We were collected 150 samples from humans and 150 samplesfrom
sheep. The results of macroscopic examination on general media such asSabouraud dextrose Agar (SDA) and potato dextrose
Agar (PDA)were matched with results of microscopic examination, where they showed 14 of 150 (9.33 %) positive samples
ofAspergillus flavus for human samples, while 25 of 150 (16.66%) for sheep samples. The results of aflatoxigenicity on
differential media showed 10 0f 14 (71.42 %) for human samples and 19 of 25 (76 % ) for sheep samples on yeast extract sucrose
(YES) media, while 8 of 14 (57.14 %) for human samples and 17 of 25 (68 % ) for sheep samples on coconut Agar media (CAM).
We conclude that this fungal pathogen and their secondary metabolites constitute a dangerous problem for humans and
animals, therefor it is should be diminished in our environments. Also, the test on (CAM) with UV light was more accurate than

(YES) with ammonia vapor.
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INTRODUCTION

Aspergilli are the most common secondary pathogen
of fungal invasions and in hospital settings, with of nearly
five person of (100, 000) in the USA (Wilson et al, 2002
and Vermeulen et al, 2014). Aspergillus forms asexual
spores (conidia) which spread through the environmental
air. When these spores inhaled with aerosol, this mostly
considers the main rout of infection (Weigt et al, 2013).
Aspergillus fungi are valuable pathogen for
immunocompromised patients in both morbidity and
mortality (Hamzah and Hasso, 2019). The common
infectious mortality in patient of bone morrow transplant
stem cell is invasive aspergillosis and serious cause of
disseminated aspergillosis in other imunosupressed
persons. It is may induce chronic, allergic and saprophytic
disorders (Walsh et al, 2008 and Yoshida et al, 2015).
Minnat and Khalaf (2019) were recorded (25.9%) of A.
flavus as cause of canine dermatomycosis among other
Aspergillus species isolated from skin of doges.

Aspergillus flavus is saprophytic soil filamentous

mold that infect and contaminate the growing and
harvested crops with carcinogenic mycotoxin (aflatoxin).
It is also infect humans and animals resulting in
aspergillosis particularly in immunocompromised
populations (npkeller@wisc.edu), so, support immune
system against the oxidative stress may be used (Twegh
et al, 2020). A. flavus and A. parasiticus often the widely
assessed food decayer molds, after the discovery of toxic
and carcinogenic metabolites in 1960s (Aflatoxin)
(Pettersson and Leong, 2011). Several studies about
fungal toxin contamination and investigations in
medicinally therapeutic herbs and associated products
revealed that aflatoxins (AFs) and other important
mycotoxin are the most common contaminants (Diana et
al, 2009 and Han et al, 2012).

Microscopically, A. flavus chonidiophore has rough
stipes about (400pum-1mm) or more in length, ended with
spherical vesicle of 20 to 50um in diameter, carrying both
metulae and phialides of (7-10um) long. The conidia are
slightly roughened and spherical (3-5um) in diameter
(French Agency for Food, 2012).
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MATERIALS AND METHODS
Sample collection

The target samplewas the sputum from patient (sheep
and humans) with respiratory diseases (Shrimali et al,
2013), which collected from ages between 14-80 years
old including both genders, male and female (Al-Zuhairy,
2018). 300 samples were collected from both human in
(Consultation center of respiratory diseases in misan
province) and animals (sheep) with respiratory problems
from (Slaughter house in misan) using sterile transport
media swaps. After, the samples directly transport to
microbiological laboratory to be microscopically examined
and cultured on general and differential media.

Direct examination

Samples were directly examined by microscope using
KOH wet slides (Shrimali ef al, 2013).

Indirect examination

Samples of sputum were cultured on two general
fungal media Sabouraud dextrose Agar (SDA) (Himedia,
India) and potato dextrose Agar (PDA) (Himedia, India),
and two differential media (Malt extract Agar (MEA)
(Himedia, India)and Czapek Doxe media (CZA) (Oxoid,
England), which werepurchased as standard media, at
PH 6.5 and temperature 37°C (Lahouar et al, 2016) for
5-7 days with daily observation. Detection of their
aflatoxigenicity was performed on other two media;
Coconut agar media (CAM) and yeast extract sucrose
agar (YES) media, which were locally prepared as
following:

Coconut agar media (CAM) : The media was
prepared depending on method of Davis et al (1987) with
slight modification. The crude coconut was locally,
purchased). Hashed coconut (100g) homogenized with
200ml of heated distilled water about 10 minutes. The
mixture was filtered by 4 cloth layers from cheese cloth
and the pH was adjusted to pH:7, then added the agar by
20g/L and the media then boiled and cooled to 45°C. The
pH was adjusted again to pH:7 and the media then steriled
autoclaved at 15 Ib/in? for 20 min. After, decreased its
temperature to 45°C and poured in to petri sterile dishes.

Yeast extracts sucrose agar (YES) media : It is
prepared according on procedure of Khaddor et al (2007)
with some modification. 2% of yeast extract, 20% sucrose
and 2g agar mixed in 100ml distilled water and heated at
boiling degree and cooled adjusted pH to 7 and then
autoclavedat 15 Ib/in? for 20 min, then poured in to sterile
dishes.

The following observations were evaluated during
daily examination depending on criteria of Maza et al
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(1997 and Ellis et al (2007) with some modification.

1. Morphology of growth (color and consistency) on
different media.

2. Reverse side color (changed with time) on different
media.

3. Microscopic characterization (shape and size)
Lactophenol cotton blue (LCB) stain.

Aflatoxigenicity exanimation

This culture method was performed depending on
procedures of other scientific researches (Rodrigues et
al,2007 and Thathana et al, 2017) on coconut agar media
(CAM) and (Saito Machida, 1999 and Shekhar et al,
2017) on yeast extract sucrose agar media (YES). Where
after culturing on (CAM) at 28 for 7days, the cultures
were examined on UV light plate (365nm) wave length,
while the cultures on (YES) at 28 for 7days were
examined by pouring of two drops of ammonium
hydroxide on lids of inverted petri dishes to be exposed
to ammonia vapor and put them in incubator for 1-2 hr
with observation the color changes.

RESULTS
Isolation and identification of A. flavus

14 out of 150 positive samples (9.33%) of A. flavus
isolates were recorded from human sputum samples and
25 out of 150 were positive samples (16.66%) from sheep
sputum samples (Table 1).

Table 1 : Shows numbers of collected samples and percentage of
positive samples in macro and microscopic examinations

of A. flavus.
Parameters Sheep Humans
Number of samples 150 150
Macroscopic examinations 25 (16.66%) 14 (9.33%)
Microscopic examinations 25 (16.66%) 14 (9.33%)

Macroscopic identification

Culturing on general media : The samples were
cultured on general fungal media such as potato dextrose
agar (PDA) and sabouraud dextrose agar (SDA) at 37°C
for 5-7 days. The face of colonies of A. flavus were
rounded, velvety surface, wet and yellowish-green in color
with clear white edgeon these media (Fig. 1). Further,
the reverse color of colony appears as hyaline or
yellowish-brown and changed with time.

Culturing on differential media : A. flavus isolates
were identified morphologically on specific differential
media according to color of colonies.

Culture of A. flavus on malt extract agar (MEA)
media : The colony of A. flavus on malt extract agar
(MEA) at 37°C for five days appears as dark green in
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Fig. 1 : Shows A.flavus on sabouraud dextrose agar for 5 days at 37 °C. The face of colony appears rounded, white edge and yellowish-green
in color and velvety surface. B. Shows the yellowish to hyaline reverse face.

A B

Fig. 2 : A. The A. flavus isolate colony on malt extract agar, at 37 °C for 5 days, appears with deep or dark green in color of its top surface.
B. Colony of A. flavus isolates grew on (CZA) at 37 °C for 5 days appears with scattered yellow color of top surface without
exudate.

Fig. 3 : [llustrates the greenish-blue color border of A. flavus colony on (CAM) at 28°C for 7 days indicating the aflatoxin-producing strain
(A) compared with the control one (B).
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B

Fig. 4 : Illustrate the orang to plum-red color of reverse side of A. flavus colony on (YES) at 28 °C for 7 days indicating the aflatoxin-
producing strain. The red-plum is high concentration, red color is concentrated, pink or orange less concentration and yellow or

creamy very low or no concentration (Shekhar et al, 2017).

color with white edge, while the reverse color was pale
yellow or hyaline (Fig. 2A).

Culture of A. flavus on Czapek agar (CZA)
media : A. flavus colonies on Czapek agar (CZA) media
at 37°C for five days were characterized by scattered

growth, yellow in color on top surface without exudate
(Fig. 2B).

Culture of A. flavus on aflatoxigenic differential
media : The colonies of A. flavus isolates also were
characterized morphologically by their ability to produce
aflatoxins on specific media to confirm the diagnosis.

A. Culture of A. flavus on coconut agar media
(CAM)

A. flavus isolates were cultured on coconut agar
media (CAM) for 7 days at 28°C and then the colonies in
petri dishes examined on ultraviolet source at 365nm. The
detection of aflatoxigenicity was depending on emission
greenish-blue fluorescent light around reverse sides of
colonies (Fig. 3). The results showed 8 of 14 (57.14%)
for human samples and 17 of 25 (68%) for sheep sample
were positive for this test (Table 2).

B. Culture of A. flavus isolates on yeast extract
sucrose agar (YES) media

After growing of A. flavus on (YES) media for 7
days at 28°C, the petri dishes were inverted and then
poured 2 drops of ammonium hydroxide on their lids and

Table 2 : Shows percentages of positive cultures for A. flavus on

CAM and YES.
Parameters In Sheep In Humans
Culture on CAM 17 of 25 (68%) 8 of 14 (57.14%)
Culture on YES 19 of 25 (76%) 10 of 14 (71.42%)

incubated again allowing reacting their metabolites with
ammonia vapor. With the time the reverse sides color
were changed from pale yellow to orang or plum-red
according to concentration of aflatoxin (Fig. 4). 10 of 14
(71.42%) for human samples and 19 of 25 (76%) for
sheep samples were positive for this test (Table 2).

Microscopic identification

The results of microscopic examination was matched
with results of macroscopic examination on general
fungal media (16.66%) & (9.33%) for sheep and humans
respectively (Table 1). A. flavus appeared under light
microscope by using lactophenol cotton blue (LCB) as
branching mycelia consisting from septate hyphae and
vesicle bearing conidiophores characterized by thick
uncolored wall. The vesicles are globose or subglobose
in shape covered with uniseriate or biseriate phialides.
The spherical conidia arranged on the phialides
characterized by thin and mildly roughened walls (Fig. 5
A, B, C & D).

DISCUSSION

In our study, the high percentage of A. flavus isolates
from animals samples (16.66%) compared with humans
samples (9.33%) may due to bad hygiene and
management (Elad and Segal, 2018). This percentage
was less than that obtained by Diba et al (2007), (55%)
A. flavus of (52) clinical isolates and this may due to
differences in weathers and environmental contamination.
Also, the result was nearly agreed with Al-Zuhairy (2018),
while the results was high than that presented by Shrimali
et al (2013), (3 of 61) isolates from clinical samples
(sputum) in humans, which due to the same mentioned
cause. These differences in percentages may attribute
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Fig. 5 : Illustrate the microscopic appearance of A. flavus. Four conidiophores with conidial heads surrounded with high number of conidia
(A). Vesicle surrounded by biseriate phialides (B). Prominent septate hyphae and conidiophore (C). Conidiophore and vesicle

covered by uniseriate phialides (D).

to environmental variation of countries where the studies
were performed. The velvety yellowish-green color of
colony with white border on PDA and SDA (Fig. 1) was
similar to results of Diba et al (2007), Gonu et al (2015),
Thathana er al (2017) and Olokkaran et al (2019). The
yellow or brown color of its reverse side in present study
also presented previously by Gonu et al (2015) and
Bharose et al (2017).

The deep or dark green color of A. flavus colony on
MEA (Fig. 2A) was as found by other researches (Afzal
et al, 2013; Thathana et al, 2017; Zulkifli and Zakaria,
2017). The scattered yellow growth of isolates on CZA
without exudate (Fig. 2A), these results were agreed with
other researcher ‘s results such as Nyongesa et al (2015),
Thilagam et al (2016). The differences in the mycelial
mat colors in all mentioned media media may attribute to
variation in the number of secondary metabolic
components secreted by A. flavus on different culture
media (Nayak et al, 2018).

The greenish-blue (fluorescent) color around fungal
colony on CAM (differential media) after that appeared
on UV light plate (Fig. 3A) was represent aflatoxigenicity
of A. flavus islotes and this resemble to results gained by
Rodrigues et al (2007), Alkhersan et al (2016), Thathana
et al (2017). Moreover, this differential method has high

efficacy compared with other methods, where the false
positive is (0%) and this consistent with results of Ismail
et al (2016), Monda et al (2020) and Rao et al (2020).
The principles of this test depend on spectra of
absorbance and emission of aflatoxins, where the high
absorbance at 360 nm of UV light (Fallah et al, 2011).

Appearing of Red-plum color of reverse side of A.
flavus colony on YES after exposure to ammonia vapor
(Fig. 4) was compatible with previous results of Saito
and Machida (1999), Sudini et al (2015), Alkhersan et al
(2016), Moradi et al (2017) and Shekhar et al (2017),
where the efficacy of this differential method (89.64%)
is less than in CAM in positivity (Kushiro et al, 2018;
Rao et al, 2020). The color changes due to alteration in
PH of intermediates chemical compounds formed during
aflatoxin synthesis which affected by ammonia (Rao et
al, 2020). The biochemical bases of this conversion (to
Plum-red) was investigated by Abbas et al (2004), where
they tested the methanol extracted-secondary metabolites
from culture of A. flavus on (PDA). They found that
this extracts was contained yellow pigments which turned
in to plum-red color when mixed with any base particularly
(ammonium hydroxide), in other hand, new addition of
acids will change them in to the original yellow color.
They conclude that these pigments play as PH marker
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dyes.

The first scientists who correlated these pigments
with aflatoxin production were (Lin and dianese, 1976).
The brilliant yellow dyes had been called anthraquinone
dyes which considered as intermediate substances in
aflatoxin bio-formation and production pathways
(Bhatnagar et al, 2003; Shier et al, 2005).

The microscopic features of A. flavus, which stained
with (LCB), (Fig. 5) in this study and viewed under light
microscope were in consistence with the information and
features mentioned in global fungal text books and atlases
such as Howard and Dekker (2002), Samanta (2015)
and researches of Seelan (2004), Rodrigues et al (2007),
Gautam and Bhadauria (2012), Afzal et al (2013),
Thilagam et al (2016), Thathana et al (2017), Zulkifli
and Zakaria (2017), Olokkaran et al (2019).

REFERENCES

Abbas H K, Zablotowicz R M, Weaver M A, Horn B W, Xie W and
Shier W T (2004) Comparison of cultural and analytical methods
for determination of aflatoxin production by Mississippi delta
Aspergillus isolates. Can. J. Microbiol. 50(3), 193-199.

AfzalH, Shazad S and Un Nisa S Q (2013) Morphological identification
of Aspergillus species from the soil of larkana district (Sindh,
Pakistan). Asian J. Agri. Biol. 1(3), 105-117.

Alkhersan R N, Khudor M H and Abbas B A (2016) Rapid detection
of aflatoxigenic producing atrains of Aspergillus flavus from
poultry fees by UV light and ammonia. Bas. J. Vet. Res. 14(4).

Al-Zuhairy A F H (2018) Isolation and Identification of pathogenic
fungi from diabetic patient in Diyala. Biochem. Cell. Arch.
18(Supplement), 959-966.

Bhatnagar D, Ehrlich K C and Cleveland T E (2003) Molecular genetic
analysis and regulation of aflatoxin biosynthesis. Appl. Microbiol.
Biotechnol. 61,233-93.

Davis N D, Iyer S K and Diener U L (1987) Improved Method of
Screening for Aflatoxin with aCoconut Agar Medium. Appl.
Environ. Microbiol. 53(7), 1593-1595.

Diana D M J, Monbaliu S, Scippo M L, Mghuin-Rogister G, Schneider
Y J, Larondelle Y, Callebaut A, Robbens J, Van Peteghem C and
De Saeger S (2009) LC-MS multi-analyte method for mycotoxin
determination in food supplements. Food Addit. Contam. 26,
885-895.

Diba K, Kordbacheh P, Mirhendi S H, Rezaie S and Mahmoudi M
(2007) Identification of Aspergillus species using morphological
characteristics. Pak. J. Med. Sci. 23(6), 867.

Elad D and Segal E (2018) Diagnostic Aspects of Veterinary and
Human Aspergillosis. Front. Microbiol. 9, 1303. Doi: 10.3389/
fmicb.2018.01303

Ellis D, Davis S, ALexiou H, Handke R and Bartly R (2007) Description
of medical fungi. 2" ed. The national library of Australia
Cataloguing-In pnblication entry: university of Adelaide,
Australia.

Fallah AA, Rahnama M, Jafari T and Saei-Dehkordi S S (2011) Seasonal
variation of aflatoxin M1 contamination in industrial and
traditional Iranian dairy products. Food Control 22,1653—1656.

Sadeq Obayes Kadhim and Inam Badr Faleh

Doi: 10.1016/j.foodcont.2011.03. 024.

French Agency for Food, Environmental and Occupational Health
and Safety (2012) Anses, data sheet on foodborne biological
hazard. April 2012.

Gautam A K and Bhadauria R (2012) Characterization of Aspergillus
species associated with commercially stored triphala powder.
Afr. J. Biotech. 11(104), 16814-16823.

Hamzah K J and Hasso S A (2019) Molecular prevalence of Anaplasma
phagocytophilum in sheep from Iraq. Open Vet. J. 9(3), 238—
245.

HanZ,Ren YP,ZhuJF,CaiZ X, ChenY, Luan L J and Wu Y J (2012)
Multianalysis of 35 mycotoxins in traditional chinese medicines
by ultrahigh-performance liquid chromatography-Tandem mass
spectrometry coupled with accelerated solvent extraction. J.
Agric. Food Chem. 60, 8233-8247.

Howard D H and Dekker M (2002) Pathogenic Fungi in Humans and
Animals. Second Edition, Inc. New York, Basel. p. 300

Ismail M A, El-Maali N T A, Omran G A and Nasser N M (2016)
Biodiversity of mycobiota in peanut seeds, corn and wheat grains
with special reference to their aflatoxigenic ability. J. Microbiol.
Biotech. Food Sci. 5(4),314-319.

Khaddor M, Saidi R, Aidoun A, Lamarti A, Tantaoui-Elaraki A and
Ezziyyani M (2007) Antibacterial effects and toxigenesis of
Penicillium aurantiogriseum and P, viridicatum. Afr. J. Biotechnol.
6,2314-2318.

Kushiro M, Hatabayashi H, Yabe K and Loladze A (2018) Detection
of Aflatoxigenic and Atoxigenic Mexican Aspergillus Strains by
the Dichlorvos Ammonia (DV-AM) Method. Toxins 10, 263.
Doi:10.3390/toxins 10070263

Lahouar A, Marin S, Crespo-Sempere A, Said S and Sanchis V (2016)
Effects of temperature, water activity and incubation time on
fungal growth and aflatoxin B1 production by toxinogenic
Aspergillus flavus isolates on sorghum seeds. Rev. Argent
Microbiol. 48(1), 78-85.

Lin M T and Dianese J C (1976) A coconut-agar medium for rapid
detection of aflatoxin production by Aspergillus spp.
Phytopathology 66, 1466- 1469.

Maza L M, Pezzlo M T and Barron M J (1997) Color Atlas of
Diagnostic microbiology. Wols Worth Press. Inc., U.S.A.

Minnat T R and Khalf J M (2019) Epidemiological, clinical and
laboratory study of canine dermatophytosis in Baghdad
Governorate, Iraq. The Iraqi J. Vet. Med. 43(1), 183-196.

Monda E, Masanga J and Alakonya A (2020) Variation in Occurrence
and Aflatoxigenicity of Aspergillus flavus from Two Climatically
Varied Regions in Kenya. Toxins 12, 34; doi:10.3390/
toxins12010034.

Moradi M, Fani S R, Dargahi R, Moghadam M M and Sherafati A
(2017) A Simple Procedure to Evaluate Competitiveness of
Toxigenic and Atoxigenic Isolates of Aspergillus flavus in Solid
and Liquid Media. J. Chem. Hlth Risks 7(2), 105-112.

Nayak S, Dhua U and Samanta S (2018) Morphological and toxigenic
study of Aspergillus flavus from indoor air. J. Environ. Biol. 40,
648-654.

Nyongesa B W, Okoth S and Ayugi V (2015) Identification Key for
Aspergillus Species Isolated from Maize and Soil of Nandi
County, Kenya. Adv. Microbiol. 5, 205-229.

Olokkaran R, Mathewm S, Alakkatt J and Sunny S K (2019) Isolation



Isolation, identification and characterization of A. flavus clinical isolates from human and sheep sputum

and morphological identification of aflatoxigenic Aspergillus
flavus in finished feed for farmed Nile tilapia, Oreochromis
niloticus (Linnaeus, 1758). Int. J. Fish. Aquat. Stud. 7(6), 280-
286

Pettersson O and Leong S L (2011) Fungal xerophiles (Osmophiles).
ELS John Wiley and Sons Ltd, Chichester.

Rao KR, Vipin AV and Venkateswaran G (2020) Molecular profile of
non afatoxigenic phenotype in native strains of Aspergillus favus.
Arch. Microbiol. https://doi.org/10.1007/s00203-020-01822-1

Rodrigues P, Soares C, Kozakiewicz Z, Paterson R R M, Lima N and
Venancio A (2007) Identification and characterization of
Aspergillus flavus and aflatoxins. Communicating Current
Research and Educational Topics and Trends in Applied
Microbiology (ed. A. Méndez-Vilas), ISBN 978-84-611-9423-
0. p. 527-534.

Saito M and Machida S (1999) A rapid identification method for
aflatoxin producing strains of A. flavus and Aspergillus parasitcus
by ammonia vapor. Mycoscience 40, 205-221.

Samanta I (2015) Veterinary Mycology. Springer New Delhi,
Heidelberg, New York, Dordrecht, London © Springer India
2015. ISBN 978-81-322-2280-4 eBook. DOI 10.1007/978-81-
322-2280-4

Seelan J S S (2004) Morphological and physiological studies of
Aspergillus spp. from Sarawak. Plant Resource and Science
Management), Faculty of Resource Science and Technology
University Malaysia Sarawak, Unimas.

Shekhar M, Singh N, Dutta R, Kumar S and Mahajan V (2017)
Comparative study of qualitative and quantitative methods to
determine toxicity level of Aspergillus flavus isolates in maize.
PLoS ONE 12(12), e0189760. https://doi.org/10.1371/journal.

Shier W T, Lao Y, Steele T W and Abbas H K (2005) Yellow pigments
used in rapid identification of aflatoxin-producing Aspergillus
strains are anthraquinones associated with the aflatoxin
biosynthetic pathway. Bioorg. Chem. 33, 426-438.

Shrimali G P, Bhatt K J, Rajat R, Parmar R V, Nayak S and Chandralekha
(2013) Isolation of Aspergillus species from sputum samples: a
study conducted in a tertiary care hospital, Ahmedabad. National
J. Med. Res. 3(3), July-sept 2013.

Sudini H, Srilakshimi P, akumar K V K, Ngoroge S M C, Osiru M,
Seetha A and Waliyar F (2015) Detection of aflatoxigenic

4627

Aspergillus strains by cultural and molecular methods: A critical
review. Afr. J. Microbiol. Res. 9(8), 484-491, 25 February, 2015.

Thathana M G, Murage H, Abia A L-K and Pillay M (2017)
Morphological characterization and determination of aflatoxin-
production potentials of Aspergillus flavus isolated from maize
and soil in kenya. Agriculture 7, 80; doi:10.3390/agriculture
7100080.

Thilagam R, hemalatha N, Poongotha E and Kalaivani (2016)
Identification of Aspergillus species from corn and peanuts in
storage godowns. Int. J. Pharma and Biosci. 7(4), (B) 600-606.

Twegh M A, Hamzah K J, Jasim A M and Mohammed Q A (2020)
Protective role of vitamin—-TPGS to overcome oxidative stress
induced by dipping of sheep with cypermethrin. Plant Archives
20(1), 1105-1109.

Vermeulen E, Maertens J, Meersseman P, Saegeman V, Dupont L and
Lagrou K (2014) Invasive Aspergillus niger complex infections
in a Belgian tertiary care hospital. Clin. Microbiol. Infect. 20,
0333-0335.

Walsh T'J, Anaissie E J, Dening D W, Herbrecht R, Kontoyiannis D P,
Marr K A, Morrison V A, Segal B H, Steinbach W J, Stevens D
A, Burik J-A 'V, Wingard J R and Patterson T F (2008) Treatment
of aspergillpsis: clinical practice guidelines of the infectious
disease society of America. Clin. Infect. Dis. 46, 327-360.

Weigt S S, Copeland C, Derhovanessian F, Shino M Y, Davis W,
Snyder L D, Saggar R, Lynch J P, Ross D J, Ardehali A, Elashoff
R M, Palmer S M and Belperio J A (2013) Colonization with
small conidia Aspergillus species is associated with bronchiolitis
obliterans syndrome: a two center validation study. Am. J.
Transplant. 13, 919-927.

Wilson L S, Reyes C M, Stolpman M, Speckman J, Allen K and
Beney J (2002) The direct cost and incidence of systemic fungal
infections. Value Health 5, 26-34.

Yoshida H, Seki M, Umeyama T, Urai M, Kinjo Y, Nishi I, Toyokawa
M, Kaneko Y, Ohno H, Miyazaki Y and Tomono K (2015)
Invasive pulmonary aspergillosis due to Aspergillus lentulus:
successful treatment of a liver transplant patient. J. Infec.
Chemother. 21, 479-481.

Zulkifli N A and Zakaria L (2017) Morphological and Molecular
Diversity of Aspergillus From Corn Grain Used as Livestock
Feed. HAYATI J. Biosci. 24, 26e34.



