PRINCE oF

SONGKLA
UNIVERSITY

RV

Songklanakarin J. Sci. Technol.
42 (6), 1294-1303, Nov. - Dec. 2020

VSIST

http:/fwww.sjst.psu.ac.th

Short Communication

Microstructures of Aspergillus spp. and their role in contaminating
clinical solid wastes

Efaq Noman® 2", Adel Al-Gheethi®, Nik Norulaini Nik Ab. Rahman*, Nagao Hideyuki®,
Balkis A Talip?, Radin Mohamed?, and Mohd. Omar Ab. Kadir®

! Department of Applied Microbiology, Faculty of Applied Sciences,
Taiz University, Taiz, Yemen

2 Faculty of Applied Sciences and Technology,
Universiti Tun Hussein Onn Malaysia, Pagoh, Johor, 84000 Malaysia

3 Division of Water and Environmental Engineering, Faculty of Civil Engineering and Built Environment,
Universiti Tun Hussein Onn Malaysia, Batu Pahat, Johor, 86400 Malaysia

4 School of Distance Education, Universiti Sains Malaysia, Penang, 11800 Malaysia

5 School of Biological Science, Universiti Sains Malaysia, Penang, 11800 Malaysia

6 School of Industrial Technology, Universiti Sains Malaysia, Penang, 11800 Malaysia

Received: 6 June 2019; Revised: 6 August 2019; Accepted: 9 September 2019

Abstract

The aim of the current study was to describe the ultrastructure of Aspergillus spp. spores and conidiophores using
Scanning Electron Microscope (SEM) and their role in contaminating of clinical solid wastes. Aspergillus spp. were described
on, Czapek Yeast Extract Agar (CYA), Malt Extract Agar (MEA), Sabouraud Dextrose Agar (SDA), Czapek-Dox Agar (CZ) and
Potato Dextrose Agar (PDA), while the ultrastructure of spores and conidiophores were observed using light Microscope and
SEM. Fungal isolates were identified as A. caesiellus, A. terreus var. terreus; A. flavus, A. parasiticus, A. sydowii and A. Fumi-
gatus with two new strains identified as Aspergillus sp. strain no. 145, Aspergillus sp. strain no. 311. SEM analysis for Asper-
gillus spp. conidiophores and spores were more useful in the taxonomy of fungi. Microstructures of the spores play important
role in the contamination of clinical wastes, where the spiny fungal spores surface have high adherence for the solid wastes.
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1. Introduction

Clinical wastes term is used to identify the wastes
generated from the medical establishments such as hospitals
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Email address: norulain@usm.my; eanm1984@gmail.com

and clinical centres (World Health Organization [WHO],
2005). These wastes have high load of infectious agents such
as bacteria, fungi and viruses (Efaq et al., 2015). However, the
simple growth requirements in terms of water activity (aw)
compared to bacteria increase the health risk. In addition, the
fungal spores are easily spread to the environment and then
transfer to animal and human (Nielsen et al., 1999; WHO,
2009). The most common fungi which have been detected in
the clinical solid wastes are Fusarium sp., Paecilomyces sp.,
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Scytalidium sp., Cladosporium spp., Acremonium spp., Scopu-
lariopsis spp., Basipetospora spp., Mucor sp., Curvularia
spp., Aspergillus sp., Alternaria sp., Aureobasidium sp., and
Penicillium spp. (Neely & Orloff, 2001; Sahil & Otag, 2013;
Vieira et al., 2010;). Noman, Al-Gheethi, Rahman, Nagao,
and Kadir (2016) have listed the isolated fungi from the solid
clinical wastes in Malaysia. However, the same study has not
reported the morphological characteristics of those listed
fungi.

The identification of fungi by phenotypic method is
depend on the culture and microscopic morphologies simul-
taneously (Noman et al., 2018; Promputtha, Jeewon, Lum
yong, McKenzie, & Hyde, 2005). Microscope characteristics
include the morphologies of hyphal structures and color as
well as spore size, shape and surface ornamentation which are
used as key for the fungal identification. The phenotypic
method is more useful to identify Penicillium spp., Aspergillus
spp. Curvularia spp. Rhizopus spp. and Trichoderma spp. to a
species level (Kumara & Rawal, 2008). However, the
phenotypic characteristics of fungi are varied according to the
culture media and incubation conditions (Guarro, Gené, &
Stchigel, 1999). Hence, the authors suggested using different
culture media for the identification of the fungal isolates by
phenotypic method. Moreover, Scanning Electronic Micro-
scopy (SEM) is an efficient technique for recognizing the
ultrastructure of conidiophore and spores and then to get the
accurate name of the fungal species (Cole & Samson, 1979;
Guarro, Gené, & Stchigel, 1999). In some fungal species,
SEM imaging might be equivalent to the molecular technique,
For instance, two varieties of C. lunata has been recognized
by using SEM, C. lunata var. aeria appeared to have a smooth
conidia and stromata in culture, while C. lunata var. lunata
exhibited a smooth to roughly conidia but without stromata in
culture (Ellis, 1971; Sivanesan, 1987). The molecular analysis
of 16S rRNA sequencing for both varieties revealed that these
varieties have different sequences and then they were deposit
in Genebank as C. lunata and C. area (Nakada, Tanaka, Tsune
waki, & Tsuda, 1994; da Cunha et al., 2013). The classifi-
cation and identification of Aspergillus spp. has been inves-
tigated based on phenotypic characters, molecular and chemo-
taxonomic characterization. In the phenotypic method, the
phialides (spore producing cells) arrangements on the vesicles
surface are the key for the identification process. The
phialides might cover the vesicle surface partially (columnar
vesicles) or the entire vesicle surface (radiate head) and
phialides are attached to the vesicle directly (uniseriate) or via
metula (biseriate) (Robert, Janos, & Christian, 2011; Silva et
al., 2011; Jensen et al., 2013). The present study focused on
the description of Aspergillus spp. isolated from the clinical
wastes. The culture and microscopic characteristics as well as
microstructure of the conidiophores and spores were recog-
nized by using different culture media and SEM.

2. Methodology

2.1 Recovering Aspergillus spp. from clinical solid
waste samples

The clinical waste samples were collected from
Wellness Centre at Universiti Sains Malaysia (USM), Penang,
Malaysia in the period between May and December 2014 as
described in previous work (Efaq, Al-Gheethi, Rahman, &
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Nagao, 2019). These samples include tissue papers, gloves,
cotton, gauze, pasture pipette, needles kits, strips, yellow tips,
wood sticks and microscopic slides. One piece of each sample
was placed on V8 agar medium. Plates were incubated for 7
days at 28 °C. The grown Aspergillus spp. was purified using
a single spore isolation method as described by Noman, Al-
Gheethi, Rahman, Nagao, and Kadir (2016).

2.2 Description and Identification of Aspergillus
isolates

Purified Aspergillus spp. was sub-cultured on V8
agar, CZ, MEA, CYA and PDA. The colony size (Diameter,
mm), texture of the grown colony for each fungal isolate were
recorded after 7 days at 28 °C. Meanwhile, the hyphal struc-
ture and color as well as spore shape and size (25 spores were
selected for each fungal isolate) were recorded using light
microscope. Moreover the ultrastructure of conidiophores and
spore shapes as well as orientation was determined using SEM
as described in previous work (Noman et al., 2018). The
recorded culture and microscopic characteristics were com-
pared to that reported by Barnett and Hunter (1998), Wata
nabe (2002); Campbell, Johnson, and Warnock (2013);
Robert, Janos, and Christian (2011); Samson et al. (2010);
Samson, Houbraken, Thrane, Frisvad, and Andersen (2007),
Silva et al. (2011); National Mycology Reference Centre
(NMRC, 2015) for the identification process. The identifi-
cation process was illustrated in Figure 1.

3. Results and Discussion

The culture characteristics of grown colonies of
Aspergillus spp. recovered from the clinical solid waste
samples are illustrated in Table 1. It was noted that the fungal
isolates exhibited different characteristics in the different
culture media. A. fumigatus occurred with light green to grey
on CZ, while grew as velvety to sulcate on CYA with blue
color. In comparison, On CZ Aspergillus sp. strain no. 311
have dark green colonies, while appeared as a sulcate with
wrinkled growth with dark and light green structure in the
center on CYA (Figure 2a). The results of light microscopic
examination revealed that A. fumigatus spore size was
between 1.9 and 2.9 with average 2.4 pm, while was between
2.2 and 3.3 um (mean 2.8 um) in Aspergillus sp. strain no.
311 (Table 2). The ultrastructure analysis using SEM revealed
that the fungal isolates have short and conidiophores, colum-
nar head, round vesicle with uniseriate phialides. However,
the A. fumigatus spore textures were globular in shape, spiny
texture echinulate ornamentation and have a wrinkled surface
(Figure 2b). In contrast, Aspergillus sp. strain no. 311 has
globular spores with smooth surface, distinctly wrinkled in
texture as well as warty ornamentation (Figure 2c).

On the investigated culture media similar colony
characteristics (small colonies) were observed for A. sydowii
and Aspergillus sp. strain no. 145 (Figure 3a, Table 1). They
are grown with slight differences in their culture characteris-
tics, green colonies with white edge were detected on CZ. A.
sydowii has grown with white edge colonies on V8A. Both
fungal isolates have colonies with white colour on CYA
medium. Aspergillus sp. strain no. 145 has a smooth and
narrow conidiophore; the vesicle was irregular, columnar head
with biseriate phialides and branched metula. The spores were
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Figure 1. Flowchart of the identification process of Aspergillus spp.
Table 1.  Culture characteristics of Aspergillus spp. isolated from clinical solid wastes after 7 days at 28 °C.
Colony character g
= c
. Colony < 2
Media 7 2 8
Fungus diameter st S
type (mm) ks 5]
Source of isolation Texture Surface color IS &
8
A VBA  66+4.3 Blood waste, gloves, HB cuvette and velvety/sulcate blue to olive white high
fumigatus CZ 28.6+3.9  microscope slides wastes of haematology crisp light green/grey  white high
CYA 4715 section velvety/sulcate blue white high
MEA 4859 - Cotton, gauze, and sharps wastes of velvety/sulcate blue white high
PDA  48+4.2 emergency section, annular thin dark green to grey white high
SDA  55+2.5 - Gauze, gloves and kits wastes of urine powdery dark green grey high
section
- Gloves wastes of labeling section
- Air of the storage room
Aspergillus V8A  66+4.3 Gloves wastes of labeling section and air velvety blue to olive green high
sp. strain  CZ 255455  of the storage room floccose in center dark green white high
no.311 and wrinkled in
edge
CYA  28+3.7 sulcate wrinkled dark green with white mo-
light green in derate
center
MEA 28+6.5 floccose/wrinkled dark green white high
PDA  36%3.2 thin floccose green with light  white high
blue center
SDA  55%25 powdery dark green grey high
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Table 1. Continued.
Colony character =
2 c
© o
Media C_:olony 2 k5
Fungus diameter = >
vPe " nm) s 5
Source of isolation Texture Surface color § &
N
Aspergillus VBA 11425 - Gloves and yellow tips wastes of amaranthine grey center white mo-
sp. strain haematology section derate
no. 145 Ccz 5+1.3 - Gauze and sharps wastes of emergency amaranthine green/grey center  white low
CYA 18+34 section velvety/sulcate white white mo-
- Urine strips wastes, derate
MEA 12425 - Gloves wastes of labeling section velvety/sulcate green/white white mo-
center/ clear derate
exudate
PDA  10£1.3 velvety grey/light yellow  white mo-
center derate
SDA  12+25 velvety green white mo-
derate
Asydowii  VBA  11.3+25  Gloves wastes of haematology Section amaranthine grey white mo-
derate
Cz 41+1.3 amaranthine dark green white mo-
derate
CYA 513 velvety/sulcate white colourless low
MEA 10+3.2 velvety dark green white mo-
derate
PDA 8+25 velvety/annular dark grey white mo-
derate
SDA  13+25 velvety green white mo-
derate
A V8A 76134 - Glucose lancet wastes of haematology floccose dark green yellowish high
parasiticus CZ 30+5.6 section thick floccose light green color  white mo-
- Air of the storage room derate
CYA 35%15 thick floccose white to creamy  white low
wrinkled
MEA 4773 thick floccose white with dark white high
center/sulcate edge green center
PDA 5949 thin floccose/ crispy  light greenish/ whiteto  high
yellowish yellowish
SDA  45+23 thin floccose green greenish  high
A. flavus VBA  78+£3.7 Air of the storage room amaranthine/crisp dark green white high
Ccz 27+2.1 thin floccose green to olive white high
CYA 71+2 floccose green with white high
center/amaranthine yellowish edge
with sulcate edge
MEA 4043 floccose/ cotton like  white with green  white mo-
growth center derate
PDA  75+4.2 floccose/ annular green yellowish greenish  high
SDA  80+0.0 thin floccose green white high
A terreus V8A  45+6.8 HB cuvette, microscope slides, wastewater  powdery and brown white high
var. terreus wastes of haematology section radially in center
Ccz 30+2.3 - Sharps wastes of emergency section wrinkled brown center whiteto  low
- Kits and HGC kits wastes of urine creamy
CYA 32.3%£7.3  section wrinkled annular brown colony white mo-
- Gloves wastes of labeling section with yellow center derate
MEA  30%4.5 Air of the storage room floccose annular brown and yellow white mo-
derate
PDA  26%5.0 floccose Light yellow to white low
creamy
SDA  555%15 powdery brown white high
A VBA  38+4.9 - Blood waste, HB cuvette and wood stick  floccose/ crisp green center white mo-
caesiellus wastes of haematology section derate
cz 32+3.8 - HGC Kits wastes of urine section floccose Green/yellow white high

- Gloves wastes of labeling section

center
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Table 1.  Continued.

Colony character =
<y c
. Colony s 2
Fungus Media diameter = =
type (mm) S IS
Source of isolation Texture Surface color B &
8
CYA 31x4.25 floccose white white mo-
derate
MEA 6413 cotton like growth white white low
PDA  38%4.7 floccose/crisp dark green center  white mo-
derate
SDA  67.5£25 floccose/annular dark green center  white high

V8 juice agar (V8A); Czapek-Dox Agar (CZ); Czapek Yeast Extract Agar (CYA); Malt Extract Agar (MEA); Potato Dextrose Agar (PDA);

Sabouraud dextrose agar (SDA).
|
|
N
A | O C

Figure 2a. Culture characteristics of A. fumigatus (No.1) and Aspergillus sp. strain no. 311 (No. 2). Both fungi were isolated from clinical solid
wastes collected from USM health center on different culture media. The isolates were incubated at 28°C for 7 days; A) Potato
Dextrose Agar (PDA); B) Czapek-Dox Agar (CZ); C) Malt Extract Agar (MEA); D) Czapek Yeast Extract Agar (CYA).

conidiophore A
phialids

Figure 2b. Scanning electron micrographs of A. fumigatus; A) Conidiophore appears as wide, short and wrinkled surface with round vesicle and
columnar head as well as uniseriate phialids (1000X); B) Globular spores in shape with spiny texture echinulate ornamentation
(10,000 X).

Figure 2c. Scanning electron micrographs of Aspergillus sp. strain no. 311; A) Conidiophore appears as wide, short and smooth surface with
round vesicle and columnar head as well as uniseriate phialides (501X); B) s Globular spore in shape with distinctly wrinkled in
texture and warty ornamentation (5010X).

ellipsoidal and sub-globular and spiny/distinctly wrinkled in  with small vesicle, swollen at the base and biserate phialides.
the texture. The spore size was between 2.4 and 3.4 um with ~ The spore size was between 3.3 and 4.1 pum (mean 3.7 um)
average 2.9 um (Figure 3b, Table 2). In comparison, long,  with globular and spiny texture (Figure 3c).

wide and smooth conidiophore was detected for A. sydowii,
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Table 2.

1299

Microscopic morphology of Aspergillus spp. isolated from clinical solid wastes.

Conidiophore*
Fungal species

Spore size

3k
(m) Spore shape and surface***

Structure Vesicle head Phialids mean max min
A. fumigatus Wrinkled, round vesicle/ uniseriate 24 29 1.9 Globularin shape with spiny texture
wide/ short columnar head echinulate ornamentation
Aspergillus sp.  Smooth, wide, round vesicle and uniseriate 27 33 2.2 Globularin shape with distinctly wrinkled
strainno. 311 short columnar head in texture and warty ornamentation
Aspergillus sp. long, narrow/ irregular vesicle and  biseriate, the metula 2.9 3.4 2.4 Ellipsoidal and sub-globular with spiny/
strain no.145  smooth columnar head was branched distinctly wrinkled in texture
A. sydowii long, narrow/  Small vesicle/ biseriate 37 41 3.3 globular with spiny texture
smooth columnar head
A. parasiticus  long, narrow/  round vesicle/ radiate uniseriate 39 5.0 3.4 Globularand sub-globular with smooth
rough head texture
A flavus long, narrow/  round vesicle/ radiate biseriate 34 42 5 Globular to sub-globular spores with
rough head wrinkled and spiny texture, the spiny was
arranged as parallel lines on the surface of
spores
A terreusvar. smooth, narrow round vesicle/ biseriate 23 2.7 1.7 Globular and sub-globular with

terreus and long columnar head
A. caesielluss  rough, narrow  round vesicle/ radiate/ biseriate
and long columnar head

smooth/finely wrinkled in texture
28.2 51.3 41.6 Globular and spiny texture

*As shown using light microscope with 100X of magnification; **As determined using light microscope with 100X of magnification with Cell
Sens Standard (CSS) programme (Version 1.4.1);***As shown using Scanning Electron Microscope (SEM).

b | : |

Figure 3a. Culture characteristics of Aspergillus sp. strain no. 145 isolated from clinical solid wastes collected from USM health center on
different culture media. The isolates were incubated at 28°C for 28 days. A) Aspergillus sp. strain no. 145SW; B) A. sydowii; 1) Potato
Dextrose Agar (PDA); 2) Czapek-Dox Agar (CZ); 3) V8 juice agar (V8A); 4) Malt Extract Agar (MEA); 5) Czapek Yeast Extract

Agar (CYA).

Figure 3b. Scanning electron micrographs of Aspergillus sp. strain no.
145; A) Conidiophore appears as long, narrow and smooth,
with irregular vesicle and columnar head, biseriate phialids
and branched metula (2040X); B) Ellipsoidal and sub-
globular spores with spiny/ distinctly wrinkled in texture
(5000X).

A. flavus and A. parasiticus occurred as white edges
colonies and dark green colour in the centre on V8A (Table
1), while exhibited slight differences in their appearance on
MEA, CZ and PDA, where A. flavus has an annular growth on
PDA, olive and white on CZ and light green centre on the

Figure 3c. Scanning electron micrographs of A. sydowii; A) Coni-
diophore appears as long, wide and smooth conidiophore,
with small vesicle and swollen at the base and biseriate
phialides (1700X); B) Globular spores with spiny texture
(5000X).

MEA, while, A. parasiticus colonies were white colour with
dark green centre on MEA and light green colour on PDA and
CZ (Figure 4a). In comparison, on CYA, A. flavus colonies
were dark green colour with white edge, while A. parasiticus
colonies occurred with white colour. The microscopic mor-
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Figure 4a. Culture characteristics of A. parasiticus (A) and A. flavus (B). Both fungi were isolated from clinical solid wastes collected from USM
health center on different culture media. The isolates were incubated at 28°C for 7 days; 1) Potato Dextrose Agar (PDA); 2) Czapek-
Dox Agar (CZ); 3) V8 juice agar (V8A); 4) Malt Extract Agar (MEA); 5) Czapek Yeast Extract Agar (CYA).

Figure 4b. Scanning electron micrographs of A. parasiticus; A) Conidiophore appears as short, wide and spiny with radiate vesicle and uniseriate
phialides (1230X); B) Globular and sub-globular spores with smooth texture (5170X).

Figure 4c. Scanning electron micrographs of A. flavus; A) Conidiophore appears as long, narrow and rough with radiate vesicle and biseriate
phialides (530X); B) Globular to sub-globular spores with wrinkled and spiny texture. The spiny is arranged as parallel lines on the

surface of spore (6000X).

phologies observations showed that A. parasiticus has wide
conidiophores with radiated vesicle and uniseriate phialides
(Figure 4c), while A. flavus has long and narrow conidiophore
with spiny texture, the spores arrangement was radiated with
biseriate phialides (Figure 4b). Both strains have spore size
ranged from 3.4 to 5 um (mean 4.2 and 3.9 um) for A. flavus
and A. parasiticus respectively (Table 2). However, A. Para-
siticus has a globular with smooth texture spores, while A.
flavus spores were globular to sub-globular, wrinkled and
spiny texture arranged as parallel lines on the surface of spore.

The cultured colonies of A. terreus var. terreus on
different culture medium are presented in Figure 5 and Table
1. A. terreus var. terreus colony exhibited light yellow with
white edges on the PDA medium. The colonies on CYA
grown with brown colour in the centre and white edge. On the
CZ the colonies were brown colour, sur-rounded by greenish
colour and white edge. A. terreus var. terreus has a brown
colony with white edge on MEA. A. terreus var. terreus has
long, narrow and smooth conidio-phore structure with colum-

nar head, round vesicle and biseriate phialides (Figure 5b). A.
terreus var. terreus spores were globular and subglobular in
shape with smooth/finely wrinkled in texture and the sizes
ranged from 1.7 to 2.7 and 2.3 um in average (Table 2).

Aspergillus caesiellus colonies on CYA and MEA
appeared as white colonies, while the growth was white with
green center on the PDA and CZ media. The fungal strain
exhibited more growth on MEA and PDA compared to CZ
and CYA (Figure6 a). A. caesiellus has rough, narrow and
long conidiophore structure, with round vesicle and radiate
head, sometime with columnar head with uniseriate phialides
(Figure 6b). The spores were globular in shape with spiny
texture with the size between 2.8 and 5.2 um with an average
of 4.2 um (Table 1, Figure 6b).

The cultural and microscopic characteristics of
Aspergillus spp. on different media represent a key parameters
for the organization of fungi by phenotypic method (Diba,
Kordbacheh, Mirhendi, Rezaie, & Mahmoudi, 2007; Guarro,
Gené, & Stchigel, 1999). The phenotypic technique is a basic
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Figure 5a. Culture characteristics of A. terreus var. terreus isolated from clinical solid wastes collected from USM health center on different
culture media. The isolates were incubated at 28°C for 7 days; 1) Czapek Yeast Extract Agar (CYA); 2) Potato Dextrose Agar (PDA);

3) Czapek-Dox Agar (CZ); 4) Malt Extract Agar (MEA).

1 ey (6

Metula phialide

&,
Jaetd

Figure 5b. Scanning electron micrographs of A. terreus var. terreus; A) Conidiophore appears as smooth, narrow and long with round vesicle
and columnar head as well as biseriate phialides (1090X); B) Globular and sub-globular spores with smooth/finely wrinkled in texture

(10,000X).

Figure 6a. Culture characteristics of A. caesiellus isolated from clinical solid wastes collected from USM health center on different culture
media. The isolates were incubated at 28°C for 7 days; 1) Czapek Yeast Extract Agar (CYA); 2) Potato Dextrose Agar (PDA); 3)

Czapek-Dox Agar (CZ); 4) Malt Extract Agar (MEA).

Figure 6b. Scanning electron micrographs of A. caesiellus; A) Conidiophore appears as long, narrow and spiny with round vesicle and radiate
head as well as uniseriate phialides (1300X); B) Globular spores and spiny texture (5010X).

and effective tool for Aspergillus spp. identification. It has a
high potential to give clear characteristics on culture media
and under microscope. For the Aspergillus spp. the similarities
among its species represent a critical step for the classi-
fication. American society for microbiology has mentioned
that 89% of laboratories fungi are identified based on
morphological characteristics (Diba et al., 2007).

One of the limitations of using phenotypic method is
the misconception about its value for the detection of some
species such as Aspergillus spp. as noted in this study. Owing
that, the SEM analyses for Aspergillus spp. should be
conducted for determining the ultrastructure of spores and
conidiophore. This technique has been used extensively for
identifying many of the fungal species (Clarke & Griffiths,
1970; Eduard, Sandven, Johansen, & Bruun, 1985). Gao, Liu,

and Yu (2007) identified two new strains of A. flavus (L and S
strain) using the ultrastructure of spores and conidiophores.
Moreover, A. quitensis, A. amazonicus and A. Ecuadorensis
were classified as new strains based on the ultrastructure of
spores and conidiophore as determined using SEM technique
(Mares et al., 2008). Zhang (2009) identified new Aspergillus
species according to the ultrastructure of spores and conidio-
phore determined by SEM as well as based on morphological
characteristics on different culture media. Meanwhile a study
by Vestlund et al. (2014) had used SEM for identifying the
bioaerosols with fungal spores. In this study, two strains
identified as Aspergillus sp. strain no. 311and Aspergillus sp.
strain no. 145 were determined as new strains obtained from
the clinical wastes based on morphological analysis
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In terms of the relationship between Aspergillus spp
microstructures and clinical wastes it has been reported in the
literature that the occurrence of fungi in the clinical wastes is
depended on many factors such as pH, moisture and avai-
lability of nutrients. However, the nature of the clinical wastes
as a plastic and fabric have more loading of fungi than those
made up of metal and glasses (Noman et al., 2016). The
explanation for these differences is belongs to the surface
properties of the solid wastes such as the ability to absorb
humidity which play an important role in the adhesion of
fungal spores. On contrast, Neely and Orloff (2001) revealed
that the ability of fungi to survive in the clinical wastes relied
on their surface structure. For instance, Aspergillus spp.
survived more than Fusarium spp. because the Aspergillus
spp. with rough and spiny spores enables it to adhere to the
clinical waste samples. One more explanation for the investi-
gation the microstructure of the fungal spores in the present
study is the effect of spore structure and size on the trans-
mission of the spores from one place to another. The fungal
spores are transferred from the samples into the air by a
mechanism of droplet adhesion. The process relied mainly on
the spores’ size, where the small spores are more easily to be
suspended in the air than the large size spores (Baron, 2010;
WHO, 2009). Therefore, spores of Aspergillus spp. are more
frequencies in the air, since the size is ranging from 1.5 to less
than 6 pm. These findings are in agree with previous work
which revealed that the A. fumigatus, Aspergillus sp. strain no.
145 and A. caesiellus which have spiny spores were the most
frequent in the clinical wastes (Noman et al., 2016).

4. Conclusions

It can be concluded that the microstructures of the
Aspergillus spp. spores play an important role in the conta-
mination of clinical wastes, where the fungal spores with
spiny surface have high adherence for the solid wastes. The
SEM analysis was more useful for identifying the fine
structure of the fungal isolates that belong to Aspergillus spp.
and thus facilitate the identification process.
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