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Abstract

Khartoum air was scanned for airborne Aspergillus flavus for 12 months using the horizontal gravitational
settling method. Frequency of occurrence was related to total fungal catch and dusty weather. The Aspergilli
were prevalent (68% of total isolated/plate/month) and A. flavus constituted 31% of the total Aspergilli. In
June (hot, dry & dusty) Aspergilli constituted 79% of the total isolates, whilst A. flavus represented 30% from
amongst the other Aspergilli. A. flavus, A. niger, A. nidulans (conidial & ascosporic states), 4. ferreus, Euroti-
um amstelodami and A. fumigatus, in descending order of prevalence were isolated in June. Other pathogenic
or potentially pathogenic forms, isolated, were Cladosporium, Curvularia and Penicillium. Amongst winter
isolations A. flavus was sporadic to absent in occurrence.

A. flavus spore inocula that underwent hourly intermitted exposure to 45 °C, showed a decrease in spore

germinability as well as reduced germ length.

Introduction

Aerobiology has become of paramount importance
in many countries especially where deforestation is
becoming a major problem. The Sudan, one of the
largest African countries (1000000 square miles in
area), suffers from this problem resulting in the
dusty weather ‘haboob’ or sand-storms especially
during the hot months of the year (May to Septem-
ber). This results from the lack of vegetational cover
and wind breaks such as the green belts. The fre-
quency of such sand-storms and their duration of
several hours during each episode may pose a health
hazard to man and domestic animals. For example,
the implication of airborne fungal spora, particular-
ly the Aspergilli, in the induction of various diseases
such as pulmonary aspergillosis, allergic asthma,
hypersensitivity pneumonitis, nosocomial infec-
tions have been reported [8, 15, 16, 18]. These dis-
eases are provoked by soil-borne or dust-carried

Aspergillus spp. of which A. fumigatus Fresenius
and A. flavus Link are the most common causative
agents [22, 3, 9, 12, 4]. To these pathogens Mahgoub
added A. nidulans (Eidam) Winter [13] and A. fla-
vus [14] as causal organisms of maduromycetoma in
the Sudan. Moreover, other airborne solid particles
may induce allergies, particularly in house-dust-
sensitive patients. Dust particles are also reported to
affect microbial viability and their infectivity [8]. A.
Slavus is also famous for the production of the car-
cinogenic toxin called aflatoxin that induces liver
cancer in man and poultry [25].

It is note-worthy that the distribution of A. flavus
in the cultivated relatively humid Gezira area of the
Sudan ranged from sporadic to moderate [9], whilst
the sandy soils of the Sudan had higher A. flavus
populations, based on the fungi isolated from the ge-
ocarps of groundnuts [2]. In the Sudan the drastic
reduction in soil-borne fungi in uncropped or fallow
soils [20, 21] may be attributed to drought. In the ab-
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sence of irrigational water, temperature increase is
important in determining the viability of spores. A
rise in temperature as occurs in tropical and sub-
tropical climates, may be altering spore tolerance
and germinative capacity by interference with the
spore or fungal propagule enzymatic system(s) or
cellular structures [19]. The survival of most fungi
is prolonged at low temperatures whereas members
of the genus Aspergilius Micheli ex Link tend to have
relatively higher temperature optima for survival [6].
Some A. flavus strains tolerate temperatures at or
slightly higher than body temperatures, which could
justify placing them within the thermotolerant or
rather thermophilic category [1].

During observations on aflatoxin production by
A. flavus laboratory isolates associated with
paranasal contaminations from Sudanese patients
[unpubl. work, 18], the prevalence of dusty weather
conditions and the high frequency of occurrence of
A. flavusin geocarps of groundnut from sandy soils
of hot areas [2] stimulated this investigation on A.
Sflavus in Khartoum airspora. Survival and germ
tube elongation as influenced by conditions simulat-
ing summer weather that prevail in the greatest area
of the Sudan were also examined.

Materials and methods
Sampling of airborne mycofiora

Khartoum air was scanned for airborne fungal con-
tents over 12 months using horizontal gravitational
settling method by exposing potato dextrose agar
(PDA) plates to the air for 2 min at a distance of
1.75 m below the air source. This simple method
simulates the condition under which the human
body and respiratory tract contaminants gain access
to infection sites [24]. Sampling was conducted
when dusty weather prevailed and between 11.00 and
12.00 hours when air temperatures start to rise. After
exposure, each replication of 5 plates was incubated
at 30°C for 7 days at which time fungal colonies
were identified and counted. The frequency was cal-
culated as a percent of total number of isolates.

Survival of A. flavus at high temperatures

Clay soil (20 g) in glass Petri plates was oven-
sterilized at 150°C for 12 hrs. From a 9-day-old A.
flavus culture (from a dusty summer mid-day sam-
pling) 10 mycelial plugs (3 mm diameter) were ran-
domly buried in the sterile soil. The plates were in-
cubated at 45 °C between 0 and 5 hrs to simulate the
average air temperatures that prevail during summer
in Khartoum. At the end of the exposure duration
the mycelial discs were recovered, one from each
plate. The discs were immersed in 20 ml aliquots of
sterile distilled water, in a 50 ml erlenmeyer flask for
5—10 mins. The discs were mechanically agitated
(200 revs/min) to dislodge conidia. After 7 hr incu-
bation at 30 °C the percentage germination and aver-
age germ tube length were determined using a hae-
mocytometer, based on examination of 10
microscope fields. Results were compared to non-
exposed controls.

Results and discussion

Fungal spores are more drought and heat resistant
than hyphal fragments. Their ability to surviveis due
not only to the degree of tolerance to extremes of en-
vironmental conditions, but also to the ability to sur-
vive the adverse changes that naturally occur from
the time of their formation to their germination and
initiation of successive generations. In the present
study, monitoring air for the presence of A. flavus
revealed that variable degrees of frequency that seem
to be encouraged by relatively higher atmospheric
temperatures (Fig. 1). Prevalence of this mould in
Khartoum atmosphere appears to follow a seasonal
pattern coinciding with the summer meteorological
conditions in Central and Northern Sudan (i.e. dry,
dusty & hot). A. flavus and other fungal propagules
may be drifting with the wind and increasing in levels
between May and July with a maximum level in
June. Hence the extent of dustyness coupled with
high atmospheric temperatures is correlated with the
level of contamination of this fungus. Ultimately,
health hazards such as paranasal infections [18] as
well as aflatoxin toxicity may ensue following ex-
posure to A. flavus-contaminated dusty weather.
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Fig. 1. The occurrence of A. flavus and the mean daily air tem-
perature in the Sudan.

Moreover, these moulds are considered the causative
agents of pulmonary aspergillosis [8, 16]. It has been
reported that 65% of airborne A. flavus produced
aflatoxin [12]. Aflatoxin synthesis starts simultane-
ously with spore emergence, and culminates with
maximum spore yield [5]. Boltyanskaya [5] reported
that the highest level of aflatoxin synthesis was in-
versely proportional to the number of A. flavus
spore that originally infected grain. In this study, A4.
flavusisolants steadily dropped between August and
November, and completely disappeared during
January and February (Fig. 1), periods that coincid-
ed with the rainy and winter seasons (respectively)
in the Sudan. Aspergillus spp. constituted 68% of
the total recovered airspora (Table 1) confirming
their high prevalence in tropical climates [3, 9, 22].

139

A. flavus alone constituted 31.1% of the mean iso-
lates (Table 2). Summer isolations (viz. June) were
dominated by pathogenic species such as 4. flavus,
A. nidulans and A. terreus Thom [13, 16, 18, 23].
Other pathogenic fungi such as A. niger van
Tieghem, Cladosporium herbarum (Persoon) Link,
Penicillium spp. [23] and Curvularia sp. [15] (Ta-
ble 3) were also isolated.

Although the Aspergilli are reported to tolerate
high temperatures and low humidities [11], exposure
of A. flavus spores to 45°C for 5 hrs (simulating
temperature and duration of the hottest hours of the
day) lowered conidial germination in a manner con-
forming with exposure time (Fig. 2). The percentage
reductions from the controls, arranged in ascending
order of exposure duration, were 17.0, 19.2, 35.1,
39.4 and 43.6% thus demonstrating A. flavus sensi-
tivity to high temperatures. This observation may ex-
plain the sporadic occurrence of this mould in non-
dustied weather. However, Curvularia lunata (Wak-
ker) Boedijn spore inoculum, obtained from Central
Sudan was noticed to disappear after 7 days at
laboratory temperature [10]. On the other hand, Eu-
rotium rubrum Konig, Spieckerman & Bremer inoc-
ula tolerated 45 °C for 5 days upon re-incubation at
laboratory temperature [1]. Survival at high temper-
ature was reported to be associated with high mois-
ture [7] or the interaction between various chemical,
physical and biological attributes of a soil environ-
ment [17]. In Moat’s [19] view the loss of spore viabil-
ity resulting from high temperature may be due to
the leakage of a variety of cellular components or
the inactivation of spore enzymes and other func-

Table 1. The occurrence of Aspergillus and other fungi in air collected throughout the year in Sudan.

Months Jan. Feb March Aprii May June July Aug. Sept. Oct. Nov. Dec. Mean
Isolates monthly
Aspergilli

No. 5.4 2.0 4.8 6.6 19.0 19.6 9.4 5.0 32 2.0 1.0 3.2 6.8

% 75 66.7 60 54.1 81.2 797 71.2 100 51.6 50 14.3 51.6 68
Other moulds

No. 1.8 1.0 3.2 5.6 4.4 5.0 3.8 0 3.0 2.0 6.0 3.0 3.2

% 25 33.3 40 45.9 18.8 20.3 28.8 0 48.4 50.0 85.7 484 32
Total isolates per

plate per month 7.2 3.0 8.0 12.2 234 246 132 5.0 6.2 4.0 7.0 6.2 10.0
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Table 2. The occurrence of A. flavus and other Aspergillus spp. in air collected throughout the year in Sudan.

Months Jan. Feb March April May June July Aug. Sept. Oct. Nov. Dec. Mean
Isolates monthly
Aspergillus flavus

No. 0 0 1.6 0.2 4.8 6.0 5.4 3.0 2.0 1.6 0.2 0.6 2.12
% 0 0 33.3 3.0 25.3 306 575 60 62.5 80 20 18.8 313
Other Aspergilli

No. 5.4 2 3.2 6.4 142 13.6 4 2 1.2 0.4 0.8 2.6 4.7

% 100 100 66.7 97 747 694 42,6 40 37.5 20 80 81.3  68.7
Total isolates per

plate per month 5.4 2.0 4.8 6.6 19.0 196 9.4 5 3.2 2 1 3.2 6.82

tional cell structures or induced lysis. These views
may explain the sensitivity of A. flavus to high tem-
perature (Fig. 2).

Germ tube initiation and subsequent elongation
are important factors that determine incipient
colonial development and ultimately spore produc-
tion. High temperature drastically retarded germ
tube elongation in a manner conforming with ex-
posure duration (Fig. 2). In nature the germ tube

Table 3. Fungiisolated from air cultured in June in the Sudan.

Fungi Average no. %
per plate Frequency

Aspergillus flavus Link. 6.0 2439 )
A. nidulans (Eidam)

Winter 2.0 8.13
A. niger van Tieghem 5.6 22.76
A. fumigatus Fresenius 0.6 2.44
A. terreus Thom 3.2 13.01 r (79.68)
Emericella nidulans

(Eidam) Vuillemin 1.8 7.32
Eurotium amstelodami

(Mangin) Thom &

Church 0.4 1.63 )
Cladosporium herbarum

(Persoon) Link. 0.6 2.44
Curvularia sp. 1.0 4,07
Dark sterile mycelium 0.2 0.81
Hyaline sterile mycelium 0.2 0.81 (20.32)
Rhizopus stolonifer

(Ehrenb. ex Fr.) Lind. 1.4 5.69
Penicillium spp. 1.6 6.50
Total No. of isolates 24.6 100.00

nsion (

may attain maximal development when air or soil
temperature drops. Thermotolerant A. flavus strains
may be health hazards when their temperature opti-
ma fall within or slightly above body temperatures.
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Fig. 2. Effect of high temperature upon A. flavus spore germina-
bility (~ o —) and germ tube expansion (— e —). The vertical bar
represents the standard error of a mean.

C

germination (%)

Spore



Acknowledgements

This work was conducted in the Botany Department,
Faculty of Science, University of Khartoum, Sudan.
Thanks are due to my wife Mrs. L. Hassan for the
preparation of Tables.

References

10.

11.

12.

. Abdalla MH. Storage moulds of dry-stored barley grain.

Ph.D. Thesis submitted to the University of Nottingham,
UK., 1967.

. Abdalla MH. Mycoflora of groundnut kernels from the

Sudan. Trans Brit mycol Soc 1974; 63:353-9.

. Abdalla MH, El Hag A. Studies on irrigated sorghum

rhizosphere and non-rhizosphere mycoflora. Sudan Agric J
1974; 9:38—47.

. Abdel Rahim AM, Baghdadi AM, Abdalla MH. Studies on

the fungus flora in the rhizosphere of sugar cane plants.
Mycopathol 1983; 81:183—6.

. Boltyanskaya EV. Dynamics of B-1 aflatoxin and Aspergillus

flavus spore formation on rye and wheat grain. Prikl Biok-
him Mikrobiol 1979; 15:682—5. (Biol. Abstr. 70 (4), No.
27124, 1980).

. Cochrane VW. Physiology of fungi. New York & London:

Wiley, Chapman & Hall, 1958.

. Cooney DG, Emerson R. Thermophilic fungi, an account of

their biology, activity and classification. San Francisco &
London: W. H. Freeman & Company, 1964.

. Edmonds RL (ed). Aerobiology: The ecological systems ap-

proach. Stroudsburg, Pennsylvania, Dowden, Hutchinson &
Ross, Inc. 1979.

. El Amin EN, Abdalla MH. Survey of soil fungi from the

Sudan Gezira. Mycopathol 1980; 71:131-6.

El Amin EN, Abdalla MH. Survival of Curvularia lunata var.
aeria in soil. Mycopathol 1980; 71:137—40.

Griffin DM. Soil physical factors and the ecology of soil fun-
gi. III. Activity of fungi in relatively dry soils. Trans Brit
mycol Soc 1963; 46:373~17.

Holtmeyer MG, Wallin JR. Identification of aflatoxin-

13.

14.

15.

16.

17,

18.

19.

20.

21.

22.

23.

24,

25.

141

producing atmospheric isolates of Aspergillus flavus.
Phytopathol 1980; 70:325—7.

Mahgoub ES. Maduromycetoma caused by Aspergillus nidu-
lans. J trop Med Hyg 1971; 74:60—1.

Mahgoub ES. Can Aspergillus flavus cause maduromyceto-
ma? Bulletin de la Societe de Pathologie Exotique 1973;
66:390-5.

Mahgoub ES. Mycetomas caused by Curvularia lunata,
Madurella grisea, A. nidulans and Nocardia brasiliensis in
Sudan. Sabouraudia 1973; 11:179—82.

Mahgoub ES, El Hassan AM. Pulmonary aspergillosis
caused by Aspergillus flavus. Thorax 1972; 27:33-7.
Menzies JC. Survival of microbial plant pathogens in soil.
Bot Rev 1963; 29:79-122.

Milosev B, Mahgoub ES, Abdel A’al O, El Hassan AM,
Primary aspergilloma of paranasal sinuses in the Sudan: A
review of seventeen cases. Brit J Surg 1969; 56:132—7.
Moat AG. Microbial physiology. New York: John Wiley &
Sons, 1979:459—62.

Musa MM. Seasonal variations in the soil microflora and
microbiological activity of the Sudan Gezira soil. African
Soils 1971; 16:81—-90.

Musa MM. Effect of irrigation and cropping on the microbi-
ological activity of the Sudan Gezira soil. Acta Agronomica
Scientiarum Hungariae 1975; 24:213-9.

Nour MA. A preliminary survey of fungiin some Sudan soils.
Trans Brit mycol Soc 1956; 39:357—60.

Padhye AA. Fungi pathogenic to man and animals. In:
Laskin AI & Lechevalier HA, eds. Handbook of microbiolo-
gy. 2nd ed., vol II. Florida: CRC Press, Inc., 1973:319—-40.
Raynor GS. Sampling techniques in aerobiology. In: Ed-
monds RL, Ed. Aerobiology: The ecological systems ap-
proach. Strourdsburg, PA: Dowden, Hutchinson & Ross, Inc.,
1979:151~72.

Wogan GN, ed. Mycotoxins in foodstuffs. Cambridge, MA:
ML.LT. Press, 1965.

Address for correspondence: M. H. Abdalla’s present address is
Biology Department, Faculty of Education, University of Umm
Al-Qura, Taif Branch, Taif, Saudi Arabia.



