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Abstract: A mycological investigation was conducted on 97 Soil samples collected from the camels rearing
regions of Taif Governorate, KSA, to estimate and identify the prevalence of keratinophilic fungi and related
dermatophytes. From the 78 positive samples ( 80.4%), a total of four genera with sixteen species were isolated
and identified viz. Microsporum canis (7.2%), Microsporum gypseum (5.2%), Microsporum vanbreuseghemii
(4.1%), Microsporum cookie (4.1%), Microsporum audouinii (4.1%), Microsporum distortum (3.1%),
Trichophyton mentagrophytes (3.1%), Trichophyton equinum (8.2%), Trichophyton verrucosum (6.2%),
Trichphyton violaceum(5.2%), Trichophyton gallinae (4.1%), Trichophyton rubrum (3.1%), Trichophyton
schoenleinii (2.1%), Trichophyton ajelloi (1.0%),Geomyces pannorum (5.2%) and Uncinocarpus reesii (5.2%).
The difference in prevalence of various dermatophilic and other keratinophilic fungi species in the camels
habitats soils may be due to counts, density and raised livestock species and differences in physical and
chemical characteristics of examined soils samples.
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INTRODUCTION humans and/or animals, are required from animals as

Soil is well known to support the transient or ongoing dogs, monkeys, hedgehogs and camels. Those
existence of keratinophilic fungi and potential sources of dermatophyte fungi that are parasitic on man and animals
infection for humans and animals [1]. The keratinophilic are derived from free-living geophilic soil fungi but have
fungi tend to grow on keratin, found in skin, hair, nail, fur, evolved to obtain their keratin before it is shed and have
feathers, horns etc [2,3]. These fungi utilize keratin as thus adopted a parasitic mode of life. The ancestral
carbon source [4]. In and on the soil, keratin is attacked keratinophilic soil fungi provide an invaluable service in
by this group of fungi including the genera of the primary decomposition of shed hairs, feathers, horns,
Arthroderma, actinomyces, Keratinomyces, Trichophton, hooves, nails and keratinized of animal corpses thus
Microsporum, Epidermophyton, Chrysosporium, moving valuable nutrients along cycle of live [20,25].
Malbranchia etc. and degrade it [5]. This job is done by Often the species that are isolated primarily from animals
production of enzymes keratinases and perforating cause the strongest reddening and inflammation when
organs. These fungi therefore have a role in they cause ringworm on humans [25,29-31] or different
biodegradation of soil debris. The keratinophilic fungi types of superficial cutaneous lesions on animals
have been reported from soil [6-26]. [16,30,32-35]. Of the almost 70 000 species of fungi that

Dermatophyte infections have a worldwide have been recognized and described, fewer than 100
distribution in the geographical spreading by direct or fungal species approach the status of regular human
indirect contact with an human host, zoophilic (associated pathogens [36]. About 50 of these species are also
with animals), or geophilic (found in the soil) differences pathogenic for animals and some 70 species, such as
in the incidence and prevalence of different dermatophyte Saprolegnia in fish or Ascosphera in bees, cause disease
species [25-27]. They can be divided into species that are in animals only [31]. Compared with mycosis in humans,
anthropophilic [28-30]. Infections due to zoophilic mycotic diseases in animals have received much less
dermatophytes, most often seen on exposed body sites of attention.  This  is  surprising  as  dermatophytes   are  the

diverse as rodents, pigs, chickens, cattle, horses, cats,
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oldest known agents of infectious diseases in animals. promptly). The hair-baiting technique of Vanbreuseghem
They are responsible for a significant number of zoonotic 1952 [38] was employed for selective isolation of
infections: in rural areas, up to 80% of fungal infections of keratinophilic fungi. Approximately 50 g of each sample
human skin may of animal origin and in urban was transferred to a sterile Petri plate and pieces of
environment, 20% of such human infections can be sterilized camels hair as keratin bait were spread over the
results of close contact with dogs and cats [37] but most soil in the plate. The hair-baited soils in the plates were
various dermatophyte infections of man can be caused by moistened with sterile distilled water and incubated at
different animals reared in populated regions[26,27,31]. room temperature (22°C to 30°C) for four to eight weeks.
Dermatophytosis is caused by fungi in the genera The soil samples were periodically moistened with small
Microsporum, Trichophyton and Epidermophyton [29]. quantities of sterile distilled water.
Information on the prevalence of dermatophytes and
keratinophilic fungi in Saudi Arabia regions especially at Isolation  and  Identification  of  Keratinophilic  Fungi:
Taif Governorate Locations is scanty and is limited to The soil samples were regularly checked for fungal
only two reports, one from Riyadh [23] and the other from growths on the hair baits. Portions of the growth were
Taif [3]. There is no report of isolation of keratinophilc microscopically examined for the presence of
fungi including dermatophytes from soils in the western, keratinophilic fungi and loopfuls were transferred to
eastern, southern and northern sites of Taif Governorate, slopes/plates of Sabouraud dextrose agar (HiMedia
although cases of dermatophytosis in humans and Laboratories Mumbai, India) supplemented with 0.05 mg/L
animals are clinically suspected. Thus it was considered chloramphenicol (CDH, New Delhi, India) and 0.5 mg/L
of interest to investigate the occurrence of dermatophytes cycloheximide (Sigma, St Louis, MO, USA) and
and keratinophilic fungi in soils from different kinds of Mycobiotic agar (Neogen Corporation, Lansing,
camels (Camelus dromedarius) habitats bred in Taif Michigan, USA). The latter medium also contained
governorate regions in Saudi Arabia. chloramphenicol and cycloheximide at the stated

MATERIALS AND METHODS slopes/plates were incubated at room temperature for five

Location, Land Area and Climate of the Regions: Taif is microscopically examined to check for purity and sub-
a large city (which lies south east of Jeddah and the Holy cultured to get pure cultures. The purified fungal isolates
city of Makkah in Mecca Province of Saudi Arabia) were identified up to species level as far as possible by a
stands 1,800 m (about 5,600 ft) above sea level on the detailed study of their colonial characters and microscopic
eastern slopes of the Al-Sarawat Mountains. Its summer morphology in lacto-phenol blue (LB) mounts and
climate tends to the moderate (20 to 30°C with low comparison of their characteristics with the descriptions
humidity ), whereas the winter temperatures in the greater of the species in the standard books and manuals
parts of the city are cold (8 to 20°C). Taif now covers a [39,40,41].
total area of about eight hundred hectares. This comprises
four main regions (Northern, southern, Eastern and Statistical Method: The count of each species was
western areas). The city is the center of an agricultural expressed as the number of cases of isolations in every
area known for its grapes, pomegranate, figs, roses and soil sample even if recorded several times. The numbers
honey. It has a population of 1,200,000 people and a of fungal soils samples were assumed to had a Poisson
considerable animal wealth (livestock) and is the unofficial distribution. The dominant species in studied area was
summer capital of Saudi Arabia. determined by McNemara's test with the level of

Collection and Processing of Soil Samples: Soil samples
of four main regions (Northern, southern, Eastern and RESULTS
western areas) at Taif city, were collected from a depth of
approximately 4-6 inches and put in sterile, tightly closed The distribution of keratinophilic fungi recovered
polythene bags during December to February 2016. The from soil samples collected from different habitats is
samples were processed in the laboratory within a day or shown in the Table 1. Depending on purified fungal
stored 4°C until processed within two or three days (some isolates that identified up to species level as far as
of the samples were stored at15°C if not processed possible   by   a   detailed   study   of   their  phonotypical,

concentrations in the dehydrated product. The inoculated

to ten days following which the cultures were

significant at 5%.
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Table 1: Distribution of dermatophytes and other keratinophilic fungi in different regions soils of Taif governorate camels (Camelus dromedarius) habitats.

Source of soil sample Northern region Southern region Eastern region Western region Total Percentage Distribution

No. of samples examined: 22 26 24 25 97

No. of samples positive: 21 22 19 16 78

Distribution (%) 95.5 84.6 79.2 64 80.4

Microsporum gypseum 1 1 1 2 5 5.2

Microsporum vanbreuseghemii 2 1 - 1 4 4.1

Microsporum cookie 1 2 1 - 4 4.1

Microsporum audouinii - 2 1 1 4 4.1

Microsporum distortum 1 2 - - 3 3.1

Microsporum canis 2 3 1 1 7 7.2

Trichophyton mentagrophytes 2 5 3 2 12 12.4

Trichophyton verrucosum 4 - 1 1 6 6.2

Trichophyton equinum 1 2 2 3 8 8.2

Trichphyton violaceum 1 2 2 - 5 5.2

Trichophyton ajelloi 1 - - - 1 1.0

Trichophyton rubrum 1 - 1 1 3 3.1

Trichophyton gallinae 2 - 1 1 4 4.1

Trichophyton schoenleiniis - - 1 1 2 2.1

Geomyces pannorum 1 1 2 1 5 5.2

Uncinocarpus reesii. 1 1 2 1 5 5.2

colonial characters and microscopic morphology in lacto- hand, mycological examinations were also declared five
phenol blue (LB) mounts and comparison of their fungal isolates of a genus Uncinocarpus reesii.
characteristics with the descriptions of the species in the
standard books and manuals. Various differences DISCUSSIONS
regarding the morphological, phonotypical and colonial
characteristics among fungal genera and species Of 97 soil samples examined, 78 showed the presence
identified were observed. of Keratinophilic fungi. (Table 1) which included 16

The differentiation of genera Microsporum isolates species in four genera. From the 78 positive samples (
especially M.canis and M. gypseum was based on 80.4%), a total of four genera with sixteen species were
phenotypic characteristics definitely. seventy eight of the isolated and identified viz. Microsporum canis (7.2%),
97 samples were positive for keratinophilic fungi Microsporum gypseum (5.2%),Microsporum
Microsporum Canis complex was the most frequently vanbreuseghemii (4.1%), Microsporum cookie(4.1%),
isolated keratinophilic fungus being present in 7.2% of the Microsporum audouinii (4.1%), Microsporum distortum
samples. The majority of the isolates of this species (3.1%),Trichophyton mentagrophytes (3.1%),
complex  originated   from soil   samples   collected   from Trichophyton equinum (8.2%), Trichophyton verrucosum
habitats of camels. Out of the 27 isolates  of  the  genus (6.2%), Trichphyton violaceum (5.2%), Trichophyton
Microsporum were identified as: Microsporum gypseum gallinae (4.1%), Trichophyton rubrum (3.1%),
(5.2%), Microsporum vanbreuseghemii (4.1%), Trichophyton   schoenleinii   (2.1%),  Trichophyton
Microsporum cookie(4.1%), Microsporum audouinii ajelloi (1.0%),Geomyces pannorum (5.2%) and
(4.1%) and Microsporum distortum (3.1%). Trichophyton Uncinocarpus reesii (5.2%).
fungi were represented by 41 isolates, twelve identified as Investigators from several countries have reported on
Trichophyton mentagrophytes, eight as Trichophyton the occurrence of a variety of keratinophilic fungi
equinum, six as Trichophyton verrucosum,five as including dermatophytes in soils of varying habitats.
Trichphyton violaceum, four as Trichophyton gallinae, Quite a few of workers pointed out the predominant
three as Trichophyton rubrum, two as Trichophyton keratinophilic fungi reported in most studies contain
schoenleiniis and one as Trichophyton ajelloi. Five Chrysosporium spp (mainly C. indicum, C. tropicum and
fungal isolates were identified as Geomyces pannoru C. keratinophilum) and the dermatophyte M. gypseum
species formed moderately fast growing. On the other [42,43,44,45,46,47]. There have been only a few studies on
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the geophilic keratinophilic fungi from the Caribbean [51,52]. Comprehensive studies may reveal many more
region. One  study dealt with the recovery of a few
isolates of M. gypseum, M. nanum, Trichophyton
mentagrophytes, T. terrestre and C. indicum from soil in
Abaco Island in the Commonwealth of the Bahamas
[47,48,49,50,51] and another reported the isolation of
Chrysosporium indicum and C. evolceanui from the soil of
Cuba [50]. The third one was a comprehensive
investigation on the distribution of M. gypseum and other
keratinophilic fungi in soils of varying habitats in St. Kitts
and Nevis [47]. The present study is the first of its kind
from Saudi Arabia. A very high incidence of
Trichophyton complex demonstrated in the soils of Taif
[3,26] is a noteworthy finding of public health
significance. A similar high incidence Trichophyton
complex has been recorded in the soils of Taif [3,26].
Several researchers were isolated and identified fungal
strains of the genus Microsporum [21,46,47].M. gypseum
has also been found to occur frequently in soils of Brazil,
20.8% in one survey [42] and 19.2% in another very recent
study of 692 samples from different geographic regions of
the country [45]. The distribution of geophilic
dermatophytes is influenced by soil pH and climatic
factors. In a study from Kenya, the majority of the isolates
of dermatophytes including M. gypseum were recovered
from soils with acidic pH [49]. In another study from Brazil
[42], the majority of the isolates of M. gypseum were
recovered from soils with almost neutral pH i.e. 7.0-7.09. A
high prevalence of M. gypseum complex in soils of Nevis
and Jamaica can be attributed mainly to tropical humid
climate, a temperature of 22-30 °C for most of the year and
the acidic pH of the soils in these islands. Regarding other
dermatophytes we encountered Geomyces pannorum
(5.2%) and Uncinocarpus reesii (5.2%) which were
recorded by Deshmukh (2002) in India [20].

The frequent occurrence of Trichophyton and
Chrysosporium as a geophilic keratinophilic fungus in
Jamaican and Indian soils are in agreement with that
recorded in surveys of keratinophilic fungi of soils in
several other countries [20,43,46,48]. Our knowledge of
ecology and epidemiology of dermatophytes and the
factors influencing their transmission has helped us
understand better the natural history of dermatophytoses.
Human infections due to the geophilic dermatophyte, M.
gypseum complex are infrequently or rarely known,
particularly in the Caribbean region. In one study of the
etiological agent of tinea capitis in Jamaica during 1998-
2002, M. gypseum was represented by only one isolate
[44]. Also in a similar study in Haiti, only one of the 55
isolates of dermatophytes was identified  as  M.  gypseum

cases of skin and scalp infections due to M. gypseum.
Recently, pathogenicity of keratinophlic fungi isolated
from the soils has been reported in Khairpur district,
Sindh, Pakistan [53].

In short, the significance of the occurrence of these
well-known dermatophytes in Taif soil is not clear.
Whether they are opportunistic and potential pathogens
is debatable. However, it would be concluded that
keratinophilic fungi isolated from Taif city soils are can
cause fungal infections in humans and livestock with
significant effects on both public health and environment
in general. These keratinophilic fungi contaminated the
soils of the Taif regions may reach the nasal cavity and
subsequently the respiratory system of livestock and
humans either through inhalation or during foodstuffs
and/or drinking polluted water in parallel with other
microorganisms such as Salmonella spp., Escherichia
coli, Shigella spp., Staphylococci spp. and Streptococci
spp. Factors influencing the prevalence of these
pathogenic microbes including the bad hygienic
circumstances, animals breeding, environmental and
climate conditions play a role in the onset of disease for
animals and humans. Such factors would lower the
resistance of animals and humans and the existing
organisms most probable would get the upper hand
[54,55, 56, 57]. 
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