Corresponding address: Dr. Mohamed S. Ali-Shtayeh Department of Biological Sciences, Nablus POB 696, Palestinian Authority, Via Israel E-mail: shtayeh@zaytona.com

©2000 Revista Iberoamericana de Micología Apdo. 699, E-48080 Bilbao (Spain)

Keratinophilic fungi and related dermatophytes in polluted soil and water habitats

Mohamed S. Ali-Shtayeh and Rana M.F. Jamous

Department of Biological Sciences, An-Najah Nat. University, Nablus, Palestinian Authority

Raw city sewage irrigation seems to affect population densities of keratinophilic fungal communities, with the highest population densities being found in the heavily polluted field soils, while the lowest population densities occur in non-polluted field soils. However, basic similarities in the biodiversity of keratinophilic fungal communities exist in both non-polluted and polluted field soils and raw city sewage. Comparable numbers of fungal species exist in these habitats, and the species most commonly found includeAlternaria alternata, Aspergillus candidus, Geotrichum candidum,and Paecilomyces lilacinus. Field soils receiving either raw city sewage or normal irrigation water were shown to be rich in pathogenic and potentially pathogenic keratinophilic fungi, including dermatophytes, with raw city sewage yielding the highest percentage, followed by moderately polluted fields, non-polluted fields, and heavily polluted fields. Dermatophytes and their related fungi recovered from these habitats includeMicrosporum gypseum, Trichophyton ajelloi, Arthroderma cuniculi, A. curreyi, Chrysosporium keratinophilum, C. tropicumand C. pannorum. The ability of 55 cycloheximide-resistant fungal species (117 isolates) to degrade human hair in vitro was investigated. The species were recovered from polluted (raw city wastewater-irrigation) and non-polluted (normal irrigation) field soils and raw city wastewater. The intensity of keratinolytic activity (IKA) was estimated on a scale of 0-100, based on morphological expression of keratinolysis. A high percentage of the species tested (48/55, 87%) demonstrated a varying degree of keratinolytic activity. Five species (Chrysosporium keratinophilum, Microsporum gypseum, Penicillium frequentans, Rhizopus stolonifer, and Trichophyton ajelloi) showed strong IKA, and were capable of producing invasive structures related to radial penetration and surface erosion contemporaneously. On the other hand, seven of all the tested species, includingAcremonium species, Aspergillus carneus, Nectria inventa, Penicillium citrinum, Paecilomyces variotii, Plectosphaerella cucumerina, and Verticillium nubilum, showed no keratinolytic activity. The keratinolytic activity of the following species is recorded in this study for the first time:Acremonium strictum, Chrysosporium pannorum, Cladosporium herbarum, Fusarium tricinctum, Gliocladium viride, Humicola fuscoatravar. fuscoatra, Nectria ventricosa, Penicillium griseofulvum, P. islandicum, Verticillium catenulatum, and V. psalliotae. Isolates of the same species can vary in their IKAs. Thus, such a characteristic does not seem to be constant or speciesspecific.

Keratinophilic fungi, Dermatophytes, Pathogenic fungi, Keratin degradation, Intensity of keratinolytic activity (IKA), Polluted habitats

Summary

Key words

Keratinophilic fungi are important ecologically and interest in them is on the increase throughout the world [1,2]. They play a significant role in the natural degradation of keratinized residues, many have properties in common with dermatophytes and some can probably cause human and animal infections.

Keratinophilic fungi are present in the environment with variable distribution patterns that depend on different factors, such as human and/or animal presence which are of fundamental importance [3]. Reports on the presence of these fungi in different soil habitats from different countries, e. g., Egypt [4], Australia [5], Palestine [6], Spain [7], India [8], Kuwait [9] and Malaysia [10], have shown that this group of fungi is distributed worldwide.

The distinction between keratinolytic and keratinophilic fungi is based on keratin usage and/or destruction [11,12]. Keratinolytic fungi are a group of microorganisms able to decompose keratin remains in the environment, and being potentially pathogenic to human and animals [13]. On the other hand, keratinophilic species are those only able to use materials associated naturally with keratin, or resulting from its destruction [14]. Dermatophytes belong to a large group of keratinophilic fungi and cause human and animal mycoses thus have drawn the attention of medical and veterinary epidemiologists [15].

Two major techniques have been used for the qualitative and quantitative isolation of these fungi from soil: surface soil dilution plating (SSDP) and hair baiting technique (HBT). The soil-dilution plating method is the most widely used for quantitative isolation of soil mycobiota all over the world [16,17]. Colonies developing by this way are easy to pick off from the plates for subsequent purification and identification. Cycloheximide (CH) is used in culture media to facilitate the isolation of keratinophilic fungi from the environment since they can survive high concentrations of CH [18-22]. First discovery of keratinophilic fungi from soil was by hair baiting technique [23], the most common method used for the qualitative, as well as quantitative, isolation of these fungi from soil. This method has been modified by several other researchers in an attempt to selectively isolate dermatophytes and other keratinophilic fungi from soil, such as by the addition of various antibiotics (penicillin, cycloheximide, streptomycin and others) with different concentrations [20], or the enrichment of soil with keratinic materials to increase the opportunity of isolation of keratinophilic fungi [24]. The failure to isolate common dermatophytes from soil may be attributed to two major reasons. Either these fungi have become so specialized in their growth requirements that they can maintain themselves only on living animal hosts; or suitable techniques are lacking to detect and isolate them from the environment [25].

Occurence and distribution patterns in sewage-polluted soil as opposed to nonpolluted soil

Several investigations have been made on keratinophilic fungi in sewage and sewage sludge [26,27]. The use of raw sewage in irrigation of field soils is still practiced in some areas of the world including the Palestinian area [4,28]. The influence of such a practice on the agricultural soil’s mycobiota, especially keratinophilic fungi (e.g., dermatophytes), has not been fully investigated [4,29].

The effect of raw sewage irrigation on fungal population densities of keratinophilic fungi, in field soils as opposed to nonpolluted fields and wastewater habitats, has now been studied by Jamous [28], using both SSDP and HBT isolation techniques. The following account will be mainly based on this study. Raw city sewage, heavily polluted fields (under sewage irrigation for more than ten years), moderately polluted fields (under sewage irrigation for one year), and nonpolluted fields (under normal irrigation) were investigated for keratinophilic fungi over a 12- month period. In addition, the soils studied were in close proximity and similar in soil types, therefore direct comparison between species richness and evenness of keratinophilic fungi in these soils can be made. The biodiversity of keratinophilic fungal communities in field soils and wastewater habitats studied was evident. The large number of species isolated from these habitats indicated this. The community was mainly composed of saprophytes, some of which are considered to be pathogenic or potentially pathogenic to humans and other animals (Paecilomyces, Microsporum, Trichophyton spp. ) [18,30,31], or allergenic [32,33], or entomopathogenic (Beauveria, Acremonium, and Paecilomyces spp.), or phytopathogenic (Fusarium, Verticillium, Alternaria spp. ) or nematopathogenic ( Verticillium, Paecilomyces spp.) . A total of fifty-seven species were recovered from both habitats, of which forty-nine were recovered from soil and twenty-eight from raw city wastewater. These results agree with those of many other similar surveys, which showed that keratinophilic fungi are especially common in agricultural soils or animal settlements where regular keratin sources occur [2,10,34-38]. The HBT yielded a slightly higher number of keratinophilic fungi (43 species) from soil and raw city wastewater habitats than the SSDP technique (38 species). This was attributed to the use of hair in the HBT, a substance considered as a nutrient substrate for this group of fungi [25, 39]. The HBT also showed to be a more efficient method for the isolation of dermatophytes from soil; two dermatophytes (Microsporum gypseum and Trichophyton ajelloi) were recovered by HBT whereas no dermatophytes were isolated by the SSDP technique.

On the basis of their succession on human hair over a 4-month period, wastewater-irrigated soil keratinophilic mycobiota can be placed in four categories [40]. Two of these categories are: “early” (pioneer colonizers) successional species including ( Beauveria bassiana, Penicillium griseofulvum, and P. chrysogenum) ; and “late” (final colonizers) successional species (Chrysosporium tropicum, Humicola grisea var grisea, M. gypseum, T. ajelloi, and Verticillium catenulatum), appearing only at the beginning (one month after soil was baited with hairs) or at the end of the 4 month period of the experiment, respectively. DeVries [41] also noted that the final fungal colonizers of hair were the typical keratinophilic hyphomycetes such as species of Microsporum and Trichophyton. The other two groups were “persistent” species being present throughout the experiment (Alternaria alternata, Geotrichum candidum, Gliocladium catenulatum, and Paecilomyces lilacinus) , and the “no pattern” species that did not seem to have a clear successional pattern, some of which were (Acremonium strictum, Aureobasidium pullulans, Gliocladium viride, and Paecilomyces farinosus).

Comparison between the mycobiota of polluted soils receiving raw city wastewater with that of nonpolluted soils under normal irrigation revealed basic similarities in the biodiversity of their component fungi; 21, 28, and 22 keratinophilic fungal species were recovered from the nonpolluted fields, newly sewage irrigated fields, and heavily polluted fields, respectively. Sixteen fungal species were common for all three groups of soils of which Aspergillus candidus and G. candidum were the most common and abundant species. Furthermore, keratinophilic fungal species common to both mycobiota in raw city wastewater and nonpolluted soil contributed about 39.3% (11/28 species) and 52.4% (11/21 species) of all fungal species in these habitats, respectively. This indicated that wastewater irrigation had no or little effect on fungal biodiversity in soil.

However, wastewater irrigation seems to affect population densities of this group of fungi. This was indicated by the significant difference (p < 0.05) between the means of the population densities in the polluted and nonpolluted fields, with the lowest mean population density in

Keratinophilic fungi in polluted habitats Ali-Shtayeh MS & Jamous RMF 53

the nonpolluted fields and the highest mean population density in the polluted fields. This result could be attributed to the higher organic matter content in soils receiving sewage than other soils. These findings are in agreement with those reported by Abdel-Hafez & El-Sharouny [4], who also found no effect on fungal biodiversity in soils receiving city sewage effluents compared with clay soils irrigated by water from the river Nile [42]. However, increases as a result of sewage effluent irrigation were observed in organic matter and population densities.

The dominant, stable components of the keratinophilic mycobiota in nonpolluted and newly polluted fields were: P. lilacinus, A. candidus, A. alternata, and G. candidum, constituting 88.1%, and 82.2% of all fungal isolates recovered (by HBT) in these fields, respectively. With the exception of A. alternata, these dominant species in addition to Paecilomyces fumosoroseus, were also the dominant, stable components in heavily polluted fields although constituting a smaller proportion (64.4%) of all fungal isolates recovered (by HB) from these fields. However, G. candidum, P. lilacinus, C. tropicum, A. pullulans, and P. griseofulvum, were the dominant, stable components in raw city wastewater mycobiota constituting about 64.5% of all fungal isolates recovered (by HBT).

Comparable abundance and frequency data were obtained by the SSDP technique, although this latter method seemed to favour fungal species with higher yields of conidia (e. g., Cladosporium spp., Penicillium spp., and Acremonium spp.). It can thus be concluded that the use of a combination of SSDP and HBT techniques rather than only one technique may be necessary to give a more accurate picture of the keratinophilic fungal community in soil.

Water pollution is thought to reduce the diversity of sensitive fungi, while increasing the diversity of those that are less sensitive [43]. This could explain the observed increase in numbers of some genera: Chrysosporium, Geotrichum, Cladosporium, Gliocladium, Paecilomyces, and Penicillium, in sewage receiving soils (as compared to nonpolluted soils), which seem to be less sensitive to soil contamination by organic pollutants of raw city wastewater. In fact some of the fungi in this group (Geotrichum spp. and Chrysosporium spp.) were found to be associated with organic wastes [44-46]. On the other hand, the numbers of Alternaria spp. and Aspergillus spp. decreased which may be attributed to their sensitivity to organic pollutants. Some of the recovered fungi did not seem to follow either of the two above-mentioned patterns.

Field soils allow the growth of a number of dermatophytes and closely related keratinophilic fungi. All soils studied were positive for this group of fungi. Chrysosporium keratinophilum and C. tropicum have been frequently recovered from soil and known to have a worldwide distribution [9,10,14,]. Chrysosporium keratinophilum was the most common of these fungi (9/13, 69.2% of field soils). This species was also reported from soil in neighbouring Israel [34] and was found to be the most common species in school playgrounds in the Nablus area, being present in about 33% of these soils [6]. However, it was absent from nonpolluted or fields newly irrigated with raw city wastewater and recovered only from fields with higher organic matter content (i.e., soils that had been under raw city wastewater irrigation for more than 10 years).

Chrysosporium tropicum was present in 38.5% of field soils in Jamous’ work [28] whereas it was present in 3.6% of school playgrounds in the Nablus area [6]. This species was however the most frequent species in desert soils in Kuwait [9] and Spain [47], irrespective of their organic matter content. Jamous found this fungus in both nonpolluted and polluted field soils [28]. Both species of Chrysosporium were reported from sewage sludge in Poland [48].

Chrysosporium tropicum and C. pannorum were recovered in the present study from wastewater habitats. The two species were reported from bottom sediments of surface waters [49] and the surface sediments of the Shatt Al-Arab River and its creeks at Basrah, Iraq [50]. Cooke [51] listed C. pannorum among fungi found in polluted waters and sewage. It was also recovered from Egyptian soils receiving city sewage effluent [4] and from soil in Israel [34,38]. Although the pathogenicity of Chrysosporium spp . to humans and other animals is uncertain, their conidia were found to remain viable for several weeks in the bodies of experimentally infected animals, and hence they could become pathogens [50]. Some of these species (e. g., C. pannorum and C. tropicum) were isolated from skin and hair of humans and animals [52,53].

The third dominant dermatophyte-related keratinophilic fungus in field soils in Jamous work [28] was Arthroderma cuniculi, which was isolated from 30.8% of all field soils. This species has also shown to be the predominant keratinophilic species in school playgrounds in the Nablus area [6], and Jamous isolated it only from polluted fields and raw city wastewater. Arthroderma cuniculi, C. keratinophilum, and C. tropicum were not detected in soils receiving city sewage effluents in Egypt [4].

Arthroderma curreyi, which Jamous isolated from the nonpolluted field [28], was also recovered from school floor dust and the hair of sheep and goats from the West Bank (Palestinian area) [54-57]. It was also reported from children’s sandpits in Italy [14] and sewage sludge in Poland [48].

Microsporum gypseum was the most prevalent dermatophyte, recovered from 33.3% of all field soils receiving raw city wastewater, but was not detected in nonpolluted field soils. The fungus has a worldwide distribution and has been found in soil in many parts of the world [10,14,37,58]. It was recovered from children’s sandpits (17.2%) and school playgrounds (10.7%) in the Nablus area [6], from soil in neighbouring Israel [34,38], and from sewage sludge in Egypt [1]. This potentially pathogenic geophilic dermatophyte has been reported to cause increasingly frequent human and animal skin infections [55,59,60].

The other dermatophyte recovered from soil receiving raw city wastewater was T. ajelloi (16.6%). This species has been frequently isolated from soil in many parts of the world [14,37,61]. It was not isolated in previous studies from soil habitats (playgrounds, sandpits, and floor dust) in the Palestinian area [6, 54, 62], or from neighbouring Israel [34,38] although it has been recovered from the fur of cats in the West Bank of Jordan [57]. It has been increasingly reported as a causative agent of skin mycosis in human and animals [63, 64].

An interesting feature of the HBT results obtained by Jamous [28] (assuming that HBT is a more efficient qualitative method for the detection of keratinophilic fungi) was the high percentages of pathogenic and/or potentially pathogenic fungi. A higher percentage in this group of fungi of all the fungal isolates, was found in raw city wastewater (81%, 257/318), followed by moderately polluted soils (77.7%, 254/332), nonpolluted field soil (67%, 322/478), and heavily polluted soils (63.4%, 123/194). These species are either well known agents of human and animal mycoses ( M. gypseum, T. ajelloi), or tion, etc.) as follows: [IKA= G + F + U + P + bh + sbh + wbh + po], where G= fungal growth 0-5%; F= fruiting 0- 5%; U= uniform surface erosion 10%; P= pocket-like surface erosion 20%; bh= boring hyphae 10%; sbh= swollen boring hyphae 10%; wbh= wider boring hyphae 20%; and po= perforating organ 20%. In case of complete degradation of hair, IKA was considered 100%.

Based on IKA values, keratinophilic fungi were placed in 4 categories: fungi with no keratinolytic activity (IKA= 0-10); weak keratinolytic activity (IKA= 10-40); medium keratinolytic activity (IKA= 40-60); and strong keratinolytic activity (IKA= 60-100).

Results and discussion

Data on keratinolytic activity tests are summarized in table 1 (growth, fruiting, invasive structures, and intensity of attack (IKA) estimated on a scale from 0-100). The values obtained were taken as a guide to the efficiency of keratinolysis. Considerable inter- and intra-specific variations in keratinolytic activity were demonstrated in this study. The most highly keratinolytically active isolates rated from 60-100 and constituted about 12% (14/117) of the total fungal isolates tested. Isolates with moderate IKA, rated from 40-60, formed 18% (21/117) of the total isolates. Isolates with either weak, or no, IKA constituted 53% (62/117) and 17% (20/117) of total isolates, respectively.

Intraspecific variations in the degree of keratinolytic activity including production of invasive structures were observed in 19 of the species tested. For example, only one isolate of each of the species A. kiliense, A.candidus, Penicillium funiculosum, and P. nigricans was able to grow fruit and alter the cuticle of the hair; only some isolates of A. strictum, G. candidum, Gliocladium nigrovirens, H. grisea var grisea , and Verticillium alboatrum , were able to produce radial penetration. Also, different isolates of A. cuniculi and Chrysosporium species were rated between 40-100, and different isolates of Verticillium chlamydosporium, Penicillium islandicum, and C. herbarum rated between 10-60. The remaining fungal species in which all isolates showed comparable activity, were distributed as follows: five species with strong keratinolytic activity, one moderate, 22 weak, and eight with no activity.

The species which were shown to be the most active, in terms of intensity of attack, included: A. cuniculi (one isolate), C. keratinophilum, Chrysosporium spp. (one isolate), C. tropicum (one isolate), G. candidum (some isolates), M. gypseum, P. frequentans, R. stolonifer, and T. ajelloi. All these species except R. stolonifer, are already known to be colonizers of keratin substrate [2,14,65,72,90,91]. Arthroderma curreyi showed a moderate IKA. Species with no keratinolytic activity included Acremonium species, Aspergillus carneus, Nectria inventa, Paecilomyces variotii, P. fumosoroseus, Penicillium citrinum, Plectosphaerella cucumerina , and Verticillium nubilum. Species with weak keratinolytic activity included, among others Aspergillus terreus var. aureus , A. ochraceus, A. versicolor, A. pullulans, B. bassiana, and C. pannorum (Table 1).

Based on the model of the morphological expression of keratinolysis, which identified two forms of attack (surface erosion and radial penetration) [14] a high percentage (48/55; 87%) of the species tested in the present work, such as A. alternata, P. fumosoroseus, V. chlamydosporium, A. cuniculi, P. funiculosum, T. ajelloi, H. grisea, M. gypseum, and B. bassiana, showed keratinolytic activity as previously reported [2,14,22,79,90].

had been reported from various types of lesions in animals and humans such as Acremonium kiliense, A. alternata, G. candidum, P. fumosoroseus, and P. lilacinus, [18,31,65- 67].

Keratinolysis of human hair by keratinophilic fungi isolated from polluted and nonpolluted field soils and raw city waste water

All keratinophilic fungi are able to invade hair in vitro, although species differ in the way this is accomplished. In addition, the direction of invasion and the pathological role of the fungal elements within the hair apparatus are significantly different between fungi [68, 69].

The keratinolytic activity of dermatophytes and other related keratinophilic fungi have been studied by many researchers [14,70-73]. The mechanism by which keratinophilic fungi degrade keratin from its natural source, such as hair and feather, seems to be a result of both mechanical action of the fungus [74,75], and the enzymatic proteolytic activity of intra cellular keratinase [76,77]. The stages by which keratinophilic fungi attack detached hair are: cuticle lifting, cortical erosion, production of penetrating organs, and colonization of the medulla [78]. The production of specific enzymes such as keratinase, by keratinolytic fungi, during their growth on natural keratin substrate is well established [76,79-81]. Such enzymes have been demonstrated in vitro in many keratinolytic fungi, especially dermatophytes, by the increase in concentration of amino acids, including sulphur containing amino acids released from keratin, a change in the pH of the environment, as well as modifications in the structure of hairs or loss in their weight [82-86]. The production of extra cellular enzymes by dermatophytes and other pathogenic fungi, enable these microorganisms to grow and colonize the host tissues [87,88]. Differences in properties of these enzymes have been noticed in particular strains of dermatophytes [81].

The following is an account of a study carried out to evaluate the keratinolytic activity of keratinophilic fungi, in attempt to contribute to the understanding of the way in which these fungi attack keratinic substrates.

One hundred and seventeen isolates belonging to 55 keratinophilic fungal species, recovered in a previous study [28] from nonpolluted (normally irrigated) and polluted (sewage- irrigated) fields, and from city sewage were tested for their keratinolytic activity (Table 1). One to four isolates recovered from different habitats, of each species, were used in this test.

The hair-soil method of English [89] as modified by Filipello Marchisio [14] was used to detect the keratinolytic activity. According to English, this method provides keratinic materials, as well as additional nutrients that may play an important role in stimulating differentiation of specialized organs. Also, the cultural conditions are closer to that found in nature, so that information obtained has greater ecological relevance.

Light microscopy was carried out on inoculated hairs by mounting them in lactophenol cotton blue for examination (x10, x40, x100), and results (based on the examination of 10 hairs, 5 from each replicate plate for each isolate) were explained in light of the model proposed by Filipello Marchisio [14] (Table 1 & Figure 1).

The intensity of keratinolytic activity (IKA) was based on a scale of 0 to 100, and was estimated by giving different weights to the presence of various features of hair keratinolysis (i.e., invasive structures, hair degrada-

Keratinophilic fungi in polluted habitats Ali-Shtayeh MS & Jamous RMF 55

The keratinolytic activity of the following species has not been previously reported: A. strictum, C. pannorum, C. herbarum, Fusarium tricinctum, G. viride, Humicola fuscoatra var. fuscoatra, Nectria ventricosa, P. griseofulvum, P. islandicum, V. catenulatum, and V. psalliotae. Most of these species were capable of developing structures related to surface erosion and radial penetration at the same time, and either possessed weak or moderate IKA. However, Aspergillus candidus, A. wentii, Gliocladium roseum, Penicillium nigricans, and P. verrucosum var. cyclopium demonstrated surface erosion only, while Penicillium chrysogenum was able to produce radial penetration. The way in which these species attacked hair indicated weak activity. Moreover, the keratinolytic acti-

(d) M. gypseum: wider boring hyphae. (e) C. keratinophilum: swollen boring hyphae. (f) Trichophyton ajelloi: perforating organ. (g) C. keratinophilum:advanced digestion of hair shaft. Bar = 10 μm.

Figure 1. Light microscopy of entire fungus-hair units in lactophenol cotton blue. (a) Paecilomyces lilacinus:uniform surface erosion. (b) C. keratinophilum: pocket –like surface erosion. (c)Penicillium chrysogenum:boring hyphae.

Table 1. In vitrokeratinolytic activity of keratinophilic fungi in nonpolluted and polluted habitats. ______________________________________________________________________________________________________________________________

Species Isolates Site* G F SE Rp _________ _____ ____________ ____________ __________________________________ U p bh sbh wbh po IKA ______________________________________________________________________________________________________________________________

+Acremonium kiliense R55 3 5 5 10 - 10 - - - 30 R71 4 - - - - - - - - 0 R66 4 4 2 - - - - - - 6 Acremonium species R80 4 5 2 - - - - - - 7 Acremonium strictum I1 1 4 4 - - 10 - - - 18 R6 3 4 5 10 - - - - - 19 +Alternaria alternata ALT1 3 5 5 10 20 10 - - - 50 ALT2 3 5 5 10 - 10 - - - 30 +Arthroderma cuniculi** D3 2 5 4 10 20 10 - - - 49 R62 3 5 4 10 20 10 10 - - 59 R24 3 5 5 10 - 10 10 20 - 60 R57 3 5 4 10 10 10 10 20 - 69 +Arthroderma curreyi C2 1 5 4 10 20 10 - - - 49 Aspergillus candidus J3 1 4 5 10 - - - - - 19 J3a 1 5 5 - - - - - - 10 H1 4 4 4 - - - - - - 8 Aspergillus carneus R82 4 4 5 - - - - - - 9 +Aspergillus ochraceus R10 3 5 5 10 - - - - - 20 + Aspergillus terreusvar. aureus E2 4 4 4 5 - - - - - 13 E2a 4 4 4 5 - 10 - - - 23 + Aspergillus versicolor G2 3 5 5 5 - 5 - - - 20 Aspergillus wentii J1 3 2 5 10 - - - - - 17 + Aureobasidium pullulans R67 4 4 4 5 20 - - - - 33 + Beauvaria bassiana D4 1 5 4 10 - 5 - - - 24 D4a 2 4 5 5 - 5 - - - 19 +Chrysosporium keratinophilum** B2 3 5 5 10 20 10 10 20 - 80 B2a 3 5 5 10 20 10 10 20 - 80 B2b 3 5 5 10 20 10 10 20 - 80 Chrysosporium pannorum R76 4 5 4 5 - 10 - - - 24 Chrysosporium species G3 2 5 5 5 20 10 10 20 - 75 F4 1 5 5 10 20 10 10 - - 60 F4a 2 5 5 10 20 10 - - - 50 +Chrysosporium tropicum H3 3 5 5 5 20 10 10 - - 55 H3a 1 5 5 5 - 10 - - - 25 H3b 4 5 5 5 20 10 10 20 - 75 + Cladosporium cladosporioides R78 4 4 4 5 - 10 10 - - 33 + Cladosporium herbarum R79 4 4 4 - - 10 - - - 18 R9 3 5 5 10 - 10 10 20 - 60 + Exophiala jeanselmei R64 4 4 5 10 - 10 - - - 29 Fusarium nivale R27 3 4 4 10 20 10 - - - 48 R54 3 5 5 10 - 10 10 - - 40 Fusarium tricinctum R38 3 3 2 10 - 5 10 - - 30 + Geotrichum candidum J4 1 5 5 10 - 10 - 20 - 50 K2 3 5 5 5 20 10 - 20 - 65 R48 4 5 5 10 20 10 10 10 70 R63 4 5 5 10 - - - - - 20 Gliocladium catenulatum J2 3 5 5 10 - 10 - - - 30 J2a 3 4 5 - - 10 - - - 19 A2 4 5 5 - - 10 10 - - 30 Gliocladium nigrovirens K3 2 4 4 10 - 10 - - - 28 K3a 3 2 2 5 - - - - - 9 A1a 3 4 4 - - 10 - - - 18 R7 3 5 5 10 - 10 10 10 - 50 + Gliocladium roseum G1 3 5 4 10 - - - - - 19 G1a 3 5 2 10 - - - - - 17 Gliocladium viride D2 3 4 5 10 - 10 - - - 29 D2a 3 4 5 5 - 10 - - - 24 D2b 3 5 5 5 - 10 - - - 25 R46 4 5 5 10 20 10 - - - 50 Humicola fuscoatra var fuscoatra G4 2 2 2 5 - 5 - - - 14 G4a 4 2 2 5 - 5 - - - 14 G4b 2 4 2 5 - 5 - - - 16 Humicola grisea var grisea C4 2 4 4 10 - - - - - 18 C4b 4 4 4 10 - 10 - - - 28 + Microsporum gypseum ** L3 3 5 5 10 20 10 10 20 20 100 R58 3 4 4 10 20 10 10 20 20 98 K1 2 5 5 10 - 5 10 - - 35 ______________________________________________________________________________________________________________________________

Keratinophilic fungi in polluted habitats Ali-Shtayeh MS & Jamous RMF 57

vity of a given species does not seem to be a constant characteristic [14]. This is confirmed by some of the present results, and those of Filipello Marchisio [14] and Filipello Marchisio et al. [2,72].

If the ability of a fungus to digest keratin in vitro is predictive of its capacity to cause infection in vivo [22], all the keratinolytic species we found are of interest as potential pathogens. It is worth mentioning that fungal species tested in this work, and previously reported in the literature to be pathogenic or potentially pathogenic, were also found in the current study to be keratinolytically active with the exception of A. carneus, N. inventa, P. citrinum, P. variotii , and V. nubilum, which grew on hair without developing any invasive structures. This result indicated however, that although the ability to utilize keratin is, in most cases, associated with the ability to invade and parasitize cornified tissue [22,92], a number of other factors are probably required for initiation and development of infection [93].

According to the data obtained, the following species should be considered keratinophilic, in the sense of Majchrowicz & Dominik [11] and Dominik et al. [12]: A. carneus, N. inventa, P. variotii, Plectosplaerella cucumerina, and V. nubilum.

Comparison between fungal isolates on the basis of their IKA values and habitats (Figure 2), shows that isolates with strong keratinolytic activity seem to be more associated with heavily polluted soils. These isolates were also mostly recovered in the final stages of the soil-hair baiting method (3-4 months after the soil was baited with

Table 1. (Cont.) ______________________________________________________________________________________________________________________________

Species Isolates Site* G F SE Rp _________ _____ ____________ ____________ __________________________________ U p bh sbh wbh po IKA ______________________________________________________________________________________________________________________________

Nectria inventa R18 3 4 4 - - - - - - 8 Nectria ventricosa R22 3 4 2 10 - 5 - - - 21 R60 3 4 4 10 20 5 - - - 43 R29 3 4 4 10 20 5 - - - 43 Paecilomyces farinosus B1 2 2 2 10 - - - - - 14 + Paecilomyces fumosoroseus D1 3 2 2 5 - - - - - 9 R33 3 4 4 - - - - - - 8 D1a 3 2 2 5 - - - - - 9 + Paecilomyces lilacinus L2 4 4 4 10 - 10 - - - 28 H4 1 3 3 5 - 10 - - - 21 H4a 3 4 5 10 - 10 - - - 29 H4b 1 4 5 10 - 10 - - - 29 Paecilomyces marquandii B4 2 5 4 10 - 5 10 20 - 54 R70 4 5 5 10 - 10 - - - 30 + Paecilomyces variotii R34 3 2 4 - - - - - - 6 + Penicillium chrysogenum A1 2 2 4 - - 10 - - - 16 + Penicillium citrinum E1 1 4 5 - - - - - - 9 Penicillium frequentans H2 2 4 2 10 20 10 - 20 - 66 Penicillium funiculosum R39 3 5 5 10 - 10 - 20 - 50 R15 3 4 4 - - - - - - 8 R21 3 5 5 - - - - - - 10 Penicillium griseofulvum I4 1 0 0 - - - - - - 0 R11 3 4 5 5 - - - - - 14 R8 3 5 4 5 - 10 - - - 24 R28 3 4 4 5 - 10 - - - 23 Penicillium islandicum R51 3 5 5 5 - 10 - - - 25 R56 3 5 5 5 - 10 - - - 25 R53 3 5 5 10 20 10 - - - 50 R72 4 5 5 - - - - - - 10 Penicillium nigricans E3 4 4 4 10 - - - - - 18 R45 4 4 4 - - - - - - 8 Penicillium verrucosumvar cyclopium R44 4 5 5 10 20 - - - - 40 Plectosplaerella cucumerina R74 4 0 0 - - - - - - 0 + Rhizopus stolonifer R17 3 4 4 10 20 10 10 20 - 78 + Trichophyton ajelloi** F2 3 4 4 10 20 10 10 20 20 98 F2a 3 4 4 10 20 10 10 20 20 98 Verticillium albo- atrum R23 3 4 4 10 - - - - - 18 R12 3 5 5 10 20 10 - - - 50 R59 3 4 4 10 - - - - - 18 Verticillium catenulatum I3 3 4 4 10 - 10 - - - 28 I3a 4 4 4 5 - 10 - - - 23 I3b 3 4 4 10 - 10 - - - 28 Verticillium chlamydosporium R26 3 5 5 10 20 10 - - - 50 R73 4 5 5 10 20 10 - - - 50 R38 3 5 5 10 - 10 - - - 30 R52 3 5 5 10 20 - - - - 40 Verticillium lecanii R40 3 4 4 - - 5 - - - 13 R61 3 5 5 10 - 5 - - - 25 Verticillium nubilum RF2 3 4 4 - - - - - - 8 Verticillium psalliotae R31 3 5 5 10 - 10 - - - 30 ______________________________________________________________________________________________________________________________

*: 1, nonpolluted fields; 2, moderately polluted fields; 3, heavily polluted fields; 4, raw city sewage; G, growth; F, fruiting

; E, surface erosion; U, uniform; P, pocket; Rp, radial penetration; **: complete degradation of some hairs organ; IKA, intensity of keratinolytic activity; bh, boring hyphae; swb, swollen boring hyphae; wbh, wider boring hyphae; po, perforating organ; + pathogenic or potentially pathogenic fungi.

Species of M. gypseumhave been reported to cause human and animal infections [60,59,94], P. lilacinus can induce keratitis [22,95,96], A. alternata has frequently been reported from infected or previously injured human skin [22], G. candidum was reported from human dermal lesions [22,97], and T. ajelloi has been found to cause skin lesions in animals [22,64,98], and have been described as pathogens or potential pathogens. However, they are either not keratinolytic (A. carneus, N. inventa, P. variotii, P. citrinum, and V. nubilum ) or do not show different keratinolytic behavior from other species not known to be pathogens.

In view of these findings, it can be concluded that field soils and soils receiving city sewage are rich in pathogenic and potentially pathogenic keratinophilic fungi, including dermatophytes. Therefore hygiene measures should be taken to control the spread of these fungi in the human environment.

Figure 2. Distribution of fungal isolates from non-polluted, moderately polluted and heavily polluted soils, on the basis of their IKA values. a, no keratinolytic activity; b, weak; c, moderate; d, strong.

hair) [28], and thus may be considered as late successors of keratin substrates, and therefore were able to establish themselves in heavily polluted stable field soils. On the other hand, isolates with weak keratinolytic activity seem to be more associated with newly sewage-irrigated field soils. This may be attributed to the continuous introduction into the soil of fresh organic wastes including keratinous substrates, and new fungal species, which enhance growth and reproduction of pioneer keratin-utilizing fungi under low competition levels from other soil microorganisms. Isolates with medium IKA values seemed to be associated with stable nonpolluted field soil habitats.

However, species with strong keratinolytic activity (M. gypseum, T. ajelloi, R. stolonifer, and P. frequentans ), were generally found to have low population levels in soil and sewage habitats [28]. On the other hand, some of the species that showed weak or moderate keratinolytic activity (e. g., A. alternata, A. candidus, G. candidum, P. lilacinus, and C. herbarum ), were found to be among the most dominant components of keratinophilic fungal communities of these habitats. It can thus be concluded that the ecological significance of these fungi as keratin consumers in the ecosystem does not depend only on their IKA values, but also on their population levels. Hence, species such as A. alternata, A. candidus, G. candidum, and P. lilacinus, which have weak or/and moderate IKA values, and high population levels (802/1001; 80% of all isolates recovered by HBT from soil habitat [28]) are expected to have a more important ecological role in keratin degradation than other species with strong IKA and low soil population levels (e. g., M. gypseum, T. ajelloi, R. stolonifer, and P. frequentans).

The selection of certain active isolates could become useful in managing heavily polluted habitats, especially in garbage and wastewater treatment plants [72]. However, before being employed for such purposes, pathogenicity would have to be carefully examined with these fungi especially as the present data and those in the literature [72] suggest that in vitro keratinolytic activity seems insufficient to distinguish pathogenic from nonpathogenic species.

1. Abdel-Hafez AII, El-Sharouny HMM.

The occurrence of keratinophilic fungi in sewage sludge from Egypt. J Basic Microbiol 1990; 30: 73-79.

2. Filipello Marchisio V, Curetti D, Bordese C.

Keratinolytic and keratinophilic fungi in the soils of Papua New Guinea. Mycopathologia 1991; 115: 113-119.

3. Mercantini R, Marsella R, Labiase L, Fulvi F. Isolation of keratinophilic fungi from floors in Roman primary schools. Mycopathologia 1983; 82: 115-120.

4. Abdel-Hafez AII, El-Sharouny HMM.

Seasonal fluctuations of fungi in Egyptian soil receiving city sewage effluents. Cryptogamia 1987; 8: 235-249.

5. McAleer Rose. Investigation of keratinophilic fungi from soils in Western Australia preliminary survey. Mycopathologia 1980; 72: 155-165.

6. Ali-Shtayeh MS. Keratinophilic fungi of school playgrounds in the Nablus area, West Bank of Jordan. Mycopathologia 1989; 106: 103-108.

7. Calvo A, Vidal M, Guarro J. Keratinophilic fungi from urban soils of Barcelona, Spain. Mycopathologia 1984; 85: 145-147.

8. Pandey A, Agrawal GP, Singh SM.

Pathogenic fungi in soils of Jabalpour, India. Mycoses 1989; 33: 116-125.

9. Al-Musallam AA. Distribution of keratinophilic fungi in desert soil of Kuwait. Mycoses 1989; 32: 296-302.

10. Soon, SH. Isolation of keratinophilic fungi from soil in Malaysia. Mycopathologia 1991; 113: 155-158.

11. Majchrowicz I, Dominik T. Further contribution to the knowledge of keratinolytic and keratinophilic soil fungi of the region of Szczecin. Keratinolytic and keratinophilic fungi in the immediate surroundings of cattle. Ekolpol 1969; 17: 87-116.

12. Dominik T, Ihnatowicz A, Kopilow H, Mietkiewski R. Mycoflora of sandboxes in kindergartens in Szczecin. Ekolpol 1973; 21: 901-923.

13. Ulfig K, Guarro J, Cano J, Gene J, Vidal P, Figueras MJ, Lukasik W. The occurrence of keratinolytic fungi in sediments of the river Tordera (Spain). FEMS Microbiol Ecol 1997; 22: 111-117.

14. Filipello Marchisio V. Keratinolytic and keratinophilic fungi of children’s sandpits in the city of Turin. Mycopathologia 1986; 94: 163-172.

15. Marsella R, Mercantini R. Keratinophilic fungi isolated from soil of the Abruzzo National Park, Italy. Mycopathologia 1986; 94: 97-107.

16. Stanghellini ME, Hancock JG. A quantitative method for isolation ofPythium ultimum from the soil. Phytopathologia 1970; 60: 551-552.

17. Abdel-Hafez SII, Mohawed SM, El-Said AHM. Seasonal fluctuations of soil fungi of Wadi Qena at Eastern Desert of Egypt. Acta Mycol 1989; 25: 113-125.

18. Filipello Marchisio V, Cassinelli C, Piscozzi A, Tullio V, Mischiati P. A preliminary survey of cycloheximide-resistant airborne fungi in Turin, Italy. Mycopathologia 1993; 123: 1-8.

19. Kuehn HH, Orr GF. Tolerance of certain fungi to actidione and its use in isolation of Gymnoascaceae. Sabouraudia 1962; 1: 220-229.

20. Orr GF. Keratinophilic fungi isolated from soils by a modified hair baiting technique. Sabouraudia 1969; 7: 129-134.

21. Dixon DM, Shadomy HJ, Shadomy S.

Dematiaceous fungal pathogens isolated from nature. Mycopathologia 1980; 70: 153-161.

References

Keratinophilic fungi in polluted habitats Ali-Shtayeh MS & Jamous RMF 59

22. Rippon JW. Medical mycology: The pathogenic fungi and the pathogenic actinomycetes, 3rd ed. Philadelphia, WB Saunders, 1988.

23. Vanbreuseghem R. Technique biologique pour, isolement des dermatophytes de sol. Ann Soc Belg Med Trop 1952; 32:173-178.

24. Griffin DM. Fungal colonization of sterile hair in contact with soil. Trans Brit Mycol Soc 1960; 43: 583-596.

25. Ajello L. Soil as a natural reservoir for human pathogenic fungi. Science 1956; 123: 867-879.

26. Cooke WB, Pipes WO. The occurrence of fungi in activated sludge. Mycopathol Mycol Appl 1970; 40: 249-270.

27. Diener F, Morgan-Jones G, Hagles WM, Davis ND. Mycoflora of activated sewage sludge. Mycopathologia 1976; 58: 115-116.

28. Jamous RMF. Ecology of cycloheximideresistant fungi in field soils receiving raw city wastewater or normal irrigation water in Nablus area. MSc Thesis, An-Najah Nat. Universty, Nablus, Palestinian Area, 1998.

29. Eiland F. The effects of application of sewage on microorganisms in soil. Danish J Plant Soil Sci 1981; 1534: 39-46.

30. Smith JHB. Opportunistic mycoses of man and other animals. Kew, Surrey, UK, C.A.B. International Mycological Institute, 1989.

31. De Hoog GS. Risk assessment of fungi reported from human and animals. Mycoses 1996; 39: 407-417.

32. Gumowski PI, Latge J-P, Paris S. Fungal allergy. In: Arora DK, Ajello L, Mukerji KG (Eds.) Handbook of applied mycology, soil and plant (vol. 2). New York , Marcel Dekker Inc., 1991: 163-204.

33. Day JH. Allergic respiratory responses to fungi. In: Howard DH, Miller JD (Eds.) The Mycota (vol. IV ). Berlin, Springer-Verlag, 1996: 173-191.

34. Feuerman E, Alteras I, Honig E, Lehrer N.

The isolation of keratinophilic fungi from soil of Israel. Mycopathologia 1975; 55: 41-46.

35. Abdel-Fattah HM, Moubasher AH, Maghazy SM. Keratinolytic fungi in Egyptian soils. Mycopathologia 1982; 79: 49-53.

36. Deshmukh SK. Isolation of dermatophytes and other keratinophilic fungi from soil of Mussoorie (India). Mykosen 1985; 28: 98- 101.

37. Sundaram BM. Incidence of keratinophilic fungi in rice field soils. Mycopathologia 1987; 97: 43-44.

38. Volz PA, Wasser SP. Soil micromycetes of selected areas of Israel. Israel J Plant Sci 1995; 43: 281-290.

39. Cooke WB. The ecology of fungi. Library of Congress cataloging in publication data, Florida, CRC Press Inc., 1979.

40. Ali-Shtayeh, MS, Jamous Rana MF, Abu- Ghdeib SI. Ecology of cycloheximide-resis-tant fungi in field soils receiving raw city wastewater or normal irrigation water. Mycopathologia 1999; 144: 39-54.

41. De Vries GA. Contribution to the knowledge of the genus Cladosporium.Diss Univ Utrecht 1952.

42. Moubasher AH, Abdel-Hafez SII. Further study on seasonal fluctuations of Egyptian soil fungi. Mycopathologia 1978; 63: 11-19.

43. Cooke WB. Our mouldy earth. Cincinnati, US Department of Interior Federal Water Pollution Control Administration, Advanced Waste Treatment Research Laboratory 1970.

44. Simard RE, Blackwood AC. Yeasts from the St Lawrence River. Can J Microbiol 1971; 17: 197-203.

45. Simard RE, Blackwood AC. Ecological studies on yeasts in the Lawrence River. Can J Microbiol 1971; 17:353-357.

46. Tan TK, Lim G. A comparison of fungi from polluted water. Environ pollut 1984; 35: 57- 65. 47. Guarro J, Punsola L, Calvo MA.

Keratinophilic fungi from soil of Tarragona, Catalunya. Mycopathologia 1981; 76: 69- 71. 48. Ulfig K, Terakowski M, Palza G, Kosarewicz O. Keratinolytic fungi in sewage sludge. Mycopathologia 1996; 136: 41-46.

49. Ulfig K, Ulfig A. Short communication: keratinophilic fungi in bottom sediments of surface waters. J Med Vet Mycol 1990; 28: 419-422.

50. Abdullah SK, Hassan DA. Isolation of dermatophytes and other keratinophilic fungi from surface sediments of the Shatt Al- Arab River and its creeks at Basrah, Iraq. Mycoses 1995; 38: 163-166.

51. Cooke WB. A laboratory guide to fungi in polluted waters, sewage and sewage treatment systems. Cincinnati, Public Health Service Publication, 1963.

52. Carmichael JW.Chrysosporiumand other some aleurosporic hyphomycetes. Can J Bot 1962; 40: 1137-1173.

53. De Vroey C. Ascomycetes isolated from the skin lesions in man. Bull soc Fr Mycol Med 1976; 5: 161-164.

54. Ali-Shtayeh MS, Arda HM. Isolation of keratinophilic fungi from floor dust in Arab elementary and preparatory schools in the West Bank of Jordan. Mycopathologia 1989; 106: 5-11.

55. Ali-Shtayeh MS, Arda HM, Hassouna M, Shaheen SF. Keratinophilic fungi on sheep hairs from the West Bank of Jordan. Mycopathologia 1989; 106: 95-101.

56. Ali-Shtayeh MS, Arda HM, Hassouna M, Shaheen SF. Keratinophilic fungi on the hair of goats from the West Bank of Jordan. Mycopathologia 1988; 104: 103- 108.

57. Ali-Shtayeh MS, Arda HM, Hassouna M, Shaheen SF. Keratinophilic fungi on the hair of cows, donkeys, rabbits, cats, and dogs from the West Bank of Jordan. Mycopathologia 1988; 104: 109-121.

58. Al-Musallam AA, Al-Zarban ShS, Al-Sane NA, Ahmed TM. A report on the predominant occurrence of a dermatophyte species in cultivated soil from Kuwait. Mycopathologia 1995; 130: 159-161.

59. Filipello Marchisio V, Preve L, Tullio V.

Fungi responsible for skin mycoses in Turin (Italy). Mycoses 1996; 39: 141-150.

60. Connole MD. Review of animal mycoses in Australia. Mycopathologia 1990; 111:133- 164.

61. Agut M, Bayo M, Jorge L, Calvo MA.

Keratinophilic fungi from soil of Brittany, France. Mycopathologia 1995; 129: 81-82.

62. Ali-Shtayeh MS, Asa,d Al-Sheikh BS.

Isolation of keratinophilic fungi from the floor dust of Arab kindergarten schools in the West Bank of Jordan. Mycopathologia 1988; 103: 69-73.

63. Frey D, Oldfield RJ, Bridger RC. A color atlas of pathogenic fungi. London, Wolfe Medical Pupl, 1979.

64. Filipello Marchisio V, Gallo MG, Tullio V, Nepote S, Piscozzi A, Cassinelli C. Dermatophytes from cases of skin disease in cats and dogs in Turin, Italy. Mycoses 1995; 38: 239-244.

65. Filipello Marchisio V, Luppi Mosca AM.

Mycological analysis of the sands of a box for children’s play. Mycopathologia 1982; 80: 43-54.

66. Howard DH. Fungi pathogenic for human and animals. USA, Marcell Dekker, INC., 1983.

67. Filipello Marchisio V, Nosenzo C, Caramiello R. Preliminary survey of airborne fungal propagules in Turin, Italy. Mycol Res 1992; 96: 535-541.

68. Okuda C, Ito M, Sato Y, Oka F. Fungus invasion of human hair tissue in tinea capitis caused by Microsporum canis. Light and green microscopic study. Arch Dermatol Res 1989; 281: 238-246.

69. Aho R. Mycological studies on zoophilic dermatophyte isolates of Finnish and Swedish origin. Mycoses 1988; 31: 295- 302.

70. English MP. Destruction of hair by Chrysosporium Keratinophilum. Trans Br Mycol Soc 1969; 52: 247-255.

71. Wawrzkiewicz K, Wolski T, and

Lobarzewski J. Screening the keratinolytic activity of dermatophytes in virto. Mycopathologia 1991; 114: 1-8.

72. Filipello Marchisio V, Fusconi A, Rigo S.

Keratinolysis and its morphological expression in hair digestion by airborne fungi. Mycopathologia 1994; 127: 103-115.

73. Rashid A, Hodgins MB, Richardson MD.

An in vitro model of dermatophyte invasion of the human hair follicle. J Med Vet Mycol 1996; 34: 37-42.

74. Raubitschek F. Mechanical versus chemical keratolysis by dermatophytes. Sabouraudia 1961; 1: 87-90.

75. Baxter M, Mann RR. Electron microscopic studies of the invasion of human hair in vitro by three keratinophilic fungi. Sabouraudia 1969; 7: 33-37.

76. Yu RJ, Harmon SR, Grappel SF, Blank F.

Two cell bound keratinase ofTrichophyton mentagrophytes. J Invest Derm 1971; 56: 27-32.

77. Sanyal AK, Dask SK, Banerjee AB.

Purification and partial characterization of an exocellular proteinase from Trichophyton rubrum. Sabouraudia 1985; 23: 165-178.

78. English MP. The saprophytic growth of keratinophilic fungi on keratin. Sabouraudia 1963; 2: 115-130.

79. Yu RJ, Harmon SR, Blank F. Hair digestion by keratinase ofTrichophyton mentagrophytes. J Invest Derm 1969; 56: 27-32.

80. Yu RJ, Harmon SR, Blank F. Isolation and purification of an extracellular keratinase of Trichophyton mentagrophytes. J Bact 1986; 96: 1435-1436.

81. Takiuchi I, Higuchi D, Sei Y, Koga M.

Isolation of an extra cellular proteinase (keratinase) fromMicrosporum canis. Sabouraudia 1982; 20: 281-288.

82. Deshmukh SK, Agrawal SC. In vitro degradation of human hair by some keratinophilic fungi. Mykosen 1982; 25: 454-458.

83. Deshmukh SK, Agrawal SC. Degradation of human hair by some dermatophytes and other keratinophilic fungi. Mykosen 1985; 28: 463-466.

84. Hsu YC, Volz PA. Penetration of

Trichophyton terrestrein human hair. Mycopathologia 1975; 55: 179-183.

85. Kunert J. Keratin decomposition by dermatophyte II. Presence of S-sulfocycteine and cysteic acid in soluble decomposition products. Zallg Microbiol 1976; 16: 97-105.

86. Kunert J, Krajci D. An electron microscopy study of keratin degradation by the fungus Microsporum gypseumin vitro. Mykosen 1981; 24: 485-496.

87. Rippon J, Varadi P. The elastase of pathogenic fungi and actinomycetes. J Invest Derm 1968; 50: 54-58.

88. Kaul S, Sumbali G. Keratinolysis by poultry farm soil fungi. Mycopathologia 1997; 139: 137-140.

89. English MP. Destruction of hair by two species of Chrysosporium.Trans Br Mycol Soc 1976; 66: 357-358.

90. English MP. The saprophytic growth of non-keratinophilic fungi on keratinized substrata, and a comparison with keratinophilic fungi. Trans Br Mycol Soc 1965; 48: 219-235.

91. Domsch KH, Gams W, Anderson T.

Compendium of soil fungi. London, Academic Press, 1980.

92. Odds FC. Potential for penetration of passive barriers to fungal invasion in humans. In: Cole GT, Hoch HC, (Eds) The fungal spore and disease initiation in plants and animals. New York, Plenum Press, 1991: 287-295.

93. Hashimoto T. Infectious propagules of dermatophytes. In: Cole GT, Hoch HC, (Eds) The fungal spore and disease initiation in plants and animals. New York, Plenum Press, 1991: 181-202.

94. Ali-Shtayeh MS, Arda HM. A study of tinea capitis in Jordan (West Bank). J Trop Med Hyg 1986; 89: 137-141.

95. Forster RK, Rebell G. The diagnosis and management of keratinomycosis. Its medical and surgical management. Arch Ophthalmol 1975; 93: 1134-1136.

96. Agrawal PK, Lal B, Wahab S, Srivastava OP, Mishra SC. Orbital paecilomycosis due to Paecilomyces lilacinus(Thom) Samson. Sabouraudia 1979; 17: 363-370.

97. Restrepo A, De Uribe L. Isolation of fungi belonging to the genera Geotrichumand Trichosporumfrom human dermal lesions. Mycopathologia 1976; 59: 3-9.

98. Monga DP, Mohapatra LN. A compilation of published reports of mycoses in animals in India. Mycopathologia 1981; 72: 3-12.