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Abstract

source of infection for human and animals

hair baiting technique.

schenckii were isolated for the first time from Jaipur.
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Background: Soil is well known to support the transient or ongoing existence of keratinophilic fungi and potential

Methods: Samples were collected from 67 sites of university campus like PG study centers, playgrounds, gardens,
hostels, administrative blocks, library, bank, canteen and road side for the estimation of keratinophilic fungi using the

Results: Totally, 192 isolates belonging to 14 genera and 21 species were reported. Soil pH range vaties from 6.5 to
9.0 pH. Most of the fungi isolated from neutral to slightly alkaline soil. Chrysosporium: tropicum (20.83%) was the most
predominant fungi reported from all sites. Trichophyton mentagrophytes (15.10%) was the second most commonly
reported fungi. Chrysosporium indicum (11.45%), T. simii (9.37%), C.evolceanni (8.83%) I. terrestre (4.68%) and Cephaligphora
irregularies (4.68%0) were frequently reported. Microsporum andoninii, Paceliomyces sp., Cladosporium sp. and Sporothrix

Conclusion: Road sides were found most suitable for the occurrence of all most all keratinophilic fungi. Higher
incidence of keratinophilic fungi was found in hostel sides followed by road sides, PG study centers and play grounds.

Introduction

Keratinophilic fungi include a variety of filament-
ous fungi mainly comprising hypomycetes and
several other taxonomic groups. Hypomycetes
include dermatophytes and a great variety of non-
dermatophytic filamentous fungi. These fungi oc-
curred abundantly in the superficial soil layer of
landfills and surrounding and distributed world-
wide (1-7). 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.

They occur on cornfield debris in the soil and
degrade hard keratin and keratinous material.
Therefore they play an important ecological role
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in decomposing such residue (8, 9). Keratinophilic
fungi are generally considered as soil saprophytes
(10). Soil that is rich in keratinous material is most
conducive for the growth and occurrence of
keratinophilic fungi. The species of keratinophilic
fungal group have been divided into three catego-
ries according to their natural habitats. Anthropo-
philic, when human being are the natural hosts:
Zoophilic, when a variety of animals act as natural
hosts; Geophilic, when the soil is the natural habi-
tat. Most of the keratinophilic fungi are not
dermatophytes but soil inhabitants. Keratin
decomposition in soil leads to an increase in car-
bon, and nitrogen ratio in soil. They are therefore
fast growing nonpathogenic keratinophilic fungi
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which it is proposed, should be utilized for the
recycling of keratin in soil and may be exploited
for their biotechnological potential in industry.
Many of them are closely related to the dermato-
phytes having properties in common with them
and cause human and animal infection (11-14). In
our previous work (15) we carried out a survey of
keratinophilic fungal flora of Jaipur district with
particular reference to soil pH and found that
road side and garden soil were the most suitable
sites for the almost all keratinophilic fungi. During
that study we took few samples from PG study
centef.

These studies promoted us to explore biodiversity
distribution of keratinophilic and dermatophytic
fungal flora from world famous Rajasthan Univer-
sity Campus, Jaipur District in order to promote
the knowledge of students and people to observe
health regulations to control and prevent fungal
disease.

Material and Methods

University of Rajasthan is the oldest university in
Indian state of Rajasthan. It was set up on 8" Jan
1947 as the University of Rajputana and was re-
named to its current name in 1956. University
campus is situated in the heart of Jaipur City
which is popularly known as Pink city. A total 67
soil samples were collected from PG study center,
Playgrounds, Hostels, Garden, Library, Bank, Ad-
ministrative blocks, Canteen and Road side from
August 2010 to November 2010. Most of the
samples were collected in the morning (8-12 am).
Surface soil was collected with the help of a steri-
lized spoon. Each plastic bag was labeled indicat-
ing the date and site of collection. Soils were
sandy (92%) in nature containing 3-4 % slit and
clay. These samples were then tightly closed to
maintaining original moisture and kept in the cul-
ture room at a temperature of 28 + 2°C as per the
need. To.Ka.Va hair baiting technique (16) was
followed for isolating the fungi. Twenty five gram
of soil sample was taken in a separate sterilized
plate of Petri from each sample. Sterilized distilled
water was added to provide moisture to the soil.
Bits of sterilized human hair and animal hair (cow,
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buffalo, dog) were used as baits. The hair were
scattered uniformly only on wet soil. Each plate of
Petri was incubated at 28 + 2°C for 3-4 weeks in
culture room.

Isolation, purification and identification of
fungi

The baited cultures were examined after 3-4 weeks
for the development of any fungal growth on the
hair and nail bait. For fungal examination, a small
portion of fungal growth was picked up with the
help of a sterilized needle, mounted on a slide un-
der covered glass containing a drop of sterilized
distilled water or any other staining solution, and
examined under a microscope. Isolation, purifica-
tion and identification were done on Sabouraud
dextrose agar media fortified with chlorampheni-
col (0.05mg/ml) and cycloheximide (0.5 mg/ml).
Identification of fungal culture was done on the
bases of colony characters, pigmentation, different
media study and by their morphological and
physiology characteristics according to the proce-
dure described earlier (17, 18).

Metzer's digital pH meter was used to detect the
pH of soil solution. For this purpose, a small
amount of soil (1 gm) was shaken with double dis-
tilled water (5 ml) and the mixture was allowed to
stand for about 30 minutes. pH of distilled water
was also detected before addition of soil sample.
Electrode was inserted in the soil solution and
reading was noted. This procedure was followed
for each soil sample.

Results

Data incorporated in Table 1 shows the preva-
lence and distribution of keratinophilic fungal
flora of university campus. Out of 67 samples ex-
amined from different sites 65 were found posi-
tive in fungal growth. A total of 192 isolates
belonging to 14 genera and 21 species were re-
ported in present investigation.

Chrysosporium tropicum (20.83%) was found to be
the most common keratinophilic fungi isolated
from all sites. Trichophyton mentagrophytes (15.10%)
was the second most common fungi.
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Table 1: Keratinophilic fungal flora of University Campus
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Among all these fungal species Microsporum andoui-
nii (0.52%), Cladosporium sp. (2.08), Paceliomyces sp.
(0.52%) and Sporothrix schenckii (0.52%) were iso-
lated for the 1st time in Jaipur. Among all habitats,
road side were found most suitable site for the
occurrence of all most all keratinophilic fungi.
However the higher incidence of these fungi was
reported in hostel site.

Some of the soil samples yields a single species
and some yielded a mixed growth of two or more
than two species of keratinophilic and dermato-
phytic fungi. (i) Chrysosporium tropicum + T. ferresre,

(i) C. tropicum + Cephaliophora irregularis and (iii) C.
tropicum + I. mentagrophytes+ C.indicwm were the
most commonly isolated fungal mixture. During
the study of soil pH (Table 2) pH range varies
from 6 to 9.5. Most of the fungi were isolated
from 7.5-8.0 pH range soil samples. C.tropicun: re-
ported from 7.0-9.0 pH soil samples but higher
incidence was seen at 8.5 pH soil samples. Single
isolate of M.andouinii was isolated from 7.0 pH
while Paceliomyces sp. at 8.5 pH, Cladosporinm sp. at
8.0-8.5 and Sporothrix schenckii at 8.5 pH soil
sample.

Table 2: Keratinophilic fungi and soil pH

pH of soil samples

Species 6.5 7.0 7.5 8 8.5 9
1. Trichophyton simii 1 - 4 8 7 1
2. T. terrestre - 1 2 8 1 1
3. T. verrncosum - 2 2 3 - 1
4. T. rubrum - - 2 1 - -
5. Chrysosporinm tropicum - 1 7 13 6 2
6. C. indicum 1 2 3 6 4 -
7. C. evolceanni - - 2 5 2 1
8. Microsporum gypseun - - 1 2 - 1
9. M. audoninii - 1 - - - -
10.  Gymmnoascus reessii - 1 - 1 - -
11.  Histoplasma capsulatum - 1 - - 1 -
12. Cladosporium Sp. - - - 3 1 -
13. Fusarium Sp. 1 - - - - -
14.  Alternaria Sp. - - - 2 - -
15. Paceliomyces Sp. - - - - 1 -
16.  Curvnlaria Sp. - - - 1 - -
17. Torula Sp. 1 - - - - -
18. Sporothrix schenckii - - - - 1 -
19.  Nocardia Sp. - - 1 - 1 -
20.  Cephaliophora irregularies 2 2 1 - -

21.  Unidentified species 1

Discussion

The keratinophilic fungi include true fungi that
vigorously degrade keratin as well as some more
important pathogenic and non pathogenic
dermatophytes (3,8,10,14). The composition of
keratinolytic fungal communities in the soil dif-
fered from that observed for a highly populated
and walked area and displayed district seasonal
variations. Several investigation have been done in
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various part of India during last 2 decade and
showed that a rich variety of keratinophilic fungal
flora exists in the soils of studied area (8,10,19-23).
However, there was no evidence of any study on
university or higher education centers. Therefore
present investigation carried out for study of
biodiversity in the distribution of keratinophilic
fungi in soil of university campus of world famous
Rajasthan University where the students of all
over the world are come for higher studies. Jaipur,

30



Iranian J Publ Health, Vol. 41, No.11, Nov 2012, pp. 27-33

the capital of Rajasthan, is a highly populated city.
Its temperature exceeds even 46 ° ¢ in summer and
has high humidity during monsoon season. All
these conditions favour the higher incidence of
keratinophilic fungi in Jaipur. In present investiga-
tion, C. tropicum (20.83%) was the most predomi-
nant fungus followed by T.mentagrophytes (15.10%)
and C.zndicum (11.45%). Similar results were ob-
served by Ramesh and Hilda (21) during the sur-
vey of keratinophilic fungi of primary schools and
public parks.

Out of 45 soil samples studied, incidence of C.
tropicum was 62.2%. Sharma and Sharma (23) also
seen the maximum incidence of C. #ropicum (26%)
tollowed by C. indicum (22%) and T.mentagrophytes
(16%) during the survey of keratinophilic and der-
matophytic fungal flora in the schools and college
playground soils of Jaipur. Jain and Sharma (15)
carried out a survey of keratinophilic fungal flora
of Jaipur district with particular reference to soil
pH and reported C.zropicum as the most predomi-
nant fungus (46.08%) and T. mentagrophytes as
second predominant fungus (24.88%) from pH
6.5 to 9. T. mentagrophytes species is known to be
polymorphic fungus existing in a geophilic, a zoo-
philic or an anthropophilic state. T. mentagrophytes
has been a major causative agent of human
dermatophytes. Nowadays anthropophilic species
named as T. znterdigitale. This fungus is also found
frequently on apparently asymptomatic animal
skin. Ogbonna (24) and Anbu et al. (5) also re-
ported higher incidence of T. mentagrophytes from
soil samples. This indicates that soil harbors a va-
riety of keratinophilic fungi, both dermatophytes
and non dermatophytes, most of which are sel-
dom involved in infection but have the potential
to cause infection. There is natural evaluation of
keratin—utilizing soil saprophytes (geophilic spe-
cies) to associate with and finally invade thickly
cornified substrates in living animals (zoophilic
species) and men (anthropophilic species).
Adaptation to parasitic existence has resulted in a
reduced ability to produce spores, which are abun-
dant in soil inhabiting species.

Incidence of T. simii and C. evolceanui was 9.37%
and 8.33%, respectively. In our previous work (15)
C. evolceanni was re-isolated after 23 years from
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Jaipur area. Present investigation also indicates the
survival and existent of C. evoleanni in Jaipur area
at pH 7.5 t0 9.0.

T. rubrum is an anthropophilic species. Sundaram
and Subramanian [25] isolated T. rubrum along
with 16 species of human pathogenic fungi from
the soil of Madras City by baiting, dilution plate
and soil plate method. Jain and Sharma (15) and
Sharma and Sharma (23) also reported T. rubrum
from Jaipur soil. In present study T.rubrum
(3.64%) was isolated from hostels, play ground,
library, bank and road side. M. gypseurn is a com-
mon geophilic dermatophytes widely distributed
in soil globally (26). M. gypseum causes ring worm
of sclap and glabrous skin in human and animals.
In this study prevalence of M. gypseun: (3.64%) was
reported in hostel soil followed by road side.

One isolate of M.audouinii was reported in PG
study center at pH 7.0. M. awdoninii is an
anthropophilic fungus causing non-inflammatory
infection of scalp and skin especially in children.
These fungi can also survive in the soil as resting
spores and germinate when suitable condition
arises. Majority of fungi producing disease in men
and animals exist freely in nature as soil sapro-
phytes and gain entrance into body through abra-
sion, implantation or inhalation. P.G study centers
are highly populated and walked places where
thousands of students studied. Infection can easily
transmitted from one person to another through
frequent handling of articles, files, papers and
hand shake. In our previous work (15) M. audoninii
was reported from bird habitat soil sample from
Jaipur district. We also reported one case of Tinea
capitis suffering from M.audoninii. This work is
under consideration in another journal.

Among all other related fungi, Cephaliophora
trregularies (4.68%) was abundantly reported in
university campus like PG study center, hostel,
road side and play ground.

Keratinophilic fungi mostly preferred slightly
acidic to alkaline soil (27). During present
investigation soil pH range varied from 6.5 to 9.0.
Most of the fungi were isolated from neutral to
slightly alkaline soil pH. No keratinophilic fungi
were reported below pH 6.0 and above 9.0. The
same was achieved by Meinhof et al. (28) and Ka-
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ben (29). They strongly suggested that highly
acidic soils were mostly a poor source of keratino-
philic fungi. During present investigation all the
soil samples of hostels, playground, garden, library,
bank, administrative blocks, canteen and road side
were positive for fungal growth. Road side was
found most suitable for the occurrence of all most
all keratinophilic fungi. However higher incidence
of keratinophilic fungi was found in hostel side
followed by road side, PG study center and play
ground. Soil that is rich in keratinous material is
most conducive for the growth and occurrence of
keratinophilic and dermatophytic fungi.

The fungal infection of human beings is more
common in India and other tropical countries due
to environment factors such as heat and humidity.
All these factors and personal hygiene are in-
volved in flourishing of fungal infections and
causing fungal diseases. The present investigation
can aware the students, teachers and all other
people who directly or indirectly associated with
university campus to observe health regulation to
control and prevent fungal disease.

Ethical considerations

Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/or
falsification, double publication and/or submis-
sion, redundancy, etc) have been completely ob-
served by the authors.

Acknowledgement

The authors are thankful to Head, Department of
Botany for providing laboratory facilities during
research work. The authors declare that there is
no conflict of interest.

References

1. Sarma S, Borthakur AK (2007). A
clinicoepidemiological study of dermatophy-
toses in Northeast India. Ind | Der 1Ven Lep,
73(6): 427-428.

2. Singh BS, Singh DV, Singh BG, Singh RJ(1990).
Incidence of keratinophilic fungi and related

Awvailable at:

http://ijph.tums.ac.ir

10.

11.

12.

13.

14

15

dermatophytes in Agra soil. Ady P/ Sc, 3(1):
8-15.

Simpanya MF and Baxter M (1996). Isolation
of fungi from soil using the keratin baiting
technique. Mycopathologia, 136(2): 85-89.

Jain N, Bhadauria S, Sharma M, Kumar
P(1999). Keratinophilic and related fungal
flora of Jaipur II. | Phyto Res, 12 (1-2): 105-
106.

Anbu Pariasamy, Hilda A, Gopinath S(2004).
Keratinophilic fungi of poultry farm and
feather dumping soil in Tamilnadu, India.
Mycopathologia, 158(3): 303-309.

Deshmukh SK (2004). Keratinophilic fungi on
feathers of Pigeon in Maharashtra, India.
Mycoses, 47(5-6): 213-215.

Zaki SM, Mikami, Y, AA Karam El-Din, Yous-
sef YA(2005). Keratinophilic fungi recov-
ered from muddy soil in Cairo vicinities.
Egypt. Mycopathologia, 160: 245-281.

Sharma R, Rajak RC(2003). Keratinophilic
fungi. Nature's keratin degrading machines!
Their isolation, identification and Ecological
Role. Resonance, 28-40.

Fillipello MV (2000). Keratinophilic fungi their
role in nature and degradation of keratinic
substrates. In : Biology of dermatophytes
and other keratinophilic fungi Eds Kush-
waha RKS, Gurro |, Revista Lbernoamericana de
Micologia spain, T7-85.

Ajello L(1953). The dermatophytes Microsporum
gypseum as a saprophyte and parasite. | [nvest
Derm, 21: 157-171.

Gupta BK, Kumar S, Rajkumar , Khurana
S(1993). Mycological aspects of
dermatomycosis in Ludiana. Indian | Path Mi-
crobiol, 36(3): 233-237.

Patwardhan N, Dave R(1999). Dermatomyco-
sis in and around Aurangabad. Indian | Path
Microbiol, 42(4): 455-462.

Spiewak R, Szostok W(2000). Zoophilic and
geophilic dermatophytes among farmer and
nonfarmer in eastern Poland. Awmn Agr Envi-
ron Med, 7: 125-129.

. Jain N, Sharma M and Saxena VN(2008). Clini-
comycological profile of dermatophytosis in
jaipur, Rajasthan. Indian | Dermotal 1 enerol
and Leprol, 74: 274-275.

. Jain N and Sharma M(2011). Distribution of
dermatophytes and other related fungi in

32



16.

17.

18.

19.

20.

21.

22.

33

Iranian J Publ Health, Vol. 41, No.11, Nov 2012, pp. 27-33

Jaipur city with particular reference to soil
pH. Mycoses, 54(1): 52-58

Vanbreuseghem, R(1952). Technique
biologique pout! isolements des
dermatophyte du soil (Biological technique
for the isolation of dermatophytes from the
soil. Ann Soc Belge de Med Tech, 32: 173-178.

Conant Norman F, Smith David T, Baker
Roger D, Callaway Jasper L, Martin Donald
S(1959). (Mycology of dermatomycoses. In:
Manual of Clinical Mycology, Philadelphia:
W.A.Saunders company. 329-352.

Forbes Betty A, Sahm Daniel I, Weissfeld
Alice S(2002). Laboratory methods in basic
mycology. Bailey & Scott’s Diagnostic
Microbiology (Eleventh edition). Mosby, Inc.
711-797

Gupta R, Garg AP (1991). Isolation of
keratinophilic fungi from meerut with
particular reference of soil pH. .Adcta Bot
Indica, 1: 283-285.

Deshmukh SK, Agrawal SC and Jain PC(2000).
Isolation of dermatophytes and other
keratinophilic ~ fungi from soils of
Mysore(India). Mycoses, 43: 55-57.

Ramesh VM, Hilda A(1999). Incidence of
keratinophilic fungi in the soil of primary
school and public parks of Madras City,
India. Mycopathol, 143:139-145.

Ghosh GR, Biswass SB (1995). Keratinophilic
fungi from Bharatpur bird Sanctuary. Indian
J Microbiol, 35(2): 153-159.

23.

24.

25.

26.

28.

29.

. Sharma M

Sharma M and Sharma M(2010) . Incidence of
dermatophyes and other keratinophilic fungi
in the schools and college playground soils
of Jaipur, India. Afi | Micro Res, 4 (24): 2647-
2654.

Ogbonna  CIC, Pugh GJF  (1987).
Keratinophilic fungi from Nigerian soil.
Mycopathologia, 99:115-118

Sundaram BM and Subramanian S(19806).
Human k eratinophilic fungi from soils.
Indian | Microbiol, 26 (1&2): 138-140.

Ali-Shtayeh ~ MS,  Jamous  RMF(2000).
Keratinophilic fungi and related
dermatophytes in polluted soil and water
habitats. In: Biology of dermatophytes and
other keratinophilic fungi. Eds, Kushwaha
RKS, Guarro |, Revista lberoamericana de
Micologia Spain, 51-59

and Williamson D (1984).
Keratinophilc fungal flora of Jaipur district.
Biio! Bull India Bhagalpur, 6: 195-204.

Meinhof W, Thianpraist M, Rieth H (1960).
Nachweis,lsoliereing and  Identifiziereing
Keratin-verwertender,hautpathogener
Bodenphilze. Arib Kiin Exp Derm, 212: 30-48

Kaben U (1963). Die Isoliereing von
kertinomyces ajelloi, Trichophyton terrestre,
Microsporum gypseum and Microsporum
cookie aus dem Erdboden. Bull Pharm Res
Inst (Osaka), 45: 11-20.

Awvailable at:

http://ijph.tums.ac.ir



