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Abstract: The present study aimed to identify yeasts by phenotypic, biochemical and 
genotypic methods. Three hundred live Oreochromis niloticus samples were collected 
from different locations at Kafrelsheikh Governorate, Egypt and during different seasons. 
Yeast isolates were identified according to their phenotypical characterization in combi-
nation with polymerase chain reaction (PCR) and restriction fragment length polymor-
phism (RFLP) method. Two hundred and twenty-six yeast isolates from eighty diseased 
and two hundred and twenty apparently healthy O. niloticus samples. Isolated yeasts 
were Rhodotorula spp. (18.14%), Candida albicans (19.47%), Candida parapsilosis 
(16.37%), Candida guilliermondii (14.6%), Candida inconspicua (8.85%), Trichosporon 
asahii (17.25%), Geotrichum spp. (2.66%) and unidentified Ascus forming yeasts 
(2.66%). Yeasts most frequently isolated from gills and skin. Phenotypic methods are 
valuable in identification of yeasts into genera but these methods take more time. Molec-
ular methods through the amplification of (internal transcribed spacer) ITS1-5.8S-ITS2 
regions of fungal rRNA, followed by RFLP-PCR using Msp1 restriction enzyme allowed 
simple, rapid, cost-effective, sensetive and accurate identification of the phenotypically 
identified yeasts. 
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Introduction 

Parasitic fungi are facultative saprophytic 

(1). Yeasts are identified according to the abil-

ity of sugars fermentation and assimilation of 

carbon and nitrogen compounds (2). Fungal re-

production is not simple and depends upon 

more than one method of propagation. Environ-

mental conditions stimulate formation of spe-

cial structures that can help in sexual and asex-

ual reproduction by efficiently dispersing 

spores or spore-containing propagates (3). Uni-

cellular reproduction can occur by budding, fis-

sion or by both processes, called bud fission.  

Yeasts that reproduce sexually are members of 
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two large phyla of the fungi and have different 

modes of sporulation. After meiosis ascomy-

cetous yeasts produce different shapes of asco-

spores inside an ascus that is not enclosed in a 

complex fruiting body or an ascocarp. Basidio-

mycetous yeasts show a wide variety in the ba-

sidium morphology, where the formation of the 

external meiotic spores (4). Phylogenetic and 

population genetic methods are used to identify 

species and pathogenic fungi and detect the mo-

dality of their reproduction in nature (5). Fish 

that infected by fungi was previously exposed 

to some other pathogens or stressors like bacte-

rial, viral, parasitic diseases, poor water quality 

and trauma (6). Fungal can infect externally or 

internally and over the past decade fungi have 

received high attention all over the world (7).   

Many of fungi are considered opportunists be-

cause attacking fish under the effect of different 

stressors (8).   

Conventional identification of pathogenic 

yeasts depends on the morphological and bio-

chemical characters using tests that need more 

time. Also, the available commercial methods 

frequently fail to identify the less common 

pathogens or to differentiate between closely 

related species. Molecular methods used for the 

identification are rapid and sensitive alterna-

tives to conventional identification for yeasts 

(9). RFLP method was relatively more accurate 

and reliable for the detection of various yeasts 

compared PCR (10).  

The present study was conducted to isolate 

and identify yeast from freshwater fish by phe-

notypic methods and study reproductive behav-

ior on different culture media, rice agar for 

asexual spores while carrot media for detection 

of sexual spores. Molecular identification of 

yeast by RFLP-PCR was further applied to con-

firm phenotypic results. 

Materials and methods 

A total of 300 live O. niloticus comprised 80 

clinically diseased and 220 apparently healthy 

fish were collected from private fish farms at 

Kafrelsheikh province.  The Body weights were 

ranged from 150±10 g. The collected fish were 

examined clinically with paying attention to the 

behaviors in the ponds, changes in color and 

respiratory manifestations with special care to 

the external lesions according to the methods 

described by (11). The samples were collected 

aseptically transferred alive to the provisional 

laboratory of department of microbiology in 

faculty of veterinary medicine, Kafrelsheikh 

University.  

The live fish samples were transferred in a 

separate plastic bags one-third volume of water 

and provided with oxygen aeration by battery 

aerator (Beauty, Italy) and then subjected to 

mycological examination. 

Media  

Sabouraud's dextrose agar (SDA) (oxoid). It 

was used for isolation and preservation of fungi 

according to (13), Germ tube test (14) for de-

tection of reproductive behavior, Rice agar me-

dia (15) for asexual reproduction of yeasts, Car-

rot agar (CA) (16) for induction of sexual spor-

ulation of fungi, differential and selective chro-

mogenic medium for the isolation and quick 

identification of Candida spp., Christensen's 

urea agar (Oxoid) for biochemical identifica-

tion, 

Isolation of yeast  

The obtained samples were inoculated into 

duplicate plates of SDA with 500 mg of chlo-

ramphenicol dissolved in 3 ml ethanol 95% 

(that were added to the media after autoclav-

ing). The inoculated plates were incubated at 

30oC–37oC. A pure culture of each yeast colony 

was collected and the genus identified based on 

morphological characteristics (13).  

RFLP-PCR 

RFLP-PCR was carried out using primers (to 

amplify the ITS-1 and ITS-2 regions of yeast 

spp. using universal primers (internal tran-

scribed spacer) ITS1 (5’-TCC GT AG-

GTGAACCTGCCGG-3’) and ITS4 (5’-TC 

CTCCGCTTATTCATATGC-3’) and Msp1 re-

striction enzyme for yeast spp. as previously de-

scribed (17). Before RFLP-PCR, DNA extrac-

tion from yeast isolates was performed using 

DNA isolation kit (Jena Bioscience) and as pre-

viously described (18). 
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Results 

Phenotypic identification of yeast isolates 

Yeast isolates were identified according to 

microbiological characters (hyphae, pseudohy-

phae, chlamydospores, and blastospores) into 

genera. Two hundred and twenty-six yeast iso-

lates that yielded from the samples were identi-

fied into 4 genera (Candida, Rhodotorula, Tri-

chosporon and Geotrichum).  

Identification of Candida species 

One hundred and thirty-four isolates of Can-

dida spp. were subjected for identification ac-

cording to the following (Fig. 1): 

A.  Macromorphology on SDA 

C. albicans colonies were characterized by 

creamy colored pasty colonies within 48-72hrs, 

germ tube positive, grew well on media con-

taining cycloheximide with light green colonies 

on chromogenic candida agar, while C. para-

psillosis colonies were white and smooth colo-

nies on both SDA and chromogenic Candida 

agar with no growth on media containing cyclo-

heximide. C. guilliermondii colonies were dull, 

white, creamy or yellow, flat smooth colonies, 

while on chromogenic agar, they appeared pale 

pink to purple. Other Candida spp had the same 

cultural characters on SDA but can't grow on 

media containing cycloheximide; with light 

pink colonies on Chromogenic candida agar 

and showed negative germ tube test. 

B.  Micromorphology on Rice agar media 

Isolates could be identified into C. albicans 

according to Rice agar media which showed 

terminal chlamydospores, blastocondia and 

pseudohyphae. Pseudohyphae of C.  parapsil-

losis were long and branched and carried clus-

ters of elongated blastospores without chlamyd-

ospores. Other Candida spp. failed to produce 

pseudohyphae. C. guilliermondii appeared as 

short branched   pseudohyphae bearing clusters 

of blastospores All Candida isolates were ure-

ase negative. 

Identification of Trichosporon species 

Thirty-nine isolates of Trichosporon isolated 

on SDA appeared firstly as smooth flat or wrin-

kled white to creamy colonies that turned waxy 

with central folds surrounded by wrinkled fur-

rows. They grew well at 300C, 370C, and also 

on media containing cycloheximide.  Micro-

scopically, hyaline mycelium separated and 

fragmented into rectangular arthrospores ap-

peared. On Rice agar media, Trichosporon ap-

peared as septated hyphae, pseudohyphae, and 

arthrospores. Trichosporon species were urease 

positive. 

Identification of Rhodotorula species 

Forty-one isolates Rhodotorula were identi-

fied on SDA as Rhodotorula spp.  (light pink 

flat colonies). It grows well at 300C with faint 

growth at 370C, no growth on media containing 

cycloheximide.  Microscopic examination of 

Gram's stained films revealed large round yeast 

cells, on Rice agar media showed large round 

blastoconidia with no pseudohyphae. 

Rhodotorula spp. was urease positive. 

Identification of Geotrichum species 

Six isolates Geotrichum spp. were identified 

on SDA as they grew rapidly as white to 

creamy, flat and smooth, yeast-like colonies 

which turned into mold-like in old colonies, 

grew at 300C but not at 370C, or on media con-

taining cycloheximide. Micromorphology, hya-

line septated  branched hyphae break up into 

short chains or individual arthroconidia ap-

peared. No pseudohyphae or blastoconidia 

were formed, a character which differentiated it 

from Trichosporon species. Arthroconidia pro-

duced a hyphal extension from one corner pro-

ducing a hockey stick appearance. Geotrichum 

spp. was urease negative. 

Phenotypic identification of yeast isolates 

Molecular identification of yeast isolates 

Results obtained by preliminary conven-

tional identification of yeast isolates combined 

with detection of characteristic asexual spore 

helping in identification of most of them into 

genera (Candida, Trichosporon, Rhodotorulla, 

Geotrichum), while using RFLP-PCR we found 

(C. albicans, C. parapsilosis, C. guilliermondii,  

C. inconspicua, Trichosporon asahii) (Figs. 2 

and 3). Based on the results of RFLP-PCR we 

determined the incidence of yeast isolates. 
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The incidence of yeast spp. isolated from 

diseased and apparently healthy O. niloticus 

fishes was shown in Table 1. Incidence of yeast 

spp. isolated from different organs of O. nilot-

icus fishes was shown in Table 2. 

 

 

 

Figure 1: Microscopical identification of isolated yeasts. (A) Candida albicans showed on RAT 

blastspores, pseudohyphase and chlamydoconidia. (B) Yeast showed on RAT budding cells (blastspores 

without peudohyphae). (C) Ascospore forming yeast on carrot agar 

 

 

Table 1: Incidence of yeast spp. isolated from diseased and apparently healthy O. niloticus fishes 

Isolated yeast No. of examined O. niloticus 

No. of diseased (80) No. of apparently healthy (220) 
 No. % No. % 

Rhodotorulla spp. 15 18.75% 30 13.63% 

Candida albicans 16 20% 22 7.27% 

Candida parapsilosis 5 6.25% 15 6.81% 

Candida spp. 4 5% 11 5% 

Candida guilliermondii 9 11.25% 15 6.81% 

Trichosporon spp. 6 7.5% 18 8.18% 

Ascus forming yeast 3 3.75% 7 3.18% 
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Table 2: Incidence of yeast spp. Isolated from different organs of O. niloticus fishes 

Isolated 

Yeast 

No. of iso-

lates 

%   Organs 

Skin Gills Liver Kidney 

No. % No % No. % No % 

Rhodotorulla spp. 41 18.14   12 29.3 22 53.7 2 4.9 5 12.2 

C. albicans 44 19.47 13 29.5 15 34.1 10 22.7 6 13.6 

C.  parapsilosis  37 16.37 8 21.6 19 51.4 6 16.2 4 10.8 

Candida spp. 20 8.85 4 20 10 50 4 20 2 10  

Trichosporon spp. 39 17.25 21 53.8 9 23.1 9 23.1 0 0 

Candida guilliermondii 33 14.6 0 0 18 54.5 15 45.5 0 0 

Geotrichum spp.  6 2.66 2 33.3 3 50 1 16.7 0 0 

Unidentified Ascus form-

ing yeasts 

6 2.66 2 33.3 3 50 1 16.7 0 0 

Total 226 100 62  99  48  17  

 

 

 

 

 

 

Figure 2: PCR product of yeast isolates, lane 1,12 – 100 bp ladder, lane2– C. albicans, lane3 – C. albicans, 

lane4 - C. guilliermondii 608bp and C. parapsilosis 520bp,  lane5 – C. parapsilosis lane 6 - C. parapsilosis, 

lane 7 - C. inconspicua, lane 8 – C. parapsilosis lane 9 – Unidentified Candida spp. lane 10 – Unidentified 

Candida spp.  lane 11 Unidentified Candida spp. ,Lane13 - Tr. asahii lane14 - Tr. asahii, lane15 –Uniden-

tified Trichosporon spp. lane16 – Tr. asahii  
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Figure 2: RFLP-PCR of yeast isolates by MSP1 enzyme,  lane 1,12 – 100 bp ladder, lane2– C. albicans, 

lane3 – C. albicans and C. parapsilosis, , lane4 - C.parapsillosis and C. guillerimondi, lane5 –  C. para-

psillosis and C. inconspicua lane 6 - C. parapsilosis, lane 7 - C. inconspicua, lane 8 – C. C. parapsillosis 

and C. inconspicua lane 9 – Unidentified Candida spp., lane 10 – Unidentified Candida spp,  lane 11- 

Unidentified Candida spp.    Lane13 - Tr. asahii lane14 -Tr. asahii,  lane15 – Unidentified Trichosporon 

spp., lane16 – Tr. Asahi 

 

 

Discussion 

Yeasts play a key role  in several ecosystem 

processes, establishing ecological relations 

with other organisms which have been identi-

fied as a part of wild caught as well as farm-

raised fish microbiota and display an ability to 

interfere with the fish's nutrition and sanitary 

conditions (19). 226 yeast isolates out of 300 

(75.33%) were isolated, with 5 genera: Can-

dida, Rhodotorula, Trichosporon, Geotrichum 

and unidentified ascus forming yeast from O. 

niloticus. Candida spp. and were isolated at an 

incidence of 59.29% (134/226) and 18.14% 

(41/226), respectively. These results agreed 

with those recorded by (20) who isolated  Can-

dida spp. and Rhodotorula spp. at incidence 

rate of 65.12% and 28.84%, respectively. 

  C. albicans (19.47%) and Rhodotorula spp. 

(18.14%) were the highest yeast isolates col-

lected from skin, gills, kidney, and liver and. 

These results coincided with (21) who found in-

cidence of C.  albicans, and Rhodotorula spp. 

at 35.9 % and 31.4%, respectively.  

     Trichosporon spp. was isolated with 

higher incidence (17.25%) and lower rate for 

Geotrichum spp. (2.66%) and ascus forming 

unidentified yeast (2.66%).  Nearly similar re-

sults were recorded by (22).  But (20) recorded 

that Trichosporon spp. (4.18%), and also Ge-

otrichum spp. and ascus forming unidentified 

yeast in a low percent 0.46%. C. guilliermondii 

and C. parapsilosis were isolated in higher 

number that in agreement with (23) who found 

a rising of these pathogens but in freshwater en-

vironment.  

In the present study, several species of genus 

Candida (such as C. parasitosis, C. guillier-

mondii and C. inconspicua) were mostly iso-

lated from gills nearly by 50%. There is an evi-

dence that exposure to environmental stressors 

can predispose fish to infection according to 
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(24). The polluted feeds, water and worker 

hands play important role in fish health (25). 

We observed that many yeast species that affect 

human have been isolated from freshwater en-

vironments. Terrestrial environments and 

wastewater may be the origin of many of these 

species (26).      

Molecular approaches exhibit the potential 

to be a strong supplement for the phenotypic 

identification than the conventional methods 

(27). The most frequently used targets for yeast 

identification is the ITS region, which lies be-

tween the 18S and 28S rRNA gene and divided 

by 5.8S rRNA gene into ITS1 and ITS2 regions. 

In many studies the ITS2 showed considerable 

interspecies variability to identify 99.7% of 

yeasts and 100% of molds to species level, 

while ITS1 had identification accuracy of 

96.8%–100% for yeasts and 100% for molds 

(28). Although ITS2 has been used in wide 

range for identification of fungi, in other study 

the ITS1 exhibit higher interspecies variability 

than ITS2 region (29). PCR-RFLP assays have 

been used to identify the isolated yeast species 

as was successfully done by (30).  An ad-

vantage of this method is the stable and easy-

to-read RFLP patterns. Unlike previous reports, 

this method involves only one or two DNA 

fragments. Also, it is easy and rapid to perform. 

In addition to time-saving restriction enzymes 

it takes few hours to be completed. It requires 

no complicated equipment except a traditional 

thermal cycler. Regarding that DNA sequencer 

may not be easily obtainable to most clinical la-

boratories, this molecular method is applicable 

for obvious identification and differentiation of 

different yeast species (31). 

In the present study, yeast samples that was 

molecularlt identified as Candida spp. by uni-

versal primers became specifically identified as 

C. inconspicua by RFLP either in samples 

mixed with C. parapsilosis or alone. All exam-

ined isolates showed comparable RFLP pat-

terns to their respective reference strains. Re-

garding to genus Rhodotorula is commonly ob-

served in fish microbiota, as Trichosporon that 

in agreement with (32). Also, Trichosporon 

asahii is the most frequently isolated species in 

these infections that agreed with this study as 

PCR-RFLP assure the present results (33). The 

remaining unidentified Candida spp or uniden-

tified ascus forming yeasts need for sequencing 

for accurate defining of yeast species. 

Conclusion 

Yeasts isolated from healthy and diseased O. 

niloticus included Candida, Trichosporon, 

Rhodotorula, Geotrichum. Phenotypic methods 

succeed in the identification of yeasts into gen-

era. Molecular methods using RELP PCR con-

firm the phenotypic identification and specifi-

cally identify the unknown species. The RFLP 

method follows a common protocol that can be 

done for identification of yeasts in few hours. 

So, it can be used substitutional to the tradi-

tional methods. 
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