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			Abstract | This study aimed to investigate fungi exist in the skin/fins, gills, and internal organs of two economically essential diseased fresh water fish species with amplification of Internal Transcribed Spacer (ITS1-ITS4) regions of ribosomal DNA as the reference method for Saprolegnia parasitica identification, in Egypt. Among 500 samples from Oreochromis niloticus and Clarias gariepinus, mycological investigations had revealed 148 (29.6%) fungal isolates with 6 genera: Aspergillus spp. (51.3%) with A. niger as the most dominant species, Saprolegnia spp (16.2%), Penicillum spp., Alternaria spp. (10.8% each), Cladosporium spp. and C. albicans (5.4%).  Moreover, skin/fins (55.4%) was the most affected area followed by gills (18.9%) and internal organs (liver 10.8%, kidney 10.2%, eyes 2.7% and spleen 2%). The highest fungal infection rate was demonstrated during autumn (41.7%), followed by winter season (36%). The intraperitoneal-challenged C. gariepinus groups with A.  flavus, C. albicans, A. niger and Cladosporium spp. displayed the highest cumulative mortality rate (100, 80, 70 and 70% respectively), while the intramuscular challenged C. gariepinus groups with A.  flavus, A. niger and C. albicans revealed the highest mortality rate (60, 50 and 50% respectively). Furthermore, presumptive identification of the 24 isolates was initially suggestive of Saprolegnia species. Therefore, PCR assay joined with partial sequencing of ITS gene was confirmed the identification of 9 representative S. parasitica strains. This finding confirmed that the diseased fresh water fish species may harbor potential clinically applicable fungal species. 
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			Introduction

			 

			Fresh water fish, Oreochromis niloticus (Nile tilapia) and Clarias gariepinus (African catfish), is one of the most important protein sources for people in a lot of countries (Iqbal et al., 2012). Aquacultures incorporated into the farming system have been revealed to develop food security with slight external inputs (Wetengere, 2010). However, mortality and sever economic losses amongst the ornamental and food fish farming industries as the chief features of fungal infections were exhibited (Ali, 2015). For example, epizootic ulcerative syndrome (EUS) infection was one of most common disease caused by Aspergillus niger and Aspergillus fumigatu in fresh water fish (Chauhan, 2013). Really, the incidence and diversity of fungi as well as their secondary metabolites in aquatic systems are occupied a worldwide growing interest. Nonetheless, such concern is hindered by the scarce data about aquatic fungi in the investigations (Magwaza et al., 2017). Many of the fungi affected fish are considered opportunists. Fish is attacked when it is immunocompromised or stressed owing to unfavorable environment or subsequent to bacterial infections (Refai et al., 2010). Lot of efforts to characterize fungi among fresh water fish were performed and could be a great approach to identify fungi that play a role in overall fish health (Tartor et al., 2017).

			 

			For instance, the fungal infections associated with a lot of clinical abnormalities represented in the form of skin darkening, emaciation, necrotic lesions with sloughing of body fins and tail with peticheal haemorrhage and cotton wool like growth on different parts of the skin with sloughing of the upper layers of skin (Mohamed et al., 2013). The postmortem lesions caused by pathogenic fungi, mainly A. flavus were yellow liver as aresult of protease production (Essien et al., 2005), congestion in the internal organs as liver, enlargement in the spleen and nodules on the surface of the kidney (Hassan et al., 2010). The infected C. gariepinus with Cladosporium spp. and Alternaria spp. showed severe erosions and ulcerations of the skin in the posterior part of the body as well as black liver with congestion in internal organs (Tasic, 2007).

			 

			The phenotypical characteristics for instance; colony morphology, microscopic and biochemical examinations, have been the most common procedure for identification of fungi in clinical samples. However, this procedure is tedious, exorbitant and necessitates experienced microbiologists and an appropriate control in culture conditions that could involve in various outcomes and the findings might occasionally be indecisive, mostly for uncommon fungi (Agustini et al., 2014). The gene amplification and sequencing is the best method for identification of fungal species which are hard to identify by the phenotypic procedure, although such method is not commonly available and thus usually not portion of routine identification (Petti, 2007).

			 

			Oomycetes (water moulds) of the order Saprolegniales such as Saprolegnia spp., are incriminated in devastating infection (Saprolegniasis) of fish in aquaculture fish farms (Pieter, 2006). Saprolegniasis causes numerous damages in natural ecosystems and essential economic losses for the aquaculture industries. The presence of such disease is correlated to seed stage, mechanical injury, stress, immunocompromise, diminishes water quality, poor hygiene and crowdness (Osman et al., 2010; Karouei et al., 2012). The growing sign of the infection is characteristically established as a relativity superficial, cotton-wool like, white growth of mycelia on the fish skin especially around the head, dorsal and caudal fins, gills, in muscular layer and internal organs (Chauhan et al., 2014). Saprolegnia spp. were conventionally recognized depending on their reproductive structure morphology (Die´guez-Uribeondo et al., 2007). Lately, molecular approaches as polymerase chain reaction (PCR) joined with partial sequencing of ITS gene are the best recent methods to differentiate S. parasitica from other Saprolegnia spp. (Ke et al., 2009).

			Thus, the present study aimed to identify aquatic fungi affecting diseased fresh water fish through using fungal morphological parameters, experimental challenge of the representatives of the identified fungal isolates and polymerase chain reaction amplification of Internal Transcribed Spacer (ITS1-ITS4) regions of ribosomal DNA as the reference method for Saprolegnia parasitica identification, in Egypt. 

			 

			Materials and methods

			 

			Sampling and Clinical Examination 

			 A total of 500 apparently healthy and diseased freshwater fishes including 300 Nile tilapia (Oreochromis niloticus) and 200 Nile catfish (Clarias gariepinus) were obtained randomly from different fish farms located in Menzalah and El-Mansoura cities, Dakahlia province, Egypt, throughout the period from January to December 2017. Fishes were conveyed instantly alive or freshly dead to the lab. They were exposed to clinical and postmortem inspections for the existence of any lesions concerning skin/fins, gills, eyes and internal organs (liver, kidney, and spleen) as observed by Lucky (1977) and Austin and Austin (2012) and displayed in Figures (1-6).
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			Figure 1: Oreochromis niloticus with severe bilateral hemorrhagic exophthalmia.

			 

			Mycological Analysis

			A total of 6 samples (skin/fins, gills, eyes, and internal organs; liver, kidney, and spleen) from each fish species were taken for mycological analysis. Each sample was inoculated onto Sabouraud’s dextrose agar with chloramphenicol (SCG Laboratorios CONDA, S.A. Cat.No.1090) (Eissa et al., 2013; Raggi et al., 2014). Then, they were incubated at 28±2 ºC for 3-10 days. Fungal isolates were identified according to cultural characteristic, morphology of hyphae cells, spores and kind of fruiting bodies (Koeypudas  et al., 2005) after staining by lactophenol cotton blue (LPCB). All yeast isolates were subsequently cultivated on Rice agar plate and observed microscopically for the existence of blastospores, hyphae, pseudohyphae, chlamydospores and arthrospores (Hazen, 2007). Several biochemical identification tests were used to diagnose yeast isolates such as sugar fermentation and assimilation tests. 
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			Figure 2: Oreochromis niloticus with congested caudal peduncle area.
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			Figure 3: Oreochromis niloticus with sever congested gills.
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			Figure 4: Oreochromis niloticus with congested, sloughed tail fin and ascitis.
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			Figure 5: Oreochromis niloticus with sever congested kidneys.
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			Figure 6: Oreochromis niloticus with threads of congestion along the surface of liver. 

			 

			Experimental Chellanges         

			Seven representatives of the identified fungi comprising genus Aspergillus (A. flavus, A. niger, A. fumigatus), Penicillium, Saprolegnia, Cladosporium and Candida were utilized for experimental challenging of C. gariepinus (Table 1). In total, 160 C. gariepinus with average weight 250±10 g were separated into eight groups (n=20 fish/ group), each group was divided into two subgroups (n=10) and distributed in two glass aquaria (30 X 50 X100 cm) at a density of 10-fish per aquarium. Fishes were adapted for 2 weeks, nourished on artificial diet, provided with dechlorinated water that was constantly ventilated and the temperature kept at 20±2 ̊ C. Following two weeks, each subgroup of the fish were inoculated intraperitoneum (I/P) or intramuscular (I/M) with 1 ml of spore suspension (9x104 spores/ml) or yeast suspension containing 2x103 CFU/ml which was confirmed by haemocytometer counting chamber beforehand challenging (Olufemi et al., 1983; Refai et al., 2010). Control group was inoculated with 1 ml of sterilized physiological saline. For one week, the observed clinical signs and mortalities of experimentally challenged fish were 

			Table 1: The prevalence of various fungi among the examined fresh water fish. 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Fish species
							Examined fishes
							Infected fishes
							
							Types of fungi

						
							
							 

						
							
							 

						
							
							 

						
					

					
							Saprolegnia
							A. niger
							A. flavus
							A. fumigatus
							Penicillium
							Cladosporium
							Alternaria
							Candida albicans
					

					
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
					

					
							O. niloticus 
							
							300

						
							
							66

						
							
							44.6

						
							
							148

						
							
							6.7

						
							
							10

						
							
							12.2

						
							
							18

						
							
							5.4

						
							
							8

						
							
							4.1

						
							
							6

						
							
							6.7

						
							
							10

						
							
							1.4

						
							
							2

						
							
							5.4

						
							
							8

						
							
							2.7

						
							
							4

						
					

					
							C. gariepinus 
							
							200

						
							
							82

						
							
							55.4

						
							
							9.5

						
							
							14

						
							
							14.9

						
							
							22

						
							
							8.1

						
							
							12

						
							
							6.8

						
							
							10

						
							
							4

						
							
							6

						
							
							4

						
							
							6

						
							
							5.4

						
							
							8

						
							
							2.7

						
							
							4

						
					

					
							Total
							
							500

						
							
							148

						
							
							29.6

						
							
							 

						
							
							16.2 

						
							
							24

						
							
							27 

						
							
							40

						
							
							13.5

						
							
							20

						
							
							10.8 

						
							
							16

						
							
							10.8 

						
							
							16

						
							
							5.4 

						
							
							8

						
							
							10.8

						
							
							16

						
							
							5.4 

						
							
							8

						
					

				
			

			

			 

			Table 2: The prevalence of fungal isolates from organs and tissues of fresh water fish species (n=500).

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Fungal isolates
							Fish species
							
							Isolates

						
					

					
							Skin/Fins
							Gills
							Eyes
							Liver
							
							 

						
							Kidney
							spleen
							
							 

						
							Total isolates
					

					
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%*
							No
					

					
							Saprolegnia
							O. niloticus 
							
							90

						
							
							9

						
							
							-

						
							
							-

						
							
							10

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							15.2

						
							
							10

						
					

					
							C. gariepinus 
							
							85.7

						
							
							12

						
							
							-

						
							
							-

						
							
							14.3

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							17.1

						
							
							14

						
					

					
							A. niger
							O. niloticus 
							
							50

						
							
							9

						
							
							27.8

						
							
							5

						
							
							-

						
							
							-

						
							
							11.1

						
							
							2

						
							
							11.1

						
							
							2

						
							
							-

						
							
							-

						
							
							27.3

						
							
							18

						
					

					
							C. gariepinus 
							
							36.4

						
							
							8

						
							
							27.4

						
							
							6

						
							
							-

						
							
							-

						
							
							18.2

						
							
							4

						
							
							9

						
							
							2

						
							
							9

						
							
							2

						
							
							26.8

						
							
							22

						
					

					
							A. flavus
							O. niloticus 
							
							50

						
							
							6

						
							
							25

						
							
							3

						
							
							-

						
							
							-

						
							
							8.3

						
							
							1

						
							
							8.3

						
							
							1

						
							
							8.3

						
							
							1

						
							
							18.2

						
							
							12

						
					

					
							C. gariepinus 
							
							50

						
							
							4

						
							
							25

						
							
							2

						
							
							-

						
							
							-

						
							
							12.5

						
							
							1

						
							
							12.5

						
							
							1

						
							
							-

						
							
							-

						
							
							9.8

						
							
							8

						
					

					
							A. fumigatus
							O. niloticus 
							
							50

						
							
							3

						
							
							33.3

						
							
							2

						
							
							-

						
							
							-

						
							
							16.7

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							9.1

						
							
							6

						
					

					
							C. gariepinus 
							
							40

						
							
							4

						
							
							10

						
							
							1

						
							
							-

						
							
							-

						
							
							30

						
							
							3

						
							
							20

						
							
							2

						
							
							-

						
							
							-

						
							
							12.2

						
							
							10

						
					

					
							Penicillium
							O. niloticus 
							
							30

						
							
							3

						
							
							50

						
							
							5

						
							
							10

						
							
							1

						
							
							-

						
							
							-

						
							
							10

						
							
							1

						
							
							-

						
							
							-

						
							
							15.2

						
							
							10

						
					

					
							C. gariepinus 
							
							16.7

						
							
							1

						
							
							50

						
							
							3

						
							
							-

						
							
							-

						
							
							16.7

						
							
							1

						
							
							16.7

						
							
							1

						
							
							-

						
							
							-

						
							
							7.3

						
							
							6

						
					

					
							Cladosporium
							O. niloticus 
							
							100

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							3

						
							
							2

						
					

					
							C. gariepinus 
							
							66.7

						
							
							4

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							33.3

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							7.3

						
							
							6

						
					

					
							Alternaria
							O. niloticus 
							
							75

						
							
							6

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							25

						
							
							2

						
							
							-

						
							
							-

						
							
							12.1

						
							
							8

						
					

					
							C. gariepinus 
							
							87.5

						
							
							7

						
							
							12.5

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							9.8

						
							
							8

						
					

					
							C. albicans
							O. niloticus 
							
							50

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							25

						
							
							1

						
							
							25

						
							
							1

						
							
							-

						
							
							-

						
							
							6

						
							
							4

						
					

					
							C. gariepinus 
							
							50

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							50

						
							
							2

						
							
							-

						
							
							-

						
							
							4.9

						
							
							4

						
					

					
							
							Total

						
							
							 

						
							
							55.4

						
							
							82

						
							
							18.9

						
							
							28

						
							
							2.7

						
							
							4

						
							
							10.8

						
							
							16

						
							
							10.2

						
							
							15

						
							
							2

						
							
							3

						
							
							148

						
					

				
			

			

			* Total % according to No. of isolates of O. niloticus (66) and C. gariepinus (82).

			 

			 

			 

			stated and also fungal isolation and identification were performed from fresh dead fish.

			 

			Molecular Identification of Saprolegnia parasitica

			Genomic DNA from nine representative isolates of Saprolegnia parasitica was extracted according to Jara et al. (2008) for detection of ITS gene by polymerase chain reaction. Amplification of DNA was applied using the primer set ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’ TCCTCCGCTTATTGATATGC-3’), subsequent the protocol stated by Ke et al. (2009). The reaction profile included one initial cycle at 94 °C for 5 min; followed by 35 cycles of amplification comprising a denaturation step at 94°C for 30 s; annealing at 58°C for 30 s, extension at 72°C for 1 min and final extension at 72°C for 5 minutes. Polymerase chain reaction fragment lengths were detected using 1.2% agarose gel electrophoresis and image photographed by a gel documentation system (Alpha Innotech, Biometra). 

			 

			Results

			 

			Prevalence of Fungi Isolated from Fish

			The prevalence of different fungi among 500 samples from O.  niloticus and C. gariepinus was 148 (29.6%) with 6 genera: Aspergillus spp. (A. flavus, A. niger, A. fumigatus), Penicillium spp., Saprolegnia, Cladosporium spp., Alternaria spp. and Candida spp. identified (Table 1) (Figure 7-14). Of the infected fishes, C. gariepinus displayed the higher number of fungal isolates (n=82; 55.4%) than O. niloticus (n=66; 44.6%). The most prevalent fungi was Aspergillus spp. (76/148; 51.3%) with A. niger as the predominant species (40/148; 27%), Saprolegnia spp  (24/148; 16.2%), Penicillum spp., Alternaria spp. (16/148; 10.8% each), Cladosporium spp. and C. albicans (8/148; 5.4%). Frequency distribution of fungi isolated from organs and tissues of fish species showed high occurrence of fungi in skin/fins (55.4%), subsequently gills (18.9%) and internal organs (liver 10.8%, kidney 10.2%, eyes 2.7% and spleen 2%) as depicted in Table (2). Interestingly, considering localities, a high prevalence of fungi from Menzalah fish farms (130/360; 36%) with A. niger (34/360; 26%) as the predominant species  was recognized, while a low rate of fungal infection was detected in El-Mansoura fish farms (18/140; 13%) with A. niger (6/140; 33.3%) as the most prevalent species (Table 3). The fungal infections varied according to seasons of the year (Table 4). The highest fungal infection rate was demonstrated during autumn (40/96; 41.7%), followed by winter season (62/172; 36%), summer season (24/106; 22.6%) and spring season (22/126; 17.5%). All Penicillium spp. and Aspergillus spp. were isolated all over the year except A. fumigatus absent during spring season. Saprolegnia spp. was detected during winter and autumn seasons, while Cladosporium spp.and Alternaria spp. were only determined during winter. C. albicans was identified during summer and autumn. 
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			Figure 7: Saprolegnia spp.
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			Figure 8: Aspergillus niger

			 

			Effects of Experimental Challenge

			The intraperitoneum challenged fish groups with A.  flavus, C. albicans, A. niger, Cladosporium spp. displayed the highest cumulative mortality percent (100, 80, 70 and 70% respectively), while Saprolegnia spp., Penicillium spp. and A. fumigatus demonstrated a lower mortality rate (50, 50, 30% respectively) as illustrated in Table (5). The intramuscular challenged fish groups with A.  flavus, A. niger and C. albicans revealed the highest mortality rate (60, 50 and 50% respectively), whereas the lowest mortality rate was presented by Saprolegnia spp., Cladosporium spp., Penicillium spp. (40% each) and A. fumigatus (20%) (Table 5). Mortalities initiated within 24 h post infection. The major  of challenged fish revealed similar clinical signs involving

			Table 3: The prevalence of various fungi among the examined fresh water fish in relation to different localities.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Locality
							Fish species
							Examined fishes
							Infected fishes
							
							Types of fungi

						
					

					
							Saprolegnia
							A. niger
							A. flavus
							A. fumigatus
							Penicillium
							Cladosporium
							Alternaria
							Candida albicans
					

					
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
					

					
							
							Menzalah fish

							Farm

						
							O. niloticus
							
							160

						
							
							30

						
							
							48

						
							
							16.7

						
							
							8

						
							
							25

						
							
							12

						
							
							12.5

						
							
							6

						
							
							8.3

						
							
							4

						
							
							12.5

						
							
							6

						
							
							4.2

						
							
							2

						
							
							12.5

						
							
							6

						
							
							8.3

						
							
							8

						
					

					
							C. gariepinus
							
							200

						
							
							41

						
							
							82

						
							
							17.1

						
							
							14

						
							
							26.9

						
							
							22

						
							
							14.7

						
							
							12

						
							
							12

						
							
							10

						
							
							7

						
							
							6

						
							
							7

						
							
							6

						
							
							10

						
							
							8

						
							
							5

						
							
							8

						
					

					
							Total
							
							360

						
							
							36

						
							
							130

						
							
							17

						
							
							22

						
							
							26

						
							
							34

						
							
							13.8

						
							
							18

						
							
							11

						
							
							14

						
							
							9.2

						
							
							12

						
							
							6

						
							
							8

						
							
							11

						
							
							14

						
							
							6

						
							
							16

						
					

					
							
							Al-Mansoura

							fish farm

						
							O. niloticus
							
							140

						
							
							13

						
							
							18

						
							
							11.1

						
							
							2

						
							
							33.3

						
							
							6

						
							
							11.1

						
							
							2

						
							
							11

						
							
							2

						
							
							22.2

						
							
							4

						
							
							_

						
							
							_

						
							
							11.1

						
							
							2

						
							
							_

						
							
							_

						
					

					
							
							Total

						
							
							500

						
							
							29.6

						
							
							148

						
							
							16.2

						
							
							24

						
							
							27

						
							
							40

						
							
							13.5

						
							
							20

						
							
							11

						
							
							16

						
							
							10.8

						
							
							16

						
							
							5.4

						
							
							8

						
							
							10.8

						
							
							16

						
							
							5.4

						
							
							16

						
					

				
			

			

			 

			Table 4: The seasonal prevalence of various fungi among the examined fresh water fish.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Season
							Fish species
							No. of examined fishes
							Infected fishes
							
							Types of different fungi

						
					

					
							Saprolegnia
							A. niger
							A. flavus
							A. fumigatus
							Penicillium
							Cladosporium
							Alternaria
							Candida albicans
					

					
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
							%
							No
					

					
							
							Winter

						
							O. niloticus
							
							102

						
							
							25.5

						
							
							26

						
							
							23

						
							
							6

						
							
							23

						
							
							6

						
							
							7.7

						
							
							2

						
							
							 _

						
							
							_

						
							
							7.7

						
							
							2

						
							
							7.7

						
							
							2

						
							
							30.8

						
							
							8

						
							
							_

						
							
							_

						
					

					
							C. gariepinus
							
							70

						
							
							51,4

						
							
							36

						
							
							27.7

						
							
							10

						
							
							22.2

						
							
							8

						
							
							5.5

						
							
							2

						
							
							5.5

						
							
							2

						
							
							_

						
							
							_

						
							
							16.7

						
							
							6

						
							
							22.2

						
							
							8

						
							
							_

						
							
							_

						
					

					
							Total
							
							172

						
							
							36

						
							
							62

						
							
							25.8

						
							
							16

						
							
							22.6

						
							
							14

						
							
							6.5

						
							
							4

						
							
							3.2

						
							
							2

						
							
							3.2

						
							
							2

						
							
							13

						
							
							8

						
							
							25.8

						
							
							16

						
							
							_

						
							
							_

						
					

					
							
							Spring

						
							O. niloticus
							
							74

						
							
							13.5

						
							
							10

						
							
							_

						
							
							_

						
							
							60

						
							
							6

						
							
							20

						
							
							2

						
							
							_

						
							
							_

						
							
							20

						
							
							2

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
					

					
							C. gariepinus
							
							52

						
							
							23

						
							
							12

						
							
							_

						
							
							_

						
							
							50

						
							
							6

						
							
							33.3

						
							
							4

						
							
							_

						
							
							_

						
							
							16.7

						
							
							2

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
					

					
							Total
							
							126

						
							
							17.5

						
							
							22

						
							
							_

						
							
							_

						
							
							54.5

						
							
							12

						
							
							27.3

						
							
							6

						
							
							_

						
							
							_

						
							
							18.2

						
							
							4

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
					

					
							
							Summer

						
							O. niloticus
							
							66

						
							
							15

						
							
							10

						
							
							_

						
							
							_

						
							
							20

						
							
							2

						
							
							20

						
							
							2

						
							
							20

						
							
							2

						
							
							20

						
							
							2

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							20

						
							
							2

						
					

					
							C. gariepinus
							
							40

						
							
							35

						
							
							14

						
							
							_

						
							
							_

						
							
							28.6

						
							
							4

						
							
							14.3

						
							
							2

						
							
							28.6

						
							
							4

						
							
							14.3

						
							
							2

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							14.3

						
							
							2

						
					

					
							Total
							
							106

						
							
							22.6

						
							
							24

						
							
							_

						
							
							_

						
							
							25

						
							
							6

						
							
							16.7

						
							
							4

						
							
							25

						
							
							6

						
							
							16.7

						
							
							4

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							16.7

						
							
							4

						
					

					
							
							Autumn

						
							O. niloticus
							
							58

						
							
							34.5

						
							
							20

						
							
							20

						
							
							4

						
							
							20

						
							
							4

						
							
							10

						
							
							2

						
							
							20

						
							
							4

						
							
							20

						
							
							4

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							10

						
							
							2

						
					

					
							C. gariepinus
							
							38

						
							
							52.6

						
							
							20

						
							
							20

						
							
							4

						
							
							20

						
							
							4

						
							
							20

						
							
							4

						
							
							20

						
							
							4

						
							
							10

						
							
							2

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							10

						
							
							2

						
					

					
							
							Total

						
							
							96

						
							
							41.7

						
							
							40

						
							
							20

						
							
							8

						
							
							20

						
							
							8

						
							
							15

						
							
							6

						
							
							20

						
							
							8

						
							
							15

						
							
							6

						
							
							_

						
							
							_

						
							
							_

						
							
							_

						
							
							10

						
							
							4

						
					

					
							
							 

						
							
							Total

						
							
							500

						
							
							29.6

						
							
							148

						
							
							16.2

						
							
							24

						
							
							27

						
							
							40

						
							
							13.5

						
							
							20

						
							
							10.8

						
							
							16

						
							
							10.8

						
							
							16

						
							
							5.4

						
							
							8

						
							
							10..8

						
							
							16

						
							
							5.4

						
							
							8

						
					

				
			

			

			Winter season, water temp. 16±2°C			Spring season, water temp. 25±2°C

			Summer season, water temp. 30±2°C		Autumn season, water temp. 22±2°C

			 

			Table 5: Mortality rates, morbidity rates, clinical signs and PM changes caused by fungi in experimentally challenged C. gariepinus. 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Group No.
							Fungi
							Route of injection
							
							1st day

						
							
							2nd day

						
							
							3rd day

						
							
							4th day

						
							
							5th day

						
							
							6th day

						
							
							7th day

						
							Mortality rate
							Morbidity rate
							Clinical signs and PM changes
					

					
							No.
							%
							No.
							
							%

						
					

					
							
							1

						
							
							Control

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							No clinical signs or PM changes.

						
					

					
							
							2

						
							
							A. flavus

						
							
							I/P

						
							
							3

						
							
							2

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							10

						
							
							100

						
							
							-

						
							
							-

						
							
							ulcerations of the skin with yellow liver

						
					

					
							
							I/M

						
							
							2

						
							
							1

						
							
							-

						
							
							1

						
							
							-

						
							
							2

						
							
							-

						
							
							6

						
							
							60

						
							
							3

						
							
							30

						
					

					
							
							3

						
							
							A. niger

						
							
							I/P

						
							
							2

						
							
							2

						
							
							-

						
							
							1

						
							
							1

						
							
							-

						
							
							1

						
							
							7

						
							
							70

						
							
							2

						
							
							20

						
							
							emaciation with congestion in the internal organs as liver

						
					

					
							
							I/M

						
							
							1

						
							
							-

						
							
							2

						
							
							-

						
							
							-

						
							
							1

						
							
							1

						
							
							5

						
							
							50

						
							
							4

						
							
							40

						
					

					
							
							4

						
							
							Saprolegnia

							Spp.

						
							
							I/P

						
							
							3

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
							
							-

						
							
							5

						
							
							50

						
							
							1

						
							
							10

						
							
							severe ulceration on the head region and uni or bilateral blindness with pale gills and dark enlarged liver

						
					

					
							
							I/M

						
							
							1

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
							
							4

						
							
							40

						
							
							-

						
							
							-

						
					

					
							
							5

						
							
							Penicillium

							Spp.

						
							
							I/P

						
							
							1

						
							
							2

						
							
							-

						
							
							-

						
							
							2

						
							
							-

						
							
							-

						
							
							5

						
							
							50

						
							
							1

						
							
							10

						
							
							emaciation with moderate distended kidney

						
					

					
							
							I/M

						
							
							-

						
							
							1

						
							
							1

						
							
							1

						
							
							-

						
							
							1

						
							
							-

						
							
							4

						
							
							40

						
							
							-

						
							
							-

						
					

					
							
							6

						
							
							A. fumigatus

							 

						
							
							I/P

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
							
							-

						
							
							3

						
							
							30

						
							
							1

						
							
							10

						
							
							abdominal distention, congested kidney and pale liver

						
					

					
							
							I/M

						
							
							1

						
							
							-

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							2

						
							
							20

						
							
							-

						
							
							-

						
					

					
							
							7

						
							
							C. albicans

						
							
							I/P

						
							
							4

						
							
							1

						
							
							-

						
							
							2

						
							
							-

						
							
							-

						
							
							1

						
							
							8

						
							
							80

						
							
							2

						
							
							20

						
							
							emaciation, exophthalmia, erythema at the pectoral and anal fins, with severe congested and enlarged kidney

						
					

					
							
							I/M

						
							
							2

						
							
							-

						
							
							2

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							5

						
							
							50

						
							
							3

						
							
							30

						
					

					
							
							8

						
							
							Cladosporium

							Spp.

						
							
							I/P

						
							
							4

						
							
							2

						
							
							-

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							7

						
							
							70

						
							
							3

						
							
							30

						
							
							ulceration of posterior region, black liver and congested internal organs

						
					

					
							
							I/M

						
							
							2

						
							
							-

						
							
							-

						
							
							2

						
							
							-

						
							
							-

						
							
							-

						
							
							4

						
							
							40

						
							
							-

						
							
							-
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			Figure 9:  Aspergillus  flavus

			 

			[image: 178286.png] 

			Figure 10: Aspergillus fumigatus
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			Figure 11: Penicillium spp.
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			Figure 12: Cladosporium spp.
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			Figure 13: Alternaria spp.
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			Figure 14: Candida Albicans

			 

			severe emaciation, off food, aggregate near the aquarium  sides, gasping air from water surface and loss of escape reflex. The postmortem examination showed severe congestion in the internal organs, prominently the kidney, liver and intestine and abdominal distention. No mortality or any behavioural changes was detected in the control group during the period of experiment. Reisolation and identification of fungi from dead experimentally inoculated fishes revealed that, it corresponded to the same tested strain of fungi used for challenge.

			 

			Molecular Identification of Saprolegnia parasitica 

			The PCR assay as a confirmatory test identified nine Saprolegnia parasitica strains (9/9, 100%) obtained from diseased fish by the primer pairs ITS1- ITS4 (Figure 15). The amplified product size was 300 bp. 
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			Figure 15: Agarose gel electrophoresis of Saprolegnia parasitica isolated from diseased fish showing ITS gene (300 bp).  (M) ladder 100bp; lanes (1-9): positive samples

			 

			Discussion

			 

			The fungal diseases constitute one of the most important diseases causing several economic losses in fresh and cultured fish worldwide, particularly Egypt. In this accordance, the aim of this investigation was to study fungi in two economically vital diseased freshwater fish species. A notable point in this work was that the diseased freshwater fish species had potential clinically applicable fungi in percentage 29.6%  including Aspergillus spp. (A. flavus, A. niger, A. fumigatus), Penicillium spp., Saprolegnia, Cladosporium spp., Alternaria spp. and Candida spp. (Abd El-Ghany, 1998; Shabana, 2002; Blaylok et al., 2011). This result is consistent with Ibrahim et al. (2016) who isolated 32% of fungi from fish lesions in Khartoum state. Aspergillomycosis is principally a disease of Oreochromis sp. caused by Aspergillus spp. (Willoughby, 1994).  Additionally, this work revealed the highest prevalence of mould infection with Aspergillus species especially Aspergillus niger among fresh water fish.

			These results were in agreement with that obtained by Shaheen (1986), Abd El-Ghany (1998), Oni et al. (2012), Jimoh et al. (2014) and Mohamed et al. (2017).

			 

			Moreover, C. gariepinus had the highest percentage of infection then O. niloticus. The variation in the infection percentage according to different fish species might be due to the scale less body of C. gariepinus that act as physical barrier against external pathogens especially mycotic agents (Osman et al., 2010).

			 

			Concerning occurrence of fungi in different external and internal organs,  the highest percentage of infection in the skin/fins in comparison to gills and internal organs  in this work might be regarded to saprophytic nature of fungi on fish mucous (Shaheen 1986; Udomkusonsri et al., 2007). There were a lot of fungal diseases infected the external tissue and few fungal infections outbreak the internal organs of fish (Mastan et al., 2015). Correspondingly,  Refai et al. (2010) obtained different fungal isolates from diseased and apparently healthy Oreochromis species such as Aspergillus spp., Saprolegnia spp., Penicillium spp. and C. albicans from skin, gills, liver and kidney. Abd El-Ghany (1998) isolated A. flavus from skin, liver and kidney of C. gariepinus. This study revealed that, prevalence of different fungi among the examined fishes was 29.6% with variation in the infections percentage in relation to different localities (Menzalah fish farm 36% and  Mansoura fish farm 13%) (Ali et al., 2011). Furthermore, the fungal diseases were affected by a changing thermal regimen. Therefore, the current investigation demonstrated the highest fungal infection rate during autumn, followed by winter season, summer season and spring season.  This result is consistent to Rezeaka (1991) and Claireaux et al. (1995) who recorded the highest percentage of infection during autumn season due to sudden changes in the temperature. 

			 

			According to association of fungal species and season, A. niger and Penicillium spp. isolates were high in spring season (El-Abbassy, 2007; Ahmed et al., 2012). The occurrence of infection by Saprolegnia spp., Alternaria spp. and Cladosporium spp. was high in winter season as their proliferation required to maintenance of lower temperature. These findings were supported by Rezeaka (1991), Grinn-Gofron (2007) and Verma (2008). The incidence of infection by C. albicans was high in summer season  because yeast infections strike more in the warmer months (Hennessey, 2010).

			 

			Approximately all fungi identified in such investigation could be considered as normal mycoflora. On the contrary, it did not indicate that such fungi could not induce disease. These fungi could slightly be categorized as opportunistic fungi, since numerous of them contain virulence factors, that allow them to make diseases, especially under favorable predisposing environments. This is confirmed by several clinical findings that had determined after experimental exposure of C. gariepinus to various fungal isolates in such work. C. gariepinus inoculated either I/P or I/M with A.  flavus, C. albicans, A. niger, Cladosporium spp showed high mortality rate. Similar observation was reported by Abd El-Ghany (1998), Tasic (2007) and Oda et al. (2016). Whilst, Saprolegnia spp., Penicillium spp. and A. fumigatus demonstrated low mortality rate. These results were consistent with Abd El-Ghany (1998) and Osman et al. (2010). 

			 

			The fish fungal pathogen (Saprolegnia) concerning to heterokonts group, responsible for Saprolegniosis, taken significant consideration amongst all the fungal pathogens of fish. Saprolegnia is extensively delivered to aquatic habitation and is an economically essential member of the class Oomycetes (Magray et al., 2018). Up to the last years of twentieth century, mycologists mostly depended on culturing, morphology and physiology of a fungal community for the classification goals. On the other hand, accelerated developments in the sequencing technology from later two decades has assisted the characterization of microbes established on molecular characters. Hence, morphology depended identification was useful with other advanced molecular methods, PCR assay, for precisely identification of Saprolegnia parasitica from other water moulds in this work. Internal Transcribed Spacer (ITS) regions of the ribosomal DNA, ITS1 and ITS2, is the real barcode to distinguish members of Oomycota, Saprolegnia  and is further effective for the identification of fungi containing inter and intraspecific variations (Schoch et al., 2012). Consequently, genetic sequential analysis of these regions has been approved to examine nine retrieved Saprolegnia isolates.This investigation showed that all phenotypically Saprolegnia parasitica strains were genotypically positive. The genetic study established on the ITS ribosomal DNA region further approved the taxonomic position of the nine Saprolegnia strains and proved their identification as S. parasitica that concurs with the same findings by Cao et al. (2012) and Eissa et al. (2013).

			 

			Conclusion

			 

			The fungal infections were highly prevalent among fresh water fish species (O. niloticus and C. gariepinus) during low temperature seasons in Egypt with predominance of A. niger and Saprolegnia spp, but other four genera were also encountered. The experimental challenge of representatives of the identified fungi effectively imitated most important clinical signs of naturally infected fish illustrating that such isolates were clinically substantial and point attention to the possible role of fungi in affecting C. gariepinus. Also, traditional identification combined with ITS amplification could be used as the gold standard for the identification of S. parasitica strains from diseased fish species. Such data imposes planning and application of biosecurity programs in addition to the establishment of therapeutic strategy to control fungal infection among fresh water fish. 
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Conventional Identification of Pathogenic Fungi Isolated from Fresh
Water Aquarium Fish (O. niloticus and C. gariepinus) Combined with
Molecular Identification of Saprolegnia parasiticain Egypt

GamaL A. Younis!, Ao EL KHEIR M. Esawy?, Rasaa M. ELkeNany!, MunamMap M. SHams EL
DEenN?

IDepmtmﬂnt of Bacteriology, Mycology and Immunology, Faculty of Veterinary Medicine, Mansoura Universi-
#y, Mansoura 35516, Egypt; ZDﬂparmmnt of Bacteriology, Mycology and Immunology, Animal Health Institute
El-Mansoura Branch, Mansoura 35516, Egypt; Weterinarian, Faculty of Veterinary Medicine, Mansoura Univer-
sity, Mansoura 35516, Egypt.

Abstract | This study aimed to investigate fungi exist in the skin/fins, gills, and internal organs of two economically
essential diseased fresh water fish species with amplification of Internal Transcribed Spacer (I7S1-IT'S4) regions of
ribosomal DNA as the reference method for Saprolegnia parasitica identification, in Egypt. Among 500 samples from
Oreachromis niloticus and Clarias gariepinus, mycological investigations had revealed 148 (29.6%) fungal isolates with 6
genera: Aspergillus spp. (51.3%) with A. niger as the most dominant species, Saprolegnia spp (16.2%), Penicillum spp., Al-
ternaria spp. (10.8% each), Cladosporium spp. and C. albicans (5.4%). Moreover, skin/fins (55.4%) was the most affected
area followed by gills (18.9%) and internal organs (liver 10.8%, kidney 10.2%, eyes 2.7% and spleen 2%). The highest
fungal infection rate was demonstrated during autumn (41.7%), followed by winter season (36%). The intraperito-
neal-challenged C. gariepinus groups with A. flavus, C. albicans, A. niger and Cladosporium spp. displayed the highest
cumulative mortality rate (100, 80, 70 and 70% respectively), while the intramuscular challenged C. gariepinus groups
with 4. flavus, A. niger and C. albicans revealed the highest mortality rate (60, 50 and 50% respectively). Furthermore,
presumptive identification of the 24 isolates was initially suggestive of Saprolegnia species. Therefore, PCR assay joined
with partial sequencing of I7S gene was confirmed the identification of 9 representative S. parasitica strains. This
finding confirmed that the diseased fresh water fish species may harbor potential clinically applicable fungal species.

Keywords | Aspergillus spp., Clarias gariepinus, Fungi, Oreochromis niloticus, Sparolegnia parasitica.
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INTRODUCTION example, epizootic ulcerative syndrome (EUS) infection
was one of most common disease caused by Aspergillus ni-

resh water fish, Oreochromis niloticus (Nile tilapia) and ~ ger and Aspergillus fumigatu in fresh water fish (Chauhan,
Clarias gariepinus (Aftican catfish), is one of the most ~ 2013). Really, the incidence and diversity of fungi as well
important protein sources for people in a lot of countries as their secondary metabolites in aquatic systems are oc-
(Igbal et al,, 2012). Aquacultures incorporated into the —cupied a worldwide growing interest. Nonetheless, such
farming system have been revealed to develop food securi- ~ concern is hindered by the scarce data about aquatic fungi
ty with slight external inputs (Wetengere, 2010). However, in the investigations (Magwaza et al., 2017). Many of the
mortality and sever economic losses amongst the orna- fungi affected fish are considered opportunists. Fish is at-
mental and food fish farming industries as the chief fea- tacked when it is immunocompromised or stressed owing
tures of fungal infections were exhibited (Ali, 2015). For to unfavorable environment or subsequent to bacterial in-
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