
Advances in Environmental Biology, 9(11) June 2015, Pages: 160-168 

 

 

AENSI Journals 

 

Advances in Environmental Biology 
 

ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Mohamed A. Abdelmonem, Department of Microbiology, Central Laboratory of Residue Analysis 

of Pesticides & Heavy Metals in Foods (QCAP), Dokki, Giza, Egypt. 

                                         E-mail: doctormmm23@hotmail.com;   00201001471898. 

Phenotypic  and Genotypic characterization of Flavobacterium Spp. Isolated from 
wild and cultured fish.  
 
1Nashwa A. Ezzeldeen, 2Abdullah N.Z. Alshehri, 3Mohamed A. Abdelmonem, 1Khaled F.M., 4Eissa 
A.E., 1Mohamed A.G. and 3Manal F. Abd Elaziz 

 
1Microbiology department, Faculty of Veterinary medicine, Cairo University. 
1Biology departement, Faculty of science, Taif University, Taif , Saudia Arabia. 
2Department of Biology, University college in Al-Jummum, Umm Al-Qura University, Makkah, 21955, Saudi Arabia.   
3Department of Microbiology, Central Laboratory of Residue Analysis of Pesticides & Heavy Metals in Foods (QCAP), Dokki, Giza, Egypt 
4Fish diseases and Management department, Faculty of Veterinary medicine, Cairo University. 
 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 12 March 2015  

Accepted 18 June 2015  

Available online 28 June 2015 

 

 

Keywords: 
Phenotypic,Genotypic,Flavobacterium 

Spp., tilapia, catfish  

 Background: The dermotropic diseases caused by Flavobacteria in Nile tilapia and 
Nile catfish considered as one of the most dangerous diseases in fish industry which 

was responsible for a variety of diseased conditions that causes high economic losses in 

fish. Objective: This study aimed to investigate the prevalence, isolate and identify of 
Flavobacteria affecting wild and cultured fish in Egypt. Also, Molecular 

Characterization of retrieved Flavobacterial isolates was done. Results: The prevalence 

among different Flavobacteria isolates in different fish species in River Nile and 
earthen ponds were 65.6% among the examined fish species, while the differential 

prevalence was 70% in Nile catfish and 61.25% in Nile tilapia. Different conventional 

biochemical tests and polymerase chain reaction (PCR) revealed that the main cause of 
these lesions was the infection with Flavobacteria. Conclusion: The prevalence and 

magnitude of infection of Flavobacteria species collected from River Nile, earthen 

ponds and Mansouriya canal in Cairo, Giza, and Qalyobiya governorates, Egypt 
indicating disease problem; among different examined Nile tilapia and Nile catfish were 

erosions on the dorsal aspect of the fish’s body which may progress to extensive ulcers( 

Nile tilapia), simple ulcers which predominately end with extensive saddle back like 

ulcers exposing the underlying musculatures (Nile catfish) with some peticheal 

hemorrhage in different parts of the body. 
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INTRODUCTION 

 

Flavobacterial diseases in fish are caused by multiple bacterial species within the family Flavobacteriaceae 

and are responsible for devastating losses in wild and farmed fish stocks around the world. In addition to 

directly imposing negative economic and ecological effects, flavobacterial disease outbreaks are also 

notoriously difficult to prevent and control despite nearly 100 years of scientific research. The emergence of 

recent reports linking previously uncharacterized flavobacteria to systemic infections and mortality events in 

fish stocks of Europe, South America, Asia, Africa, and North America is also of major concern and has 

highlighted some of the difficulties surrounding the diagnosis and chemotherapeutic treatment of flavobacterial 

fish diseases. Herein, we provide a review of the literature that focuses on Flavobacterium and 

Chryseobacterium spp. and emphasizes those associated with fish. [32] 

The world’s population growth, combined with increased average income and increased urbanization 

accompanied by shifts in diet towards more nutritious and higher quality foods, is expected to result in gradual 

increase in the demand for food [1]. Despite their nutritional value may vary, fish and shellfish are good sources 

of essential nutrients. Fish are easily digestible and contain well balanced amino acid composition. Fish are 

counted as healthy, not only because of the content of the omega-3 fatty acids but also because of their content 

of micronutrients and amino acids [2]. In 2007, around 63 million tones of the catch from fisheries were used for 

direct human consumption while the rest was mainly used for the manufacture of fish meal and fish oil 
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[3].Egyptian aquaculture represents a unique model of cohabitating freshwater fishes that live together in 

confined space allowing continuous interaction between different aquatic species and their environment. 

Polyculture system currently utilized by the earthen pond aquaculture in Egypt increased the potential of trans-

species infections with different pathogens spatially distributed within pond water, cohabitating fish body 

surfaces or those located on the same fish host [4]. Few species in the genus Flavobacterium have been 

extensively studied and most of them are represented by one strain or a limited number of strains in the culture 

collections. Exceptions are the fish-pathogenic species, of which many strains are usually available. Owing to 

their economic significance worldwide, they have been the subject of numerous studies [5]. Members of the 

genus Flavobacterium are widely distributed in nature, occurring mostly in aquatic habitats ranging in salinity 

from freshwater to seawater. Flavobacterium species have never been isolated from hyper saline waters. There 

are three Flavobacterium spp. that are primary pathogens to freshwater hatchery-reared and wild fish 

populations: F. columnare, the cause of columnaris disease, F. branchiophilum, the cause of bacterial gill 

disease, and F. psychrophilum, the cause of bacterial coldwater disease.  

Fish pathogenic Flavobacterium spp. are presumed ubiquitous in temperate freshwater aquatic 

environments and occur in water temperatures ranging from just above freezing (F. psychrophilum) to 30 ºC and 

above (F. columnare). Most, if not all cultured freshwater fish species may be affected by at least one of these 

pathogens [6]. Other members of the Family Flavobacteriaceae have been associated with diseases of fishes. For 

example, C. piscicola is an emerging pathogen of Flavobacteriaceae having been reported from Atlantic salmon 

and rainbow trout [7]. F. columnare is the causative agent of the columnaris disease, a dermotropic contagious 

disease that affect a wide range of cultured and wild ranging freshwater fishes around the globe [8]. Many 

environmental and host-related factors (such as water temperature and composition, skin or gill damage, stress 

due to handling and high stocking density, and feed or oxygen deprivation) may influence the impact of 

columnaris disease on fish populations [9]. Fish-associated members of the genera Chryseobacterium and 

Elizabethkingia have been repeatedly reported. They may represent pathogenic or spoilage organisms. They 

may also belong to the normal bacterial floras that colonize the mucus at the surface of the skin and gills and the 

intestine of healthy fish [10]. 

 

MATERIAL AND METHODS 

 

3.1. Samples: 

A total number of 160 samples [80 samples from Nile tilapia (Oreochromis niloticus) and 80 samples from 

Nile catfish (Clarias gariepinus)] were collected from River Nile, earthen ponds and Mansouriya canal in Cairo, 

Giza, and Qalyobiya governorates, Egypt, in spring and early summer of 2012  to be analyzed for Flavobacteria 

detection and isolation. The samples were collected from skin surface, fins and skin lesions of both diseased and 

apparently healthy fish. The collected samples were of average body weight (200 ±50 g for Nile tilapia) and 

(300 ±50 g for Nile catfish). Also a total of 10 water samples were collected from different sites of river nile 

earthen ponds and Mansouriya canal in cairo, Giza and Qalyobia governorates. 

3.2. Isolation and identification of flavobacteriaceae 

Isolation and identification of Flavobacteria isolates: according to Whiteman and Kimberley [11] each 

sample was incubated for 24 to 48 hours at 30°c in nutrient broth, brain heart infusion, trypton soy broth and 

Hsu-Shotts broth. A loopful from the inoculated broth was streaked on Hsu-Shotts agar and trypton soy agar 

then the plates were incubated at 27°c and 30°c for 24 to 48 hours, smears from the suspected colonies were 

stained with Gram stain for microscopically examination and semi solid agar medium (on slope agar) incubated 

at 30°c aerobically for 24 hoursfor the detection of the motility (diffusion zone of growth).purified isolates of 

Flavobacteria (F. columnare and C. indologenes) were examined biochemically by catalase, oxidase, triple 

sugare agar, urea production, indole test, voges proskauer, citrate, nitrate reduction, potassium hydroxide (20%), 

congo red and sugar fermentation. Biochemical analysis was performed in cooperation with microbiology lab. at 

Biology department , University College , Makkah ,Umm-Alqura University ,Saudia Arabia. 

 
Table 1: 

Component Volume/reaction 

Emerald Amp GT PCR mastermix (2x premix) 12.5μl 

PCR grade water 4.5 μl 

Forward primer(20 pmol) 1 μl 

Reverse primer(20 pmol) 1 μl 

Template DNA 6 μl 

Total 25 μl 

 

 

 
 

Table 2: 
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Number of cycles Time Temperature Step 

1 cycle 15 min. 94˚C 1. Primary denaturation and activation of Taq 

DNA polymerase. 

 

 

30 cycles 

2. Cycling 

1 min. 94˚C A. Secondary denaturation 

1 min. Temperature decreasing 

from 60 ˚C to 55 ˚C in increments of 
-0.5 ˚C per cycle 

B. Primer annealing 

1 min. 72˚C C. Extension 

1 cycle 10 min. 72˚C 3. Final extension 

 

3.3. Polymerase chain reaction (PCR): 

 Extraction of Flavobacteria DNA was carried out using QIAamp DNA Mini Kit insructions, according to 

the instruction of the manufactural. PCR master mix prepared according to Emerald Amp GT PCR mastermix 

(Takara)) Code No.RR310Akit as shown in table (1), Cycling conditions of the two primers during cPCR. 

Oligonucleotide primers encoding for 16S rRNA gene, Temperature and time conditions of the two primers 

during PCR [12] are shown in Table (2) according to Emerald Amp GT PCR mastermix (Takara) kit. AGel Pilot 

100 bp ladder (ABgene) and Agarose gel electrophoreses [13] were used. 

 

3.4. Physicochemical analysis of water samples: 

Applied for determination of temperature, dissolved oxygen, pH, ammonia and nitrite contents of water in 

which the infected fish live. 

 

Results 

4.1. External examination of naturally infected fish: 

The clinical examination of diseased fish showed skin ulcers, severe skin lesions, and different areas of 

peticheal hemorrhage and loss of scales in Nile tilapia  

 

4.2. Results of cultural identification and biochemical identification of the Flavobacteria isolates: 

Flavobacteria colonies on Hsu-Shotts Agar were compact with regular margins (C. indologenes) or 

spreading with uneven to rhizoid margins (F. columnare), translucent (occasionally opaque), circular, convex to 

low convex, smooth, and shiny. They were also characterized by the production of the yellow flexirubin 

pigment (identified by the chromoshift of the colonies from yellow to pink after the addition of 20 % KOH) the 

extracellular galactosamine glycan (identified by the binding of the colonies to Congo red dye) (F. columnare); 

gelatinase enzyme; Chondroitin AC lyase, which degrades polysaccharides; growth in the presence of 0.5 % 

NaCl and growth in the presence of polymyxin B and neomycin sulfate. Gram stained smears from suspected 

colonies showed gram-negative, nonmotile (C.indologenes) or motile (F. columnare), non spore-forming rods 

with parallel sides and rounded ends. Typically, the cells were 0.5 µm wide and 1 to 3 µm long (C.indologenes) 

or longer (10 to 40 µm) filamentous cells (F. columnare) and the longer rods were flexible, motile by gliding 

while flagella were absent. All isolates of F. columnare were motile, while the isolates of C.indologenes were 

non-motile. The biochemical identification was shown in table 3 and 4 

 

                                               
 

Microscopical appearance of F. columnare. 

 

4.3. Results of Polymerase chain reaction (PCR): 
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All isolates were positive for amplification of 600 bp which is specific for Flavobacteria. 

The total and differential prevalence of Flavobacteriosis among the examined Nile tilapia (Oreochromis 

niloticus) and Nile catfish (Clarias gariepinus) samples: 

. The results showed that a number of 105 samples out of 160 samples {with total prevalence of 65.6%} 

were infected with Flavobacteria, while the individual prevalence among different fish species was 70% in Nile 

catfish and 61.25% in Nile tilapia. The relative prevalence of different isolates in relation to the total number of 

examined fish samples was 30% (48/160) for F. columnare and 35.6% (57/160) for C.indologenes, while, the 

relative prevalence of different isolates in relation to the total number of infected fish samples was 45.7% 

(48/105) for F. columnare and 54.3% (57/105) for C.indologenes. The relative prevalence of different isolates in 

relation to the total number of examined Nile tilapia was 27.5% (22/80) for F. columnare and 33.7% (27/80) for 

C.indologenes, while, the relative prevalence of different isolates in relation to the total number of infected Nile 

tilapia was 44.9% (22/49) for F. columnare and 55.1% (27/49) for C.indologenes as shown in table (9). The 

relative prevalence of different isolates in relation to the total number of examined Nile catfish was 32.5% 

(26/80) for F. columnare and 37.5% (30/80) for C.indologenes, while, the relative prevalence of different 

isolates in relation to the total number of infected Nile catfish was 46.4% (26/56) for F. columnare and 53.6% 

(30/56) for C.indologenes. 

4.4. Results of Physicochemical analysis of water samples: 

 Physicochemical analysis of water samples revealed that the water temperature was about  30ºC, water 

dissolved oxygen was 4 PPM, water pH was 9 and total ammonia nitrogen was 2 PPM as shown in table (5). 

 

                                          
Lane (1): DNA ladder, Lane (2): Negative control and Lanes (3,4,5,6,7 and 8) : Flavobacteria isolates 

 

 

 
Adult Nile catfish (Clarias gariepinus) showing skin 

ulcers 

 

 

Adult 

Nile catfish (Clarias gariepinus)    showing severe 

skin lesions. 
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Nile tilapia (Oreochromis niloticus) showing skin 

lesions. 

 

 
 
Nile tilapia (Oreochromis niloticus) showing 

different areas of peticheal hemorrhage 

 

 
Flavobacteria colonies on Hsu-Shotts Agar. 

 
Flexirubin producing Flavobacteria colonies before (to 

the right) and after (to the left) the addition of 20 % 

KOH 

 
F. columnare colonies after addition of Congo red 

dye (extracellular glycane polysaccharide). 

 

Microscopical appearance of C. indologenes. 

 
Table 3: Characteristics of F. columnare: 

Characteristics Results 

KOH 20% (+ve) Pink colored colony 

Congo red uptake (+ve) uptake of red color  

Motility Motile 

Catalase (+ve) gas bubble 

Oxidase (+ve) purple color 

Indole (-ve) 

Voges Proskauer (-ve) no ring for 2 hours 

Citrate utilization (+ve) color change 

Hydrogen Sulfide (+ve) black color 

Nitrate reduction (-ve) no red color ring 

Urea hydrolysis (-ve) no color change 

Lactose fermentation -ve 

Glucose fermentation -ve 

Sucrose fermentation -ve 
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Maltose fermentation -ve 

Mannitol fermentation -ve 

Dulcitol fermentation -ve 

Sorbitol fermentation -ve 

Arabinose fermentation -ve 

Xylose fermentation -ve 

 

Table 4: Characteristics of C. indologenes: 

Characteristics Results 

KOH 20% (+ve) Pink colored colony 

Motility Non-motile 

Catalase (+ve) gas bubble 

Oxidase (+ve) purple color 

Indole (+ve) red color ring 

Voges Proskauer (-ve) no ring for 2 hours 

Citrate utilization (+ve) color change 

Hydrogen Sulfide (+ve) black color 

Nitrate reduction (-ve) no red color ring 

Urea hydrolysis (-ve) no color change 

Lactose fermentation -ve 

Glucose fermentation +ve 

Sucrose fermentation -ve 

Maltose fermentation +ve 

Mannitol fermentation -ve 

Dulcitol fermentation -ve 

Sorbitol fermentation -ve 

Arabinose fermentation -ve 

Xylose fermentation -ve 

Characteristics Results 

 

Table 5: The determined values of water quality Parameters: 

Water quality parameters Estimated values  Normal values 

Dissolved oxygen 3-4 mg/l 4-10 mg/l 

pH 8.5 6.5 

Total ammonia nitrogen 1.5-2mg/l Less than 1.0 mg/l 

Temperature 30-36 ºC 25-30 ºC 
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Discussion: 

Despite the fact that aquaculture is the savior for the humanity from the uprising shortage of animal 

proteins, it is one of the human activities that possess potential negative effects on aquatic species due to the 

increased potential of pathogens spread [14]. The worldwide reports of F. columnare isolation from wide 

varieties of aquaculture facilities including cold, temperate and tropical areas support the aforementioned fact 

[15].Bacterial pathogens are among the most common biological pollutants that enormously affect both cultured 

and wild fish in EGYPT. Flavobacteria species are one of the species among bacterial pathogens commensally / 

pathogenically infecting fish in EGYPT during the period in which there is a fluctuation in temperature such as: 

spring and early summer. Thus, the current study was originally planned to investigate the prevalence and 

magnitude of infection of Flavobacteria species collected from River Nile, earthen ponds and Mansouriya canal 

in Cairo, Giza, and Qalyobiya governorates, EGYPT.The observed clinical pictures; indicating disease problem; 

among different examined Nile tilapia and Nile catfish were erosions on the dorsal aspect of the fish’s body 

which may progress to extensive ulcers( Nile tilapia), simple ulcers which predominately end with extensive 

saddle back like ulcers exposing the underlying musculatures ( Nile catfish) with some peticheal hemorrhage in 

different parts of the body. Our findings were nearly similar to those reported by [16] who discussed the external 

picture and reported skin erosions, ulcers and peticheal hemorrhage in the examined fish.The opportunistic 

nature of Flavobacteria species is considered one of the main microbial weapons on which the microorganism 

depends in disease development. Stress factors such as (high water temperature, high water pH, high total 

ammonia nitrogen and low water dissolved oxygen) are immunosuppressant in nature, thus most of bacterial 

pathogens are capable of adhering then invading fish skin after damage of the skin immune barrier [17], also the 

high temperature  activates the Chondroitin AC lyase [18] which degrades polysaccharides, particularly those 

found in cartilaginous connective tissue [19]. Concerning the results of morphological and biochemical 

identification of retrieved isolates, it was revealed that   Flavobacteria species isolated from Nile tilapia and Nile 

catfish were identified as, F. columnare and C. indologenes. These results agree with those reported by [5] and 

[20] who isolated F. columnare from fish. Both intraspecies / interspecies clinical observation typically agrees 

with the pathognomonic signs reported for Flavobacterium species environments causing massive mortality and 

economic losses worldwide as mentioned by [21]. Different authors attributed such clinical signs to 

flavobacterioses, as [10] who reported that the pathogen may belong to the normal bacterial floras that colonize 

the mucus at the surface of the skin and gills and the intestine of healthy fish. With the gradual increase in water 

temperature, the chondroitin AC lyase activity of F. columnare also increases [22]. In respect to the results of 

total and differential prevalence among different Flavobacteria isolates in Nile tilapia and Nile catfish, the 

present study revealed that prevalence of Flavobacteria isolates was 65.6% among the examined fish species, 

while the differential prevalence was 70% in Nile catfish and 61.25% in Nile tilapia. Such results were less than 

that reported by [23] who reported prevalence percentage of 74.6%. This could be attributed to the sudden acute 

outbreak of disease at that time besides, the nature of just confined place giving a chance for heavy fish 

infection. The differential prevalence may be near to these reported by [23]who reported that the Nile tilapia 

infection was 75% and the Nile catfish infection was 72%. This increase in the Nile tilapia infection might be 

attributed to the case of concurrent infection of fish with both F. columnare and Myxobolus tilapiae. 

The noticeable increase in the infection of Nile catfish than that of Nile tilapia could be attributed to 

difference in both habitat and anatomical nature of Nile tilapia and Nile catfish as, the scaly-less nature of Nile 

catfish which facilitate the bacterial penetration besides the surrounding environment which was usually bottom 

of lakes and stagnant water at which pollutants occurred with high amounts, causing immunosuprresion to the 

bottom feeder fish [16]. These stress factors which are characteristic for the Egyptian agriculture in which 

drainage water often contains organochlorine and organophosphate pesticides [24]. Such chemicals are known 

to cause immunosuprresion among exposed fishes [25]. Moreover, a large number of industrial facilities 

including textile, ceramic, glass, electrical cable, battery and metallurgical factories surround the geographical 

zone of this aquaculture facility. These facilities constitute potential sources of heavy metals (Lead, cadmium 

and mercury), which might reach fish either through direct drainage or atmospheric deposition ending up with 

permanent damage to the fish immune system components (epidermal layer of the skin, anterior kidney and 

spleen)[26]. The aforementioned complex of environmental, management, population dynamics and other 

chemical pollution factors are those enemies that primarily destroyed fish innate and specific immune barriers 

and opened portals of entry for the naturally existing infectious agents [27] including F. columnare. The 

prevalence of C. indologenes was considered normal due to the habitat of the bacteria which was recognized 

from their 16S rRNA gene sequence in soil samples in Indonesia and Spain have been shown to degrade various 

toxic compounds [28] The prevalence of different isolates was 35.6% for C.indologenes and 30% for F. 

columnare, while the relative prevalence of different isolates was 27.5% for F. columnare and 33.7% for 

C.indologenes in Nile tilapia. While, 32.5% for F. columnare and 37.5% (30/80) for C.indologenes in Nile 

catfish. The above stated prevalence of C.indologenes was less than that reported by [29]. Their result was 

93.75%. This could be attributed to environmental factors diversity or the host immune status or difference in 

number of sample (only 16 samples). Concerning physicochemical analysis of retrieved water samples revealed 
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that; the temperature ranged from 30-36 ºC, dissolved oxygen ranged from 3-4 mg/l, pH was about 8 and total 

Ammonia Nitrogen 1.5-2mg/l. These parameters were considered a highly favorable condition for the 

opportunistic Flavobacteria which either reduce the resistance of the host or enhances the population and/or the 

pathogenicity of the bacteria, to induce and progress the different stages of disease cascade [30]. The 

contribution of environmental parameters in disease progression was reported by different authors as [20] who 

observed that a variety of environmental conditions and the local physical parameters such as high temperature, 

higher pH and low dissolved oxygen, appeared all to be favorable for Flavobacteria growth. Columnaris disease 

is usually problematic only in the warmer periods of the year: the optimum temperature for an outbreak is 20–

30ºC and mortality usually does not occur below 15ºC. The survival of F. columnare in water depends on the 

concentration of various ions, on the presence of organic matter (such as particulate fish feeds on which the 

bacterium grows well), and on the temperature [17]. PCR for rapid diagnosis of Flavobacteria by using forward 

primer (CF315-F) with sequence (5’ACAGGCACTGAGACACGG3’) and reverse primer (CF967- R) with 

sequence (5’GGTAAGGTTCCTCGCGTA3’), which were designed according to [12]who reported that direct 

PCR detection is potentially simpler, more accurate and rapid; it should be helpful in anticipating and preventing 

epidemics which otherwise occur so frequently with fish farms. 

Thus, recent research aimed at elucidating the virulence mechanisms and pathogenesis of F. psychrophilum, 

as well as ways to prevent and treat the diseases it causes, now use intraperitoneal , subcutaneous , or 

intramuscular injection, even though it is recognized that these methods bypass important aspects of the innate 

immune system. [31]. 
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