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ABSTRACT 
 

Bacterial septicemia are responsible for severe losses in fish farms over the world. This study aimed to 

investigate the Enterobacteriaceae infections in sharptooth catfish Clarias gariepinus. A total of 120 catfish 

were collected from small canal in Farshout, Qena Governorate, and were subjected to clinical and 

bacteriological examination. Catfish sampled showed signs of typical hemorrhagic septicemia on the skin and 

internal organs. Bacteriological investigations resulted in isolation of 240 isolates that belong to 

Enterobacteriaceae. Interestingly, conventional biochemical identification showed that 16 isolates are suspected 

to be Citrobacter spp. Based on genetic sequence analysis of the 16S rDNA, only 8 (50%) of the suspected 

isolates were identified as Citrobacter freundii. To investigate the pathogenicity of isolated C. freundii strains to 

catfish, an experimental challenge experiment was conducted where challenged fish showed signs and lesions of 

acute septicemia. The current study is the first to report Citrobacter infections in catfish in Upper Egypt. 
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INTRODUCTION 
 

A comprehensive range of enteric bacteria 

have been associated with fish diseases; some of 

these pathogens are responsible for drastic mortalities 

in fish (Austin and Austin, 2016). These bacteria 

include Edwardsiella tarda, Edwardsiella ictaluri and 

Yersinia ruckeri. Although Citrobacter freundii is an 

opportunistic bacterium with considerable importance 

in medical and veterinary science (Chuang et al., 

2006), its pathogenicity to fish is not well 

documented. Sato et al. (1982), however, recorded 

the first isolation of C. freundii from infected sunfish 

Molamola with description of hemorrhagic 

gastroenteritis and other pathological lesions. 

Thereafter, Citrobacter came to the attention of fish 

disease diagnostician and were isolated from various 

fish species, such as Atlantic salmon and rainbow 

trout (Baya et al., 1990a; Sanz, 1991; Jeremic et al., 

2003), Carp, Cyprinuscarpio (Karunasagar et al., 

1992), doctor fish Garrarufa obtuse (Baeck et al., 

2009), and Pseudoplatystoma reticulatum (Santiago 

et al., 2014). In a study on septicemia-causing 

bacterial agents of fresh water ornamental fish in Sri 

Lanka, Citrobacter spp. came second to Aeromonas 

spp.  (Jagoda  et  al.,  2014).   Also   C. freundii  were  
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implicated in infections of crustaceans (Shen et al., 

2005). 

 
Little is known aboutC. freundiias an emerging fish 

pathogen in aquaculture. To our knowledge, there is 

no published data about the pathogenicity of C. 

freundii in catfish in Egypt, however, Elsherief et al.  

(2014) isolated C. freundii and C. diversus from 

Tilapia nilotica and Mugil cephalus. Thus, the present 

study was conducted to investigate C. freundii 

pathogenicity to sharptooth catfish. 

 
MATERIALS AND METHODS 

 
Catfish  
A total of 120 African Sharptooth catfish, Clarias 

gariepinus, with 250- 300g weight and total length of 

30-40cm were collected either a live or moribund 

fromsmall canal in Farshoot, Qena Governorate, 

Egypt. They were rapidly transported on ice to the 

Aquatic Diagnostic Laboratory, Faculty of Veterinary 

Medicine, South Valley University, where clinical 

and bacteriological examination were conducted. 

 
Clinical Examination of catfish  
Catfish were clinically examined to record any 

apparent clinical signs or postmortem lesions 

according to (Austin and Austin, 2007).  
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Bacteriological examination of catfish 
Tissue samples were collected from the kidneys, liver 

and spleen, inoculated on Salmonella Shigella agar 

(SS agar, Biolife, Italy), and incubated at 25°C for 2 

days.  Suspected individual colonies were purified on 

trypticase soya agar (TSA, Biolife) and preserved 

with glycerol at -80 °C. 

 
Conventional biochemical characters were conducted 

as previously described by (Brenner, 1984) and 

included colony morphology, microscopic 

examination of Gram stained film, oxidase, catalase, 

indole (Kovac´s method), Voges-Proskauer, methyl 

red, H2S production and motility using semisolid 

agar. 

 
Molecular identification of suspected isolates 
Sequence analysis-based differential identification 

assay was implemented to accurately identify the 

suspected isolates using the 16S rDNA gene 

sequence. This included extraction of the genomic 

DNA from suspected colonies, amplification of 

specific 16S rDNA target, sequencing of the 

amplified targets, and finally BLAST analysis of the 

amplified targets. 

 
DNA was extracted using the Gene JET genomic 

DNA purification kit (Thermo Scientific, EU) 

according to the manufacturer recommendations and 

then kept at -20°C until use. Polymerase chain 

reaction (PCR) was conducted to amplify the 

hypervariable 1500 base pair (bp) segment of the 16S 

rDNA using the universal primers 27F and 1492R 

(Martin and Collen, 1998). The PCR reactions were 

carried out in a total 50µl volume which consisted of 

25µl MyTaq red mix (Bioline, UK), 2µl of each 

primer, 4µl template DNA and 17µlH2O (RANase 

/DNase free). 

 
Polymerase chain reaction amplification was 

performed in the Veritithermal cycler (Applied 

Biosystems, USA) starting with an initial 

denaturation step at 95°C for 5min and followed by 

35 cycles consisted of denaturation at 94°C for 1min, 

annealing at 55°C for 1min, an extension step at 72°C 

for 1.5min, and a final extension step at 72°C for 

10min. 

 
The amplification products were analyzed by gel 

electrophoresis of 1.5 % agarose in Tris-acetate 

EDTA (TAE) buffer, stained with ethidium bromide 

(50μl/L) and visualized on an UV transilluminator, 

(UVP, MultiDoc-It, Digital Imaging System). A 100-

bp DNA ladder was used to determine the size of the 

PCR products. 

 

Zymoclean Gel DNA Recovery Kit (Zymo Research, 

USA) was used to purify PCR products from gel for 

sequencing. Purified PCR products were sequenced 

using the same amplification primers and analyzed by 

the Basic Local Alignment Search Tool (BLAST) 

(http://www.ncbi.nlm.nih.gov/BLAST/). 

 
Pathogenicity of C. freundii to catfish 

Catfish 
Apparently healthy catfish, with average body weight 

of 120±5g were obtained from a private fish farm and 

transported to the aquatic laboratory at Faculty of 

Veterinary Medicine, South Valley University, Qena, 

and acclimated to laboratory conditions for 2weeks 

according to the recommendations for the 

maintenance of bioassay fish described by (Ellsaesser 

and Clem, 1986). 

 
Bacterial strains 
The C. freundii strain isolated from the fish showing 

most severe signs was passed three times in healthy 

catfish through intraperitoneal injection before using 

for experimental challenge. The isolate was grown on 

trypticase soya broth (TSB, Biolife) and suspended in 

sterile saline to be used for experimental infection. 

 
Bacterial counts and dilutions 
Bacterial Colony forming units (cfu) counts were 

determined using spectrophotometery optical density 

at 600nm and standard plate count method (Elkamel 

and Thune, 2003). Bacterial suspension of C. freundii 

isolate was diluted in sterile saline to 6x10
7
cfu/m1 

final concentration for challenge. 

 
Experimental infection 
Acclimated catfish were divided into three groups 

with 5 catfish each. One group remained un-injected 

as a control, while the other two groups were 

intraperitoneally injected with either 0.5 ml of sterile 

saline (sham control) or diluted bacterial suspension 

6x10
7
cfu/m1. The whole experiment was done in 3 

replicates. 

 
Clinical signs and mortalities were recorded daily for 

21 days. Moribund catfish were bacteriologically 

examined to re-isolate the causative C. freundii strain 

from the internal organs. At the end of the 

experiment, all remained catfish were sacrificed and 

examined as described above. 

 
RESULTS 

 
Clinical and post-mortem examination of 

naturally infected catfish: 
Examined catfish revealed signs of generalized 

septicemia, as ulceration and sloughing of the tips of 

fins with fin rot (Fig. 1. A), several ulcerative lesions 

on body surface, and congestion of pectoral and anal 

fins. Petechial hemorrhages were widely spread in 

http://www.ncbi.nlm.nih.gov/BLAST/
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many parts of the body with hyperemia of the anal 

region (Fig. 1. B) and abdominal distension (Fig. 1. 

C). 

 
Necropsy examination showed congestion and 

enlargement of the internal organs which were also 

friable. Abdominal blood vessels were congested with 

enlargement of the gall bladder (Fig. 1. D). There was 

accumulation for bloody ascetic fluid (Fig. 1. E) and 

congestion of the liver (Fig. 1. F).  

 
Bacteriological examination: 
Bacteriological examination resulted in recovery of 

240 isolates from 120 catfish examined. Isolates 

identified according to cultural and morphological 

characters, gram stain, motility and cytochrome 

oxidase characters as Enterobacteriaceae were kept 

for further investigations.  

 
Colonies on SS agar were colorless with or without 

dark central spot, but on TSA were smooth, opaque 

and gray with a shiny surface after incubation at 25C 

for 48 hours. All isolates were Gram-negative, motile 

short bacilli. Based on the biochemical characters, 

only 16 isolates were suspected to be Citrobacter 

where they showed similar characters except in indole 

and TSI tests (Table 1). However, the phenotypic 

characteristics were insufficient to provide a definite 

identification of all isolates at the species level. 

 
Molecular identification of suspected isolates: 
BLAST-based sequence analysis of the PCR 

amplified hypervariable target of 16S rDNA gene, 

identified only 8 out of 16 suspected isolates as C. 

freundii. The other bacteria were Klebsiella, 

Enterobacter and other species of Citrobacter. 

 
Experimental infection 
Catfish challenged with C. freundii strain showed 

clinical signs similar to those recorded in naturally 

infected catfish with generalized hemorrhagic 

septicemia. Mortalities reached 66.6%, where dead 

fish showed several ulcerations with hemorrhages at 

the base of the dorsal fin with fin rot (Fig. 2. A). 

Petechial hemorrhages at the abdominal area with 

hyperemia of the anal opening (Fig. 2. B). 

Hemorrhages scattered all over the body surface with 

congestion of fins (Fig. 2. C). Superficial ulcerations 

with emaciation were also seen (Fig. 2. D). Necropsy 

examinations of dead catfish revealed accumulations 

of bloody ascetic fluids in the body cavity (Fig.2. E), 

with clotted blood (Fig. 2. F) and enlargement of the 

posterior kidney, gall bladder (Fig. 2. G) and spleen 

(Fig. 2. H). 

 
Table 1: Biochemical characters of 16 Citrobacter spp. strains isolated from naturally infected sharptooth 

catfish, Clarias gariepinus, Qena, Egypt. 
 

Test Number of strains (n)=16 

Indole 13/16 

Methyl red 16/16 

Vogus Proskauer 0/16 

TSI 

H2S 16/16 

Gas 16/16 

K/A 13/16 

A/A 3/16 
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Figure 1: Sharptooth catfish, Clarias gariepinus, naturally infected with Citrobacter freundii showing: (A) 

ulceration (u), sloughing of the tips of fins and fin rot (sl), (B) congestion of pectoral and anal fins (f) and 

hyperemia of the anal region (p), (C) abdominal distension (ds), (D) congestion of abdominal blood vessels (bv) 

and enlargement of gall bladder (g), (E) hemorrhages on the muscles (m) and accumulation of bloody ascetic 

fluid (sc), (F) congestion of liver (v) and hemorrhages in abdominal cavity (h). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Sharptooth catfish, Clarias gariepinus, experimentally infected by intraperitoneal injection of 0.5ml of 

6x10
7
cfu/m1 of Citrobacter freundii showing: (A) ulcerations with hemorrhages at the base of the dorsal fin with 

fin rot (u), (B) petechial hemorrhages at the abdominal area (h) and hyperemia of the anal opening (p), (C) 

hemorrhages scattered all over the body surface (h) and congestion of fins (f), (D) emaciation (mc), (E) 

accumulations of bloody ascetic fluids in the body cavity (sc), (F) clotted blood in the body cavity (bl), (G) 

enlargement of posterior kidney (k) and gall bladder (g), (H) enlargement of the spleen (s). 
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DISCUSSION 
 

Extensive studies on pathogenicity and virulence and 

fish susceptibility to the genus Citrobacter are still 

scarce. Nevertheless, Citrobacter are now isolated 

more frequently as a possible pathogen in fish. The 

present study is the first report of Citrobacter 

septicemiain African sharptooth catfish in Upper 

Egypt and proved that C. freundii is most often 

associated with hemorrhagic septicemia. Santiago et 

al. (2014) record the first isolation of C. freundii from 

Brazilian Catfish, Pseudoplatystoma reticulatum. In 

Egypt, Elsherief et al. (2014) isolated C. freundii and 

C. diversus from, Tilapia nilotica and Mugil 

Cephalus. 

 

The recent increase in the incidence of fish 

septicemia caused by Citrobacter, Klebsiella, 

Enterobacter and other pathogens that were not 

known for their pathogenicity to fish may indicate 

water pollution with animals and human wastes. C. 

freundii is prevalent in soil and water through 

contamination from the wastes (Sabrina et al., 2017), 

and the spread to fish is possible (Allen et al., 1983). 

This may explain the high prevalence of Citrobacter 

in the current study in catfish that inhabit the soil and 

mud of rivers, canals and ponds. The canal from 

which the catfish of the present study were collected 

was turbid and dark yellow in color indicating a 

heavy bacterial and biological pollution. 

 

In the present study, examined catfish revealed 

varying signs and lesions of septicemia, as was 

reported by Jeremic et al. (2003) who isolated C. 

freundii from both cyprinids showing signs of 

hemorrhagic septicemia and rainbow trout suffering 

from gastroenteritis, and Honein et al. (2016) who 

isolated C. freundii from the kidneys of giant 

gourami, Osphronemus goramy, showing signs of 

generalized septicemia. 

 

Definitive identification of the bacteria isolated in the 

current study could not be achieved based solely on 

the available conventional phenotypic approaches. 

All Enterobacteriaceae isolates showed the common 

main characteristics of the family with wide-ranging 

differences in the phenotypic and biochemical 

characters that made reaching a conclusive 

identification is a hard task. 

 

The inability of the conventional phenotypic tests, 

used in the current study, to reach definite 

identification of the suspected isolates may be 

attributed to the comprehensive differences in the 

biochemical characters even within the same genus. 

For analysis of Enterobacteriaceae taxonomy, 

different parameters are to be included to increase the 

accuracy of identifying unknown strains (Navarrete et 

al., 2010). Therefore, analysis of the 16S rDNA 

sequences was used as alternative diagnostic tool to 

resolve the identity of the suspected isolates. 

 

Molecular identification of bacteria other than C. 

freundii, as Klebsiella, Enterobacter and other 

species of Citrobacter, that were originally identified 

as C. freundii by conventional approach, indicates 

that conventional methods are not precise enough to 

identify the recovered isolates to the species level, 

and molecular identification should be adopted. 

 

Experimentally induced infection in catfish with the 

C. freundii isolated from a natural infected catfish 

showed clinical signs nearly similar to those 

previously reported in rainbow trout (Jeremic et al., 

2003), grass carp (Aijun et al., 2011) and in Brazilian 

catfish (Santiago et al., 2014). The main clinical 

manifestations seen in this study were related to 

external and internal hemorrhages with enteritis. 

Bacterial hemolytic toxins may cause endothelium 

damage leading to hemorrhage. Recent studies 

attributed the virulence of C. freundii to its ability to 

adhere to the gastrointestinal mucosa and cytotoxicity 

(Santiago et al., 2014). 

 

CONCLUSION 
 

From the results of the present study, we can 

conclude that C. freundii can infect sharptooth catfish 

causing septicemia and mortalities that could lead to 

serious economic losses. 
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البحث َهدد  للدً حسد ُ   اكبُزة فٍ مشارع الأسماك فٍ أوحاء الؼالم، وهذ َؼُخبز الخسمم الدمىٌ البكخُزٌ مه أهم أسباب وجىد خسائز

ػدوي الاَىخُزوبكخُزَسٍ فً أسدماك الردزامُم مده خدلف الاحدل الاك ُىكدً لؼددد مائدت وػةدزَه سدمكت مده أسدماك الردزامُم مخااوحدت 

وقد حم لجزاء الاحل الإك ُىُكٍ والبكخزَىلىجٍ الأح ام والأوسان الخً جُمِؼج ػةىائُاً مه حزػت صغُزة بمزكش فزشىط محافظت قىا، 

لهدذي الأسدماك، وقدد وُجدد بدالاحل الاك ُىُكددٍ أػزاسًدا ل خسدمم الددمىٌ ػ دً الِ  دد والأػ،دداء الداخ ُدت، وقدد حدم حةدزَ  هدذي الأسددماك 

ت ػِخدددزة مددده ػائ ددد 042ووسدددؼها ححدددج الاحدددل البكخزَىلدددىجٍ وكدددان مددده وخُ دددت هدددذا الاحدددل ل سدددماك المزَ،دددت هدددى ػدددشف 

ػخزة مه المحخم  أن حكىن سُخزوباكخز فزوودي. اػخمادًا ػ ً حح ُ   61الاَىخُزوبكخُزَسٍ. أوسحج الطُّزق البُىكُمُائُت الخر ُدَت أن 

% ، ولرُداص 02مده الؼِخدزاث المخىقدغ أن حكدىن سدُخزوباكخزفزوودٌ بىسدبت  8أثبدج ان    16s rDNAس س ت ال ُىاث ل حمض الىىوٌ

زوباكخزفزوودٌ المؼشولت حدم حرىهدا فدٍ م مىػدت مده أسدماك الردزامُم، وقدد كاودج الأػدزا  الظاهزَدت لأسدماك سزاوة ػِخزاث السُخ

هددذي الدراسددت هددٍ الأولددً لخسدد ُ  ػدددوي  الرددزامُم المُبددابت ح زَبُدًدا بهددذي الؼخددزي هددٍ أػزاسًددا ل خسددمم الدددمىٌ البكخُددزٌ الحدداد.

 السُخزوباكخز فٍ أسماك الرزامُم ببؼُد مبز.
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