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Abstract

Bacterial diseases are responsible for important economic losses in aquaculture over the world, and South American
catfishes are susceptible to Gram negative bacteria causative of haemorrhagic septicemia. This study registers the
biochemical characteristics, antimicrobial resistance and pathological effects of Citrobacter freundii infection in cachara
Pseudoplatystoma reticulatum. Moribund juvenile fish with non-specific clinical signs were used for bacteriological and
parasitological diagnosis. No parasitic infections were found in examined fish, but two isolate obtained from the kidney and
encephalon was characterized by Gram negative bacilli, catalase positive and oxidase negative. Isolates were submitted to
biochemical identification by a commercial APl 20E. Susceptibility analysis to 15 drugs was performed by the diffusion
method in Agar Muller Hinton discs. Experimental assay was also made to confirm the Kock postulate. The isolates showed
biochemical profile corresponding to Citrobacter freundii. A multiresistance at 66.7% of the antibiotic molecules tested was
observed. In experimental infection haemorrhagic septicaemia, severe enteritis and important lesions in kidney and gills are
described.
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Introduction

Citrobacter freundii belongs to
Enterobacteriaceae family comprehending Gram negative
bacilli, catalase positive and oxidase negative organisms. It
is an important infectious agent recognized as
opportunistic pathogen in medical and veterinary science
(6, 26), responsible for systemic hemorrhages and
gastroenteritis in animals (1) and human patients (21). In
contrast, other clinical manifestations were related in a
patient that manipulated Nile tilapia Oreochromis niloticus
leading to necrotizing fasciitis and osteomyelitis (6).

Bacteriosis in fish has a worldwide distribution
being reported in Europe (1, 12), Meridional Asia (13),
Oriental Asia (2, 14, 22) and North America (17). In
general, the infection caused by C. freundii is related to
high water temperature periods, low environmental quality,
stress factors that compromise the organic defense of
animals (1, 2, 13). It may appear as an acute form with
marked and rapid mortality (2) or in a chronic form with
lower and progressive mortality (1).

Production of native South American catfish is an
emergent activity in Central Brazil (19). Among the
farmed species, Pseudoplatystoma genus is among one of
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the most cultured (4). Nevertheless, sanitary aspects in the
catfish production are still barely known and bacterial
infections are responsible for significant economic losses
in fish farms (5, 24). Currently, reports on characterization
of bacterial pathogens that impact the catfish production
are scarce.

Most of the investigators have focused on the
occurrence  of  Plesiomonas  shigelloides  and
Staphylococcus sp.  (7), Pseudomonas sp. (25),
Lactococcusgarvieae and  Streptococcus  sp.  (9),
Anaplasmataceae-like (11) and Aeromonas hydrophila
(24). These reports were restricted to “pintado”
(Pseudoplatystoma corruscans) and the hybrid "surubim"
(P. corruscans male x P. reticulatum female) with no
registers on the native "cachara” (P. reticulatum).

To the best of our knowledge, this study describes
by the first report of C. freundii infection in P. reticulatum,
including the  biochemical profile, antimicrobial
susceptibility to 15 drugs and pathogenicity.

Material and Methods
Fish

A total of 200 apparently healthy fish measuring
20.0 £ 2.1 cm from a commercial fish farm located in the
municipality of Terenos, Mato Grosso do Sul, Central part
of Brazil were transported to the Fish Farming Laboratory
of Embrapa Agropecudria Oeste, in Dourados Brazil. They
were acclimatized in circular tanks 1,000 L tanks with a
constant flow of water from artesian well (10 L min?) and
fed commercial extruded diet (45% crude protein).

Mortality and etiological agent

During the acclimation period, some fish showed
anorexia, darkened skin, erratic swimming, skin lesions
and the mortality was recorded. Moribund fish were
handled for preparation of skin, fins and gill scrapes to
detect parasites. The fish were euthanized with clove oil
(100 mg L?) according to the ethic procedures in the
animal use (PP00928 CEUA/UFSC). Fish were externally
washed with water and neutral detergent, disinfected with
iodate-alcohol and submitted to renal and brain sampling
for bacterial isolation using the culture medium BHI (Brain
heart infusion, Merck) for fastidious microorganisms
according to (20).

Isolates were submitted to Gram staining, oxidase
and catalase test, and biochemical identification using a
commercial kit APl 20E (BioMérieux, France), according
to the manufacturer orientations.

Susceptibility test to antimicrobials
Antimicrobial susceptibility was assessed by a

diffusion method in Agar Muller Hinton (NCCLS, 2004)
discs. Polidisc racks containing 15 antimicrobials (DME,

Brazil) were used. Antimicrobial included Ampicillin
(AMP),  Gentamicin  (GEN), Cefalotin  (CFL),
Ciprofloxacin (CIP), Sulfazotrin (SUT),
Amoxylin/clavulanic acid (AMC), Ceftriaxone (CRO),
Tetracycline (TET), Penicillin (PEN), Oxacilin (OXA),
Erythromycin (ERI), Vancomycin (VAN), Clindamycin
(CLI), Rifampicin (RIF) e Cloranfenicol (CLO). The
sensitivity and resistance of isolate bacterium as well as
the diameter of inhibition were determined according to
the manufacturer orientation.

Experimental infection

To fulfill Kock’s postulate, 14 fish weighing
1,050.0+ 150.5 g and measuring 51.8 £ 7.2 cm, with no
clinical signs of disease, distributed in two circular 1,000 L
tanks, with a constant flow of water from an artesian well
(10 L min't) were fed commercial extruded diet with 35%
crude protein.

Water quality was kept within a comfort range for
the species, as follows: water temperature (25.2+0.3°C)
and dissolved oxygen (5.1+0.3 mg L) were measured
using a multiparameter (YSI® 55, Incorporated, Yellow
Spring, EUA). Daily, the bottom of the tanks was cleaned
by siphon to remove organic residues.

After fish euthanasia, the isolate of C. freundii
was inoculated in BHI broth incubated at 25°C during 24 h.
Bacterial suspension was then centrifuged (3,000 g for 10
min), washed three times with sterile phosphate-buffered
saline (PBS) and suspended in the same solution. Seven
fish anesthetized in a clove oil solution (75 mg L) were
intraperitoneally inoculated with 1.0 x108olony forming
units (CFU)/mLdiluted in 0.7 mL, and the other ones
were inoculated with 0.7 mL PBS (control). After
challenge, the fish were monitored five times a day for the
presence of any clinical signs and/or mortality for a period
of 15 days. Dead fish were necropsied for microbiological
analysis and fragments of the encephalon, liver, kidney,
heart, spleen and gills were collected and fixed in
10%buffered formalin solution. The material was
processed according to usual histologic techniques to
obtain 5 um sections that were stained with hematoxylin
and eosin. Slide analysis and the photomicrographs were
made using a microscope Nikon E200®equipped with a
capture image system Moticam 2300,

Results
Detection of the etiological agent

Moribund fish had non-specific clinical signs such
as anorexia, darkened skin and erratic swimming. Some
fish had hemorrhagic and ulcerative skin lesions. No
ectoparasites were observed in diseased fish. Two isolates
obtained from fish kidneys and encephalon were
characterized by Gram negative bacilli, colonies of convex
morphology of 2-4 mm diameter and orange-brown in
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Table 1. Biochemical features of Citrobacter freundii isolated from native Brazilian catfish Pseudoplatystoma reticulatum.

Reaction Abbreviation Isolate 1 Isolate 2
2-nitrophenyl-BD-galactopyranoside ONPG + +
L-arginine ADH + +
L-lysine LDC - -
L-ornithine oDC - -
Trisodium citrate CIT

Sodium thiosulphate H2S + +
Urea URE - -
L-tryptophane TDA - -
L-tryptophane IND - -
Sodium pyruvate VP - -
Gelatinase GEL - +
D-glucose GLU +
D-mannitol MAN + +
Inositol INO - -
D-sorbitol SOR + +
L-rhamnose RHA + +
D-sucrose SAC + +
D-melibiose MEL + +
Amygdalin AMY - +
L-arabinose ARA + +
Oxidase OX - -
Catalase CAT + +

color. Isolates were identified as C. freundii with 99.9%
probability (Table 1).

Susceptibility to antimicrobials

It was observed a multi-resistant characteristic of
C. freundii to antimicrobials being sensitive to only 33.3%
of the drugs tested. Isolates were sensitive to gentamicin,
ciprofloxacin, sulfazotrim, tetracyclin and cloranfenicol
(Table 2).

Experimental infection

Fish experimentally infected with an isolated
strain of C. freundii had darkened skin and hyporexia at 24
h after inoculation. Ninety six hours after challenge, 12.5%
mortality was recorded. Grossly, few hemorrhagic
petechiae in the abdomen and caudal fin with discrete fin
erosion (Fig. 1 a-b) were observed. Internally, peritonitis
with multifocal to coalescent hemorrhagic petechiae on the
mesentery and peritoneum were observed (Fig. 1 c).

Diffuse hemorrhage was also observed in the
encephalon (Fig. 1 d), as well as the occurrence of
hemopericardium (Fig. 1 e) and multifocal hemorrhagic

petechiae on the gills (Fig. 1 f). Intestines had edema and
hemorrhages (Fig. 1 g), with bloody content of fetid smell
(Fig. 1 h).

Table 2. Antimicrobial susceptibility analysis of
Citrobacter freundii isolates from native Brazilian catfish
Pseudoplatystoma reticulatum. R: Resistant; S: sensitive.

C Antimicrobials C.

Antimicrobials (ug) freundii (ng) freundii
Ampicillin (10) R Penicillin (10) R
Gentamicin (10) S Oxacilin (01) R
Erythromycin
Cefalotin (30) R (15) R
Vancomycin
Ciprofloxacin (05) S (30) R
Clindamycin
Sulfazotrim (25) S (02) R
Amo/clavulanic acid
(20/10) R Rifampicin (05) R
Cloranfenicol
Ceftriaxone (30) R (30) S
Tetracyclin (30) S - -
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Figure 1. Gross pathology of Pseudoplatystoma reticulatum experimentally infected with Citrobacter freundii 96 h after
infection. Petechial hemorrhage in the abdomen (a - arrows) and caudal fin (b), discrete fin erosion (b), peritonitis with
multifocal hemorrhagic foci to coalescents on the mesentery and peritoneum (c), diffuse hemorrhage in the encephalon (d),
hemopericardium (e), petechial hemorrhages on the gills (f), edematous and hemorrhagic intestine (g) with bloody content

(h).
Histopathological analysis

Severe interstitial hemorrhages in the kidney and
gills were the main histological alterations observed.
Degeneration and tubular necrosis associated with
acidophilic substance in tubular lumen, coagulative
necrosis and fibrin deposition was found (Fig. 2a-d).
Severe hydropic degeneration with centrilobular necrosis
was observed in liver (Fig. 2e). In addition, the gills had
hydropic degeneration with focal points of coagulate
necrosis, mononuclear infiltrate, interstitial oedema,
ulceration, cellular desquamation and telangiectasia (Fig.
2f). The atrium had inflammatory foci, hemorrhages and
coagulative necrosis whereas in the encephalon
haemorrhages and congestion were the most important
changes observed in the encephalon.

Discussion

Citrobacter freundii, an opportunistic pathogen of
wide spectrum in susceptible hosts is described by the first
time in South American catfish in this study. This
important disease causes a generalized infection with
hemorrhagic gastroenteritis that has been reported in
sunfish Mola mola (22), rainbow trout Oncorhynchus
mykiss (1), carp Cyprinus carpio (13), doctor fish Garra
rufa obtusa (2) and cachara P. reticulatum as here
described. Apart from its importance in fish, C. freundii
can cause infections in crustaceans (23), amphibians (15),
reptiles (18), birds (26) and mammals (6) resulting in
gastrointestinal disease.

The biochemical profile of the isolates was similar
to that previously described (1, 12, 13), but some proofs
showed positive and negative reactions to gelatinase and
amygdaline. Similarly, isolates from rainbow trout also
showed variations in the activity of arginine dihydrolase,
ornithine  decarboxylase, sucrose and rhamnose
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Figure 2. Histopathology of Pseudoplatystoma reticulatum experimentally infected by Citrobacter freundii. Interstitial
haemorrhage in kidney (), hydropic degeneration (b — asterisks) and hyaline degeneration (b — arrow), with presence of
acidophilic substance in tubular lumen (c - arrow) and detailed hydropic degeneration of the renal tubule in transversal
section (d - arrow). Liver exhibiting centrilobular necrosis (e - arrow). Gills with interstitial haemorrhage (f — arrowheads)
and telangiectasia (f - solid arrows), interstitial oedema (f - asterisk). Stained by haematoxylin-eosin.
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fermentation (1, 12, 13) as here observed for gelatinase
and amygdaline. Variable biochemical profiles have been
previously reported in isolates from different hosts (26).
Despite the fact these alterations, the biochemical tests by
the APl 20E kit were in agreement with bacterial
identification (1, 26).

The bacterial multiresistance is one of the most
important problems concerning bacteria of medical
importance like C. freundii. Bacterial multiresistance was
also related in farmed fish Piaractus mesopotamicus and
Nile tilapia (8). It has been demonstrated resistant genes to
tetracycline identified in bacteria isolated from fish farms
among them Citrobacter sp. (10). Indeed, C. freundii was
isolated from fish resistant to tetracycline and
oxytetracycline as the drugs usually applied in aquaculture
(26). Once more, it has been reported high prevalence of
Tet" genes in isolates from the intestines of farmed North
American catfish to the great majority of molecules tested
(17), but in this case no resistance of C. freundii was found
to tetracycline.

Clinical signs and pathological changes observed
in this study were similar to those previously described (1,
2, 12, 13). The main clinical manifestations are related to
hemorrhagic  enteritis and  hemorrhages.  Diffuse
hemorrhage in the encephalon and hemopericardium have
not been previously associated with C. freundii infection.
Similar lesions were reported in hybrid surubim (P.
corruscans x P. fasciatum) infected with A. hydrophila
(24). Bacterial hemolytic toxins may cause endothelium
lesion leading to hemorrhage. Recent studies infer that
virulence of this bacterium could be associated with
adherence to the gastrointestinal mucosa and cytotoxicity

(3).

It seems that not much is known about the overall
prevalence and transmission of this disease in fish.
Unfortunately, treatment is usually unsatisfactory and
historically the recommendation has been to destroy the
infected fish. Data collected here indicate that handling
management might be strongly associated to disease
occurrence. In this study, we have proven the
pathogenicity of C. freundii in silurid fish farming, and
especial care must be spent to apply the best management
practices and immunoprophylaxis to improve the fish
production and health.

Conclusion

This is the first report of Citrobacter freundii in
native Brazilian freshwater fish cachara, Pseudoplatystoma
reticulatum. The disease was characterized by
hemorrhages and severe enteritis. The isolates had
multiresistance to the majority of antimicrobial tested,
representing clinical importance not only to silurid fish
culture, but also by the risk of circulation among different
hosts.
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